
British Journal of Anaesthesia 1993; 70: 286-292

PHARMACOKINETICS OF FLUMAZENIL AND MIDAZOLAM

R. D. M. JONES, K. CHAN, C. J. ROULSON, A. G. BROWN, I. D. SMITH
AND G. H. MYA

SUMMARY

We have studied simultaneously the pharmaco-
kinetics of flumazenil and midazolam in 12 healthy
Chinese children, aged 5-9 yr, undergoing cir-
cumcision. Two hours before operation each patient
received midazolam 0.5 mg kg'1 orally for pre-
medication and 0.5 mg kg'1 i. v. during induction. Six
minutes after cessation of anaesthesia, a bolus of
flumazenil 10 ng kg'1 was given i. v., followed by an
infusion of flumazenil at 5 fig kg'1 min~r which was
maintained until the child could identify himself.
Midazolam data were consistent with a three-
compartment model with a mean (SD) elimination
half-life of 107 (30) min, total body clearance of
15.4 (3.2) ml min'1 kg~7 and apparent volume of
distribution at steady state of 1.9 (0.6) litre kg-1.
Flumazenil data were best interpreted by a mono-
exponential function, with a mean terminal elim-
ination half-life of 35.3 (13.8) min, a total plasma
clearance of 20.6 (6.9) ml min-' kg~1 and apparent
volume of distribution at steady state of
1.0 (0.2) litre kg-1. No unchanged midazolam was
detected in the 24-h urine sample, but 5.8-13.8%
of the flumazenil dose was recovered unchanged.
At the time of self identification, 4.5 (1.4) min after
flumazenil administration, the mean plasma con-
centrations of midazolam and flumazenil were
163.1 (43.7) and 29.9 (16.1) ngmt1, respectively.
(Br. J. Anaesth. 1993; 70: 286-292)
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Midazolam is a water-soluble benzodiazepine der-
ivative that has been used for premedication and
induction of anaesthesia in paediatric patients [1, 2].
Flumazenil is also a benzodiazepine molecule with a
high receptor affinity, but almost no intrinsic
activity, and has been used effectively to reverse the
hypnotic effects of midazolam-induced anaesthesia
in children [3]. The disposition of midazolam in
children has been studied by several workers [4-6],
but the contemporaneous disposition of flumazenil
in children has not been reported. This present
study was undertaken to measure simultaneously the
pharmacokinetics of midazolam and flumazenil and
their relationship to psychomotor performance in
children in the early postoperative period.

PATIENTS AND METHODS

We studied 12 ASA grade I Chinese children, aged
5-9 yr, undergoing circumcision. The study was
approved by the Faculty of Medicine Ethics Com-
mittee (The University of Hong Kong) and written,
informed consent was obtained from all the parents.
Children were excluded from the study if they had a
history of asthma or allergies; previous adverse
anaesthetic experience; anaesthesia within the pre-
vious 1 month; hepatic, renal, respiratory, cardiac or
haematological disease; mental retardation or age
less than 4 yr. The day before surgery, each child
was familiarized with a post-box toy and the
completion time of his best performance on seven
attempts recorded [3]. On the day of surgery, the
patient was premedicated with midazolam
0.5 mg kg'1 (maximum dose 15 mg) and atropine
0.02 mg kg"1 by mouth 2 h before operation. EMLA
emulsion cream 2 g (lignocaine 25 mg g"1 and prilo-
caine 25 mg g"1) was applied to the dorsum of the
hand and the contralateral cubital fossa.

On arrival in the operating suite, the children were
assessed and recorded as agitated or crying, aware
and apparently anxiety-free, drowsy, or asleep but
responsive to command [7]. A 23-gauge cannula was
inserted into a vein underlying each EMLA-pre-
treated area. Anaesthesia was induced with alfentanil
5 ng kg"1 i.v. followed, 60 s later, by midazolam
0.5 mg kg"1 administered over 30 s. Time zero was
taken at completion of the midazolam injection. The
child was given atracurium 0.5 mg kg"1 and the
trachea intubated. Anaesthesia was maintained with
67% nitrous oxide and 0.5% isoflurane in oxygen
via a Mapleson F breathing system with hand
ventilation to an end-tidal carbon dioxide partial
pressure of 5 kPa. A caudal injection of 0.25 %
bupivacaine 0.5 ml kg'1 was administered to all
patients. Routine monitoring devices included an
electrocardiograph, non-invasive arterial pressure
recorder, pulse oximeter, capnograph and inspired
oxygen concentration (Datex, Cardiocap). At the
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end of surgery, neuromuscular block was antagon-
ized with neostigmine and atropine, the trachea
extubated and ventilation assisted with 100 % oxygen
by mask and Mapleson F circuit until spontaneous
ventilation had resumed. Six minutes after the
administration of neostigmine, a bolus of flumazenil
10 ug kg"1 was given followed, 60 s later, by com-
mencement of an infusion of flumazenil 5 ug kg"1

which was continued until the child could identify
himself.

The duration of anaesthesia and cardiorespiratory
data during surgery and recovery were recorded.
The dose of flumazenil, time from flumazenil bolus
injection to spontaneous eye opening and time until
the patient could identify himself were recorded also.
The child's mood on awakening was assessed using a
structured observation score [8] and systolic arterial
pressure, heart rate, ventilatory frequency and
modified Steward coma scale [9] were recorded at
each blood sampling time after awakening. Any side
effects occurring during and after flumazenil admin-
istration were noted, as was the time at which any
child went back to sleep after eye-opening in
recovery. Immediately the patient became co-
operative, he was encouraged to complete the post-
box toy in the quickest possible time. The child was
offered the toy at 10, 30, 60, 120, 180 and 240 min
after flumazenil administration and his fastest com-
pletion time on a single attempt recorded. At each
assessment, a post-box toy completion-time ratio
(the postoperative post-box toy completion time/the
child's best timed performance on the day before
surgery) was calculated.

Blood samples (1.0-ml) were collected into tubes
containing lithium—heparin for measurement of the
plasma concentration of midazolam immediately
before induction of anaesthesia and then at 2, 4, 6, 8,
10,15, 20, 30 min and immediately before flumazenil
was given. Subsequent samples were then taken at 2,
4, 6, 8, 10, 15, 20, 30, 60, 120, 180 and 240 min after
flumazenil administration. After operation, a bulked,
24-h urine specimen was collected from each of the
patients. Plasma was obtained from blood after
centrifugation for 15 min at 3000 £. Plasma samples
were stored at — 20 °C before assay. Flumazenil and
midazolam concentrations in plasma and urine
samples were measured simultaneously using HPLC
with u.v. detection at 220 nm using a programmable
photodiode array detector (Waters 994). Flumazenil
and midazolam in plasma or urine sample (0.5 ml)
and internal standard flurazepam buffered with
sodium dihydrogen phosphate 0.1 mol litre"1 at pH 9
were extracted into 5 ml of organic solvent mixture
(diethyl ether and dichloromethane 60:40 v/v). The
organic extract was evaporated to dryness under
nitrogen and the residue was re-dissolved in meth-
anol 80 ul and approximately 30 ul of the methanolic
concentration was injected into the HPLC system.
The mobile phase consisted of 32 % acetonitrile in
sodium dihydrogen phosphate buffer 0.04 mol litre"1

(containing 0.1 % triethylamine) at pH 7.2. The flow
rate was set at 1.5 ml min"1. A C18 reversed-phase
cartridge column (Nova-pak, Waters) linked to a C8
pre-column was used and the eluate was measured
by a u.v. detector set at 220 nm. The calibration

graphs were linear over the ranges 4-200 ng ml J for
flumazenil, 20-1000 ng ml"1 for midazolam and
10-500 ng ml"1 for both 1-hydroxymidazolam and
4-hydroxymidazolam. The between-batch coeffic-
ients of variance for flumazenil 10 ng ml"1, mid-
azolam 50 ng ml"1, 1-hydroxymidazolam 25 ng ml"1

and 4-hydroxymidazolam 25 ng ml"1 were 4.8%,
5.6%, 4.3% and 4.0%, respectively. The limit for
detection for flumazenil was 4 ng ml"1 and for
midazolam and its metabolites, 10 ng ml"1. Urine
samples were analysed for unchanged drug and
metabolites, and for their glucuronides after p-
glucuronidase treatment for 18 h at 37 °C. The
HPLC assay was found to be specific and selective.
During development of the assay procedure, it was
established that flumazenil, its carboxylic and de-
methylated metabolites and midazolam and its
hydroxy metabolites did not interact with each other
under the conditions stated.

Flumazenil profiles were analysed using the stat-
istical moment theory to obtain pharmacokinetic
parameters [10]. Terminal elimination half-life (7p,
areas under plasma concentration-time curves
(AUC), and apparent total body clearance (Cl) were
calculated. Using the trapezoidal rule, the AUC]20
was calculated from 0 to 120 min; the resident area
(r = 120 min to oo) was calculated as the ratio,
C120: elimination rate constant. Plasma clearance was
calculated from:

where ClF = plasma clearance; AUQ," = area under
the plasma concentration-time curve. The first order
rate constants for the decline of plasma concentration
after administration were obtained by linear squares
regression of the logarithm of the plasma con-
centration against time. The steady state volume of
distribution was calculated from:

MRT (2)

where Vs3 = steady state volume of distribution;
MRT = mean residence time.

Plasma concentration-time profiles of midazolam
were analysed by the BITRI computer program
[11,12] which utilizes the method of residuals,
whereby each curve is fitted with experimental data
in terms of a bi-exponential or tri-exponential
function. BITRI chooses the best fit such that the
logarithms of squared deviation between exponential
and computer values are minimized [13]. Distri-
bution and elimination half-lives (Tf, Tf, Tf), ap-
parent central volume of distribution (F), apparent
volume of distribution at steady state (V*"), apparent
volume of distribution in the elimination phase (V)
and total body clearance (C/) were calculated using
standard formulae [10].

RESULTS

After arrival in the operating suite, all children were
assessed as awake and appearing calm, but on specific
questioning two of the children were frightened of
the i.v. cannula and two children expressed fear of
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TABLE I. Patient characteristics, ataakemng hacmodynamics and
anaesthetic data in the 12 children (mean (SD) [range])

Age (yr)
Weight (kg)
Anaesthesia duration (min)
Time from giving
flumazenil to eyes
open (min)

Time from giving
flumazenil to self
identification (min)

Mean dose of flumazenil
administered (ug kg"1)

Mean concentration of
flumazenil on awakening
(ng ml"1)

Mean concentration of
midazolam on awakening
(ng ml-1)

Mean increase in heart
rate after flumazenil
(beat min-')

Mean increase in systolic
arterial pressure after
flumazenil (mm Hg)

Mean increase in
ventilatory frequency
after flumazenil (b.p.m.)

6.5 [5-9]
22.0 (6.7) [14-38.5]
37.4 (8.4) [29-58]
3.1 (1.1) [1-5]

4.4 (1.4) [2-7]

27.0 (6.1) [16.8-39.6]

29.9(16.1) [7-62]

163.1 (43.7) [92-257]

8.0 (16.2) [-24 to +37]

11.5 (17.0) [ -8 to +53]

4.3 (5.5) [ -8 to +10]

postoperative pain. The mean (SD) [range] maximum
increase in heart rate (22.3 (24.4) [ — 28 to
54] beat min"1) and maximum increase in systolic
arterial pressure (27.3 (28.3) [2-108] mm Hg) during
the induction period were calculated, but otherwise
the induction of anaesthesia was devoid of side
effects. The awakening and cardiorespiratory data
associated with numazenil administration are shown
in table I. All patients opened their eyes within 5 min
of the commencement of numazenil administration
and were able to give their name within a further

2 min. The mean dose of numazenil administered
was 27 (6.1) ng kg"1 and the mean concentration of
midazolam on awakening was 163.1 (43.7) ng
ml-1.

Psychomotor testing using the post-box toy com-
pletion-time ratio showed that, although the children
tested had a faster completion time 3 h after
operation compared with their own unpracticed
preoperative performance, only one child could
match his best preoperative performance 4 h after
operation (table II). Fifty percent of the children
awoke irritable, crying and refusing to play with the
toy and, in total, nine children refused to play on 30
occasions during the 4-h postoperative study period.
Although the study group was small, the children
who were happy on awakening had the greatest mean
midazolam concentrations (181 (62.9) ng ml-'), those
children that were sleepy had the smallest mean
numazenil concentrations (17.3 (7.6)ngml"1) and
those that were crying had the greatest flumazenil
concentrations (37.8 (13.6) ng ml"1). Six children fell
asleep again after giving their name and playing with
the post-box toy, but all were awakened easily (table
III).

Mean blood concentrations of midazolam and
numazenil declined in all patients (figs 1, 2). Fluma-
zenil was not detectable at 3 h and in seven patients
at 2 h. Compartmental analysis of midazolam
revealed a three-compartment model with elim-
ination from a central compartment (table IV).

Bulked (0-24 h) urine samples were successfully
obtained in 10 of the 12 children. No unchanged
midazolam was detected in these samples. A wide
variation in the recovery, as a percentage of dose, of
the hydroxy metabolites and their glucuronides was
observed: 0-0.23% a-hydroxymidazolam, 0.64-
13.2% a-hydroxymidazolam glucuronide, 0.03-

TABLE II. Assessment of the antagonism of midazolam by flumazenil (mean (SD) [range])

Toy completion
ratio

Mean concn (ng ml"1)

Midazolam Flumazenil

Pre-induction assessment:
aware, apparently anxiety-free (n = 12)

After flumazenil
10 min (n = 7) 3.7 (1.5) [1.6-6.0]
20 min (n = 2) 2.6 (0.7) [1.9-3.3]
30 min (n = 8) 2.9 (1.2) [1.7-5.7]
60 min (n = 5) 2.3 (1.3) [1.8-i.0]

120 min (n = 5) 2.3 (1.8) [ 1.8-5.9]
180 min (n = 5) 1.4 (0.7) [1.2-2.3]
240 min (n = 10) 1.5 (0.7) [1.1-2.9]

47.1 (15.8) [29-83]

147 (34.4) [83-197]
131 (29.7) [72-184]
120 (27.1) [70-170]
91 (24.6) [52-138]
59 (15.4) [40-87]
41 (9.5) [29-55]
27 (10.6) [15-52]

32.1 (21.5) [14-97]
19.5 (9.5) [8-̂ 12]
15.7 (9.1) [7-38]
10.1 (6.3) [3-23]
4.3 (5.6) [0-16]
0
0

TABLE I I I . Resedation and mood assessment after administration of flumazenil (mean (SD) [range])

Concn on awakening (ng ml"1)

Midazolam Flumazenil

Resedation after flumazenil (average time
80 (20.6) [60-120] (min)) (n = 6)

Toy refusal on awakening (n *= 6)
Mood on awakening:

Happy, playful (n = 3)
Calm, drowsy (n = 3)
Irritable, crying (n = 6)

158.2 (19.5) [133-183]

139.4 (25.8) [164-92]

181 (62.9) [103-257]
168.7 (25.80) [133-193]
151.3(34.5)[92-208]

29.3 (15.0) [7-52]

25.4 (11.4) [7-12]

26.7 (17.9) [14-52]
17.3 (7.6) [7-25]
37.8 (13.60) [62-23]
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FIG. 2. Simultaneous mean (SD) serum concentrations of flumazenil (A) and midazolam ( • ) .

1.12% 4-hydroxymidazolam and 0.01-1.15% 4-
hydroxymidazolam glucuronide. One child was an
extensive hydroxylator, having a high recovery of
hydroxy metabolites and the glucuronide (denoted by
the greater values). Unchanged flumazenil was
recovered in all the urine samples, ranging from
5.84% to 13.8% (mean 9.07 (SD 2.96)) of the dose
administered. The demethylated metabolite,
desmethylflumazenil, was detected but was not
measurable by our HPLC method because its
analytical peak was too close to the solvent front of
the chromatogram. The carboxylic acid metabolite
of flumazenil was not resolved by our present HPLC
method. The child demonstrating extensive hy-
droxylation of midazolam also excreted the largest
amount of unchanged flumazenil in the urine
(13.8%); however, his other pharmacokinetic and
pharmacodynamic data were unremarkable.

DISCUSSION

The clinical pharmacokinetics of drugs in anaesthetic
practice may be influenced by the mutual pharmaco-
kinetic interactions of drug distribution, metabolism
and excretion. In their studies in healthy volunteers,
Breimer and co-workerd observed that flumazenil
and midazolam at repeated therapeutic doses did not
show any cumulation or saturation kinetics [14].
Therefore it is unlikely, in this present clinical study,
that pharmacokinetic interaction occurred when
midazolam and flumazenil were administered to-
gether. In all our Chinese children, clearance of
midazolam from the plasma may be described best
by a tri-exponential function; however, other
workers have described a bi-exponential decline in
plasma midazolam concentrations [1, 4,5]. This may
be explained by our 2-min sampling interval during
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TABLE IV. Pharmacokinetic findings in the 12 children. Volumes of distribution at steady state (V") and equilibrium (V) .
volume of the central compartment (V), total body clearance (Cl), half-lives of the three phases (Tj 1 , T ^ , TjO and rate

constants (mean (SD) [range])

V

V

V

Cl

(litre)
(litre kg"1)
(litre)
(litre kg"1)
(litre)
(litre kg-1)
(litre min"1)
(ml min"1 kg"1)

Terminal 7"j
I ?

k10

*!•

ktl

* S 1

*„:

(min)
(min)
(min)
(h"1)
(h- l)
(h"1)
(n )
(h )
• 1 0

Midazolam

41.1 (18.9) [21.5-93.7]
1.87 (0.57) [1.15-2.93]
48.8 (22.2) [25.2-106.5]
2.2 (0.7) [1.2-3.3]
7.2 (5.6) [1.8-23.3]

0.31 (0.17) [0 09-0.73]
344 (150)[199-736]

15.37 (3.16) [11.02-23.00]
101.7 (31.9) [59.7-179.4]
2.55 (1.37) [0.84-5.00]
16.1 (6.8) [3.9-26.0]

107.0 (30.2) [65.0-189.0]
1.03 (0.37) [0.55-1.84]
3.53 (1.74) [1.76-7.06]
4.5 (3.83) [0.89-14.20]

8.17 (6.93) [1.49-24.38]
8 30 (5.52) [3.49-23.67]
0.35 (0.18) [0.12-0.75]
1.14 (0.80) [0.06-3.00]

Flumazenil

21.0 (7.1) [10.3-32.7]
1.0 (0.2) [0.7-1.6]

20.5 (6.7) [9.8-31.2]
0.9 (0.2) [0.7-1.6]

469.83 (239.52) [136.27-963.17]
20.57 (6.92) [7.29-30.85]
35.3 (13.8) [21.5-75.5]

the initial distribution phase and our measurement
of plasma concentrations for nearly 300 min com-
pared with shorter sampling times in other studies.
The kinetics of i.v. midazolam were superimposed
on a "background" concentration of the oral
midazolam premedication. This was considered valid
if, within the constraints of clinical practice, it is
assumed that first order kinetics existed. Our
midazolam pharmacokinetic data show a mean T^ of
107 min, total body clearance of 15 ml kg"1 min'1

and an apparent central volume of distribution of
0.3 litre kg"1. The smaller central volume of dis-
tribution and higher clearance in our subjects should
have resulted in a rapid initial and subsequent
distribution half-lives; however, our mean terminal
elimination half-life data are intermediate when
compared with other studies [1, 15, 16]. This may be
explained by the different fat distribution in Chinese
children, the differing anaesthetic techniques used
and the age-related variation in metabolism of
benzodiazepines which undergo oxidation as their
main metabolic pathway of elimination [17]. The
mean (SD) ratio of k12:k21 was 1.14(0.8), suggesting
a rapid distribution of the i.v. midazolam from the
central plasma compartment to the shallow com-
partment, and the mean ratio of £3]: kl0 was
0.35 (0.18), suggesting a slow return from the deep
fat and muscle compartments before elimination.

Flumazenil pharmacokinetic data were best inter-
preted by non-compartmental analysis, because of
the bolus and infusion administration regimen used
in this study. The mean plasma concentrations of the
drug after the infusion appeared to decline bi-
exponentially (fig. 2), although this was not observed
in several patients whose drug concentrations de-
clined almost mono-exponentially in a manner
similar to that described in adults [18, 19]. The
present HPLC assay was not sufficiently sensitive to
measure flumazenil in plasma in these patients
120 min after dose administration. The terminal
elimination half-life of flumazenil may therefore be
underestimated. Nevertheless, the kinetic data were

derived using statistical moment analysis which takes
into account the total dose administered. F*3 in our
children was about half that reported in adults,
clearance values were similar, and the flumazenil
terminal half-life was 35 min in children compared
with reported values of 60-77 min in adults
[18,20,21]. Both flumazenil and midazolam are
water soluble drugs at low pH, but at physiological
pH the imidazole ring forming part of the midazolam
structure closes and lipid solubility is enhanced [22].
V** and V for flumazenil were approximately 50 %
those of midazolam, reflecting the latter drug's wider
distribution and greater lipid solubility within the
body. This is endorsed by the low k^ik^ ratio for
midazolam and the absence of unchanged midazolam
in the urine, implying that the slow release of the
drug from the deep fat compartment enables com-
plete metabolism by the liver before elimination
[17, 23]. The clearance of flumazenil from the plasma
was more rapid compared with midazolam and
unchanged flumazenil was recovered in the urine.
Flumazenil attains equilibration rapidly in the
central compartment, is only slightly bound to
plasma proteins compared with midazolam and it is
likely that more of the drug remains in the plasma
compartment for a longer time because its lipid
solubility is less than that of midazolam at physio-
logical pH [18]. The small volume of distribution
and high clearance of flumazenil resulted in a
terminal half-life which was 33 % of the terminal
half-life of midazolam in our children. Flumazenil
concentrations in the plasma were minimal at 2 h and
not detectable by our method of analysis at 3 h. The
mean dose of flumazenil administered to our children
to attain awakening (27 ug kg"1) was similar to that
given by Klotz, Ziegler and Reimann (approx.
35 ug kg"1) to adults [18] and our measured con-
centrations of flumazenil at awakening were greater
than the steady state values used by Breimer and
colleagues in adults to antagonize a single i.v. dose of
midazolam (approx. 0.25-0.75 mg kg"1) [14].

Two hours after oral administration of midazolam,
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all of the children arrived in the operating suite
awake, co-operative and apparently anxiety-free, but
on specific questioning 30% of the children ex-
pressed some fear. Their mean (SD) midazolam
concentration was 47 (15.8) ng ml"1 (fig. 1) which is
close to the lower range of concentrations at which
sedative effects are seen in adult intensive care
patients [24-27], but considerably less than the
amnesic threshold reported by Persson, Nilsson and
Hartvig [28]. Each benzodiazepine has its own
plasma decay curve and pattern of threshold concen-
trations [27]. The anxiolytic effect of midazolam
occurs at smaller serum concentrations that those
required for sedation and therefore most of the
children were calm on arrival in the operating suite
[22]. To achieve a hypnotic effect with midazolam in
adults, a plasma concentration of 300-500 ng ml~l is
required [29, 30]. Children require a rapid, pleasant,
smooth induction of anaesthesia, but the variability
in clinical response to a given dose of midazolam
requires either that a large dose is administered, or
that an opioid (in this study, alfentanil) is also given
to ensure these favourable characteristics [31]. In all
the children the induction was smooth, rapid and
without incident, but the peak measured mean
plasma midazolam concentration at 2 min was
1000 ng ml"1, which declined to values less than
300 ng ml"1 at 20 min (fig. 1). At the time of
antagonist administration, the children's mean
plasma concentration of midazolam (180ngml ])
(fig. 2) was at the adult mid-range sedative con-
centration. However, 50% of the children awoke
crying and refused to play with the post-box toy,
implying a mild inverse agonistic effect which was
also reported by other workers, in adults [32, 33].
Interestingly, these children also had the greatest
mean serum concentrations of flumazenil on awak-
ening. These findings are in contrast with our
previous experience. Following flumazenil admin-
istration to children undergoing the same surgical
procedure, but using a spontaneously breathing
anaesthetic technique with halothane, only 20% of
the children refused the toy or cried on awakening
[3]. The halothane-supplemented children awoke
more slowly, but were given a smaller mean dose of
antagonist (0.024 mg kg"1). This is in accord with
the findings of Geller and colleagues, who demon-
strated that flumazenil improved the quality of
emergence from anaesthesia in patients given halo-
thane anaesthesia without benzodiazepines [34]. Our
children who were happy and co-operative on
awakening had greater serum concentrations of
midazolam compared with the children who were
irritable, crying and refused to play with the post-
box toy. Moreover, the children who were drowsy on
awakening had a smaller mean serum concentration
of flumazenil (table III). The sample size was too
small for any statistical comparison; however, the
data were blind and lend credence to pharmaco-
kinetic-pharmacodynamic model of midazolam
plasma concentration and effects which is currently
being developed by other workers [14].

Flumazenil is distributed into the brain within
minutes of i.v. administration and attains brain
concentrations which are greater than those in

plasma, but then is cleared rapidly from the brain
and excreted [21]. The clinical effect of flumazenil is
dependent on the dose of midazolam, dose of
flumazenil, pharmacokinetics of both drugs and the
timing of antagonist administration. Despite being
fully awake, the children who were willing to perform
the post-box toy test demonstrated mild residual
psychomotor impairment for the first 2 h after
operation. At 4 h, all of the children tested performed
close to their best, practised, unmedicated pre-
operative attempt. The sensitivity of our assay did
not permit measurement of plasma flumazenil con-
centrations at 3 h, but the mean midazolam con-
centrations in our children at that time were in the
adult anxiolytic range. The resedation in six of our
patients was presumably caused by residual
midazolam hypnotic effects being relatively un-
opposed by flumazenil (table III). These children
went back to sleep approximately 80 min after initial
awakening, but were roused easily, albeit crying and
irritable and similar to the "normal" small child
who is awoken abruptly. The awakening mean
plasma concentration of midazolam in the resedated
children was less than the awakening mean
midazolam concentrations in the happy or sleepy
children, suggesting that midazolam was redistrib-
uted more rapidly to the deep compartment in these
children, resulting in later sedation when the
midazolam returned to the central compartment and,
furthermore, that resedation per se was not the result
of rapid redistribution of flumazenil from the central
compartment.

A smooth induction of anaesthesia with midazolam
in children is achieved with large plasma concen-
trations of midazolam and at the expense of pro-
longed sedative and anxiolytic effects which are
apparent with smaller concentrations of midazolam.
Flumazenil antagonized the hypnotic effects of
midazolam rapidly and effectively and the pharmaco-
kinetic disposition of flumazenil in children was
similar to that defined in adults [18]. Relative plasma
concentrations of agonist and antagonist seem to
determine the quality of emergence from anaesthesia.
A mild inverse agonistic effect of flumazenil has been
reported in adults and may also occur in children
with large plasma concentrations of flumazenil [33].
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