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Abstract

Most of the currently used anxiolytic agents act via GABA or serotonin. The latter include
drugs traditionally classified as antidepressants, which are reviewed in the next chapter. This
chapter reviews the results of ten experimental studies investigating the effects of anxiolytics
on driving performance using over-the-road tests. Results show that only the serotonergic drugs
(buspirone, ondansetron and ritanserin) had a low potential for impairment. All GABA-agonists
(diazepam, lorazepam, oxazepam, clorazepate, alprazolam, alpidem, suriclone) had moderate
to severely impairing effects on driving in the doses studied. Impairment was clearly dose de-
pendent, and increased on average with increasing blood concentrations. However, most stud-
ies analyzing correlations between drug concentrations in plasma and effects on driving per-
formance found low and non-significant correlations, indicating that prediction of impairment
from blood concentrations is problematic.

Furthermore, tolerance was found to develop only very slowly, and impairing effects did
not seem to be counteracted by improvement in anxiety symptoms. Finally, subjects seemed
relatively unaware of the effects of the drugs. Awareness of these effects was only seen with
severe objective impairment, indicating that patients should be warned explicitly about the risks
associated with using these drugs by their physicians or pharmacists.

Introduction

Anxiety symptoms are common in the general population. Symptoms may be mild,
transient and without associated impairment in social and occupational function-
ing, but many patients are troubled by severe and persistent symptoms that may
cause significant personal distress, impair function and reduce quality of life. Epi-
demiological studies indicate that anxiety disorders have a 12-month prevalence
of approximately 15% and a life-time prevalence of approximately 21 %, with an
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overall male:female ratio of 1:2 across the age range. Individual disorders are less
frequent, with estimated 12-month prevalence rates of 7.6 % for specific phobias,
2.3 % for panic disorder, 2.0 % for social phobia, 1.5% for generalized anxiety dis-
order, 1.2% for posttraumatic stress disorder, and 0.7 % for obsessive compulsive
disorder [1]. Coexisting depressive symptoms are common.

In spite of the wide spectrum of disorders the pharmacotherapeutic interventions
are quite similar. Most of the currently used anxiolytic agents act via GABA or
monoaminergic neurotransmitters, mainly serotonin [2]. For much of the second
half of the twentieth century the benzodiazepines, such as chlordiazepoxide (Lib-
rium), diazepam (Valium), oxazepam (Serax), clorazepate (Tranxene), lorazepam
(Ativan) and alprazolam (Xanax), were the mainstay of the treatment of anxiety.
Despite concerns about their long-term safety, they remain an important therapeutic
option. Their anxiolytic effects have an immediate onset and, in contrast to many
other drugs, they do not cause a worsening of anxiety when therapy is initiated.
Benzodiazepines are generally well-tolerated, although side-effects such as seda-
tion, impaired psychomotor performance and loss of balance may be problematic.
Several epidemiological studies report associations with road traffic accidents, and
with falls and fractures in the elderly.

Most other currently registered anxiolytic drugs act by modifying monoaminergic
transmission, chiefly serotonin (SHT). Drugs traditionally classified as antidepres-
sants were shown to have anxiolytic effects and some are now primarily used for
the treatment of anxiety. Serotonergic drugs, such as antidepressants and buspirone,
do not exceed benzodiazepines in terms of efficacy, but better tolerability and gen-
erally low potential for sedation have led to their adoption as first-line treatments
for anxiety disorders. In particular the SSRIs as a class are now widely considered
to be appropriate first-line anxiolytic drugs [1]. A major drawback in clinical prac-
tice is their slow onset of therapeutic effects, and the potential of acute doses to be
anxiogenic. For these reasons, benzodiazepines are being used to cover this initia-
tion period.

Scope of this review

This review will focus on the effects of benzodiazepine anxiolytics. For reviews of
the effects of antidepressant drugs, including SSRIs and other drug classes used to
treat anxiety, the reader is referred to respective chapters in this book. The review
begins with a short summary of epidemiological evidence showing that risks for
traffic accidents are increased with the use of benzodiazepine anxiolytics. Next,
available data from experimental studies using over-the-road driving tests will be
reviewed and compared to the effects of alcohol. In light of recent developments
towards the establishment of thresholds for drug concentrations in blood while
driving, available data on the relationship between driving impairment and drug
concentrations will also be reviewed.
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Epidemiological studies

Although one can imagine many practical consequences of benzodiazepine seda-
tion, only a few have been strongly confirmed in well controlled epidemiological
studies. The use of benzodiazepines has been shown to substantially increase pa-
tients’ risk of becoming involved in car accidents, and also to increase the risk of
falling and hip fractures in elderly patients [3]. Benzodiazepines are the most fre-
quently detected licit drugs other than alcohol in drivers, and several studies show
that users of benzodiazepine anxiolytics are over-represented in traffic accidents
[4-10].

Estimated risks vary from approximately 1.5 to 13.5, depending on factors re-
lated to the drug (e.g. dose, half-life, and duration of treatment), the subject sample
(e.g. age and gender), and the study design (e.g. case crossover vs. case control). In
general, risks for traffic accidents in users of anxiolytics may be increased by ap-
proximately 50%. For example, Ray et al. found an odds ratio (OR) of 1.5 (95%
CI 1.1-2.0) in elderly users of benzodiazepine anxiolytics (diazepam, lorazepam,
chlordiazepoxide, clorazepate) [4]. Hemmelgarn et al. report similar risks in elderly
users of long half-life benzodiazepines (OR 1.45, 95% CI 1.1-1.9 for clonazepam,
diazepam, clorazepate, chlordiazepoxide, flurazepam and nitrazepam). In their
study, risks were not increased in users of benzodiazepines with shorter (<24 h)
half-lives [4]. In line with this, a case-crossover study by Barbone et al. found an
OR for benzodiazepine use of 1.62 (95 % CI 1.24-2.12), which was mainly attribut-
able to benzodiazepine long half-life anxiolytics (OR 2.2, 95% CI 1.5-3.1) [8].

A large prospective cohort study by Neutel and colleagues examined traffic acci-
dent risks over a two month period after filling a prescription for a benzodiazepine
anxiolytic (diazepam, lorazepam and oxazepam) in drivers of 20 years and older
[5, 7]. They found that risks for accidental injury within the first four weeks after
prescription was 2.5 times greater than that of controls. Analysis of risks by week
after prescription suggests this was mainly due to very high risks in the first week,
as OR was 13.5 in the first week and decreased to statistically nonsignificant ORs of
1.9, 1.4 and 0.8 in the three weeks thereafter [5]. Other studies confirm that risks are
highest in the first week after prescription and diminish thereafter, possibly reflect-
ing development of tolerance or a reduction in use after the first week [6, 10].

Neutel and colleagues also found males to have risks that were 3.6 times that
of females, and users aged over 60 years to have lower increased risk after use of
a benzodiazepine than their younger counterparts (OR 2.8 and 3.2, respectively
[5, 7]). Findings by Barbone et al. confirm that risks increase more in young (<45
years) than older drivers, but the difference between men and women in their study
was not significant [8]. A possible explanation is that females and the elderly are
more likely to adjust their driving behaviour (e.g. reduce exposure) when prescribed
medication that can impair their performance.

In summary, use of benzodiazepine anxiolytics is clearly associated with in-
creased risks for traffic accidents. Risks are highest in the beginning of treatment
and seem most pronounced in younger male drivers.
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Experimental studies

Ten studies investigated the effects of anxiolytics on driving performance, using
over-the-road tests on public roads in normal traffic, providing objective measures
of driving performance (Table 1) [11-24].

The primary and most frequently used test is the highway driving test [11, 22,
25, 26]. This test evolved from studies on driver fatigue conducted in the US during
the early 1970s, and was standardized for use in drug studies in the early 1980s. It
has subsequently been used in at least 75 drug studies. The test involves subjects
driving a specially instrumented car over a 100 km (61 miles) primary highway
circuit while maintaining a constant speed and a steady lateral position between the
boundaries of the slower traffic lane. Subjects are accompanied by a licensed driv-
ing instructor, who has access to dual controls. Speed and lateral position relative to
lane delineation are continuously recorded during the one-hour drive by apparatus
aboard the vehicle. After completion of the test the data are reduced to yield sev-
eral measures, including the primary performance parameter, Standard Deviation of
Lateral Position (SDLP, in cm). SDLP can be interpreted as an index of weaving or
road tracking error. It is a reliable characteristic of individual driving performance
(test retest r=0.7 to 0.9) and has proven sensitive to many sedating drugs, such as
anxiolytics, hypnotics, antidepressants and antihistamines (for reviews see others
chapters in this book, and [3, 22, 26-30]).

Importantly, this test was calibrated for the effects of different doses of alco-
hol, which facilitates interpretation of the severity of effects of medicinal drugs on
performance found in this test. In the alcohol calibration study 24 social drinkers
were tested sober and after controlled drinking that raised blood alcohol concentra-
tions (BACs) to 0.3, 0.6, 0.9 and 1.2 mg/ml [26, 31]. Since BACs were above the
legal limit, driving took place on a 24 km closed highway circuit. Results showed
that SDLP increased as an exponential function of BAC, which is in line with the
relation between BAC and accident risk as estimated in the benchmark study by
Borkenstein [32]. The mean relationship between SDLP and BAC was nearly per-
fect (r=0.99), and BACs of 0.5, 0.8 and 1.0 mg/ml were associated with estimated
mean changes in SDLP of 2.4, 4.1 and 5.3 cm. Based on these data, drug effects
associated with mean increases in SDLP of 2.4 cm or more are considered clinically
relevant, as they are equivalent to or higher than the effects of alcohol, while BAC
is 0.5 mg/ml, which is the legal limit for driving a car in most countries. Significant
drug effects on SDLP less than 2.4 cm are considered as minor (<BAC 0.5 mg/ml),
effects between 2.4—4.1 cm are considered as moderate (BAC 0.5-0.8 mg/ml), and
effects of 4.1 cm and more as severe (BAC >0.8 mg/ml).

A secondary test used to objectively assess the effects of drugs on over-the road
driving performance is the car-following test [33, 34]. In this test subjects drive an
instrumented car over a secondary highway in normal traffic, and are instructed
to follow a preceding (leading) instrumented car controlled by an experimenter at
a fixed distance (between 15-30 m). While the two vehicles travel in tandem at a
speed of 60 or 70 km/h, the experimenter in the leading car executes a number of si-
nusoidal deceleration-acceleration maneuvers using a modified cruise-control sys-
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tem. Subjects are instructed to adapt their speed accordingly, in order to maintain a
constant distance behind the leading car. Distance between cars, and speed of each
car are recorded during driving and processed off-line to yield measures of phase
delay or time lags, and headway variability, reflecting subjects’ speed of responding
and ability to keep a constant distance to the preceding car, respectively.

Benzodiazepine receptor agonists
Diazepam

Diazepam is a 1,4-benzodiazepine usually prescribed in daily doses between 5—40
mg. It is rapidly absorbed, and has a long half-life of 43+ 13 hours, ranging between
40-100 hours if the contribution from active metabolites, nordiazepam, temazepam
and oxazepam, is included. Its major metabolite is nordiazepam, which has a half-
life of 40—99 hours. Therapeutic blood concentrations typically range between 100
and 1000 ng/ml. After single oral doses of diazepam 10 mg mean peak blood con-
centrations of 200-600 ng/ml (mean 410 ng/ml) were reached within 0.5-2.5 hours.
Chronic daily dosing of 30 mg produced steady state concentrations between 700—
1500 ng/ml (mean 1000 ng/ml) and nordiazepam concentrations of 350-530 ng/ml
[35].

Diazepam’s effects on highway driving performance in doses between 5 and
15 mg per day was measured in three studies. Results are shown in Figure 1.

18 1 diazepam lorazepam

XIS
. .

Equivalent
effects
of alcohol while

Change in SDLP (cm)
5

81 - BAC s
6 IR DU MR ___|1.0mg/mi
4+ ceooceeooe- S .- - --40.8 mg/ml
2 1777 ”—“ - --10.5 mg/ml
0 -

Day: 1 1 1 1 8 7 14 21 28 11 2 9 1 7 1 8

Dose(mg): 5 10 5 5 15 20 20 20 0.5 0.5 1 15 2

Regimen: od. tid. tid. per day tid. tid. tid. b.i.d. b.i.d.

Subjects: HV HV HV AP HV/AP HV HV HV AP

Study nr: 1 2 6 5 3 7 2 4 8

Figure 1 Acute (black bars) and subchronic (grey bars) effects of diazepam and lorazepam
in various doses on Standard Deviation Lateral Position (SDLP) in the highway driving test
in eight separate studies [11-22] with healthy volunteers (HV) and/or anxious patients (AP).
Dotted lines indicate mean changes in SDLP observed with blood alcohol concentrations
(BAC) of 0.5, 0.8 and 1.0 mg/ml in a previous study [31].



296 Annemiek Vermeeren, Tim R.M. Leufkens and Joris C. Verster

O’Hanlon and co-workers [11] assessed the acute effects of diazepam 5 and
10 mg in a double-blind, placebo-controlled, crossover study with nine healthy
young male police driving instructors. Subjects performed the highway driving test
in the evenings, one hour after drug or placebo administration. Diazepam 10 mg
significantly increased SDLP as compared to placebo (Fig. 1, study 1), whereas
diazepam 5 mg had no significant effects. Subjects seemed aware of the sedating ef-
fects of higher dose as performance changes were accompanied by a corresponding
drop in subjective arousal measured using a visual analogue scale (r=—0.79).

In a subsequent study, Volkerts, Brookhuis and O’Hanlon [12, 13] examined the
effects of a single-day treatment of diazepam 5 mg t.i.d. in a double-blind, placebo-
controlled, crossover study with 15 male volunteers. Drugs and placebo were in-
gested at four hour intervals with the final dose occurring one hour prior to the driv-
ing test. Diazepam had moderate effects on SDLP (Fig. 1, study 2). Correlations
between changes in driving performance and plasma concentrations of diazepam
(mean 247 ng/ml, range 91-365 ng/ml) and nordiazepam (mean 18 ng/ml, range
6-30 ng/ml) were low (r=0.24 and r=0.35, respectively). Subjects’ self ratings of
driving quality and activation did not discriminate between treatments.

Van Veggel and O’Hanlon [19, 22] studied the acute and subchronic effects of
diazepam 5 mg t.i.d. in a double-blind, placebo-controlled, crossover study with
16 male and female healthy volunteers. Highway driving performance was signifi-
cantly impaired after the first 5 mg dose (Fig. 1, study 6). The effects were more se-
vere after thrice daily dosing for one week. Unfortunately, no blood concentrations
were measured in this study. Similar to the previous study, subject’s self ratings of
driving quality and activation did not differ between treatments.

A study in anxious outpatients [18] showed that tolerance to the impairing ef-
fects of diazepam 5 mg t.i.d. develops slowly. In this study 24 anxious patients
(mean age 40 years) were randomly assigned to four weeks of double-blind treat-
ment with diazepam 5 mg t.i.d. or buspirone 5 mg t.i.d. Treatment was preceded by
one week single blind placebo run-in and followed by one week placebo wash-out.
Diazepam significantly impaired driving during the first three weeks of treatment.
Mean increase in SDLP was approximately 7 cm after one week of treatment, and
slowly declined to approximately 2.5 cm after four weeks (Fig. 1, study 5). Al-
though the latter difference was no longer significant, it is about the same as that
observed with alcohol when BAC was at the legal limit of 0.5 mg/ml in a previous
study [31]. Weekly plasma concentrations of diazepam (ranging between 450 and
650 ng/ml), and nordiazepam (ranging between 250 and 600 ng/ml) were not sig-
nificantly related to changes in SDLP.

Lorazepam
Lorazepam is a 3-hydroxy benzodiazepine, structurally similar to oxazepam and

temazepam. Its usual daily dose for adults is 2 to 3 mg per day, with a maximum of
6 mg per day, in divided doses. Lorazepam is metabolized by glucuronidation and
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its half-life ranges between 9—16 hours. It has no active metabolites. After a single,
2 mg oral dose peak plasma concentrations of 18 ng/ml on average were reached at
2 hours and declined to 9 ng/ml by 12 hours [36].

Acute and subchronic effects of lorazepam in doses of 1.5 and 3 mg per day on
highway driving performance have been evaluated in four double blind, placebo
controlled, crossover studies [12, 14, 17, 22]. A fifth study compared acute and
subchronic effects of lorazepam 2 mg b. i. d. to placebo in two groups of anxious
patients [21, 22]. Results are shown in Figure 1.

Two studies examined effects of lorazepam 1.5 mg per day. In the first study
[14], single-day treatment with lorazepam 0.5 mg t. i. d was found to severely im-
pair highway driving in eight healthy young males and eight male anxiety patients,
aged between 25 and 40 years. Increases in SDLP were moderate to severe and
comparable in both groups (Fig. 1, study 3). In addition, subjects drove at a more
variable speed. Healthy subjects seemed aware of the impairing effects of lora-
zepam as they rated their quality of driving as significantly worse than placebo,
but patients’ ratings did not differ significantly between treatments. Mean serum
concentrations of lorazepam in blood samples collected after the driving test were
similar in patients and healthy subjects, i.e. 10.6 ng/ml.

Uiterwijk and O’Hanlon [22] treated 18 healthy subjects (nine females; mean
age 25 years) for nine days with lorazepam 0.5 mg t.i.d. and measured effects on
highway driving and car following performance two hours following the afternoon
doses on day 2 and day 9, respectively. Consistent with previous findings, loraze-
pam severely impaired driving on day 2 and 9 (Fig. 1, study 7). On day 2 lorazepam
also impaired subjects’ ability to drive at a constant speed, and in the car following
test it slowed reaction times to speed changes in the preceding car and impaired
subjects’ ability to maintain a constant distance between cars. These effects were
no longer significant on day 9. Although there was a trend, subjects did not indicate
feeling significantly less active after the use of lorazepam. No blood samples were
collected.

Two other studies examined the effects of lorazepam 3 mg per day in male vol-
unteers [12, 17]. Volkerts, Brookhuis & O’Hanlon [12] examined the acute effects
of lorazepam 1 mg t.i.d. after a single day treatment in a study with 15 healthy
young males. Effects were measured in the evening one hour after the last dose.
Results showed that lorazepam at this dose severely impaired driving performance.
The mean increase in SDLP was 11.9 cm (Fig. 1, study 2), which is worse than ef-
fects seen with alcohol when BAC was 1.5 mg/ml [31]. In addition, subjects drove
significantly faster and with a more variable speed following lorazepam. They were
aware of the impairing effects as they rated the quality of driving with lorazepam
as significantly worse than with placebo, yet subjects did not feel significantly less
active. Mean serum concentrations of lorazepam in blood samples collected 15
min before driving were 65 (range 23—131) ng/ml. A significant linear correlation
(r=0.45, p <0.03) was found between changes in SDLP from placebo and serum
concentrations.
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Van Laar, Volkerts and Verbaten [17] found that the effects of lorazepam 3 mg
per day remain severe for at least one week. After seven days of treatment in 18
healthy males, lorazepam 1.5 mg b. i. d. increased SDLP by approximately 10 cm
compared to placebo (Fig. 1, study 4). Results from multiple sleep latency tests
performed before and after driving supported the fact that that subjects were signifi-
cantly more sedated and sleepy when using lorazepam than placebo, as shown by
shortened sleep onset times. Although subjects did notice that their driving quality
was worse following lorazepam compared to placebo, they did not indicate feeling
less active. Mean plasma concentrations of lorazepam in blood samples collected
after driving were 27 (range 5—46) ng/ml. There was no correlation (r=0.08) be-
tween changes in SDLP from placebo and plasma concentrations.

Finally, effects of lorazepam 4 mg per day were studied in anxious patients by
Vermeeren, Swijgman and O’Hanlon [21, 22]. In this study two groups of anxious
patients participated in a parallel group design with 21 days of treatment. Patients
were randomly assigned to eight day double-blind treatment with lorazepam 2 mg
b. i. d. or placebo, preceded and followed by single, blind placebo treatment. Driv-
ing tests were performed at the start of the placebo run-in (baseline), and at the start
and end of the double blind placebo or lorazepam treatment period (day 1 and 8).
Results showed that baseline driving performance was normal and did not differ be-
tween groups. Lorazepam’s effects on driving were severe on both days, although
there was some reduction in severity of effects after one week (Fig. 1, study 8).
Speed variability was also significantly increased on both days in the lorazepam
group. In contrast, the lorazepam group only judged the quality of their driving
different from baseline and placebo on the first day of treatment, and subjective rat-
ings of sleepiness and activation did not differ between groups on any day. Average
scores on the Hamilton anxiety rating scale decreased similarly in both groups from
placebo run-in to the last day of treatment, i.e. from 23.4 to 17.7 in the lorazepam
group, and from 24.8 to 16.9 in the placebo group. No blood samples were col-
lected in this study.

Oxazepam

Oxazepam is an active metabolite of diazepam, and is usually prescribed in daily
doses between 30120 mg. After a single oral dose of 15 mg, peak concentrations
of 310 ng/ml were observed at 1.5 hours, and after a single dose of 45 mg peak con-
centrations of 1060 ng/ml were observed at 2 hours. Oxazepam has an intermediate
half-life of 8£2.4 hours [37].

In the study by Brookhuis and Borgman (study 3) acute effects of oxazepam 10
mg t.i.d. were moderate and similar in male anxiety patients and healthy volunteers
(Fig. 2) [14]. Mean serum concentrations of oxazepam in blood samples collected
after the driving test were similar in patients and healthy subjects, i.e. 305 ng/ml.
Neither group indicated that their driving quality with oxazepam had been signifi-
cantly different from placebo.
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1 Equivalent effects
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Figure 2 Acute (black bars) and subchronic (grey bars) effects of ritanserin (RIT), ondan-
setron (OND), buspirone (BUS), clorazepate (CLO), oxazepam (OXA), alpidem (ALPI),
suriclone (SUR) and alprazolam (ALPR) in various doses on Standard Deviation Lateral
Position (SDLP) in the highway driving test in eight separate studies [12—-24]. Dotted lines
indicate mean changes in SDLP observed with blood alcohol concentrations (BAC) of 0.5,
0.8 and 1.0 mg/ml in a previous study [31].

Volkerts and colleagues [38] examined the residual effects of oxazepam
50 mg administered as a hypnotic at bedtime on driving performance the next day
in healthy male volunteers. Results showed significant residual impairment of driv-
ing in the morning, between 10 and 11 hours after administration. Effects were
no longer significant in a repetition of the driving test in the afternoon, between
16—17 hours after administration.

Clorazepate

Clorazepate (dipotassium chlorazepate) is a long-acting benzodiazepine usually
prescribed in daily doses between 15-60 mg per day. The drug is rapidly absorbed
and metabolized by decarboxylation to form nordiazepam. Clorazepate itself has a
very short half-life (approximately 1 h). After single oral administration of 15 mg,
mean peak concentrations of 20 ng/ml clorazepate are reached within 30 minutes,
and mean peak concentrations of 160 ng/ml nordiazepam are reached approxi-
mately after 2 hours. Chronic use of 22.5 and 50 mg/day produced average nordiaz-
epam concentrations in plasma of 640 ng/ml and 1590 ng/ml, respectively [37]. In
the study by Brookhuis and Borgman (study 3) clorazepate 5 mg t. i. d had minor to
moderate impairing effects in male anxiety patients and healthy volunteers (Fig. 2)
[14]. Mean serum concentrations of nordiazepam blood samples collected after the
driving test were 156 ng/ml.
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Alprazolam

Alprazolam is a 1-4,triazolobenzodiazepine derivative that has been available as
a prescription drug for the relief of anxiety since 1980. Its elimination half-life
ranges between 10 and 18 hours (mean 13 hours). It is available in an immediate
release (IR) and an extended release (XR, Retard) formulation. The recommended
starting dose of alprazolam IR is 0.25 or 0.5 mg t.i.d., which may be followed by
divided dose escalation to a maximum of 4 mg/day. After a single oral administra-
tion of alprazolam 1 mg IR peak plasma concentrations ranging between 12 and
22 ng/ml are reached within 0.7 to 1.8 hours. Steady state plasma levels in patients
chronically using 3, 6 and 9 mg daily averaged 29 ng/ml, 61 ng/ml, and 102 ng/ml,
respectively. Alprazolam XR produces peak plasma concentrations that are about
50% of a similar dose of the immediate release formulation and occur between 5
and 12 hours after administration [37, 39].

The acute effects of alprazolam 1 mg on over-the-road driving have been stud-
ied in two studies [23, 24]. Verster, Volkerts and Verbaten [23] administered sin-
gle doses of alprazolam 1 mg (immediate release formulation) and placebo in the
morning to healthy volunteers and measured effects driving one hour later, and on
laboratory tests of tracking, divided attention and memory scanning 2.5 hours later
(study 9). Results showed that alprazolam 1 mg severely impaired performance in
all tests. The mean increase in SDLP was comparable to effects of alcohol while
BAC is 1.5 mg/ml (Fig. 2) [31]. The drug also impaired subjects’ ability to maintain
a constant speed. Subjects were clearly aware of the impairing effects as shown by
significant decreases in subjects’ ratings of their driving quality and alertness. No
blood samples were collected in this study.

Leufkens and collaegues [24] compared the effects of immediate and extended
release formulations of alprazolam 1 mg to that of placebo in healthy young volun-
teers (study 10). Effects on driving were assessed at the time of peak concentrations
after extended release, between 4 and 5 hours after intake, and additional effects on
laboratory tests of divided attention and inhibitory control were assessed at 1, 2.5
and 5.5 hours after ingestion. Similar to the previous findings, the immediate release
formulation of alprazolam had severe effects on driving (Fig. 2). Effects of the ex-
tended release formulation were considerably less, but still moderately severe. Ef-
fects on driving were supported by significant impairing effects of both alprazolam
formulations on performance in both laboratory tasks between 1 and 6 hours after
ingestion. Mean serum concentrations of alprazolam in blood samples collected
before and after testing (i.e. approximately at 1 and 6 hours after ingestion) were 5
and 11 ng/ml for the IR formulation and 2 and 9 ng/ml for the XR formulation, re-
spectively. These levels are comparable to or lower than average steady state levels
reported for patients chronically using alprazolam 3 mg per day [40]. This suggests
patients chronically using alprazolam regularly are significantly impaired, unless
they develop pharmacodynamic or behavioral tolerance to the sedative effects. In
their review of the clinical efficacy and behavioral toxicity of alprazolam Verster
and Volkerts [41] report that after 1 to 3 weeks of daily administration, alprazolam
no longer produced significant impairment in most tests, whereas the effects of
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acute doses were significant in the majority of tests. Although the authors argue
this may partially be explained by learning effects resulting from repeated testing
may, receptor downregulation has also been shown to occur with repeated use of
alprazolam [42]. Verster and Volkerts [41] stress, however, that pharmacodynamic
tolerance lasts only as long as drug therapy is continued on a daily basis, which is
frequently not the case due to as-needed use or poor compliance.

Alpidem

Alpidem is an imidazopyridine anxiolytic, related to zolpidem. Alpidem primar-
ily acts as a partial agonist at benzodiazepine receptors containing alfa-1 subunits,
but also shows affinity for alfa-3 subunits. The recommended dose varies between
75-150 mg per day. Alpidem was withdrawn from the market in most of the world
following reports of severe liver damage. Alpidem 50 mg b.i.d. (Fig. 2, study 8) had
moderately severe effects on the driving of anxious patients during the first week of
treatment [21, 22]. There were no significant effects on subjective ratings of driving
quality and alertness. No blood samples were collected in this study.

Suriclone

Suriclone is a cyclopyrrolone benzodiazepine receptor agonist anxiolytic, structur-
ally related to the hypnotic zopiclone. Uiterwijk and O’Hanlon (Fig. 2, study 7)
showed that suriclone 0.2 mg t.i.d. had significant effects on the driving of healthy
male and female volunteers on day 2 and 9 of treatment [22]. Effects on the first
day were severe. After a week they were reduced, but still moderate. On the first
day suriclone also impaired performance in the car-following test. In line with this,
subjects indicated feeling significantly less active with suriclone. No blood samples
were collected in this study.

Serotonergic anxiolytics
Buspirone

Buspirone is the first drug from the chemical family of azapirones that was in-
troduced in Europe in 1985 and in the United States at the end of 1986 [43]. It is
structurally related to gepirone, which is currently under FDA review for treatment
of anxiety. Buspirone acts as a partial agonist at postsynaptic serotonin SHT1A
receptors in the limbic system and full agonist at autoreceptors in the Raphe nuclei.
Acute dosage inhibits SHT release but this recovers with continued administration,
presumably due to downregulation of the SHT1A autoreceptors and postsynaptic
SHT2 receptors. In addition, buspirone has a moderate affinity for presynaptic dop-
amine D2 receptors. Its anxiolytic effects take several weeks to emerge. Buspirone
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is usually prescribed in doses between 15 and 30 mg per day. Following oral admin-
istration, plasma concentrations of unchanged buspirone are very low and variable
between subjects, because it undergoes extensive first-pass metabolism. On aver-
age, only 4% of an oral dose enters the systemic circulation. It has a weakly active
metabolite, 1-pyriminidylpiperazine (1-PP). After a single oral dose of buspirone
20 mg, peak plasma concentrations of between 1 and 6 ng/ml were observed within
approximately one hour. It has an elimination half-life of 2-3 hours. Buspirone has
a low potential for sedation [44].

Single-day treatments of buspirone 5 and 10 mg t.i.d. (Fig. 2, study 2) were found
to have significant adverse effects on driving of 15 healthy males [12]. However,
effects seemed self limiting as the results failed to show any increase in impairment
when the dose was doubled. Buspirone had no significant effects on subjective rat-
ings of driving quality and activation. Mean serum concentrations of buspirone and
1-PP were also found to be comparable following the low and high dose, i.e., 2.7
(range 1.4-5.3) ng/ml and 7.4 (1.6-14.9) ng/ml, respectively, after 5 mg t.i.d., and
2.9 (range 1.4-3.9) ng/ml and 6.3 (1.7-12.8) ng/ml respectively, after 10 mg t.i.d.
No relationship was found between changes in SDLP and serum concentrations.

In contrast, buspirone in daily doses of 15 to 20 mg (Fig. 2, study 5) had no ad-
verse effects on driving performance in 12 anxious outpatients during a four week
treatment period, while diazepam 15 mg clearly impaired driving in a second group
of 12 patients [18]. Mean SDLP measured at the end of weeks 1, 2, 3 and 4 of
buspirone treatment was normal and similar to that at the end of a placebo run-in
and placebo wash-out week. At the same time, patients’ anxiety scores were signifi-
cantly reduced during treatment and wash-out as compared to placebo run-in. Mean
plasma concentrations of buspirone per week varied between 0.9 and 1.1 ng/ml,
and of its metabolite, 1-PP, between 3 and 3.5 ng/ml. Correlations between change
in SDLP and plasma concentrations were low and not significant.

Ritanserin

Ritanserin is a potent, long acting SHT2a and SHT2C receptor antagonist that was
being developed as a potential treatment for anxiety, depression, headache, psycho-
sis and substance dependence. Development has been discontinued, however. Van
Laar and colleagues [17] showed that ritanserin 5 mg b. i. d. had no adverse effects
on driving following seven days of treatment (Fig. 2, study 4).

Ondansetron

Ondansetron is a SHT3 receptor antagonist that was under investigation for the treat-
ment of anxiety, but is now registered as an antiemetic. Van Veggel and O’Hanlon
[22] found that ondansetron 1 and 4 mg b. i. d had no significant effects on driving
on the first and last days of an eight day treatment period in a double-blind placebo
controlled crossover study with 16 healthy volunteers (Fig. 2, study 6). No blood
concentrations were measured in this study.
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Discussion and conclusions

All GABA-agonists had moderate to severely impairing effects on performance in
the highway driving test in the doses used. Only the serotonergic drugs (buspirone,
ondansetron and ritanserin) had a low potential for impairment.

In the first week of continuous treatment, effects were seen to decrease (e.g.
lorazepam) [22]. Tolerance seems to develop only very slowly, shown by the sig-
nificant impairing effects of diazepam over the first three weeks of treatment in pa-
tients [18]. Drug effects seemed comparable in healthy volunteers and patients, and
both studies in patients also indicate that the drug-induced impairment of driving is
not counteracted by improvement in anxiety symptoms [14, 18, 22].

Drug effects are clearly dose dependent and increase on average with increas-
ing blood concentrations. However, predicting impairment in individual cases from
blood concentration seems problematic. Most studies analyzing correlations be-
tween blood concentrations of the drugs and effects on driving performance found
only low and non-significant correlations [12, 14, 17, 24], except one [12]. Only
serum concentrations after a single-day treatment with lorazepam 1 mg t.i.d. were
positively related to impairment, which may be due to the wide range of concen-
trations and impairing effects found after this dose. The mean increase in SDLP
produced by this drug-dose was nearly 12 cm, which is one of the most impairing
effects measured in healthy volunteers with any psychoactive drug tested in this
model.

Finally, subjects seem relatively unaware of the effects of the drugs. Moderately
impairing drug-doses were not associated with significant changes in subjective
ratings of driving quality and activation. Awareness of these effects was only seen
with severe objective impairment (i.e. ASDLP >5 cm). This indicates that patients
should be warned explicitly about the risks associated with using these drugs by
their prescribing physician or pharmacist, as lack of awareness of moderately im-
pairing effects can add to the risks.
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