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Up to 10% of healthy people complain about
sleepiness during daytime. The results are reduced
productivity and injuries at work or while driving
a motor vehicle, which may lead to severe conse-
quences for the afflicted and society in general.
According to the official statistical police informa-
tion in Switzerland only 1.4% of the motor vehicle
crashes are attributed to sleepiness. This is in con-
trast to scientific research data from many indus-
trial countries showing that at least 10 to 30% of all
injuries are sleepiness related. In our country only
very few preventive measures have been under-
taken to educate the public, construct safer high-
ways and provide guidelines on how to deal with
drivers at fault.

The causes of excessive daytime sleepiness
(EDS) are manifold. On the one hand otherwise
healthy people suffer from excessive daytime
sleepiness due to sleep reduction, shift work or
lifestyle-dependent unwise sleep-wake rhythm.
On the other hand a number of sleep disorders
such as sleep apnoea syndrome, narcolepsy and 
use of sedative drugs are well-known causes of
excessive daytime sleepiness. Since also the risk
factors such as driving by night,male sex and young
age have been well established and the typical
characteristics of EDS-induced motor vehicle
crashes elucidated, identification of drivers at 
fault and appropriate countermeasures could now
easily be envisaged.

Nobody can fall asleep without preceding signs
of sleepiness and a simple possibility to eliminate
this sleepiness and prevent injuries is to sleep.
Therefore, the most important countermeasure 

to reduce EDS-induced crashes is information and
education! The travelling public must be informed
more thoroughly about the potential consequences
of sleep deficiency and efficient countermeasures.
The traffic police must be trained to recognise
crashes caused by excessive daytime sleepiness,
and pertinent questions should be included in their
report form. Educational programs about the risks
of falling asleep while driving are urgently needed 
for the public and commercial truck drivers. Re-
gulations on driving time checks for professional
drivers should be up-dated considering recent
scientific knowledge on the circadian sleep pro-
pensity factors. In our country the existing law
should be applied in order to refer drivers at fault
to a sleep specialist. Warning signs along the 
roads and rumble strips are low-cost measures to
reduce motor vehicle crashes. The primary task of
the medical doctor is proper diagnosis, therapy 
and counselling. He or she should make written
notes in the patient’s records that the driver has
strongly been advised not to continue driving while
sleepy. Swiss law allows the attending physician to
report a non-conforming driver to the authorities.
All drivers with preceding EDS-induced crashes,
all professional drivers with excessive daytime
sleepiness as well as uncooperative or therapy-
resistant drivers should be referred to a sleep
disorder centre for objective measurements of
excessive daytime sleepiness and assessment of
driving capability.
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Injuries at work and in motor vehicle traffic

According to police reports only 1.4% of the 
motor vehicle crashes reported in Switzerland were
caused by excessive daytime sleepiness (EDS) [1].
In other countries the number of motor vehicle
crashes attributed to falling asleep at the steering
wheel has been reported at between 0.4 to 30%
[2–4]. Police statistics usually revealed 1–3%, most
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probably underestimating this type of crash [5–7]
in comparison to scientific studies. A scientific
study showed that on the German divided high-
ways 24% of fatal crashes could be attributed to
falling asleep at the wheel [8]. 50% of interviewed
traffic users admitted that they had driven a motor
vehicle while sleepy in the course of one year [9].
A majority of sleepiness-induced motor vehicle
and work injuries occur between 02:00 and 06:00
a.m. and 02:00 and 04:00 p.m. [2, 5], corresponding
to the circadian and semi-circadian nadirs of
alertness. The circadian distribution of sleepiness-
induced motor vehicle accidents derived from
Swiss police statistics in a 10-year period (fig. 1)
nicely confirms these data. Philip at al. [10] have
recently shown in a real driving environment 
that the braking reaction time in the afternoon
deteriorated after partial sleep restriction but 
not after a full night sleep. Obviously the second
maximum of sleep pressure in the afternoon can 
be compensated in performance tasks as long as no
extra homeostatic sleep pressure is added.

Injuries at the workplace caused by uninten-
tionally falling asleep are poorly investigated. A
circadian distribution with a relative maximum 
in the night hours was also shown for industrial
workers [11]. Leger calculated that 52% of all
work-related injuries in the US in 1988 were related
to sleepiness [12]. Akerstedt et al. [13] have shown
that 7% of industrial workers fell asleep during
work at least once a month and this risk was greater
with disturbed sleep and in shift work. Some
evidence also supports the assumption that the
disasters in the atomic power reactor at Chernobyl,
the chemical accident of Bhopal and the Exxon

Valdez Oil Tanker accident were at least partly due
to sleepiness [14, 15].

Is sleepiness perceived before falling asleep?

Many drivers involved in a crash deny having
realised signs of sleepiness before they fell asleep.
The expression “sleep lapse” or “Sekundenschlaf”
is often understood as such that naps would occur
without prior awareness of sleepiness. Adopting
this view the High Court of Australia in 1992 in 
the so-called “Jiminez-defense” has enabled many
drivers to escape blame in the case of fall-asleep
crashes [16].An excellent overview on this medico-
legal issue has been published recently [17].

According to Jim Horne and other modern
sleep scientists it is virtually impossible to fall
asleep whilst driving without preceding signs of
sleepiness [18, 19]. This fact has major legal con-
sequences. (1) It is the driver’s responsibility not 
to drive while sleepy and a driver at fault will be
punished similarly as under alcohol influence. (2)
It is not necessary to prohibit driving in general 
to a patient with suspected excessive daytime
sleepiness. The fact that it is possible to fall asleep
for up to two minutes without being aware of
sleeping [20] is no argument against being aware 
of sleepiness before falling asleep. The reason 
why sleepy drivers continue to drive is due to their
unrealistic interpretation of the risk to fall asleep
despite the presence of signs of sleepiness. This
improper estimation of performance is more pro-
nounced under real driving conditions than under
laboratory conditions [10]. A recent sleep depri-
vation study [21] has also shown that the subjective
feeling of a reduced alertness precedes the objec-
tive impairment of alertness by roughly 45 minutes
on average.

Instead of stopping and having a nap the drivers
rely on simple compensation strategies, such as
opening the window, cold air, listening to loud
music,chewing gum or smoking.Reyner and Horne
have recently shown that cold air and radio listen-
ing are only effective for a short period of about 
15 minutes [22]. In the following 60 minutes a
dangerous imbalance occurs when the subjective-
ly improved alertness contrasts with objectively
measured prolonged reaction times. The most
effective measure to counteract sleepiness at 
the steering wheel is to stop driving, consume
coffee [23] or an “energy drink” containing at least
200 mg of caffeine [24], followed by a short nap of
15 minutes.This measure may reduce sleepiness for
60–90 minutes. In prevention of sleepiness-induced
crashes, the drivers should not only be warned
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Figure 1 Time of day distribution of sleepiness-attributed crashes 
(fatigue) in Switzerland during a 10-year period (y-axis right).
For comparison all other motor vehicle crashes are indicated
(y-axis left).



about the danger of driving whilst sleepy but also
that the likelihood of falling asleep at the wheel at
a given level of sleepiness may be greater than he
or she might realise [19]. If a driver has dropped off
to sleep once and still continues driving, she or he
is very likely to drop off to sleep again [25, 26]. It
was shown that the arousal following a drop-off has
an arousing effect during only 5 to 15 minutes [27].

Warning systems

Car manufacturers developed alarm devices de-
pending on various physiological characteristics 
of falling asleep such as head dropping, increased

eyelid blink rate, pupillary diameter variance or
electroencephalographic measurements.However,
many scientists have questioned the benefit.“What
should be the use of alerting a driver who is already
aware of the fact that he is sleepy but who still
continues to drive?” [27]. Moreover, there is con-
cern that such devices could encourage sleepy
drivers to take further risks in continuing to drive,
believing that the device will alert them when 
the situation becomes particularly dangerous [6].
Such systems may rather be useful in future to
continuously monitor alertness in truck drivers in
addition to the “hours-of-service” tachograph.

Characteristics of sleepiness-induced motor 
vehicle crashes

The characteristics of sleepiness-induced motor
vehicle crashes have carefully been evaluated
(table 1) [2, 6, 7].

The authors [6] underline that most drivers
would not admit having fallen asleep. When 
strictly using  the above-mentioned criteria on
motor vehicle crashes in the UK, they found a
circadian distribution very similar to the one pre-
sented in figure 1 for Switzerland with a maximum
between 1.00 and 4.00 and a smaller peak between
14.00 and 18.00. They came to the conclusion that
sleepiness-induced crashes make up 16% of all
motor vehicle accidents.

Causes of daytime sleepiness: 
lifestyle and sleep disorders

In the last decades, scientific studies have helped to
identify a number of risk factors leading to exces-
sive daytime sleepiness (EDS) contributing to a
high risk of injuries at the workplace and in motor
vehicle traffic. A first distinction has to be made
between otherwise healthy individuals who either
do not get enough sleep or do not adhere to a
healthy sleeping pattern due to shift work or
lifestyle and patients who use sedative drugs or
suffer from a sleep disorder such as sleep apnoea
syndrome or narcolepsy associated with excessive
daytime sleepiness (table 2).

Lifestyle and shift work

In healthy individuals the most important risk
factors are: young age, male sex, driving at night,
insufficient sleep, shift work and some others 
(table 2). From our own experience, the last half
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Table 1 Characteristics of sleepiness-induced motor vehicle 
crashes [6].

blood alcohol level below legal driving limit

vehicle either ran off the road or ran into the back of another
vehicle

no signs of the brakes being applied beforehand (no skid
marks)

no mechanical defect in the vehicle or tyre blow-out

good weather and clear visibility

elimination of “speeding” and “driving too close to the 
vehicle in front” as causes

the police officer(s) at the scene suspected sleepiness 
as the primary cause

For several seconds immediately prior to the crash the driver
could clearly have seen the point of run-off or the vehicle hit,
implying a prolonged inattention rather than a momentary
distraction.

Table 2 Risk factors for sleepiness-induced motor vehicle crashes.

risk factors for healthy individuals

young age [2, 6, 31–33]

male sex [5, 6, 9, 33]

higher level of education [7]

alcohol and drug users [34, 35]

shift work [36, 37]

sleep deprivation (social, job-related) [25, 38]

snoring [39, 40]

driving during the night and early afternoon [2, 5, 6]

driving at weekends [41]

driving on highways, long distances [25]

driving after a meal [42]

patient groups

sleep medications and other sedatives [35, 43–46]

sleep apnoea syndrome [9, 47, 48]

narcolepsy and other hypersomnias [49]

insomnia or parasomnia with consecutive daytime 
sleepiness [50–52]



hour before reaching home on a well-known route
should be added to this list [28]. The detrimental
effect of sleep deprivation is unfortunately too
often heavily underestimated. 24 hours without
sleep reduces the performance to the same level 
as consumption of alcohol with a measured blood
alcohol content of 0.8‰ [29]. In a recent study 
on healthy young subjects the same performance
level as after total sleep deprivation over 24 hours
was also reached with 4-hour night sleep after a
period of 7 days and with a 6-hour night sleep after
14 days [30].These studies showed that either com-
plete or partial sleep deprivation over several days
reduces working and driving performance.

In Switzerland about one among 4 men and one
among 8 women is on shift work and in this work-
ing group sleep disturbances are particularly pre-
valent. In staff members of a psychiatric hospital
20% of the workers on rotating daytime shift
complained about difficulties in initiating sleep,
compared to 12% in the group on fixed daytime
schedule [51]. In police officers on shift work sleep
disorders were found in 35% compared to 26% 
in non-shift workers. The former group had signif-
icantly more sleep-ascribed crashes [52]. Excessive
daytime sleepiness in shift workers is due to a
socially derived shortening of the sleep period,
externally disturbed sleep during the day and
desynchronisation with the internal circadian
clock. There is increasing concern about public
health consequences of errors due to excessive
daytime sleepiness in health care workers, military
and public safety personnel, nuclear power plant
operators and commercial truck drivers [14]. It is
noteworthy that already the one-hour spring 
shift during daylight saving significantly increased
the motor vehicle accident incidence by 8% for 
the following day, whereas the autumn shift re-
sulted in a decrease in crashes of the same magni-
tude [53].

Commercial trucks will be involved in an 
EDS-induced crash once during the lifetime of the
vehicle [33] and damage is more severe due to the
larger mass. Driving during circadian low points,
obtaining inadequate sleep in a truck sleeper berth
prior to driving, working long irregular schedules,
economic pressure with inadequate rest facilities
are all factors that contribute to excessive day-
time sleepiness in truck drivers. Sleep apnoea
syndrome is prevalent in truck drivers due to in-
creased body weight possibly resulting from seden-
tary work [54] and the crash risk in truck drivers
with nocturnal breathing abnormalities is twofold
increased [55].

Disorders causing excessive daytime sleepiness

Alcohol and sedative drugs
Consumption of alcohol per se is the major risk
factor for motor vehicle crashes found in 7% of 
all 81914 motor vehicle crashes in Switzerland 
in 1996, whereas illegal drugs were suspected in
0.3% and prescribed drugs in 0.2% [1]. In the 
US up to 30% of injured motorists referred to an
emergency centre had alcohol levels above 1.0‰
[56] and other illegal drugs (e.g. cocaine, cannabis)
were found in 20%. Relatively detailed guidelines
on how to deal with these drivers exist for police
officers and the medical community. In most coun-
tries a defined maximal blood alcohol level is
considered not to impair the driving capability (in
Switzerland = 0.8‰, and 0.5‰ from 1. 1. 2004).
However, it is well known that blood concen-
trations well below this legal limit impair neuro-
psychological and motor performance and increase
the risk of traffic injuries, particularly in day
periods of low alertness [57, 58]. Moreover, drivers
who take the risk of falling asleep at the steering
wheel despite signs of sleepiness more often have
a history suggestive of alcoholism [32]. Modern
lifestyle of young people with long-lasting work 
or social activity until the next morning possibly
combined with low amount of alcohol consumption
leads to the most dangerous condition while driving
home in the early morning hours, mainly on week-
ends.

Sedation is a well-known side effect of many
prescribed drugs [35] such as beta-blocking agents,
antihistamines,antiepileptics,dopaminergic agents,
opioid analgesics, tricyclic antidepressants, muscle
relaxants, and the related risk while driving should
always be addressed. Hypnotics taken to improve
sleep onset or sleep maintenance insomnia may be
beneficial due to a reduction of sleep deprivation.
However, drugs with short half width should be
preferred in order to avoid the overhang effect on
the following day [43, 59]. Benzodiazepines were
found in blood samples of about 10% of injured
motorists referred to emergency centres in Sweden
[60]. Even more important are the falls of elderly
people in the night due to the use of benzo-
diazepines. In elderly patients with hip fracture 
the blood screening tests were benzodiazepine
positive in 40%, although only 18% admitted to
take benzodiazepines [61].

Nocturnal doses of sedating antidepressants and
morning doses of non-sedating antidepressants did
not produce residual driving impairment during
the day in a driving simulator test [62]. However,
in elderly patients tricyclic antidepressants resulted
dose-dependently in an up to 5-fold crash risk
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(average = 2.2) [63]. The physician should also
prefer non-sedating antihistamines in patients who
drive [35]. Claims that patients treated with
dopaminergic agents are prone to unforewarned
sleep attacks [64] should be treated with caution 
[65, 66]. If such incidents really exist they are 
rare, e.g. ~ 0.5% [45]. As is the case in healthy 
sleep-deprived persons the problem is rather the
misjudgement or the amnesia of prior signs of
sleepiness by the affected [67]. Consequently it 
is generally not necessary to forbid driving to 
all patients taking dopaminergic agents. Instead,
an unambiguous explanation of the signs of
sleepiness and the corresponding risks at the
steering wheel and instruction of correct counter-
measures are needed.

No data exist on secondary excessive daytime
sleepiness due to drug-induced sleep disturbances.

Sleep apnoea syndrome (SAS)
A major significance has to be attributed to sleep
apnoea syndrome because of its high prevalence
particularly in the male population. In older indi-
viduals a percentage of up to 3% can be observed
and most of these patients suffer from excessive
daytime sleepiness.The physician has to realise that
all patients with increased body weight, essential
hypertension, cardiovascular or cerebrovascular
incidences should be screened for sleep apnoea
syndrome. The following questions have been
proven useful for this screening [68]:
1. Does your snoring disturb other persons?
2. Do you stop breathing during sleep?
3. Are the snoring and the occurrence of apnoeas

worse, when lying on your back?
4. Are the snoring and the apnoeas worse after

alcohol consumption?
5. Are you over-weight?

Questionnaire studies have shown a 2–15 times
higher crash rate in patients with moderate to
severe sleep apnoea syndrome compared to a
healthy population [49, 55, 69–72] whereas not all
studies including our own [73] found an increased
risk for mild sleep apnoea syndrome.Similar results
are shown in police statistics [74–77]. With ther-
apy such as continuous positive airway pressure
(nCPAP) or after a surgical therapy (uvulopala- 
topharyngoplasty) [78] a significant reduction of
crashes has been observed [73, 79–81]. In SAS
patients alcohol consumption even in small quan-
tities increases the risk of crashes more severely
than in otherwise healthy people [82]. Since SAS
patients with a low apnoea-hypopnoea-index
(<35/h) in our study [73] did not have a greater
crash risk when compared to the control popu-
lation there is as yet no compelling evidence to

restrict the driving privileges in apnoea patients
provided that no motor vehicle crash did happen
before [83]. Driving capability must be determined
based on the individual assessment of excessive
daytime sleepiness when optimal therapy has been
installed.

Narcolepsy and other “primary hypersomnias”
By performing a whole video polysomnography
the secondary forms of excessive daytime sleepi-
ness caused by a disturbed night sleep can be
excluded. By a prolongation of the night sleep
period by 1 to 2 hours with a fixed bedtime over 
at least a week a (relative) sleep insufficiency syn-
drome may be detected. Metabolic and hormonal
causes of excessive daytime sleepiness such as
hypothyroidism should be excluded by laboratory
examinations. After exclusion of these secondary
forms of excessive daytime sleepiness a group 
of primary hypersomnias remains where a clear
distinction between monosymptomatic narcolepsy,
idiopathic hypersomnia, hypersomnolent depres-
sion and “EDS of unknown aetiology” is some-
times difficult.

The diagnosis of narcolepsy is not a problem 
if clear cataplexy is present. However, in some
patients atypical, cataplexy-like symptoms do not
allow to confirm this diagnosis [84].The diagnostic
value of the human leucocyte antigen (HLA
factors) should not be overestimated since the
“narcolepsy-typical constellation” can be found 
in 30% of a normal population. Multiple sleep
onset REM periods (SOREM) in the Multiple
Sleep Latency Tests do support this diagnosis with-
out being specific. Recently a dramatic reduction
of hypocretin in the cerebrospinal fluid has been
found in narcoleptics [85]. However, this finding
correlated better with the presence of cataplexy
and is therefore of little help in diagnosing mono-
symptomatic narcolepsy.

Narcoleptic patients have a particularly severe
sleepiness with impaired compensatory strategies
in tasks requiring to stay awake. However, level-
headed patients can realise their sleepiness in time
and react appropriately. Therefore, narcoleptic 
subjects have been described who have driven
many kilometres in their life without any crash [86].
Nevertheless, the risk of having EDS-related 
crashes is increased [49], and the diagnosis is in-
compatible with professional driving, since these
drivers may be under pressure to continue driving
despite signs of sleepiness.

Daytime sleepiness due to insomnia
It is a remarkable reality that patients with chronic
insomnia seldom complain about severe day-
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time sleepiness. They rather feel irritable, without
energy, they suffer from impaired concentration,
have decreased abilities to accomplish daily tasks,
decreased enjoyment of interpersonal relation-
ships and decrements in mood and general well-
being. Multiple sleep latency tests (MSLT) did 
not reveal significant differences in sleep latency
compared to normal subjects in one study [87] or
prolonged latencies compared to normals in an-
other study [88]. In this respect insomnia patients
should not be compared to healthy individuals 
after sleep deprivation but rather to healthy indi-
viduals who consumed high amounts of coffee,
e.g. a state of hyper arousal [88]. In a telephone
survey on 1000 individuals 5% of all subjects 
with chronic insomnia remembered a sleepiness-
induced motor vehicle crash compared to 2% in the
group without insomnia [50]. Treating insomniacs
with benzodiazepines can either reduce excessive
daytime sleepiness (prolonged MSLT latencies
with drugs of short half-life) or increase excessive
daytime sleepiness (drugs with long half-life) 
[87].

It has not yet been established that increased
periodic leg movements in sleep not associated
with restless legs syndrome can be related to either
insomnia or daytime sleepiness or both, although
this causal relationship has been proposed by some
investigators [89, 90]. Parasomnias typically are 
not accompanied by excessive daytime sleepiness
unless with a very high frequency of attacks.

Countermeasures

In the United States the costs attributed to injuries,
caused directly or indirectly by excessive daytime
sleepiness, were estimated at $ 50 billion per year
[12]. In spite of these alarming statistics there are
only limited efforts made in Switzerland and other
European countries to prevent this type of injury.
There are no guidelines for the police on how to
determine EDS-induced crashes and how to decide
when the driver at fault should be referred to 
the medical doctor to evaluate his or her driving
ability. Objective measurement of excessive day-
time sleepiness is still an unresolved matter.

Every single worker and driver

Considering the expensive consequences of EDS-
induced injuries, it is necessary that extensive
information campaigns should be started. Every
driver has to be aware of the danger when driving
at night, of excessive daytime sleepiness caused 

by sleep restriction or shift work and about the
potentiating effect of alcohol and drugs.The effect
of simple steps taken while driving for long periods,
such as opening the window or listening to loud
music, should not be overestimated. The best
method to counteract sleepiness is to avoid long-
distance driving or to stop the vehicle immediately
when feeling sleepy, to consume 2 cups of coffee or
a caffeine-containing beverage, followed by a nap
of 15 minutes.

The physician’s duty

The physician’s concern is primarily to diagnose
daytime sleepiness even though the primary com-
plaints of the patient may have another focus.
Daytime sleepiness can be assessed with the aid 
of the Epworth score [91]. Values between 11 and
15 are considered abnormal but the risk of motor
vehicle crashes is unknown, while values above 
15 are associated with an increased risk [92, 93].
The physician must, however, take into considera-
tion that the patient suffering from chronic sleepi-
ness may consider his or her condition as normal
and deny it even though she or he might have fallen
asleep in the waiting room [82]. Many patients
depend on their vehicles for professional or social
reasons and therefore may dismiss their daytime
sleepiness. Additional information from persons
living in close contact with the patient is most
valuable and conversely it is advisable to counsel
family members of a driver encountering an in-
creased risk of falling asleep at the steering wheel.

It is the physician’s responsibility to counsel
patients with excessive daytime sleepiness or when
prescribing potentially sedative drugs concerning
the risk while driving and make appropriate notes
in the patients’ records. In many countries a driving
restriction period of several month is imposed 
[94] until therapeutic measures are effective or 
the sedative drug effect can be judged clinically.
Regular, e.g. yearly check-ups are recommended.
The final responsibility not to drive in a sleepy
condition can often be left to the patient’s own
judgement, because, before true sleep occurs,
sleepiness can be recognised by everyone accord-
ing to the well-known symptoms, such as yawning,
burning eyes, double vision, dropping eye lids or
dropping head. For a minority of patients this 
trivial relationship must be emphasised specifi- 
cally. A driver who is at fault will be punished in 
the same manner as a driver under the influence 
of alcohol and not like someone suffering from an
unforeseeable syncope. According to Swiss law a
physician is allowed to report uncooperative
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patients to the authorities.When prior injuries due
to excessive daytime sleepiness are reported or
trustworthiness is doubtful, the inclination to fall
asleep should be measured by objective methods,
i.e. maintenance of wakefulness test or driving
simulations. For legal reasons these methods
should always be applied to assess professional
drivers of all kind and if a patient is not cooperat-
ing or a therapy not successful.

The physician is also often faced with the
question of a patient’s ability to drive while under
stimulants. Under this type of medication there is
theoretically a risk of reckless driving and tunnel
vision that impairs the alertness to observe obsta-
cles on the roadside.Driving simulator studies have
shown that the effect of stimulants – given to treat
excessive daytime sleepiness – have a positive
effect and improve the driving capability [95].
Drivers who are on stimulant therapy should,
however, carry a medical certificate and inform
themselves about the necessary custom regulations
before travelling outside the country.

Traffic police

The individual and public consequences of EDS-
induced injuries can only be understood correctly
by the authorities when it becomes possible to show
how frequent such events are. Therefore, more
realistic statistical figures are urgently needed.
Scientific studies indicate that 10–20% of all 
traffic accidents and an even higher percentage 
of all fatal crashes are due to excessive daytime
sleepiness. These figures underline the need for
prophylactic measures and override the 1 to 3% of
EDS-related crashes in the official statistics in
many countries.The first step is that police officers
can recognise excessive daytime sleepiness as cause
of a given crash (table 1). This type of crash occurs
most frequently on divided highways but in our
own experience it is not rare within city limits.
The result is a collision with a fixed roadside ob-
stacle on the side of the road. When the driver
awakens before hitting the obstacle, abrupt steer-
ing manoeuvres may induce skidding. Drivers who
are involved in this type of crash without preced-
ing sleep restriction should be investigated by a
physician for possible sleep disorders. To aid the
police officers at the scene of an motor vehicle
crash, pertinent questions should be included in
the police report questionnaire concerning the
duration of sleep during the preceding night and
hours of preceding wakefulness.

Employer and commercial truck drivers

Work hours should allow to get sufficient hours 
of sleep. In shift work and shift rotation the endo-
genous sleep rhythm should be taken into con-
sideration. Studies have shown that clockwise
rotation in shift work resulted in better work per-
formance than shift work rotation counter clock-
wise, but the workers do not prefer this rotation
direction because free compensation days get 
lost. To insure continued alertness of drivers, ship
operators, engine drivers and security workers of
industrial equipment, technical measures may be
put into place. These technical measures should,
however, not introduce a higher stress level for the
monitoring personnel. Shift work or night work
should be interrupted more frequently by planned
naps since these workers always come to work with
a sleep deficit which cannot be eliminated other-
wise.

Public authorities

Most urgently the subjects at risk should be edu-
cated and informed on the great risks of the own
misjudgement when driving while sleepy and on
the exponential effect of alcohol and other drugs
in combination with sleep deprivation.

Apart from increasing the awareness among 
the public on this issue, construction of warning
signs, rumble strips, guard rails or a broader shoul-
der along the roads are effective countermeasures.
Rumble strips along the roads may reduce the
drive-off-the-road crashes by 30–50%, which cer-
tainly represents a low cost solution with very high
benefit-to-cost ratio [2]. By providing sufficient
safe and well-maintained roadside rest areas along
the motorways drivers should be encouraged to
take a break for a nap.

For drivers suffering from excessive daytime
sleepiness due to disease such as sleep apnoea
syndrome or narcolepsy country wide guidelines
concerning the diagnostic requirements, eventual
driving restrictions and medical control exami-
nation should be established, based on the already
existing law.

In contrary to some other European countries
there are at present no such regulations in Switzer-
land.Regulations regarding driving time checks for
professional drivers should be updated considering
recent scientific knowledge on the circadian sleep
propensity factors. Due to circadian variations of
sleep propensity more frequent rest and sleep
periods should be requested while driving at night
compared to driving during the day.
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Centres for sleep disorders

Detailed medical guidelines to determine an indi-
vidual’s ability to drive are requested, extending
the general recommendations already available
[96]. Simple methods should be developed to
objectively measure daytime sleepiness and 
assess its causes. However, we should be aware that
clinical judgement taking into account the cause 
of excessive daytime sleepiness and the character
of the affected will always be required to integrate
any type of objective excessive daytime sleepiness
measurement. It is well known that the various
vigilance tests do not correlate favourably [97, 98]
and laboratory investigations can only be a rough
estimate of driving behaviour in real life.This indi-
cates that for different tasks different types of
“waking energies” might be needed. It is therefore
more reasonable to search for an optimal “vigilant
battery” rather than to search for the best of all
vigilance tests. A classification of prescribed drugs
based on the impairment of driving capability
comparable to the effect of alcohol [99] could help
to explain the driving risk under drugs to the
patient. More research is needed to understand
which neuropsychological and motor abilities are
needed for safe driving [100].
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