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Background: a,-Adrenergic agonists such as dexmedetomi-
dine can be used to reduce the dose requirement of intravenous
and volatile anesthetics. Whereas dexmedetomidine and vol-
atile anesthetics interact pharmacodynamically (reduction of
MAC), the mechanism of interaction between dexmedetomi-
dine and intravenous anesthetics is not known.

Methods: Fourteen male ASA physical status 1 patients were
randomly assigned to serve as control subjects (n = 7) or to
be treated with dexmedetomidine (n = 7; 100, 30, and 6
ng-kg™-min™* for 10 min, 15 min, and thereafter, respec-
tively). After 35 min, in all patients, thiopental (100 mg/min)
was infused until burst suppression appeared in the raw trac-
ing of the electroencephalogram. By using concentrations of
thiopental in plasma and the electroencephalogram as a con-
tinuous pharmacologic effect measure, the apparent effect site
concentrations for thiopental were estimated in both groups.
Three-compartment pharmacokinetics were calculated for
thiopental.

Results: Dexmedetomidine reduced the thiopental dose re-
quirement for electroencephalographic burst suppression by
30%. There was no difference in estimated thiopental effect
site concentrations between dexmedetomidine and control
patients, suggesting the absence of a major pharmacodynamic
interaction. Dexmedetomidine significantly decreased distri-
bution volumes (V,, V3, and Vdss) and distribution clearances
(Cly; and Cl;3) of thiopental.
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Conclusions: The thiopental dose-sparing effect of dexme-
detomidine on the electroencephalogram is not the result of
a pharmacodynamic interaction but rather can be explained
by a dexmedetomidine-induced decrease in thiopental distri-
bution volume and distribution clearances. Dexmedetomidine
reduces thiopental distribution, most probably by decreasing
cardiac output and regional blood flow. (Key words: Anes-
thetics, intravenous: thiopental. Interactions (drug): dexme-
detomidine-thiopental. Sympathetic nervous system, a,-ad-
renergic agonist: dexmedetomidine. Pharmacodynamics:
thiopental. Pharmacokinetics: thiopental.)

SOME a,-adrenergic agonists' can be used as adjuvants
in general and in regional anesthesia. A prototype, the
centrally acting a,-adrenergic agonist clonidine, has
been shown to have sedative®* and analgetic®~® prop-
erties. Clonidine, administered as a preanesthetic med-
ication, reduces the subsequent dose requirement for
intravenous anesthetics,*” opioids,® '? and volatile an-
esthetics,” '? while revealing hemodynamically stabi-
lizing characteristics during the induction of general
anesthesia and surgery,>2:10:11:13.14

Compared to clonidine, dexmedetomidine is a more
specific and selective az-adrenergic receptor agonist
with a shorter elimination half-life (1.6-2.4 vs. 7.4-
13 h for clonidine).'>'® Dexmedetomidine, adminis-
tered as sole agent, is a sedative'®'” and analgesic
agent®® with sympatholytic effects'®'”! similar those
of to clonidine. Pretreatment with dexmedetomidine
reduces, in patients, the dose requirement for the in-
travenous induction agent thiopental?*~*® and for
opioids.?*=?7 A reduction of the dose requirement also
has been shown, in animal®®*?® and human studies,?%3"
for volatile anesthetics. Dexmedetomidine attenuates
sympathoadrenal responses to painful stimulation dur-
ing general anesthesia,?%2%3°

Theoretically, a decrease in thiopental dose require-
ment after preanesthetic treatment with dexmedetom-
idine could be the result of a pharmacokinetic and/or
a pharmacodynamic interaction of the two drugs.
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By using the electroencephalogram (EEG) as a phar-
macologic measure of drug effect on the central nervous
system (CNS) and by applying pharmacokinetic—phar-
macodynamic modeling, it can be determined whether
an altered dose requirement is based on a modified
CNS sensitivity for a drug (a pharmacodynamic factor)
or is based on modified drug disposition in the body
(a pharmacokinetic factor).3'-34

The current study had two goals: (1) quantitation of
the impact of dexmedetomidine on thiopental dose re-
quirement, using the EEG as a continuous pharmaco-
logic effect measure and using EEG burst suppression
as a pharmacologic endpoint for the thiopental dose
requirement, and (2) determination of whether this
dose-sparing effect is due to a pharmacokinetic, a phar-
macodynamic, or a combined pharmacokinetic—phar-
macodynamic mechanism.

Materials and Methods

The protocol of the current study was approved by
the Committee for Medico-ethical Questions of the
University of Berne. After written informed consent was
obtained on the evening before elective surgery, the
patients were randomly assigned to the dexmedetom-
idine group or control group in equal numbers. The
study population consisted of 14 male ASA physical
status 1 patients (age 20-46 yr and body weight 67—
85 kg; table 1) scheduled for elective otolaryngologic
or orthopedic surgery during general anesthesia. The
health of the subjects was ascertained through medical
history, a clinical examination, and routine laboratory
tests. The subjects fasted overnight and arrived unpre-
medicated to the operating room. An antecubital vein
was cannulated for the infusion of drugs. A radial artery
catheter was used to monitor blood pressure and arterial
blood gases and to collect blood samples for measure-
ment of drug concentrations.

Electroencepbalogram Recording

A bipolar EEG was recorded from frontooccipital
leads F;,-O, and F,,~O, (international 10-20 system
of electrode placement). At least 4 min of baseline EEG
was recorded before administration of any drug, fol-
lowed by continuous recording during the drug ad-
ministration and subsequent recovery of consciousness.
The EEG was recorded on an electroencephalograph
(Encephaloscript E 16000, F. Schwarzer Ltd., Munich,
Germany) with use of default settings (high-frequency
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Table 1. Demographic Data of Patients Studied

Patient (Initials) Age (yr) Weight (kg) Height (cm)
Dexmedetomidine group
BR 20 81 183
SK 24 70 178
GD 25 73 176
BW 28 72 180
HU 41 84 183
WH 43 67 171
NJ 46 75 173
Median 28 73 176
Control group
HH 27 7 171
BU 27 75 173
AE 30 85 179
SA 36 83 185
GS 43 78 178
CR 44 75 168
LJ 45 75 173
Median 36 75 173

All 14 patients are male. The groups do not differ statistically in age, weight and
height (Mann-Whitney test).

filter 70 Hz, time constant 0.3 s, and sensitivity 10 uV/
mm). The impedance of the electrodes was less than
3,000 ohm. The electroencephalograph was linked to
a research system (Lifescan, Diatek Corporation, San
Diego, CA) to store digitized EEG signals for off-line
aperiodic waveform analysis.*>> The total number of
waves per second was calculated from the EEG signal
for use as a measure of CNS drug effect. The method
of EEG recording and waveform analysis are described
in detail elsewhere.3¢%7

Drug Administration

In the control group, the recording of baseline EEG
was followed by an infusion of physiologic saline for
35 min, after which thiopental (25 mg/ml) was given
by an infusion pump (Precidor 5003, Infors AG, Basel,
Switzerland) at a rate of 100 mg/min. The thiopental
infusion was stopped when burst suppression appeared
on the raw EEG tracing. Burst suppression was defined
as an isoelectric period of at least 3 s between bursts
of EEG waves. The patient was then allowed to recover
and regain consciousness. When the patient was awake
and verbally responsive, the EEG recording was ter-
minated and general anesthesia for the scheduled sur-
gery induced with methohexital. Arterial blood samples
for the determination of thiopental concentrations in
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plasma (C;) were obtained before thiopental admin-
istration and at 1-min intervals during the thiopental
infusion and thereafter at gradually increasing intervals
until the patient was transferred to the ward after the
operation. Venous blood samples were collected 6, 8,
12, 18, and 24 h after the thiopental infusion. All thio-
pental blood samples were collected in sodium heparin
tubes (Vacutainer, Becton Dickinson, Meylan Cedex,
France).

In the dexmedetomidine group, the baseline (pred-
rug) period was followed by an infusion of dexmede-
tomidine. To achieve and maintain a stable dexmede-
tomidine C;, of approximately 0.5 ng/ml at the time of
thiopental infusion, computer simulations for an ap-
propriate infusion regimen according to unpublished
pharmacokinetic datal| were performed. A dexmede-
tomidine C; of 0.5 ng/ml has been reported to cause
sedation without major side effects.>®*” The infusion
regimen for dexmedetomidine was designed as follows:
100 ng - kg™'+min™" for the first 10 min after the base-
line period, 30 ng-kg™'-min~"! for the following 15
min, and 6 ng-kg™' - min~' thereafter. As in the control
group, thiopental infusion was initiated at 35 min and
terminated when burst suppression appeared in the
EEG. Dexmedetomidine infusion and EEG recording
were discontinued when the subject recovered con-
sciousness. The succeeding general anesthesia and the
blood sampling for the thiopental assay were performed
as described for the control group. Arterial blood sam-
ples for the determination of dexmedetomidine C, were
drawn before the dexmedetomidine infusion; 10, 25,
and 34 min after beginning of the dexmedetomidine
infusion; at the end of the thiopental infusion (Z.e., at
EEG burst suppression); and then once every hour until
the end of surgery. All dexmedetomidine blood samples
were collected in ethylenediaminetetraacetate tubes
(Vacutainer, Becton Dickinson)

Responsiveness to verbal stimulation was examined
intermittently. Oxygen by face mask was given while
the subject was unconscious. Ventilation was assisted
as necessary to keep arterial carbon dioxide tension

|| Anttita M: Pharmacokinetics of dexmedetomidine in man after
intravenous administration. Study Report October 15, 1988. Turku,
Finland, Farmos Group Ltd. Research Center.

# Available from Dr. Nick Holford, Department of Pharmacology
and Clinical Pharmacology, University of Auckland School of Medi-
cine, Private Bag, Auckland, New Zealand.

** Computer program obtained from Dr. L. B. Sheiner, Room C255,
University of California, San Francisco, California 94143,
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within normal limits. Plasma was separated from blood
cells and stored at —20°C for subsequent thiopental
analysis. Plasma samples for dexmedetomidine analysis
were shipped frozen to the Orion Corporation Farmos
Research Center (Turku, Finland).

Chemical Assays

Total thiopental C,s were measured by high-perfor-
mance liquid chromatography.?® The quantitation limit
of the thiopental assay was 0.5 ug/ml. The coefficient
of variation was less than 5% at 1.0 ug/ml. No inter-
ference occurred from dexmedetomidine or methoh-
exital.

Dexmedetomidine C,s were measured by gas chro-
matography-mass spectrometry?! at Orion Corporation
Farmos. The quantitation limit of the assay was 50 pg/
ml, and the intraassay coefficient of variation ranged
from 15% at 50 pg/ml to 6% at 500 pg/ml.

Data Analysis

Nonlinear least-squares regression analysis (MKMO-
DEL)# was used to estimate thiopental pharmacokinetic
parameters from the C, versus time data. The data were
fit to a three-compartment mamillary model with elim-
ination from the central compartment.*

The thiopental EEG effect data were plotted against
the concomitant C;s. Because drug effect lagged behind
the arterial Cgs, the resulting effect versus C, profiles
showed a hysteresis loop. The hysteresis reflects the
disequilibrium between the drug concentration in the
plasma and that at the site of effect. With the semipar-
ametric modeling technique®* described by Verotta and
colleagues,***4 the disequilibrium can be estimated by
using deconvolution to reduce or collapse the hyster-
esis loop. With this method, the apparent effect site
concentration (C.) (which is proportional to C, at
steady state) and the first-order equilibration rate con-
stant (K.,) between plasma and the effect compartment
or the equilibration half-life (T k..), respectively, can
be estimated for thiopental.*>*¢ The application of this
method is not limited by the biphasic (7.e., not mono-
tonic) nature of the concentration—effect relationship
of thiopental. As shown previously, this method pro-
vides an estimate for Ty k., and calculates C. for each
measured effect point, without prior knowledge of the
pharmacokinetics or pharmacodynamics,*>4¢

The thiopental concentration versus EEG effect re-
lationship is biphasic: thiopental first increases the EEG
activity in the low concentration range (activation) and
then depresses the EEG activity at higher concentrations
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(inhibition). The nonparametric method described by
Biihrer et al.>” and Ebling et al.*® was used to examine
the relationship between C, of thiopental and EEG ef-
fect. This allowed a model-independent evaluation of
a potential influence of dexmedetomidine on the re-
lationship between thiopental effect and apparent
thiopental C.. For each subject, the area under the EEG
effect (waves per second) versus C. curve (AUC) was
calculated using a polynomial interpolating spline.*¢
From the polynomial function, the following descrip-
tors were calculated (fig. 1):

a. Initial number of waves per second (average num-
ber of waves per second immediately before thio-
pental administration in either group)

b. Total AUC of the EEG effect versus thiopental C,
relationship

¢. Percentage of the AUC that represents EEG activa-

tion, above the initial number of waves per second

Thiopental C, at the centroid (50% of the total AUC)

EEG effect at the centroid

C, at the peak of EEG activation

Effect at peak EEG activation

C. at return of initial number of waves per second

C. at 50% of the initial number of waves per second.

~ e o o

The following nonparametric statistical tests were
used: the Mann—Whitney test to examine differences
between treatment groups (control vs. dexmedetomi-
dine) and the Wilcoxon signed-rank test to examine
differences within treatment groups. A P value of <
0.05 was considered statistically significant.

Results

All experiments in the 14 patients, as well the sub-
sequent surgical procedures and postoperative period,
were clinically uneventful.

All patients in the dexmedetomidiné group were
heavily sedated before the thiopental exposure: four
subjects could be aroused on verbal command, but
three subjects responded only to painful stimulation
(trapezius squeeze). No sedation occurred in the con-
trol group.

The changes in hemodynamics were clinically ac-
ceptable and did not necessitate administration of any
vasoactive drugs or additional intravenous fluids. Ox-
ygen saturation was normal throughout the dexmede-
tomidine infusion. During the thiopental-induced un-
consciousness, ventilation was assisted as needed by
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EFFECT SITE CONCENTRATION ->

Fig. 1. Description of the biphasic relationship between drug
concentration and electroencephalographic (EEG) effect, in-
cluding the concentrations at certain defined EEG endpoints
(points 1-4), maximal EEG activation (point 1), maximal EEG
inbibition (point 3), and the total and activation areas de-
scribed by the relationship. (Reproduced with permission. %)

face mask. At the end of the thiopental infusion, median
arterial oxygen tensions in the control and dexmede-
tomidine groups were 377 (range 290~424) and 412
(263-477) mmHg, respectively, and arterial carbon
dioxide tensions were 50 (37-57) and 43 (32-57)
mmHg, respectively.

Thiopental Dose Requirement

Thiopental was infused at 100 mg/min in all subjects
until burst suppression (3 s isoelectricity) was noted
in the EEG tracing. The dexmedetomidine treatment
resulted in a significant decrease in the thiopental dose
requirement compared to that of the control group (fig.
2): In the dexmedetomidine group, the median thio-
pental dose required was 574 mg (range 458-650 mg),
whereas in the control group it was 833 mg (733-
1325 mg; P = 0.002).

Pharmacokinetics

Although the thiopental administration rate during
the first 5 min of drug infusion was identical in both
groups, the median thiopental C, at minute 5 was sig-
nificantly higher in the dexmedetomidine group (50.9
ug/ml, range 42.0-62.4 ug/ml) than in the control
group at the same time (36.6 ug/ml, range 31.4-43.6
pg/ml) (fig. 3). At the time of EEG burst suppression,
there was no statistically significant difference in thio-
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Fig. 2. Thiopental dose requirement for electroencephalo-
graphic (EEG) burst suppression is reduced by one third in
dexmedetomidine patients (circles) compared to controls
(triangles).

pental C, between the two groups (dexmedetomidine
group 59.6 ug/ml, range 46.2-83.3 ug/mli; control
group 49.9 ug/ml, range 40.4-51.9 ug/ml).

The three-compartment pharmacokinetic analysis of
the thiopental C; (table 2) showed a statistically sig-
nificant reduction in thiopental distribution volumes
(V2, V3, and Vds) and thiopental distribution clear-
ances (intercompartmental) in the dexmedetomidine
group. Body clearance, elimination half-life, and initial
distribution volume of thiopental were not different
between the two groups.

Pharmacodynamics

Before drug administration, the EEG effect parameter
(waves per second) was stable (fig. 4A, control group).
When thiopental was infused in the control subjects,
the number of waves per second increased initially
(activation) and then decreased until burst suppression
(inhibition). After the thiopental infusion had been
terminated, the patients demonstrated a progressive
EEG activation pattern and recovered from uncon-
sciousness. In the dexmedetomidine group (fig. 4B),
the median number of waves per second decreased from
11.5 (range 10.0-14.0) t0 9.2 (6.7-14.0) (P < 0.05)
during the dexmedetomidine infusion before the thio-
pental administration. The visual inspection of the raw
EEG tracing before thiopental administration revealed
a loss of high-frequency waves and increase in high-
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amplitude slow waves, suggesting that dexmedetomi-
dine caused the slight but statistically significant de-
crease in number of waves per second. The subsequent
biphasic thiopental EEG effect, however, was similar
in the two groups. The median dexmedetomidine C,
was 0.8 ng/ml (range 0.7-1.0 ng/ml) at the beginning
and 0.9 ng/ml (0.8-1.0 ng/ml) at the end of the thio-
pental infusion (fig. 4C). Although the measured dex-
medetomidine Cgs were greater than the target C;, (0.5
ng/ml), the C.s in all patients were in the same range
during the thiopental exposure.

Semiparametric pharmacodynamic analysis for thio-
pental was performed on the C, and EEG data (waves
per second) to estimate Ty, k., and C.. Tk, values were
in the range of 1-2 min (table 3) and in agreement
with previously published data.3'3*% There was no
statistically significant difference for thiopental Tk,
between the two groups (table 3).

Although in the dexmedetomidine group a smaller
amount of thiopental was required to produce EEG burst
suppression, the apparent C, of thiopental reached similar

PLASMA CONCENTRATION

] Thiopental Cp in D group (—)

Cp (ug/mi)

n
o
I

10

time {min)

Fig. 3. Measured thiopental concentration in plasma (C,) versus
time profiles in the dexmedetomidine group (solid lines) and
the control group (dashed lines). Thiopental was administered
at an infusion rate of 100 mg/min in all patients until electro-
encephalographic burst suppression was observed. Note the
more rapidly increasing C,s in the dexmedetomidine group.
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Table 2. Thiopental Pharmacokinetics in Dexmedetomidine and Control Patients

Cl K12 K21 K13

Vi Va Vs Vd,, Cliot Clyat Elimination
Patient (Initials) (I/min)  (min™") (min™")  {min™) {min™") (1) [0} ()] (1) (ifmin)  (//min) Tap2 (hr)
Dexmedetomidine group
BR 0.144 0.151 0.096 0.081 0.0072 5.19 8.19 58.3 71.7 0783 0.419 7.2
SK 0.175 0.196 0.111 0.072 0.0066 4.35 7.68 47.5 59.5 0.852 0.313 5.5
GD 0.185 0.588 0.184 0.138 0.0085 2.89 8.59 43.5 548 1581 0.371 5.3
BW 0.178 0.232 0.060 0.043 0.0036 4.39 1741 53.2 747 1.018 0.189 7.6
HU 0.209 0.532 0.106 0.129 0.0039 3.21 16.1 106.7 126.0 1.707 0.414 9.9
WH 0.158  0.247 0.212 0.123 0.0109 4.90 5.71 55.3 659 1210 0.602 5.8
NJ 0.203 0.759 0.201 0.150 0.0068 2.36 8.9 51.8 631 1.791 0.354 5.1
Median 0.1756  0.247 0.111 0.123 0.0068 4.35 8.59 53.2 669 1.210 0.371 5.8
Control group
HH 0.267 0.344 0.134 0.120 0.0083 5.28 135 76.2 951 1.816 0.633 5.3
BU 0.142  0.426 0.111 0.106 0.0080 4.19 16.1 55.7 76.0 1.784 0.444 7.4
AE 0.249 0.669 0.108 0.163 0.0056 3.61 223 105.8 131.8 2415 0588 8.0
SA 0.194  0.296 0.085 0.086 0.0046 6.89 23.7 127.9 1585 2.039 0.589 11.9
GS 0.154  0.492 0.110 0133 0.0078 4.25 19.0 72.7 96.0 2.091 0.565 8.6
CR 0.231 0.810 0.137 0211 0.0065 275 16.2 89.5 108.5 2227 0.580 7.1
LJ 0.193  0.931 0.112 0368 0.0056 1.93 16.0 1266 1445 1.796 0.710 10.8
Median 0.194  0.492 0.111 0.163 0.0065 4.19 16.2 89.5 1085 2039 0.588 8.0
NS NS NS NS NS * * * * * NS

NS = not significant.
* P < 0.05 (Mann-Whitney test).
T Chz = V3 :Kiz; Cha = V4« Kpa.

peak values in both the dexmedetomidine and control
groups (dexmedetomidine group median 47.7 pg/ml,
range 37.4~55.3 ug/ml; control group median 43.1 ug/
ml, range 36.9-52.9 ug/ml; P> 0.1) (fig. 5).

The similarity of the thiopental CNS effect in both
the control and dexmedetomidine groups also can be
summarized by the nonparametric pharmacodynamic
descriptors derived from the EEG effect versus C, pro-
files (table 3): AUC and C, at the peak of activation, at
the time of return to 50% of initial effect values, and
at the return to initial effect values did not differ sub-
stantially. Furthermore, the moderately lower values
of EEG effect measured before thiopental administra-
tion and at the peak of activation in the dexmedetom-
idine group did not differ statistically from those in the
control group. The only statistically significant differ-
ence in these descriptors was in the EEG effect values
predicted for the centroid (which divides the total AUC
into two areas of equal size; fig. 1). The lower median
EEG effect value at the centroid in the dexmedetomi-
dine patients compared to the corresponding value in
the control group (11.8 vs. 14.9 waves/s; table 3) may
be due to the general slight decrease of the EEG versus
C. profiles in the dexmedetomidine group (see above).
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The effects of dexmedetomidine and thiopental on
hemodynamic parameters are summarized in figure 6
and table 4. Mean arterial blood pressure in the thio-
pental group at the time of maximal inhibitory EEG
effect (burst suppression) did not differ significantly
from mean arterial blood pressure before thiopental
administration. In the dexmedetomidine group, how-
ever, mean arterial blood pressure decreased signifi-
cantly, by approximately 25%, during the 35 min of
dexmedetomidine infusion (fig. 6). This hypotension
became even more evident at the time of burst
suppression and the subsequent 20 min. In the control
subjects, administration of thiopental was accompanied
by an increase in heart rate; the dexmedetomidine sub-
jects demonstrated a significant slowing in heart rate
during the time before thiopental infusion and showed
only a moderate increase in heart rate at the time of
burst suppression (table 4).

Discussion

Clonidine, the prototype of the a,-adrenergic ag-
onists, has been used as an anesthetic adjuvant® since
1986. Dexmedetomidine, a novel a,-adrenergic ag-
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Fig. 4. The electroencephalographic (EEG) drug effect param-
eter (waves per second) and the measured dexmedetomidine
concentrations in plasma. (4) EEG drug effect parameter versus
time profiles in the control group. The EEG parameter was
stable at baseline (lef, vertical dashed line) and during the 35
min of recording before the thiopental infusion (right, vertical
dashed line). The biphasic thiopental effect (activation at the
beginning and inhibition at the end of the thiopental infusion)
is reflected by an increase and decrease in the number of waves
per second. (Because of parameter processing, for graphic
purposes the observed burst suppression cannot be displayed
in the figure as “zero waves per second.”) After cessation of
the thiopental infusion, the effect measure revealed fluctuating
activation patterns at the time of awakening. (B) EEG effect
parameter versus time profiles in the dexmedetomidine group.
The EEG parameter shows gradual deceleration during the
dexmedetomidine infusion. The median number of waves im-
mediately before the start of thiopental infusion (initial EEG)
is less than that before the start of dexmedetomidine infusion
(baseline EEG; 9.2 vs. 11.5 waves/s, P < 0.05). EEG effect values
at baseline, before thiopental infusion, at activation, and at

Anesthesiology, V 80, No 6, Jun 1994

onist, is also known to have sedative and anxiolytic
effects and is therefore considered to have potential
as an preanesthetic medication.?*47*8 Relative to
clonidine, dexmedetomidine is a more specific a,-
agonist and has a shorter terminal elimination half-
life.!>1¢

Using clinical endpoints such as loss of eyelash reflex,
it has been shown that dexmedetomidine administered
as premedication resulted in a remarkable reduction
of thiopental dose requirement.?>?¢ In the current
study, EEG burst suppression was used as an endpoint
for the thiopental dose requirement. This EEG endpoint
has been used previously to examine the impact of
age®'33 or chronic alcohol intake®* on thiopental re-
quirement. Dexmedetomidine pretreatment (approx-
imately 100 ug/70 kg infused over 35 min) reduced
the thiopental dose requirement by 30%. This thio-
pental dose-sparing effect is on the same order of mag-
nitude as that of similar dexmedetomidine doses in
studies that have used clinical endpoints for thiopental
administration,?%24-26

Theoretically, the reduction in thiopental dose re-
quirement in the dexmedetomidine group could be
the expression of a direct dexmedetomidine effect on
the CNS (pharmacodynamic effect), of a dexmedetom-
idine effect on the pharmacokinetics of thiopental, or
of a combination of a pharmacokinetic and pharma-
codynamic drug interaction. These possibilities are
considered below.

Pbharmacodynamic Interaction

Although the asj-adrenergic agonists caused some
slowing in the EEG (a decrease of high-frequency waves
and increase of high-amplitude slow waves),®**° our
study did not provide evidence for a substantial phar-
macodynamic interaction (additive or synergistic) of
dexmedetomidine with thiopental. At the time of EEG
burst suppression, the calculated C,. of thiopental was
the same in both the control and dexmedetomidine
groups. This suggests that brain sensitivity for thiopen-

&
-

inhibition do not differ statistically from those of the control
group. (C) Measured dexmedetomidine concentrations in
plasma in the dexmedetomidine group. Dexmedetomidine was
infused as follows: 100 ng:-kg™-min™ for 10 min, 30
ng-kg™-min for 15 min, and 6 ng-kg™ -min™* thereafter.
This infusion scheme provided fairly constant dexmedetom-
idine concentrations in plasma between the beginning and
the end of the thiopental infusion.

20z ludy 01 uo 3sanb Aq jpd°80000-00090+66 |-Z¥S0000/06282E/91Z1/9/08/4pd-Bj0IE/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WO} papeojumod



1223

DEXMEDETOMIDINE AND THIOPENTAL INTERACTION

Table 3. Thiopental Pharmacodynamics in Dexmedetomidine and Control Patients

Ce at
Ce at Ce at 50%
AUC Maximal EEG at Return Return
Initial Total AUC Ce at EEG at EEG Maximal of Initial of Initial
Patient EEG (waves Activated  Centroid Centroid Activation  Activation EEG EEG T1j2Keo
(initials) (waves/s) * ug/s - mi) (%) (ng/ml) (waves/s) (ug/ml) (waves/s) {(ug/ml) (ug/ml) (min)
Dexmedetomidine group
BR 6.7 367.4 21.0 17.9 10.0 13.2 11.8 27.3 34.5 1.3
SK 11.0 590.4 11.9 19.9 12.0 6.4 17.6 23.8 45.2 2.0
GD 8.9 461.4 25.2 19.8 11.8 16.7 13.0 30.3 40.3 14
BW 9.2 491.9 15.2 19.2 10.7 8.5 16.2 24.8 40.0 14
HU 14.0 598.4 7.6 18.0 13.8 5.9 19.2 17.3 36.5 2.2
WH 8.4 4441 18.2 18.6 11.0 7.8 13.5 28.3 37.3 1.7
NJ 11.2 514.2 9.7 20.2 141 16.7 149 29.3 35.4 1.9
Median 9.2 4919 15.2 19.2 11.8 8.5 14.9 27.3 37.3 1.7
Control group
11.9 587.7 12.8 19.3 159 11.8 16.8 25.6 41.2 14
BU 12.2 669.4 127 21.8 16.0 18.8 17.3 29.6 45.6 13
AE 7.4 387.4 254 16.3 16.1 15.1 16.7 25.8 35.0 13
SA 9.2 511.1 26.0 16.4 12.8 11.6 18.0 29.7 36.8 2.0
GS 13.2 639.6 8.9 20.0 149 6.9 18.8 21.9 40.0 12
CR 14.7 608.4 5.8 19.0 12,6 7.3 18.5 14.8 40.8 1.8
LJ 12.4 715.7 11.0 23.2 14.7 13.5 17.6 26.4 50.1 1.0
Median 12.2 608.4 12.7 19.3 14.9 11.8 17.6 25.8 40.8 12
NS NS NS NS * NS NS NS NS NS

EEG = electroencephalogram; initial EEG = waves/s before thiopental administration; AUC = area under the curve (EEG effect vs. Ce); Ce = apparent effect site
concentration; Ty.ke, = half-life of equilibration between plasma and effect compartment; NS = not significant.

* P < 0.05 (Mann-Whitney test),

tal was not altered, as it would be in the case of an
additive or synergistic effect. The clearly sedative effect
of dexmedetomidine observed before the thiopental
administration did not lead to a decrease of thiopental
C. estimated from EEG data.

The lack of apparent pharmacodynamic synergism
of dexmedetomidine and thiopental when the EEG
is used as a pharmacologic measure of CNS drug effect
contrasts with the synergistic effect of dexmedetom-
idine with volatile agents, in which dexmedetomi-
dine decreases MAC, the standard clinical measure
of anesthetic depth.?¢28-3% A reduction in MAC is ev-
idence for a pharmacodynamic interaction and is not
explained by any pharmacokinetic alteration of vol-
atile anesthetics by dexmedetomidine. These obser-
vations may reflect two issues: (1) EEG burst
suppression is not correlated with clinical measures,
such as movement, in the MAC concept, and (2) dex-
medetomidine has different mechanisms of interac-
tion for different classes of anesthetics (barbiturates
vs. volatile anesthetics).
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Pharmacokinetic Interaction

Thiopental was infused in all subjects at 100 mg/
min. Although smaller doses of thiopental were ad-
ministered in the dexmedetomidine group, the thio-
pental C;, at the time of burst suppression was the same
in both groups. This can be explained by decreased
distribution volumes (V, and V3) and intercompart-
mental clearances of thiopental in the dexmedetomi-
dine group (table 2); 7.e., thiopental movement from
the central compartment was significantly reduced by
dexmedetomidine administration.

Reduced thiopental dose requirement and distri-
bution to body tissues can be explained, at least in
part, by the dexmedetomidine effect on the hemo-
dynamic system: arterial blood pressure in the dex-
medetomidine group was substantially decreased by
the a,-agonist treatment before the thiopental in-
fusion and, in contrast to the blood pressure in con-
trol patients, even more at the time of the thiopental-
induced EEG burst suppression. Whereas in the
control patients, prominent tachycardia developed
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EFFECT SITE CONCENTRATION
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Fig. 5. Apparent effect site thiopental concentration (C.) versus
time profiles in the dexmedetomidine group (solid lines) and
the control group (dashed lines). Thiopental was administered
at an infusion rate of 100 mg/min in all patients until electro-
encephalographic burst suppression was observed. Note that
peak concentrations at the effect site are not different.

at burst suppression, the heart rate increased in
dexmedetomidine patients to a smaller extent. From
a hemodynamic point of view, the dose-sparing ef-
fects created by either aj-agonist or S-antagonist
(i.e., B-blocking agent) administration are intrigu-
ingly similar: Stanley et al.>' showed that patients
premedicated with propranolol had both a lower
heart rate and lower blood pressure at the beginning
of a sufentanil infusion (300 ug/min) and required
25% less sufentanil to create unconsciousness rel-
ative to control patients.

Other studies have shown that dexmedetomidine re-
duces circulating norepinephrine.'”?*%® There is evi-
dence that the centrally and peripherally mediated
sympatholytic action of dexmedetomidine is the direct
cause for the decrease in blood pressure and cardiac
output and that bradycardia is generated by an increase
of the parasympathetic tone.'*>?"'3% Bloor et al.?' ob-
served in humans an average decrease from baseline
blood pressure by 25%, heart rate by 10%, and cardiac
output by 15% in the presence of an average dexme-
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detomidine C, of 0.6 ng/ml, which is similar to the
dexmedetomidine C,, in our study (0.7-1.0 ng/ml).
In the current study, cardiac output was not mea-
sured. Nevertheless, the profiles of both blood pressure
and heart rate in the dexmedetomidine group (fig. 6)
could be an indicator of reduced cardiac output and
decreased regional blood flow and hence be the major
factor for the altered distribution kinetics of thiopental.
The influence of presumably altered cardiac output on
thiopental pharmacokinetics represents a similar
mechanism, as it can be postulated for the altered dis-
tribution kinetics and reduced dose requirement when
tissue perfusion is decreased (e.g., in hemorrhagic
shock, congestive heart failure, or advanced age).>*->’
The current study demonstrates a significant reduc-
tion of the thiopental distribution by the «a,-adrenergic
agonist. Most likely the same pharmacokinetic mech-
anism has been observed with alfentanil in presence
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100
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Fig. 6. Hemodynamic parameters: time course of mean arterial
pressure (MAP; top) and heart rate (HR; botton) in the control
group (left) and dexmedetomidine group (right). In the dex-
medetomidine group, MAP decreased significantly during the
35 min of dexmedetomidine infusion (pretreatment) and de-
creased gradually throughout the observation period. The ob-
vious increase in HR in the control group during the thiopental
exposure was not observed in the dexmedetomidine group.
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Table 4. Cardiovascular Parameters: MAP and HR
at Baseline, before Infusion of Thiopental,
and at Burst Suppression

Dexmedetomidine
Control Group Group

MAP (mmHg)

At baseline (predrug) 87 (84-95) 99 (76-111)

Before thiopental 88 (83-94) 73 (66-78)*t

At burst suppression 86 (77-105) 68 (61-77)"t
HR (beats/min™")

At baseline (predrug) 63 (54-78) 63 (561-72)

Before thiopental 63 (56-79) 57 (45-69)"

At burst suppression 85 (73-105)* 67 (50-76)*t

All values are median and (range).

MAP = mean arterial blood pressure; HR = heart rate.

* Different from previous value within the group (Wilcoxon signed-rank test).
1 Different from corresponding value in the other group (Mann-Whitney test).

of an a,-agonist: Segal et al.*>® administered alfentanil
at an identical infusion rate in clonidine-treated and
control patients and found significantly higher C,s for
alfentanil in clonidine-treated patients. Alfentanil dis-
tribution kinetics are known to be largely determined
by cardiac output.*¢

The use of dexmedetomidine may have important
implications for the rationale for dosing intravenous
anesthetics or opioids that rely on distribution mech-
anisms to terminate effects. To avoid potential anes-
thetic overdosing in patients treated with dexmede-
tomidine, it is necessary to examine the pharmacoki-
netics of commonly used intravenous anesthetics and
opioids with and without concomitant dexmedetomi-
dine. Patients having impaired hemodynamic status and
reduced sympathetic tone by an «,-adrenergic agonist
such as dexmedetomidine may particularly be threat-
ened by the ‘““normal’ dose of intravenous anesthetics
or opioids.

The clinical indications for dexmedetomidine and «,-
agonists in general for anesthetic practice are not yet
clearly defined, but research is being undertaken to
define them." Our study suggests that pharmacokinetic
mechanisms could explain the interaction of thiopental
and dexmedetomidine. As indications for the use of
dexmedetomidine increase, it will be compulsory to
differentiate between the pharmacokinetic and a po-
tentially pharmacodynamic nature of the interaction of
dexmedetomidine with anesthetics to use these com-
pounds rationally.

The authors appreciate the determination of the plasma concen-
trations by Marcel Mosimann (thiopental) and Laurie Vuorilehto
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(dexmedetomidine). The technical assistance of Antoinette Lidrach,
R.N., and Marianne Hutmacher, R.N., during the experiments is
gratefully acknowledged.

References

1. Maze M, Tranquilli W: Alpha-2 adrenoceptor agonists: Defining
the role in clinical anesthesia. ANESTHESIOLOGY 74:581-605, 1991

2. Carabine UA, Wright PMC, Moore J: Preanaesthetic medication
with clonidine: A dose-response study. Br ] Anaesth 67:79-83, 1991

3. Wright PMC, Carabine UA, McClune S, Orr DA, Moore J: Prean-
aesthetic medication with clonidine, Br J Anaesth 65:628-632, 1990

4. Glynn C, Dawson D, Sanders R: A double-blind comparison
between epidural morphine and epidural clonidine in patients with
chronic non-cancer pain. Pain 34:123-128, 1988

5. Bonnet F, Boico O, Rostaing S, Saada M, Loriferne JF, Touboul
C, Abhay K, Ghignone M: Postoperative analgesia with extradural
clonidine. Br J Anaesth 63:465-469, 1989

6. Bonnet F, Boico O, Rostaing S, Loriferne JF, Saada M: Clonidine-
induced analgesia in postoperative patients: Epidural versus intra-
muscular administration. ANESTHESIOLOGY 72:423-427, 1990

7. Carabine UA, Milligan KR, Moore JA: Adrenergic modulation of
preoperative anxiety: A comparison of temazepam, clonidine, and
timolol. Anesth Analg 73:633-637, 1991

8. Ghignone M, Quintin L, Duke PC, Kehler CH, Calvillo O: Effects
of clonidine on narcotic requirements and hemodynamic response
during induction of fentanyl anesthesia and endotracheal intubation.
ANESTHESIOLOGY 64:36-42, 1986

9. Flacke JW, Bloor BC, Flacke WE, Wong D, Dazza S, Stead SW,
Laks H: Reduced narcotic requirement by clonidine with improved
hemodynamic and adrenergic stability in patients undergoing coro-
nary bypass surgery. ANESTHESIOLOGY 67:11-19, 1987

10. Ghignone M, Noe C, Calvillo O, Quintin L: Anesthesia for
ophthalmic surgery in the elderly: The effects of clonidine on intra-
ocular pressure, perioperative hemodynamics, and anesthetic re-
quirement. ANESTHESIOLOGY 68:707-716, 1988

11. Ghignone M, Calvillo O, Quintin L: Anesthesia and hyperten-
sion: The effect of clonidine on perioperative hemodynamics and
isoflurane requirements. ANESTHESIOLOGY 67:3-10, 1987

12. Woodcock TE, Millard RK, Dixon J, Prys-Roberts C: Clonidine
premedication for isoflurane-induced hypotension. Br ] Anaesth 60:
388-394, 1988

13. Longnecker DE: Alpine anesthesia: Can pretreatment with
clonidine decrease the peaks and valleys? (editorial). ANESTHESIOLOGY
67:1-2, 1987

14. Pouttu J, Scheinin B, Rosenberg PH, Viinamiiki O, Scheinin
M: Oral premedication with clonidine: Effects on stress responses
during general anaesthesia. Acta Anaesthesiol Scand 31:730-734,
1987

15. Kallio A, Saraste M, Scheinin M, Hartiala J, Scheinin H: Acute
hemodynamic effects of medetomidine and clonidine in healthy vol-
unteers: A noninvasive echocardiographic study. J Cardiovasc Phar-
macol 16:28-33, 1990

16. Scheinin H, Karhuvaara S, Olkkola KT, Kallio A, Anttila M,
Vuorilehto L, Scheinin M: Pharmacodynamics and pharmacokinetics
of intramuscular dexmedetomidine. Clin Pharmacol Ther 52:537-
546, 1992

17. Kallio A, Scheinin M, Koulu M, Ponkilainen R, Ruskoaho H,
Viinamiiki O, Scheinin H: Effects of dexmedetomidine, a selective

20z ludy 01 uo 3sanb Aq jpd°80000-00090+66 |-Z¥S0000/06282E/91Z1/9/08/4pd-Bj0IE/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WO} papeojumod



1226

BUHRER ET AL.

az-adrenoceptor agonist, on hemodynamic control mechanisms. Clin
Pharmacol Ther 46:33-42, 1989

18. Aantaa R: Assessment of the sedative effects of dexmedetom-
idine, an aj-adrenoceptor agonist, with analysis of saccadic eye
movements. Pharmacol Toxicol 68:394~398, 1991

19. Belleville JP, Ward DS, Bloor BC, Maze M: Effects of intravenous
dexmedetomidine in humans: 1. Sedation, ventilation, and metabolic
rate. ANESTHESIOLOGY 77:1125-1133, 1992

20. Jaakola ML, Salonen M, Lehtinen R, Scheinin H: The analgesic
action of dexmedetomidine—a novel a,-adrenoceptor agonist—in
healthy volunteers. Pain 46:281-285, 1991

21. Bloor BC, Ward DS, Belleville JP, Maze M: Effects of intravenous
dexmedetomidine in humans: II. Hemodynamic changes. ANESTHE-
SIOLOGY 77:1134~1142, 1992

22. Aantaa RE, Kanto JH, Scheinin M, Kallio AM, Scheinin H: Dex-
medetomidine premedication for minor gynecologic surgery. Anesth
Analg 70:407-413, 1990

23. Aantaa R, Kanto J, Scheinin M, Kallio A, Scheinin H: Dexme-
detomidine, an a,-adrenoceptor agonist, reduces anesthetic require-
ments for patients undergoing minor gynecologic surgery. ANESTHE-
SI0LOGY 73:230~-235, 1990

24. Aantaa R, Jaakola ML, Kallio A, Kanto J, Scheinin M, Vuorinen
J: A comparison of dexmedetomidine, an alpha,-adrenoceptor agonist,
and midazolam as i.m. premedication for minor gynaecological sur-
gery. Br ] Anaesth 67:402-409, 1991

25. Scheinin B, Lindgren L, Randell T, Scheinin H, Scheinin M:
Dexmedetomidine attenuates sympathoadrenal responses to tracheal
intubation and reduces the need for thiopentone and perioperative
fentanyl. Br J Anaesth 68:126~131, 1992

26. Jaakola ML, Ali-Melkkild T, Kanto J, Kallio A, Scheinin H,
Scheinin M: Dexmedetomidine reduces intraocular pressure, intu-
bation responses and anaesthetic requirements in patients undergoing
ophthalmic surgery. Br J Anaesth 68:570-575, 1992

27. Aho MS, Erkola OA, Scheinin H, Lehtinen AM, Korttila KT:
Effect of intravenously administered dexmedetomidine on pain after
laparoscopic tubal ligation. Anesth Analg 73:112-118, 1991

28. Vickery RG, Sheridan BC, Segal IS, Maze M: Anesthetic and
hemodynamic effects of the stereoisomers of medetomidine, an o,-
adrenergic agonist, in halothane-anesthetized dogs. Anesth Analg 67:
611-615, 1988

29. Segal IS, Vickery RG, Walton JK, Doze VA, Maze M: Dexme-
detomidine diminishes halothane anesthetic requirements in rats
through a postsynaptic a,-adrenergic receptor. ANESTHESIOLOGY 69:
818-823, 1988

30. Aho M, Lehtinen AM, Erkola O, Kallio A, Korttila K: The effect
of intravenously administered dexmedetomidine on perioperative
hemodynamics and isoflurane requirements in patients undergoing
abdominal hysterectomy. ANESTHESIOLOGY 74:997-1002, 1991

31. Homer TD, Stanski DR: The effect of increasing age on thio-
pental disposition and anesthetic requirement, ANESTHESIOLOGY G2:
714-724, 1985

32. Arden JR, Holley FO, Stanski DR: Increased sensitivity to
etomidate in the elderly: Initial distribution versus altered brain re-
sponse. ANESTHESIOLOGY 65:19-27, 1986

33. Stanski DR, Maitre PO: Population pharmacokinetics and
pharmacodynamics of thiopental: The effect of age revisited. ANEs.
THESIOLOGY 72:412-422, 1990

34. Swerdlow BN, Holley FO, Maitre PO, Stanski DR: Chronic al-
cohol intake does not change thiopental anesthetic requirement,

Anesthesiology, V 80, No 6, Jun 1994

pharmacokinetics, or pharmacodynamics. ANESTHESIOLOGY 72:455~
461, 1990
35. Gregory TK, Pettus DC: An electroencephalographic process-
ing algorithm specifically intended for analysis of cerebral electrical
activity. J Clin Monit 2:190-197, 1986
36. Bithrer M, Maitre PO, Hung O, Stanski DR: Electroencepha-
lographic effects of benzodiazepines: I. Choosing an electroenceph-
alographic parameter to measure the effect of midazolam on the cen-
tral nervous system. Clin Pharmacol Ther 48:544~554, 1990
37. Biihrer M, Maitre PO, Hung OR, Ebling WF, Shafer SL, Stanski
DR: Thiopental pharmacodynamics: 1. Defining the pseudo-steady-
state serum concentration—-EEG effect relationship. ANESTHESIOLOGY
77:226-236, 1992
38. Scheinin H, Virtanen R, Macdonald E, Lammintausta R,
Scheinin M: Medetomidine—a novel a,-adrenoceptor agonist: A re-
view of its pharmacodynamic effects. Prog Neuropsychopharmacol
Biol Psychiatry 13:635~651, 1989
39. Scheinin M, Kallio A, Koulu M, Arstila M, Viikari J, Scheinin
H: Dose-finding and tolerability study of medetomidine in four healthy
volunteers. Curr Ther Res 41:637-646, 1987
40. Ebling WF, Mills-Williams L, Harapat SR, Stanski DR: High-
performance liquid chromatographic method for determining thio-
pental concentrations in twelve rat tissues: Application to physiologic
modeling of disposition of barbiturate. J Chromatogr 490:339-353,
1989
41. Vuorilehto L, Salonen JS, Anttila M: Picogram level determi-
nation of medetomidine in dog serum by capillary gas chromatog-
raphy with negative ion chemical ionization mass spectrometry, J
Chromatogr 497:282~287, 1989
42. Gibaldi M, Perrier D: Pharmacokinetics. 2nd ed. New York,
Marcel Dekker, 1982
43. Verotta D, Sheiner LB: Simultaneous modeling of pharmaco-
kinetics and pharmacodynamics: An improved algorithm. Comput
Appl Biosci 3:345-349, 1987
44. Verotta D, Beal SL, Sheiner LB: Semiparametric approach to
pharmacokinetic~pharmacodynamic data. Am J Physiol 256:R1005~
R1010, 1989
45. Maitre PO, Biihrer M, Shafer SL, Stanski DR: Estimating the
rate of thiopental blood-brain equilibration using pseudo steady state
serum concentrations. J Pharmacokinet Biopharm 18:175-187, 1990
46. Ebling WF, Danhof M, Stanski DR: Pharmacodynamic char-
acterization of the electroencephalographic effects of thiopental in
rats. J Pharmacokin Biopharm 19:123-143, 1991
47. Kallio A, Salonen M, Forssell H, Scheinin H, Scheinin M,
Tuominen J: Medetomidine premedication in dental surgery: A dou-
ble-blind cross-over study with a new a,-adrenoceptor agonist. Acta
Anaesthesiol Scand 34:171~175, 1990
48. Aantaa R, Kanto J, Scheinin M: Intramuscular dexmedetomi-
dine, a novel alpha,-adrenoceptor agonist, as premedication for minor
gynaecological surgery. Acta Anaesthesiol Scand 35:283-288, 1991
49. Zornow MH, Fleischer JE, Scheller MS, Nakakimura K, Drum-
mond JC: Dexmedetomidine, an a,-adrenergic agonist, decreases ce-
rebral blood flow in the isoflurane-anesthetized dog. Anesth Analg
70:624-630, 1990
50. De Kock M, Martin N, Scholtes JL: Central effects of epidural
and intravenous clonidine in patients anesthetized with enflurane—
nitrous oxide. ANESTHESIOLOGY 77:457-4G2, 1992
51. Stanley TH, de Lange S, Boscoe MJ, de Bruijn N: The influence
of chronic preoperative propranolol therapy on cardiovascular dy-

20z ludy 01 uo 3sanb Aq jpd°80000-00090+66 |-Z¥S0000/06282E/91Z1/9/08/4pd-Bj0IE/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WO} papeojumod



1227

DEXMEDETOMIDINE AND THIOPENTAL INTERACTION

namics and narcotic requirements during operation in patients with
coronary artery disease. Can Anaesth Soc J 29:319-324, 1982

52. Bloor BC, Frankland M, Alper G, Raybould D, WeitzJ, Shurtliff
M: Hemodynamic and sedative effects of dexmedetomidine in dog.
J Pharmacol Exp Ther 263:690-697, 1992

53. Price HL, Kovnat PJ, Safer JN, Conner EH, Price ML: The uptake
of thiopental by body tissues and its relation to the duration of nar-
cosis. Clin Pharmacol Ther 1:16-22, 1960

54. Thomson PD, Melmon KL, Richardson JA, Cohn K, Steinbrunn
W, Cudihee R, Rowland M: Lidocaine pharmacokinetics in advanced
heart failure, liver disease, and renal failure in humans. Ann Intern
Med 78:499-508, 1973

Anesthesiology, V 80, No 6, Jun 1994

55. Zito RA, Reid PR: Lidocaine kinetics predicted by indocyanine
green clearance. N Engl ¥ Med 298:1160-1163, 1978

56. Henthorn TK, Krejcie TC, Avram MJ: The relationship between
alfentanil distribution kinetics and cardiac output. Clin Pharmacol
Ther 52:190-196, 1992

57. Avram MJ, Sanghvi R, Henthorn TK, Krejcie TC, Shanks
CA, Fragen RJ, Howard KA, Kaczynski DA: Determinants of thio-
pental induction dose requirements. Anesth Analg 76:10-17,
1993

58. Segal IS, Jarvis D), Duncan SR, White PF, Maze M: Clinical
efficacy of oral-transdermal clonidine combinations during the peri-
operative period. ANESTHESIOLOGY 74:220-225, 1991

20z ludy 01 uo 3sanb Aq jpd°80000-00090+66 |-Z¥S0000/06282E/91Z1/9/08/4pd-Bj0IE/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WO} papeojumod



