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Aims Midazolam has good anxiolytic qualities and is a well established premedication
agent before anaesthesia or short surgical procedures. The objective of the present
study was to determine pharmacokinetic data from individual plasma concentration
profiles obtained following intravenous and buccal administration of midazolam.
Methods Eight young healthy volunteers received single doses of 5 mg midazolam
i.v. and after a period of 1 week buccally in a cross over manner. Blood samples
were obtained up to 480 min. The measurement of plasma midazolam concentrations
was by gas-chromatography.
Results The maximum plasma concentration was 55.9 ng ml−1 (range
35.6–77.9 ng ml−1) at 30 min (range 15–90 min) following buccal administration.
AUC was calculated to be 15 016 ng ml−1 min (s.d. 3778 ng ml−1 min) following
i.v. and 11191 ng ml−1 min (s.d. 1777 ng ml−1 min) following buccal midazolam.
This gave a mean midazolam bioavailabilty of 74.5%.
Conclusions The pharmacokinetic data presented in this study demonstrate a high
bioavailability and reliable plasma concentrations following buccal midazolam. The
clinical benefit of buccal midazolam may be in particular patient controlled
premedication or sedation in adults.
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sedative effect. This route of administration seems therefore
Introduction

not to be suitable in adults.
Another route of midazolam administration is the buccalThe water soluble benzodiazepine midazolam (DormicumA)

is often used in anaesthesia. Due to its good anxiolytic route; however, this has not been well investigated. The
absorption via the buccal mucosa also results in a highqualities and reliable absorption following oral administration

midazolam is a well established premedication before bioavailability due to lack of the hepatic first pass effect
[10]. A greater volume could be administered buccally whenanaesthesia or short surgical procedures. Following oral

administration peak plasma concentrations are found after the solution is well dispersed.
In the present study pharmacokinetic data were deter-60 min [1–3]. The bioavailability following oral adminis-

tration has been shown to be between 35 and 44% [3, 4]. mined from individual plasma concentrations obtained
following intravenous and buccal administration of 5 mgOther routes of administration have been investigated

especially in children. Recent studies have demonstrated midazolam.
good premedication or induction following intranasal admin-
istration of midazolam [5, 6]. The bioavailability in children Methods
following intranasal midazolam is 78% with peak plasma

Following approval by the local ethics committee andconcentrations at 10 min [7].
written informed consent eight young healthy volunteersThe main advantage of intranasal application is avoidance
received single doses of 5 mg midazolam intravenously (i.v.)of the hepatic first-pass-effect [8]. However, in individual
and after a period of 1 week buccally in a cross over manner.cases a varying amount of the administered fluid may run
To guarantee a complete washout of midazolam betweenpostnasally into the oropharynx. Swallowed and gastrointesti-
investigations a period of at least 7 days was maintainednally absorbed midazolam is submitted to the hepatic first
between the two forms of administration.pass effect which decreases the bioavailability.

Only healthy volunteers (physical status ASA I or II)The recommended dose of intranasal midazolam in
receiving no medication were included. Other exclusionchildren is said to be 0.2 mg kg−1 [5, 6, 9]. In adults (70 kg)
criteria were chronic or acute drug or alcohol abuse,an equivalent intranasal dose of #3 ml midazolam
benzodiazepine allergy, women who were pregnant or(5 mg ml−1) would have to be administered to achieve a
breast feeding and patients with decreased liver or renal
function.Correspondence: Dr R. Schwagmeier, Department of Anaesthesiology, GFK

Hofgartenklinik, Bustellistrasse 5, 63739 Aschaffenurg, Germany. For buccal administration the volunteers received 0.5 ml
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of midazolam (1 ml=5 mg) first on the right and then on volunteer. No volunteer complained of nausea or vomiting.
Following buccal midazolam two volunteers complained ofthe left buccal mucosa with an interval of 30 s between

doses. The midazolam solution was administered using a 26 buccal mucosa irritation for 15 and 30 min, respectively,
following administration. Following i.v. midazolam, twogauge plastic cannula with the tip removed. A 5 ml placebo

was simultaneously administered i.v. via a 22 gauge volunteers complained of mucosa irritation for 6 and 20 min,
respectively.intravenous plastic cannula. For i.v. administration the

volunteers received 5 mg midazolam (1 ml=1 mg) via a 22 Within 15 min all volunteers either fell asleep or felt
sedated. In one volunteer sedation continued for 240 mingauge plastic intravenous cannula over 30 s. The volunteers

simultaneously received 0.5 ml of a bitter tasting placebo following buccal midazolam administration (Figure 1).
Within 3 min following i.v. midazolam all volunteers eitherbuccally as described above.

Blood samples were obtained at 3, 6, 9, 12, 15, 20, 30, fell asleep or felt sedated. Sedation continued for 240 min
in one volunteer (Figure 1).45, 60, 90, 120, 180, 240 and 480 min from the contralateral

arm via a 18 gauge cannula following administration. The No clinically relevant changes in arterial oxygen saturation,
blood pressure and heart rate following both i.v. and buccalblood was centrifuged and the plasma was stored at −40° C

until it was analysed. midazolam administration were demonstrated.
Mean midazolam plasma concentration curves followingAt each sampling point the volunteers were questioned

regarding buccal mucosa irritation, nausea and degree of both modes of administration are depicted in Figure 2.
The maximum midazolam plasma concentration wassedation. During the whole investigation arterial oxygen

saturation (BIOX, Fa. Ohmeda), heart rate and respiratory 55.9 ng ml−1 (range 35.6–77.9 ng ml−1) 30 min (range
15–90 min) following buccal administration (Table 1).rate were registered and documented.

The measurement of plasma midazolam concentrations AUC was calculated to be 15017 ng ml−1 min
(s.d. 3778 ng ml−1 min) following i.v. and 11191 ng ml−1was by gas-chromatography. The method is a modification

of that described by Greenblatt et al. [13]. min (s.d. 1778 ng ml−1 min) following buccal midaz-
olam (Table 1). The approximate 95% confidence intervalThe plasma midazolam concentration was linearly related

to the peak height ratio of internal standard to midazolam was 11858 ng ml−1 min to 18174 ng ml−1 min and
for 2.5–200 ng midazolam. The sensitivity limit of the
method was #1–2 ng midazolam ml−1. Relative standard
deviations for replicate samples ranged from 2 to 3% at
plasma concentrations of 25 ng ml−1 and 7–8% at
100 ng ml−1. Recovery of midazolam and internal standard
was greater than 90%. Concentrations of midazolam in the
samples were determined using the slope of the calibration
curve. This was repeated with every series of plasma extracts,
together with the area ratio of midazolam to that of the
internal standard calculated from the chromatogram in
each sample.

Based on the individual midazolam plasma concentration-
time curves following i.v. and buccal administration, the
maximal concentration (Cmax) and the time to maximal
concentration (tmax) were determined. Time (min)
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The calculation of the AUC (0,480 min) was performed
Figure 1 Volunteer sedation following intravenous ($) and

according to the linear trapezoidal rule. AUC (480,2) was buccal (+) administration of 5 mg midazolam (1 ml=5 mg).
calculated from the plasma midazolam concentration at Depicted are the number of volunteers who assessed themselves
480 min and the elimination rate constant (lz). The sedated.
elimination phase half-life was 0.693/lz.

The bioavailability after buccal administration (Fbuccal)
was calculated according to the equation: Fbuccal=
AUCbuccal/AUC i.v.

Intergroup differences regarding buccal mucosa irritation,
nausea and degree of sedation were determined using a chi-
square-test. A statistically significant difference was assumed
at P<0.05.

Results

The mean age of the volunteers was 25.9 years (range
22–30 years), the mean weight 68.3 kg (range 48–87 kg)
and the mean height 179 cm (range 165–194 cm). Four Time (min)
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female and four male volunteers were included. Figure 2 Plasma concentration curves following intravenous
No symptoms of a midazolam overdose like respiratory (-) and buccal (1) administration of 5 mg midazolam

(mean±s.d.).depression or cardiovascular depression were seen in any
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Table 1 Pharmacokinetic data following intravenous and buccal In three individuals the ratio of AUC gave values of
administration of 5 mg midazolam. Values are mean±s.d. except >100% bioavailability; this is difficult to explain. The assays
where indicated. for individual subjects were handled in pairs and a

contamination of the column could be excluded. The exact
i.v. Buccal midazolam concentration for buccal administration was

guaranteed because a common midazolam solution
Cmax (ng ml−1) 118.8 (75.7–155.7) 55.9 (35.6–77.9)

(5 mg ml−1) was used. As the syringes were not weighedmean (range)
before and after administration of the compound method-tmax (min) † 30 (15–90)
ological errors could not be excluded totally although theyAUC 15016 (±3778) 11191 (±1777)*
seem to be very improbable.(ng ml−1 min)

CL (ml min−1) 362.6 (±85.2) — It may be assumed that patient acceptance of the buccal
t
D

, z (min) 181.5 (±69.0) 143 (±25.3) mode of midazolam administration will be higher than that
Fbuccal (%) — 74.5% of the intranasal mode. Following intranasal midazolam, due

to its bitter taste, children develop a distrust of further
†First blood sample was taken at 3 min. *The difference is statistical management [6]. In a direct comparison, sublingual midazo-
significant (P<0.05). lam was much better tolerated than intranasal midazolam

[14]. An increased acceptance can be achieved by improving
the taste of midazolam [14]. In the present study two9705 ng ml−1 min to 12677 ng ml−1 min for the AUC

following i.v. and buccal midazolam, respectively. This gave volunteers complained of buccal mucosa irritation. Two
volunteers who received placebo buccally also complaineda mean buccal midazolam bioavailability of 74.5% (Table 1).

Mean plasma clearance following i.v. administration was of mucosa irritation.
Single reports of sedation with intranasal midazolam in362.6 ml min−1 (s.d. 85.2 ml min−1).

Mean terminal half-life (t1/2,z) following i.v. midazolam adults show that this mode of administration may be
promising [15, 16]. However, to achieve a sufficient sedativeadministration was 181.5±69.0 min and 143±25.3 min

following buccal midazolam administration (Table 1). The effect large volumes of midazolam have to be administered
intranasally. As large volumes are not well toleratedapproximate 95% confidence interval was 123.8 min to

239.2 min and 121.8 min to 164.2 min for the AUC follow- intranasally the buccal mode represents a more suitable way
of midazolam administration in adults.ing i.v. and buccal midazolam, respectively.

The clinical effect documented in the present study was
based on the individual sedation assessed by the volunteers.

Discussion
15 min following buccal midazolam all volunteers assessed
themselves as sedated. In one volunteer this sedative effectDue to its anxiolytic and sedative qualities midazolam is

usually used as a premedication prior to diagnostic procedures lasted 240 min. Allonen et al. demonstrated a diminished
hypnotic action at plasma midazolam concentrations belowand elective anaesthesia. In children the intranasal adminis-

tration of midazolam as premedication and induction of 40–60 ng ml−1 [4]. There was a linear correlation between
the measured plasma levels and sedation index following i.v.anaesthesia has already been described [5, 6]. The main

advantage of intranasal midazolam is the high bioavailability midazolam [4]. As in the present study the assessment of
sedation was not very specific; a correlation between plasmaresulting from absorption without a hepatic first pass effect.

Walberg et al. demonstrated a midazolam bioavailability of concentration and sedation was not calculated. However, it
can be assumed that individual responses to midazolam78% following intranasal administration in children [7]. The

bioavailability of 74.5% following buccal midazolam is plasma concentrations differ.
The main clinical use of buccal midazolam could be ancomparable. This is expected because buccally administered

midazolam is also absorbed without a hepatic first pass ‘on demand’ administration. Both intranasal and oral
midazolam administration are not suitable for this due toeffect [10].

The time to maximum plasma concentration (tmax) was the large volumes that must be administered and the delayed
onset of action. As maximum plasma concentrations are30 min following buccal midazolam which is markedly

prolonged in comparison to a tmax of 10 min following already reached 30 min following buccal midazolam an ‘on
demand’ titration by repeated administration of smallintranasal midazolam [7]. The possible reason for this is the

increased salivation following buccal administration of midazolam boli until the desired clinical effect is reached
may be possible.midazolam due to its bitter taste. A variable amount of the

midazolam solution is then swallowed and therefore not The principle of an ‘on demand’ medication is already
known in the management of acute or chronic pain viaabsorbed buccally. If it were possible to obtain a more

concentrated midazolam solution which could be adminis- PCA (patient controlled analgesia) or PCINA (patient
controlled intranasal analgesia) [17, 18] and patient controlledtered to the buccal mucosa in a more dispersed manner, a

rapid and reliable buccal absorption could be achieved. sedation (PCS) [19, 20]. If a device could be used which
would provide certain safety precautions such as a setThe present pharmacokinetic data are largely in agreement

with previous studies [1, 3, 4, 11]. time interval between two boluses and precisely defined
bolus volumes, patient controlled ‘on demand’ buccal mid-The difference in terminal half-lives following i.v. and

buccal midazolam was not statistically significant. However azolam administration could be established in preoperative
premedication or intraoperative sedation.there was a significant difference between the AUC of the

two groups. In conclusion, the pharmacokinetic data presented in this
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