CiEtAOlRImtEkS| %] 28(3) 2001

Clinical Trial of Nasal Flumazenil Administration

Soo-Jin Hong, D.D.S., Hyun-Jung Kim, M.D., Kwang-Won Yum, M.D.

Department of Anesthesiology, College of Dentistry, Seoul National University, Seoul, Korea

Z 3ol d & wlxrtolofA| M A <k
EHOﬂ/\ Zoixde] AgRgo] g
£ RT3 g—?—u}xﬂgsq 78]

Ay 251

el AR =AM, BT

LEERL TR
PR RTEREE TP

FR0f : %Y, Aul5d e

Z=2opx|del Ful £of
247 4B - da

Ao gt x| 2o & 2| gt wal

2 Fojo] Aol Folgth e 3
& gl 3F olole] A FARsl £7HT E AP E vgERe 4213
L CRCERRREET

4 0.08mg/kg7HA| Feldte] 9428 FEstgT

E30hd 0.5mege 18 5 T4 1%6}04 e Au)Rofstddnt. AR E AR, AFAWA, 1% o5}
SN ““““V\Mi}‘: 55 AT, A9 75’5% Q-9 Azt & O]%f?} blspectral index2 3715ttt
EFUHAE T A4 &Ly %—%ﬂhﬂ S EF TRE EF0HY B9 5,10, 2 208 Fo €3 S
FEE 431

e SEER L ?— A 2FENE Vehd A9 AR 259 F 2909t BF BT BEE E9 10
¥ Foll Aol £2AT, 2087 ASHAY AFHASE vUED Fof F 2718 F SRl B F folaA 7
ia%wmow)JHQmwwMMMmLMGi%Eﬁ?wuﬁéwﬂﬂn44ﬂﬂ-}%2 EFHAE 5o
Fole #oI7 Wate BolA] gttt

A2H 02 0.1m/ml BES] E20pAY 0 5mg AP EdE noE %}9& SEE AAHA 2YaT} S8R Pt
W, v R & ddelA ZRuA Y] FEZY o] 7edlghs 2T AL E s S ANE, ARgo R AEEE
EFAEY Tt e 4S8 Had £ e M2 AlA9] :sho) ﬂﬁo}ﬁ}l Azt

, AEvtEaY

F27} SusA) ge 3

HthEY ol 108 ¥

[ . Introduction

Benzodiazepine derivatives have been widely used for
the purpose of premedication, sedation and induction of
anesthesia ™. Benzodiazepines are known to develop less
side effects than any other sedative, and midazolam is
one of the most popular benzodiazepines used in dental
clinic. It has anxiolytic, hypnotic, anticonvulsant, muscle

relaxant and anterograde amnestic effects”. In recent
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years, midazolam has found increasing favor because of
rapid onset, relatively short half-life and its pharmaco-
logically inactive metabolites. In addition to these ad-
vantages, midazolam sedation is accomplished without
loss of airway reflexes or significant cardiovascular
changes”.

Available routes of midazolam administration are oral,
nasal, rectal, intramuscular and intravenous route. The
intravenous injection is the most reliable. However, most
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dentists are less familiar with intravenous catheteriza-
tion, and they tend to use other routes.

Benzodiazepines produce dose-dependent respiratory
and cardiovascular depression and loss of consciousness.
If these side effects develop, the competitive antagonist,
flumazenil, is available. Flumazenil, a water-soluble im-
idazobenzodiazepine, is the first specific competitive ben-
zodiazepine antagonist available for clinical use®®.
Flumazenil, approved for complete and partial reversal
of the sedative effects of benzodiazepines, is used during
conscious sedation and also in the management of ben-
zodiazepine overdose”. It has a high affinity for the GA-
BA-BZ receptor and antagonizes the effects of midazo-
lam on the central nervous system®.

The efficacy of intravenous flumazenil administration
in reversing the sedation produced by midazolam has
been evaluated in several studies®**”. However, midazo-
lam is used for the purpose of conscious sedation via
various routes other than intravenous, nasal flumazenil
administration may be useful to reverse sedation.

The purpose of this study was to evaluate the safety
and efficacy of nasal flumazenil administration for the
reversal of midazolam induced deep sedation in adult
volunteers.

I . Materials and Methods

Twenty-five young, healthy, American Society of
Anesthesiologists Physical Status (ASA PS) 1 subjects
participated in this study. Informed written consent was
obtained from all volunteers. They had no systemic dis-
eases and no known allergies to midazolam and flumaze-
nil. All sessions were performed in a post-anesthetic care
unit, with airway management and cardiopulmonary re-
suscitation equipment readily available.

An intravenous catheter was placed in the left antecu-
bital vein, was used for midazolam administration and
the other right antecubital intravenous route was used

Table 1. Sedation Score

Fully awake and oriented
Drowsy
Eyes closed but rousable to command
Eyes closed but rousable to mild stimulation
Eyes closed but unrousable to mild
physical stimulation
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as blood sampling. Heart rate, respiratory rate, auto-
mated non-invasive blood pressure, axillary skin tem-
perature, end-tidal carbon dioxide tension (ErCOz), and
arterial oxyhemoglobin saturation (SpQO2) were moni-
tored. Oxygen, at a flow rate of 5 /min, was supplied to
the volunteers via a facial mask during sedation.

Teri minutes after stabilizing periods, we administered
0.08mg/kg of midazolam intravenously over two to three
minutes. We measured sedation score (Table 1) and bis-
pectral index (A-2000 BIS™ monitor, Aspect Medical
Systems, USA) to evaluate volunteer s level of con-
sciousness. To evaluate the sedation score with consis-
tency, only one medical personnel engaged in the assess-
ment.

Ten minutes after midazolam injection, 0.5mg
flumazenil was administered nasally using a syringe
without needle over a period of one minute.

Multiple blood samples were taken prior to and 5, 10
and 20min after flumazenil administration. To measure
midazolam concentration, blood samples were also taken
prior and 10min after midazolam administration.

The blood samples were immediately centrifuged with
2500 rpm for 15min and were stored at -20C until as-
sayed. Plasma midazolam and serum flumazenil concen-
trations were measured using high performance liquid
chromatography (HPLC). )

Each data have been analyzed statistically by multi-
variate ANOVA and correlation analysis (P ¢ 0.05).

. Results

Demographic data of volunteers were shown in Table 2.

Sedation score decreased after midazolam administra-
tion(p<0.05), which means an increase in sedation
depth, and showed a significant increase after flumazenil
administration, which means a recovery from the seda-
tion state(Fig. 1). However, BIS decreased during the
first 10min after midazolam administration (p<0.05),

Table 2. Demographic data of volunteers

Sex (m/D 15/5

Age (yr) 239+16
Weight (kg) 62.61+13.2
Height (cm) 169.9+7.9

Values are expressed as mean = SD.



Fig. 1. Changes of sedation score after midazolam and
flumazenil administration (M: midazolam, F: flumazenil).

Fig. 3. Changes in plasma flumazenil concentration after
nasal flumazenil administration. '

and then no significant changes after flumazenil admin-
istration (p>0.05, Fig. 2).

Plasma midazolam concentration 10min after the first
administration was 0.61£0.25ng/ml. Serum concentra-
tions of flumazenil show a statistically significant in-
crease over time (p<0.05). Serum flumazenil concentra-
tion was 3.61£2.62ng/ml 10min later, representing a
wide range of individual variability (Fig. 3). Peak serum
concentration of flumazenil was reached at 10min after
drug administration. There were only two subjects com-
pletely reversed from midazolam deep sedation with
nasal flumazenil administration.

IV. Discussion
To reverse benzodiazepine induced sedation, the man-

ufacturer recommends an initial intravenous dose of 0.2
mg, which can be repeated at one-minute interval, if
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Fig. 2. Changes of Bispectral Index after midazolam and
flumazenil administration (M: midazolam, F; flumazenil).

necessary, up to a maximum cumulative dose of 1mg".
When flumazenil given intravenously, it reaches peak
serum levels within a few minutes and has an initial
distribution half-life of 7 to 15min and a volume of dis-
tribution of 1.6l/kg, which indicates significant tissue
uptake. It is primarily metabolized by the liver, and has
a terminal half-life of 41 to 79min. The pharmacokinet-
ics of flumazenil are not significantly affected by age, sex
or renal impairment®. Flumazenil can cause nausea,
dizziness, headache, blurred vision, increased sweating,
agitation, hot flushes, sweating and may provoke a pan-
ic attack in some patients. In various animal studies,
flumazenil has been shown to have very low degree of
toxicity”. There were no recognizable adverse effects as-
sociated with flumazenil in this study, because we used
relatively small amount of flumazenil.

In the conscious sedation, mean midazolam plasma
concentration of 160+64ng/ml, the mean half-life of the
equilibration rate constant of flumazenil reversal is 5.0
+2.5min, and the mean effect site concentration causing
50% of Emax is 13.7£5.8ng/ml. However, in the deep
sedation level, with a mean midazolam plasma concen-
tration of 551+196ng/ml, the mean half-life of the equi-
libration rate constant of flumazenil reversal is 3.9+
1.5min, and the mean effect site concentration causing
50% of Emax is 20.6+6.8ng/m1*. Previous studies indi-
cated that a midazolam serum concentration plateau of
600ng/ml is necessary to produce a deep hypnotic ef-
fect'. Because the level of consciousness was titrated to
produce sleep in this study, mean plasma midazolam
concentration was 610ng/ml, which was compatible with
deep sedation at ten minutes after midazolam injection.

A sedation scale was developed to measure the level of
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alertness in sedated patients. This scale was tested for
reliability and validity, and was found to be sensitive to
the amount of midazolam administered?.

In addition to sedation score, BIS was adopted to
monitor the depth of sedation, or hypnotic state. BIS is
a single-processing technique that determines the har-
monic and phase relations among the various frequen-
cies in the electroencephalogram'*” . BIS above 70 rep-
resents light sleep, or light to moderate sedation, state
BIS 60~70 represents moderate sleep or deep sedation
state, and a BIS below 60 represents a deep level of
hypnosis. According to BIS in this study, above 70, vol-
unteers were maintained under condition of light to
moderate sedation state during the study. After nasal
flumazenil administration, sedation scores are improved,
but BIS were not changed. More clinical studies are
needed to find the causes of this discrepancy between
sedation score and BIS.

There have been many studies about nasal adminis-
tration of midazolam. However, this is the first report
about nasal administration of flumazenil concerning our
knowledge. Though it is not so effective as intravenous
drug administration, nasal route is more effective than
any other route, such as oral, rectal and intramuscular
methods™ . Therefore, it would be desirable to consider
nasal flumazenil administration, in general, the drug ad-
ministered by nasal route is more potent than a drug
administered rectally.

The manufacturer s recommended method of flumaze-
nil administration ig limited to intravenous sedation.
However, it was reported that rectal administration of
flumazenil to children aged between 1 month and 9
years to reverse midazolam sedation, turned out to be
an effective method”®. Considering the advantages of
intranasal route, intranasal administration of flumazenil
to children may be more effective than rectal administra-
tion.

The nasal method does not have a first-pass effect®,
is less embarrassing than the rectal route and is a less
invasive method than intra-muscular and intravenous
administration, especially for those patients who show
anxiety and are phobic to needles. On condition that an
intravenous catheterization is clinically impossible, the
nasal method appeared to be an effective alternative.

Nasal drug administration via syringe was performed
in this study. Equal volume of the drug was adminis-
tered to right and left nasal cavities. This method
showed a wide range of individual variability, due to the
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possibility of inadvertent drug swallowing and difficulty
in administering an accurate dose of the drug. To com-
pensate for the disadvantages of nasal administration,
technical improvement of nasal administration is need-
ed.

In this study, complete reversal of midazolam by nasal
flumazenil administration was observed in only two cas-
es. We used low concentrated flumazenil, which is suit-
able for the intravenous injection. If more concentrated
flumazenil is used clinically or flumazenil is used in child
patient, more reversal cases would be observed.
However, the fact that peak plasma flumazenil concen-
tration was reached in 10 min after administration, rep-
resents an availability of nasal flumazenil administration
against midazolam sedation, without using an intra-
venous route.

V. Conclusions

Although the onset time of nasal administration of
flumazenil is slower than intravenous administration, it
is possible that nasal route could be the initial route to
administer flumazenil in patients without intravenous
catheter to reverse the benzodiazepine sedation.
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Abstract

CLINICAL TRIAL OF NASAL FLUMAZENIL ADMINISTRATION

So00-Jin Hong, D.D.S., Hyun-Jung Kim, M.D., Kwang-Won Yum, M.D.

Department of Anesthesiology, College of Dentistry, Seoul National University, Seoul, Korea

Flumazenil is a competitive antagonist of benzodiazepines. It is usually administered intravenously. However,
if the intravenous route is not available then other routes of drug administration should be considered. This
study was designed to evaluate the reversal effects of flumazenil after nasal administration .

Twenty-five young, healthy adult volunteers participated in this clinical trial. The dosage of 0.08mg/kg mida-
zolam was administered intravenously to induce deep sedation. Ten minutes after midazolam administration,
0.5mg of flumazenil was dropped nasally, over a period of one minute. Blood samples were taken to measure the
concentration of midazolam and flumazenil at 0, 5, 10, and 20min after nasal administration of flumazenil, us-
ing High Performance Liquid Chromatography. The. degree of sedation was evaluated with sedation score and
bispectral index (BIS). Statistical analysis was performed by multivariate ANOVA and correlation analysis (P{
0.05). '

Peak serum flumazenil concentration was reached in 10min. Sedation score decreased after midazolam admin-
istration and showed a significant increase after flumazenil administration. However, BIS decreased during the
first 10min after midazolam administration, and then no significant changes after flumazenil administration.
There were two instances representing rapid and complete reversal of midazolam after intranasal administration
of flumazenil. .

In conclusion, intranasal flumazenil administration may be effective in some patients when intravenous route
is not available in condition of benzodiazepine overdose.

Key words : flumazenil, intranasal administration, benzodiazepines, chromatography,
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