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Abstract

Purpose. Flumazenil has been reported to produce a partial
benzodiazepine-agonist-like effect in some psychopharmaco-
logical examinations. This study investigated the effect of
flumazenil on the hypnotic activity of propofol in 60 men
scheduled for minor surgical procedures done under spinal
anesthesia.

Methods. After a steady state of spinal anesthesia had been
reached, patients were pretreated with saline or flumazenil,
Sug'kg™!, followed by the administration of saline or
midazolam, 10ug-kg='. Then, 250ug-kg="-min~! of propofol
was infused until hypnosis was achieved. Loss of response to a
simple command with a slight stimulus, served as the end-
point for hypnosis. Immediately after achievement of the end-
point, propofol infusion was discontinued, and a 2-ml venous
blood sample was obtained from the dorsal pedis vein to
determine plasma propofol concentration.

Results. Flumazenil significantly decreased the dose of
propofol required and the time required to achieve hypnosis
compared with values in the control group (55 = 10 [mean =
SD] vs 71 = 14mg and 212 = 42 vs 268 = 48s, respectively;
P < 0.05), whereas flumazenil attenuated the effect of
midazolam in reducing the plasma concentration of propofol
at hypnosis (2.9 = 0.5 and 2.5 = 0.6ug-ml-!, respectively;
P < 0.05).

Conclusion. These results suggested that flumazenil may
potentiate the hypnotic properties of propofol, despite
flumazenil having an antagonistic effect on the enhanced hyp-
notic activity of propofol induced by the coadministration of
midazolam.
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Introduction

Flumazenil is the first highly specific benzodiazepine
antagonist, and, since its introduction, there have been
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many reports and publications dealing with its proper-
ties [1,2]. Flumazenil has been reported to reverse the
hypnotic or anesthetic effect of benzodiazepine deriva-
tives, e.g., midazolam [2-4]; however, flumazenil was
reported to have no effect in reversing propofol anes-
thesia [5-7]. In an experimental animal study, a high
dose of flumazenil showed a benzodiazepine-like hyp-
notic effect [7]. Recently, there have been some reports
demonstrating that a clinical dose of flumazenil had a
partial benzodiazepine agonist-like effect in humans [8]
and in experimental animals [9-13]. Because, from the
viewpoint of psychopharmacology, the induction of
anesthesia typically causes a change in or a loss of
consciousness [11,12], we hypothesized that flumazenil
administration might have a potentiating effect on anes-
thetics at induction. In the present study, we investi-
gated the effect of flumazenil on the hypnosis induced
by propofol in male patients who were scheduled for
minor surgery under spinal anesthesia.

Subjects and methods

After obtaining approval from the Department Ethics
Committee and obtaining written informed consent
from the patients, we studied 60 patients scheduled for
surgery. All participants were male; they were aged
45-85 years, of American Society of Anesthesiologists
(ASA) physical status 1 or 2, and were undergoing mi-
nor surgery (mainly urological surgery) managed with
spinal anesthesia. None of the patients had any psycho-
logical complications, and none were receiving medica-
tion. The participants were randomly assigned, using a
computer-generated random-number sequence, to one
of four treatment groups, of 15 patients each. From the
beginning of anesthesia, heart rate, arterial blood pres-
sure, and oxygen saturation were monitored non-
invasively with a pulse oxymeter. None of the patients
received premedication. Spinal anesthesia was per-
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Table 1. Demographic characteristics of the patients

Groups Placebo-Placebo Flumazenil-Placebo Flumazenil-Midazolam Placebo-Midazolam
n 15 15 15

Age (years) 65 (8) 69 (8) 67 (6) 68 (8)
Weight (kg) 63 (8) 61 (11) 65 (8) 62 (9)
Height (cm) 163 (6) 163 (6) 165 (6) 161 (7)

ASA physical status 1/2 (n) 10/5 11/4 11/4 9/6

Values are means (SD). There were no significant differences among groups

ASA, American Society of Anesthesiologists

formed with the patients in the lateral position, at L3/4
with 2.0-2.3ml of 0.3% dibucaine solution. Then the
patients were returned to the supine position, and after
confirmation that the level of anesthesia was below the
dermatome of Th6-8, 31-min~! of oxygen was adminis-
tered, using a face mask.

After blood pressure, heart rate, and depth of anes-
thesia had reached a steady state, the 15 patients in each
of the four groups were pretreated with: placebo and
placebo (PP), flumazenil and placebo (FP), flumazenil
and midazolam (FM), or placebo and midazolam
(PM). The PP and PM groups received 2ml of saline
intravenously administered, followed by saline or
midazolam 10pg-kg™!, at a 2-min interval. The FP and
FM groups received flumazenil Sug-kg™!, followed by
saline or midazolam 10pug-kg™!, also at a 2-min interval.
Propofol infusion to the patient was started through an
antecubital venous line, at the rate of 250 ug-kg=!-min~!,
using an infusion pump (Terufusion; Terumo, Tokyo,
Japan), with a maintenance dose of acetate Ringer solu-
tion, at about 2ml-min~!. Loss of response to a simple
command (“open your eyes”; “breathe slowly”), with a
slight stimulus (shaking the patient’s shoulder) was
defined as the end-point for hypnosis. Responses to
verbal commands were evaluated by a blinded anesthe-
siologist at 10-s intervals [14]. Immediately after the
end-point was achieved propofol infusion was discon-
tinued, and a 2-ml venous blood sample was obtained
from the dorsal pedis vein. The dose of propofol and the
time required for establishment of hypnosis were re-
corded. All procedures were finished before the begin-
ning of surgery. Blood samples were centrifuged for
15min at 3500rpm, and separated plasma was frozen
until assayed.

Plasma concentrations of propofol were determined
within a month, using high-performance liquid chroma-
tography with fluorescence detection at 310nm and
after excitation at 276 nm (RF550; Shimadzu, Kyoto,
Japan). The areas under the chromatographic peaks
were calculated with an integrator (PowerChrom;
ADInstrument, Tokyo, Japan). Propofol concentra-
tions were estimated based on the peak-area ratio of
propofol and the internal standard, thymol. Linear rela-

tionships were obtained between propofol and the in-
ternal standard peak-area ratios. The correlation coeffi-
cient was in excess of 0.997 in the range of 50ng-ml~! to
10ug-ml~! (seven points of concentration). The detec-
tion limit of propofol by this assay was 10ng-ml-.

Analysis of variance was used to evaluate differences
in results among groups. Determination of significant
difference (P < 0.05) was followed by Fisher’s least
significant difference multiple comparison post-hoc
test. All calculations were performed using a statistical
software package (NCSS 2000; Number Crunchers,
Kaysville, UT, USA).

Results

There were no significant differences in the background
characteristics (age, weight, and height) among the four
treatment groups (Table 1). There were no complaints
of adverse effects of the administration of flumazenil
or midazolam. No patient showed detectable signs or
symptoms related to the pretreatment drugs. All pa-
tients emerged from anesthesia and were re-sedated
before the surgery; however, after the surgery, none of
them could recall this episode.

In the PP group, the values for mean dose and time
to achieve the end-point of hypnosis were signifi-
cantly higher than those in the FP, FM, or PM groups
(Table 2). The plasma concentrations of propofol
at hypnosis were significantly lower in the FP, FM, and
PM groups than in the PP group, and there were
significant differences between the FP or FM and PM
groups.

The blood pressure and heart rate showed no signifi-
cant differences among the four groups at any measur-
ing points (Table 3).

Discussion
The results of the present investigation suggested that

flumazenil may have a potentiating effect on propofol
anesthesia. Differences in the required dose of propofol
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Table 2. Dose, time to end-point of hypnosis, and plasma concentration of propofol required to achieve hypnosis

Groups Placebo-Placebo Flumazenil-Placebo Flumazenil-Midazolam Placebo-Midazolam
Dose of propofol (mg) 71 (14) 55 (10)* 55 (14)* 48 (16)*
Time (s) 268 (48) 212 (42)* 194 (44)* 180 (47)*
Concentration (ug-ml-') 3.4 (0.7) 3.0 (0.5)%s#* 2.9 (0.5)%s#* 2.5 (0.6)*
Values are means (SD)
*P < 0.05 vs placebo-placebo group; ** P < 0.05 vs placebo-midazolam group
Table 3. Changes in blood pressure and heart rate during the investigation
Flumazenil-

Placebo-Placebo Flumazenil-Placebo Midazolam Placebo-Midazolam

MAP HR MAP HR MAP HR MAP HR
Groups (mmHg) (bpm) (mmHg) (bpm) (mmHg) (bpm) (mmHg) (bpm)
Control 106 (12) 62 (9) 110 (9) 63 (11) 107 (11) 65 (10) 108 (11) 63 (12)
After spinal anesthesia 88 (11) 57 (9) 90 (9) 55 (10) 91 (10) 55 (12) 88 (9) 57 (11)
At start of propofol infusion 87 (10) 58 (11) 88 (11) 56 (9) 89 (9) 57 (11) 89 (10) 56 (13)
Hypnotic end-point 86 (15) 59 (9) 85 (16) 57 (10) 88 (8) 55 (13) 87 (10) 55 (15)
At emergence 81 (9) 62 (11) 79 (8) 60 (11) 79 (11) 58 (14) 78 (10) 59 (13)

Values are means (SD). There were no significant differences among groups at any point

MAP, Mean arterial pressure; HR, heart rate

and time to achieve hypnosis were found at the induc-
tion of anesthesia. The decreased plasma concentration
of propofol observed with flumazenil administration
also supported the enhancing effect of flumazenil on the
hypnotic activity of propofol. The synergistic interac-
tion of propofol and midazolam is well known [15,16].
Flumazenil may attenuate the interaction between
midazolam and propofol, despite its potentiating effect
on propofol. The results of the present study, in the
clinical setting, were well consistent with those of our
previous animal experiments in mice [11,12]. Because of
ethical limitations, we could not demonstrate whether
the effect of flumazenil on the hypnotic activity of
propofol was dose-dependent. However, the adminis-
tration of Sug-kg™! flumazenil clearly showed a potenti-
ating effect on the hypnotic activity of propofol. The
dose we studied is acceptable and is recommended for
reversing the effect of benzodiazepine derivatives in
operating rooms.

We have no clear explanation for the lack of consis-
tency between the results of present study and those of
prior investigations [5-7]. There are numerous studies of
the interaction between propofol and flumazenil. These
investigations, however, focused on clarifying the rever-
sal, or antagonistic effect, of flumazenil on the hypnotic
activity of anesthetics. In these investigations [5,6],
flumazenil was administered after a hypnotic or anes-
thetic state was reached. In such settings, it might be
difficult to detect an interaction between flumazenil and
propofol. Recently, Maranets and Kain [17] reported
that preoperative anxiety increased the dose of propofol

required at induction and during anesthesia. Thus, if the
administration of flumazenil had a benzodiazepine ago-
nist-like effect (this effect was reported by Smith and
Bickel [8]), it would be acceptable that flumazenil re-
duced the hypnotic dose of propofol required at the
induction of anesthesia in the present investigation.

The limitations of the design in the present investiga-
tion should be addressed. In this study, we studied pa-
tients under spinal anesthesia. However, it is possible
that local anesthetics may affect hypnosis [18,19]. An-
other limitation of the present study was that the par-
ticipants consisted of only relatively elderly men. Gan
and coworkers [20] reported that women emerged from
general anesthesia faster than men. The population
in the present investigation, however, may have been
more sensitive to the effect of anesthetics than another
population consisting of both sexes. Further investiga-
tion is needed, including investigations of the effects
in different population, e.g., in young individuals, or
women. Our investigation did not assess the dose-
dependency of each drug interaction [21]. Further phar-
macological approaches may be required.

In conclusion, in male patients under spinal anesthe-
sia, flumazenil attenuated midazolam’s potentiation of
the hypnotic effect of propofol, whereas flumazenil
itself showed a potentiating effect on the hypnotic
activity of propofol.
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