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Introduction

Benzodiazepines are the most prescribed psychoactive drugs in most countries

in the world. They are also used to treat a variety of disorders and thus it is almost

inevitable that they are used in ways and situations in which their effects and after-

effects could interfere with traffic safety demands. This is particularly true of

benzodiazepine hypnotics which are used at night by people who are road users

the next day.

In recent years several new benzodiazepine derivatives have been developed in

the search for hypnotics with effective hypnotic activity but which do not pro-

duce unwanted residual effects. Such effects may have great social implications,

especially in societies where transportation relies mainly upon private cars. A state

of continual alertness is of critical importance when driving motor vehicles. The

wide use of sleeping pills may give rise to hangover effects that can jeopardize

the needed wakefulness.

Brotizolam, oxazepam and triazolam all have short mean elimination half-lives

(in the order of 2-6 hours, Pakes et al., 1981; Shelley, 1979). It has been claimed

by Willumeit e a/. (1982) that short-acting benzodiazepines have advantages over

accumulating ones, regarding their usefulness in a mobile society. This conclu-

sion however has been disputed by O'Hanlon e al. (1983). Nicholson (1981), on

the other hand, also states that short-acting triazolodiazepines are likely to be

free of residual effects on performance.

The three short-acting benzodiazepines mentioned above were studied with

regard to their possible carry-over effects on driving performance. This presenta-

tion summarizes three separate studies in which each one was compared with

nitrazepam and placebo. For comparison of the possible residual effects of various

hypnotics on driver performance, two aspects of driving stand out as particularly

interesting, namely monotonous driving and emergency avoidance situations. By

employing such test situations, the study should yield information that concerns

performance, related to driving in heavy city traffic as well as on empty highways.
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Methods

Subjects

Each of the three studies used 18 healthy volunteers of both sexes, aged 20 to

34. They were all university students having valid driver's licences. None of the

subjects used any medication. They all agreed to taking part in a car driving experi-

ment before they were informed about the nature of the study.

Design

All three studies were carried out according to double-blind, randomized,

balanced, crossover designs. The following medications were administered:

Study A: Study B: Study C:

Brotizolam 0.25 mg Triazolam 0.25 mg Oxazepam 25.0 mg

Nitrazepam 5.0 mg Nitrazepam 5.0 mg Nitrazepam 5.0 mg

Placebo Placebo Placebo

Monotonous driving task

Nelemans (1968) observed that the use of benzodiazepines could cause accidents

during driving under monotonous driving conditions. Therefore, in order to detect

any changes in susceptibility to driver fatigue, a monotonous 2.5 hour driving

task was created using a driving simulator. The importance of extended driving

tasks has also been pointed out by de Gier (1980).

The driving compartment of the simulator consisted of a real truncated car

body, complete with all controls, which were parts of a feedback system of which

a digital analog computer was the brain.

A continuously changing road pattern and landscape was randomly generated

by a computer. A large television unit interpreted the signals and presented them

visually on a wide screen in front of the driver. The computer generated an ever-

changing pattern of road and landscape which included not only bends and

straights but also uphill and downhill sections. Technological adaptations fur-

ther mimicked real driving conditions by simulating vibrations on the road sur-

face which, should the driver accidentally stray off the road onto the verge, increase

in intensity.

Activation of the controls by the driver caused the appropriate change in the

visual scenario to occur, i.e. turning, braking, etc. The driver was instructed to

stay on the right side of the road and to maintain a steady 90 km/h throughout

the test. The computer continuously monitored the driver's performance and func-

tioning and at the end of a test presented a detailed assessment of the parameters

under study.

While driving the simulator the subject was exposed to a number of stimuli

which, once perceived, called for a specific action to be taken. These events were

pre-programmed and there was no way that the driver could predict their presen-

tation in advance. Two kinds of stimuli were presented (see Figure 1). Lights were

placed both in the central visual fields and to the periphery. When they were
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Figure 1. Stimulus presentation in the driving simulator: the driver's perspective.

illuminated the driver had to apply the brake. The time from stimulus appearance

to application of the brake was brake reaction time (BRT). An auditory tone called

for the same reaction as the visual stimuli already decribed. Both the visual and

auditory stimuli were presented randomly at intervals of between 10 and 120

seconds. In the brotizolam study only auditory signals were used and in the

oxazepam study only peripheral visual stimuli. The simulator technique made

it possible to measure a great number of parameters but for the sake of reasonable

levels of significance in the statistical testing of differences, only brake reaction

times were used as dependent variables.

Emergency avoidance maneuver

In the real car driving situation, as opposed to the simulated monotonous task,

an emergency avoidance maneuver was used (see Figure 2). The driving task was

largely the same as one used in earlier studies on the effects of alcohol on driving

performance (Laurell, 1977; Laurell and Törnros, 1983). In these studies the driving

task was used to demonstrate significant impairing effects of small amounts of

alcohol and of hangover effects of alcohol. On observing an avoidance signal

from an apparatus mounted on the front of the vehicle and triggered by a photocell

system, the driver had to carry out an avoidance maneuver and, in doing this,

try to avoid knocking over pylon cones which were placed along the avoidance

path. The tolerance on either side of the car was approximately 15 centimeters.

The number of cones knocked over was employed as a measure of driver perfor-

mance. The signal could be presented at one of four positions and either to the

left or right. If presented above the left headlight position, the signal indicated

an obstacle in front of and to the left of the car, thus requiring an evasive action

taken to the right, and vice versa. The order of presentation of positions was ran-

domized for each subject and each treatment condition. In each session, the course

was negotiated 10 times plus two blank runs by each subject. Two warm-up trials

preceded each session. The total of 14 trials lasted 30 minutes. Since the road

surface conditions are liable to considerable variations, the test area was sprinkled

with water at regular intervals to maintain constant driving conditions. Vehicle

speed was controlled by an automatic speed control system.
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Figure 2. Specifications of pylon arrangement.

Motivation

In order to keep motivation at a high level throughout the investigations, the

amount of payment was made dependent upon performance on both kinds of

tasks. The drivers had at their disposal a certain amount of money, which in the

case of simulator driving was reduced for crossing of road lane delineations and

for long brake reaction times and in the case of real car driving it was reduced

for number of cones knocked over.

Procedures

The procedures varied to some extent between the three studies. In the brotizolam

study, the acute effects on driving simulator performance were studied directly
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after ingestion; this was not done in the other two studies. In two studies, triazolam

and oxazepam, two driving tasks were involved - both real car driving and

simulator driving. In the brotizolam study only the monotonous simulated driv-

ing task was used. The brotizolam measurements were made on two occasions,

directly after ingestion and in the morning following three nights of medication.

Testing after one and three nights took place in the triazolam study. In the

oxazepam study the subjects were tested after one and after five nights of medica-

tion with a washout period of seven days. Blood sampling was made only in the

oxazepam study. Apart from these differences, the procedures were quite similar

for the three studies. Thus, all subjects practised the driving tasks, the simulator

for at least one hour and the car driving for at least 2.5 hours or until a minimum

level of performance had been reached. The medications were taken at 23.00 h

and testing began at 08.00 h after a standard breakfast. Compliance with the

requirements concerning the taking of the medications and non-use of alcohol

and other drugs was secured via signed and witnessed statements from the sub-

jects and also through dummy urine sampling.

Results

Acute phase

As can be seen in Figure3, two active substances, brotizolam and nitrazepam,

affected brake reaction times in the monotonous driving task, whereas placebo

Reaction time
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Figure 3. Brake reaction times in the driving simulator: brotizolam study, acute phase.
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did not. The differences between the two benzodiazepines and placebo are signifi-

cant (F(2,18)= 10.84). There is, however, no difference between the two active drugs.

The differences were tested with linear trend analysis (Kirk, 1968).

Carry-over phase (Monotonous driving task)

The results from the carry-over phases are reported in Figures 4-6. The three

studies gave very similar results in that there were no significant differences in

development over time of brake reaction times, between any of the treatments,

as tested with linear trend analysis. Nor were there any statistically significant

differences between treatments in brake reaction time level as tested with analysis

of variance.

Emergency avoidance maneuver

As can be seen in Figure 7, the triazolam study yielded results indicating that

the two active drugs produced impaired performance. The differences between

treatments were not significant however, as tested with analysis of variance.

The results of the emergency avoidance maneuver in the oxazepam study are

presented in Figure 8. A slight tendency for the active substances to improve per-

formance can be noted. Again, however, the differences were not significant. The

subjects*' ability to discriminate whether they had received active drug or placebo

in the triazolam and the oxazepam studies is illustrated in Tables 1 and 2. In the

Reaction time
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Figure 4. Brake reaction times in the driving simulator: brotizolam study, carry-over phase.
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Figure 5. Brake reaction times in the driving simulator: triazolam study. The inclination of the curve
shows how driving time in the simulator affects brake reaction times.
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Figure 6. Brake reaction times in the driving simulator: oxazepam study.
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Table 1. Subjects' guesses as to whether hypnotic or placebo was administered (triazolam study)

 

Actual treatment

 

 

Subject's

guess Nitrazepam Triazolam Placebo

Hypnotic 14 13 8

Placebo 4 5 10

Total 18 18 18

 

Table 2. Subjects' guesses as to whether hypnotic or placebo was administered (oxazepam study).

 

Actual treatment

 

 

Subject's

guess Nitrazepam Oxazepam Placebo

Hypnotic 23 20 17

Placebo 13 16 36

Total 36 36 36
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Figure 7. Emergency avoidance maneuver performance: triazolam study.
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Figure 8. Emergency avoidance maneuver performance: oxazepam study.
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triazolam study, there was a mean of 69% correct guesses and in the oxazepam

study 58%. Other subjective assessments pertaining to subjective well-being were

also made but have been omitted in this presentation since they revealed neither

any significant differences nor any tendencies towards differences between

treatments. As for the results from the testing of blood plasma levels of oxazepam

and nitrazepam, these have not yet been obtained.

Discussion

The low doses of the four hypnotics did not produce residual impairment of per-

formance to the extent that it could be discriminated from performance in the

placebo conditions, although the subjects were tested in situations that were very

demanding. The driving simulator task was considered to be extremely monot-

onous and boring and proved to be sensitive to drug effects in the acute phase.

The emergency avoidance maneuver also put heavy demands on the drivers

and required swift reaction, quick decision making, and coordinated and precise

actions. In previous studies this technique demonstrated impairment of driver

performance at blood alcohol concentrations below 40 mg*%(Laurell, 1975) and

also as an effect of alcoholic hangover, when all alcohol had been metabolized

(Laurell and Törnros, 1983). This would make it likely that impairment would

have been detected, had it been of comparable size.

The difficulty of obtaining statistically significant effects using conservative

doses of hypnotic benzodiazepines is shared with other researchers who have also

failed in demonstrating significant effects of low therapeutic doses of various

hypnotic benzodiazepines (see e.g. Hindmarch and Clyde, 1980a; Hindmarch and

Gudgeon, 1982; Volkerts et al., 1984).

More sensitive tests of a psychomotor nature may well have revealed signifi-

cant differences, but since no significant impairment could be demonstrated with

the demanding test methods described above, the relevance of such differences

to traffic safety would be questionable.

The subjects were all highly motivated to perform well. This was illustrated

by their keen interest in their own results in relation to other subjects. The attitude

was clearly very competitive and reinforced by the fact that payment was made

dependent upon performance. This may have reduced their susceptibility to the

effects of the drugs. On the other hand, none of the subjects had any previous

experience with hypnotics of any kind. It could be that such inexperience would

make them more susceptible to drug effects. This raises the question of the

generalizability of results obtained in studies employing young and healthy

volunteers having little or no experience with drugs. Their reactions are probably

not the same as those of older and less healthy users of hypnotics who have

experienced extended drug use and maybe also combinations of various drugs.

It may well be that their performance after having slept with the aid of some

hypnotic agent is less affected than if they had been suffering from insomnia.
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Few, if any, investigations have studied the effects on driving performance of any

kind of drug from such a starting point. Bond and Ladder (1972) addressed the

problem but found no impairment from sleepless nights. The drugs tended to

improve sleep as rated subjectively but they also produced residual impairment.

However, their study was not designed to scrutinize these aspects. One sleepless

night might not be as deleterious to performance as a series of nights with less

than the normal number of hours of sleep.

Driving performance during benzodiazepine withdrawal is another problem

area which is closely related and which has been pointed out by Linnoila (1983)

as being of specific interest. In the three studies we could find no trace of effects

that could be labelled as accumulation after up to five nights of medication, nor

of any effects of withdrawal. But, before it can be safely concluded that moderate

doses of these hypnotic benzodiazepines produce negligible residual impairment

of driving performance, studies involving subjects belonging to high risk categories

should be carried out.

Discussion of:

Carry-over effects on driving performance of benzodiazepines with

short elimination half-lives in comparison with nitrazepam and

placebo

Smiley: Yesterday I talked about accidents arising in situations where people have

problems due to inattention and improper visual monitoring. It seems to me that

you created situations that were fairly arousing and perhaps did not allow those

problems to develop. Also, your reaction times were very short; we also measured

very short reaction times in the simulator we're using in California. We employed

peripheral signals very much like yours-highly noticeable. Our simulated road

picture was so simple that the visual stimuli were very distinct. I think we should

both work towards making use of a more varied visual background, and the stimuli

that we want our drivers to react to, like the background. This is the way critical

stimuli are in the real world. If we did this, we might find more effects of drugs

on reaction times.

Laurell: I cannot agree that it was very arousing to drive for two and a half hours.

On the contrary, it was a very boring task. A number of people actually fell asleep

between the signals.

Smiley: The signals were arousing, not the task.

Laurell: The signals were arousing to some extent, especially since the drivers had

a very competitive attitude towards the task. They frequently asked for their own

results in relation to others* and they, of course, were motivated by earning money
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if they performed well. So I basically agree on that point. I would also prefer

a kind of surprise situation where the subjects would not be expecting a sudden

challenge at all. But, as Dr. Hindmarch said earlier, you can only use that device

once or maybe a couple of times. Our method demands a number of performance

measurements. It's a waste of time to have a subject drive for two and a half

hours and have, at the end, just one measurement.

Smiley: I'm talking about stimuli that are similar to each other, only some of

which demand a response.

Laurell: Yes, but the approach you suggest raises subjects" expectations for

something else to happen repeatedly.

Stone: We've established that 5 mg of nitrazepam does not have residual effect

on either performance in the simulator or the road test. Could you give us some

idea what dose of what hypnotic does show a residual effect and what time after

ingestion?

Laurell: Studies we are now starting in the new simulator are being done with

nitrazepam 10 mg.

Louwerens: You've measured only brake reaction times?

Laurell: No, in the driving simulator we measured time-off-road also.

Louwerens: Have you found anything with time-off-road? And, do you intend

to measure any other parameters in your new simulator paradigm?

Laurell: Yes. In the new paradigm we ask our subjects to negotiate a 20 km road-

way as quickly as they can without leaving the road. It's almost impossible not

to leave the road. They're punished for leaving the road by stopping the simulator

for a number of seconds which are added to their driving time. Driving time is

the final measure.








