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Abstract. Sixteen healthy volunteers were administered 
midazolam followed by placebo or the benzodiazepine 
antagonist, flumazenil, in a double-blind, cross-over 
study. Flumazenil reversed midazolam-induced sedation 
on the subjective, psychophysiological and motor indices 
used. In contrast, there was little evidence of any reversal 
of amnesic effects, which were assessed using both direct 
(explicit) and indirect (implicit) measures of memory. 
Results are discussed in terms of  dissociating the sedative 
and amnesic effects of  benzodiazepines. 
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All benzodiazepines in acute dosage can produce seda- 
tion, psychomotor impairments and anterograde am- 
nesia (Curran 1986). However, the extent to which these 
effects are interdependent is still unclear, and this inter- 
dependence itself may vary with different benzodiaze- 
pines. The effects of benzodiazepines are thought to be 
mediated by facilitation of central GABA-ergic trans- 
mission via specific benzodiazepine receptors (Haefely 
1985; Morre et al. 1985). I f  all the effects of  ben- 
zodiazepines are mediated in this way, then administra- 
tion of a benzodiazepine antagonist should reverse their 
sedative, psychomotor and amnesic effects. 

Flumazenil is a specific benzodiazepine antagonist 
which has been shown in animal and human studies to 
reverse the sedative, muscle-relaxing, anxiolytic and anti- 
convulsant effects of  benzodiazepines (Hunkheler et al. 
1981; Darragh et al. 1982; Dorow and Duka 1986). 
However, the effect of flumazenil on benzodiazepine- 
induced memory impairments is less clear. O'Boyle et al. 
(1983) reported that flumazenil attenuated, but did not 
reverse, the amnesic effects of diazepam. Hommer et al. 
(1986) found that pretreatment with flumazenil blocked 
the sedative, anxiolytic and attentional effects of 
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diazepam but not its amnesic effects. Dorow et al. (1987) 
found that the amnesic effects of lormetazepam were 
completely reversed by flumazenil. Dunton et al. (1988) 
reported differential dosage effects of flumazenil on the 
amnesic actions of diazepam as compared with lor- 
azepam. Ricou et al. (1986) and Sage et al. (1987) assess- 
ed the effects of  flumazenil on midazolam-induced seda- 
tion with patients undergoing surgical procedures. Re- 
sults in terms of memory effects in both these studies are 
difficult to interpret for methodological reasons (Ricou 
et al. assessed amnesia as simply "present or absent" 
according to unclear criteria; Sage et al. presented the 
same stimuli on two different testing occasions). 

In a previous study, we compared the effects of  flu- 
mazenil compared with a placebo on 44 patients who had 
been given midazolam prior to day-care urological sur- 
gery (Birch and Curran 1990). We found that flumazenil 
reversed the psychomotor impairments induced by mid- 
azolam but not its amnesic effects. The present study was 
designed to assess first, whether these results could be 
replicated in a study with healthy, volunteer subjects, and 
second, to incorporate a wider range of  indices of both 
sedation and memory. The test battery was selected to 
assess amnesic, psychomotor and sedative effects of the 
drugs. Sedation was assessed using subjective (rating 
scales), psychophysiological (critical flicker fusion 
threshold), and psychomotor (finger tapping) indices. 
Memory was assessed using both direct (free recall) and 
indirect (word-stem completion) measures. 

Materials and methods 

Subjects and design. Sixteen healthy volunteers (ASA grades I and 
II), nine men and seven women, were paid for participating in the 
study. All gave written, informed consent. Their ages ranged from 
21 to 43 years (mean: 29) and their weight from 51 to 101 kg (mean: 
70). They were not allowed alcohol or any other CNS drugs from 
24 h before each test day. 

A double-blind, cross-over design was used to compare the 
effects of intravenous ttumazenil (0.5 mg in 5 ml) and placebo (inert 
carrier, 5 ml) in reversing the effects of intravenous midazolam. The 
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T a b l e  1. Group means and (in parentheses) standard errors 

Placebo Flumazenil 

Testing times T1 T2 T3 T4 T1 T2 T3 T4 

Variable 

Tapping - N 353 287 306 324 351 287 331 337 
(6) (8) (6) (7) (6) (8) (7) (6) 

CRT - ms 423 723 521 478 423 770 433 427 
(10) (44) (23) (21 ) ( 11 ) (38) (14) ( 13 ) 

DSST - N 71 43 57 62 71 45 64 68 
(1) (3) (3) (2) (2) (3) (2) (2) 

CFFT - Hz 48.2 39.2 42.5 45.5 47.4 38.8 46.5 47.2 
(1.1) (1.3) (1.1) (1.1) (1.1) (1.3) (0.9) (1.0) 

Mood factor 1 36 66 66 56 38 64 52 42 
(alertness) mm (3) (3) (4) (3) (4) (3) (4) (4) 

Mood factor 2 30 34 30 29 31 3I 28 29 
(contentedness) mm (4) (4) (4) (4) (3) (4) (4) (3) 

Mood factor 3 40 25 22 29 42 22 22 37 
(calmness) mm (5) (3) (4) (4) (6) (3) (2) (3) 

Delayed recall - N 6.3 7.2 
(0.6) (0.7) 

Recognition 

A 1 index -0 .53  -0 .32  
(0.30) (0.15) 

- 0.46 -- 0.43 
(0.07) (0.06) 

Word completion 5.8 3.6 6.3 4.2 
of targets - N (0.7) (0.5) (0.6) (0.4) 

dosage of midazolam was titrated at the rate of 1 2 mg per min for 
each subject to achieve conscious sedation (such that speech was 
slurred and ptosis evident) and was the same for each individual on 
the 2 testing days. This dosage varied between 4 and 11 nag 
(0.06-0.14 rag- kg -~ : mean 0.10 mg" kg 1). A minimum wash-out 
period of  2 weeks separated the two testing sessions. 

Each of the two test days began with a practice session to 
familiarize each subject with the main assessments used (see below). 
Subjects were tested before the administration of  midazolam (T1), 
again 15 min after sedation (T2) and then given flumazenil or 
placebo. Ten minutes later, subjects were re-tested (T3), and again, 
60 rain later (T4). All test versions were balanced across drug con- 
ditions using a Latin square. 

Test battery. Finger tapping speed was determined by the number 
of key presses made in 60 s (Frith1967). Choice reaction times (CRT) 
were assessed using a computerised system in which 44 target stimu- 
li were presented on a VDU (Wesnes et al. 1987). The subject's task 
was to press a black (left hand) or a red key (right hand) according 
to whether the target stimulus in the centre of  the screen was the 
word "LEFT"  or "RIGHT".  Responses occurring in less than 
200 ms were excluded as "anticipatory" and only reaction times for 
correct responses were included in the analysis. The digit symbol 
substitution test (DSST) was carried out for 90 s (Wechsler 1955). 
Critical flicker fusion threshold (CFFT) was assessed as described by 
Wesnes et al. (1987). Subjective ratings were made on the visual 
analogue Mood Rating Scale (MRS) which consists of 16 100 mm 
lines. Factor analysis of this scale yields three mood factors : alert- 
hess, contentedness and calmness (Bond and Lader 1974). All the 
above assessments were administered at each testing time. 

Memory tasks were designed to assess retention both directly 
and indirectly. The main direct task was a verbal free recall task 

used in our previous study (Birch and Curran 1990). Sixteen bisyl- 
labic nouns, matched across versions for word frequency, were 
presented for immediate free recall at each testing time. In addition, 
after the last testing session, subjects were asked for delayed recall 
of all words presented that day, and then given a yes-no recognition 
task which comprised words from all the four lists presented ran- 
domly mixed with an equal number ofdistractor words from match- 
ed lists not previously presented. 

The indirect assessment of  memory was administered only at 
the beginning of testing times T1 and T3. Subjects were shown a 
series of 20 words in a booklet, and asked to read aloud each word 
and rate how much they liked or disliked it on a 5-point scale 
(1 = dislike extremely; 5 = like extremely). Sixteen words were "tar- 
get" words, and the other four words were fillers at the beginning and 
end of the booklet which were used to reduce primacy and recency. 
After the DSST and tapping tests, subjects were then given an 
ostensibly unrelated task which was to complete a series of three- 
letter word-stems with the first word that came to mind. There was 
no time limit for this task but subjects were asked to complete all 
the word-stems as quickly as possible. Each of  the 24 stems could 
begin at least a dozen common English words listed in the Oxford 
MiniDictionary. However, 16 of the stems began target words 
previously rated for liking. The order of  testing was the same for 
all subjects and all test periods. 

Analysis of  results. A multivariate analysis of variance (subjects, 
drugs, testing times) was carried out on all variables. Where specific 
comparisons at one testing time were needed, separate analyses of 
variance were performed (subjects, drugs). Recognition data were 
subjected to signal detection analysis using the method described by 
Frey and Colliver (1973). Means and standard errors of means are 
given in Table 1. 
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Fig. 4. Mean change from baseline in subjective ratings of alertness 
(ram) by subjects given placebo (©) or flumazenil (O) 

Results 

Finger tapping speed was markedly reduced after mid- 
azolam. However, this impairment was decreased by 
flumazenil compared with placebo, giving a significant 
drugs x testing times interaction [F(3,I6) = 6.3, P <  0.01] 
(Fig. 1). 

Choice reaction times showed a similar pattern of  results 
[drugs x testing times: F(3,12) = 9.96, P < 0.001]. 

Digit symbol substitution test performance also showed 
a marked impairment following mindazolam which was 
significantly reversed by flumazenil compared with place- 
bo [drugs x testing times : F(3,12 = 8.3, P < 0.005] 
(Fig. 2). 

Criticalflicker fusion threshold depression was also sig- 
nificantly reversed by flumazenil, and returned almost to 
baseline values at T3 (Fig. 3) [drugs x testing times, 
F(3,12) = 26.0, P <  0.001]. 

Mood ratings. Mood factor 1 (alertness) revealed a sig- 
nificant difference between flumazenil and placebo (Fig. 
4). Subjects rated increased drowsiness at T2 following 

administration of  midazolam which persisted to T3 for 
placebo treatment. This subjective sedation was partially 
reversed by ftumazenil at T3 and nearly fully reversed at 
T4, leading to a significant drugs x testing times interac- 
tion [F(3,12)= 8.5, P < 0.005]. There were no significant 
effects of flumazenil on the other two mood factors (con- 
tentedness, calmness). 

Immediate word recall. Subjects were impaired on this 
task following administration ofmidazolam (Fig. 5). The 
MANOVA did not reveal any significant differences be- 
tween flumazenil and placebo on this task. An ANOVA 
was then carried out at each testing time point separately 
(using change scores from baseline). This revelaed a sig- 
nificant difference between flumazenil and placebo at T3 
only [F(1,14)=9.t, P<0.01]. 

Delayed word recall and recognition. No significant dif- 
ferences between flumazenil and placebo emerged from 
the analysis. 

Indirect assessment of memory. The number of target 
words completed appeared reduced after midazolam 
(Fig. 6) but there was no significant difference between 
placebo and flumazenil treatments. 
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D i s c u s s i o n  

The assessment of sedation in this study was comprehen- 
sive, using all three putative indices (subjective ratings, 
motor speed and central "arousal"). Often, these three 
indices do not intercorrelate well and it has been argued 
that they tap different aspects of what is globally called 
"sedation" (e.g. Eysenck 1984). Our results showed clear- 
ly that flumazenil reverses the sedative effects of mid- 
azolam on all these indices of sedation. 

Midazolam-induced sedation was wearing off slowly 
over the testing times, but between 10 min and 1 h after 
its administration, flumazenil significantly reduced seda- 
tion in terms of subjective ratings, CFFT and motor 
(tapping) speed. These findings thus replicate our 
previous findings with patients undergoing day-care sur- 
gery (Birch and Curran 1990). 

Similarly, flumazenil reversed the psychomotor/at- 
tentional impairments induced by midazolam on the 
choice reaction time task, and the impairments of DSST, 
again replicating our findings with patients (Birch et al. 
1990; Birch and Curran 1990). 

In contrast to these very clear effects of flumazenil on 
sedative and psychomotor indices, our results do not 
provide any convincing evidence that flumazenil reverses 

the amnesic effects of midazolam. Our main analysis was 
used because it is most appropriate for repeated-mea- 
sures data (MANOVA). This analysis did not reveal any 
significant differences between flumazenil and placebo on 
any memory variables. We carried out a subsequent 
ANOVA only to present our results in a very comprehen- 
sive way. That an ANOVA showed a significant im- 
provement in immediate free recall 1020 min after ad- 
ministration of flumazenil (compared with placebo) can 
only be seen as a marginal effect. ANOVA ignores the 
repeated measures nature of our data and analyses dif- 
ferences at each time point separately. This increases the 
likelihood of significant differences arising by chance, 
such that the null hypothesis is rejected when it should 
have been accepted (i.e. a type I error). In that context, 
our main conclusions must be based on the MANOVA 
findings showing no difference between flumazenil and 
placebo on immediate free recall. Further, the other two 
direct measures of memory used in this study, delayed 
recall and recognition, also revealed no evidence of rever- 
sal by flumazenil. 

The results of the present study therefore parallel the 
results of our previous patient study which showed a 
clear reversal of the sedative and psychomotor effects of 
mid'azolam but not its (directly assessed) amnesic effects. 

Memory assessed by direct measures such as recall or 
recognition is generally referred to as episodic (Tulving 
1972) or explicit (Graf et al. 1984) memory. In contrast, 
indirect measures such as the word-stem completion task 
used in the present study are seen as tapping procedural 
or implicit memory. Evidence that the direct and indirect 
memory tasks may tap two separable memory systems 
derives mainly from studies showing that amnesic pa- 
tients may show intact ("normal") performance on in- 
direct tasks despite profound impairments on direct 
tasks. Little is yet known about the effects of psychotro- 
pic drugs on implicit memory. Two studies have shown 
that, although diazepam impairs performance on direct 
tests of memory, performance on indirect tcsts is not 
affected (Fang et al. 1987; Danion et al. 1989). This 
contrasts with a study by Brown et al. (1989) where the 
more potent benzodiazepine, lorazepam, was found to 
produce impaired performance on an indirect measure of 
memory (word-stem completion). The task was used here 
speculatively on the basis that midazolam, also a potent 
benzodiazepine, may impair retention as assessed by 
word-stem completion and that flumazenil may reverse 
this impairment. The results showed that there was no 
difference between flumazenil and placebo. Our data did 
indicate that subjects completed fewer target words after 
(as compared with before) midazolam. However, as this 
aspect of the study was not placebo controlled we cannot 
draw clear conclusions about the effects of midazolam 
per se on implicit memory. The possibility that different 
benzodiazepines may vary in their effects on implicit 
memory is nonetheless an intriguing one which we are 
currently exploring in another study. 

There are several reasons why flumazenil may reverse 
psychomotor and sedative effects but have only a 
marginal effect on memory impairments. For instance, it 
may be that midazolam's sedative/psychomotor effects 
are not mediated by the same benzodiazepine receptor 
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complex which modulates memory.  I f  this is true, it 
implies that  there is more than one type of  benzo- 
diazepine receptor. Alternatively, it may  be that  the dose 
of  flumazenil used (0.5 mg) was sufficient to reverse seda- 
tion but too low to reverse higher cognitive functions 
such as memory.  Although we cannot  discount this 
possibility, it is relevant to note that  O'Boyle et al. (1983) 
used a massive, 200 mg dose of  flumazenil and also found 
a differential sequence with diazepam (reversal of  seda- 
tion but only at tenuation of  amnesic effects). It  is further 
possible that flumazenil reverses the amnesic effects o f  
midazolam but  only for a brief time which occured be- 
fore our  10-min testing point. In a study of  dental anaes- 
thesia using midazolam, Rosenbaum and Hooper  (1988) 
report  an improvement  at 5 rain after flumazenil com- 
pared with placebo on a simple word recognition task. 
Lastly, it is also possible that  differential effects on seda- 
tion and memory  reflect differential sensitivities of  the 
measures used. 

A central issue for those researching benzodiazepine- 
induced amnesia is the extent to which benzodiazepines 
have any specific amnesic effects which are not simply 
byproducts  o f  their sedative effects. The relation between 
sedation and amnesia may  vary across different ben- 
zodiazepines. However,  as discussed in detail elsewhere 
(Curran 1991), there are now three lines of  evidence 
indicating that  benzodiazepines may  have specific amne- 
sic effects over and above sedative effects. Firstly, 
tolerance over repeated dosing builds up to sedative 
effects but residual memory  impairments  are still evident 
(Ghoneim et al. 1981). Secondly, two different ben- 
zodiazepines may  produce similar sedative and psycho- 
motor  effects but different degrees of  memory  impair- 
ments (Curran et al. 1987). Thirdly, a benzodiazepine 
antagonist  may  reverse sedation but not fully reverse the 
amnesic effects o f  a benzodiazepine (e.g. H o m m e r  et al. 
1986; Birch and Curran 1990). The present study thus 
provides some further evidence for a degree of  dissocia- 
tion between the amnesic and sedative effects o f  mid- 
azolam. 
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