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Chapter 19

Narcolepsy, Driving and Traffic Safety

Claire EHM Donjacour, Monique AJ Mets, and Joris C Verster

Introduction

Excessive daytime sleepiness (EDS), cataplexy, hypna-
gogic hallucinations, sleep paralysis and nocturnal sleep
disturbances are the best-known symptoms of narcolepsy.
Although less well described, but important in the context
of driving, disturbed vigilance is also a very important
symptom of narcolepsy [1]. About 4-12% of the general
population suffers from EDS. Daytime sleepiness may
result in reduced alertness and thus affects driving ability.
The 2002 Gallup survey [2] revealed that 37% of drivers
reported that they have nodded off or fallen asleep at least
once in their driving career. The Sleep in America Poll [3]
showed that 91% of respondents acknowledged that less
sleep may increase the risk for injuries, but 51% of them
reported that they did drive while sleepy. Powell and
colleagues [4] reported that an increase of 1 unit on the
Epworth Sleepiness Scale (ESS) was associated with a
4.4% increase of having at least one accident (P <0.0001).
Fulda and Schulz [5] reviewed the literature concerning
cognitive functioning of patients with narcolepsy. A total
of 14 studies revealed that narcolepsy is characterized
by reduced alertness, poor performance on divided
attention and tracking tasks, and reduced vigilance.

Narcolepsy and Accident Risk

Broughton et al. [6] performed a survey among 180
patients with narcolepsy. When compared to matched
controls, patients reported more often falling asleep at
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the wheel (66%) and near or actual accidents (67%).
Cataplexy (29%) and even sleep paralysis (12%) while
driving were reported. These high numbers were gath-
ered by subjective patient reports about their driving
behavior. More recent studies also reported a signifi-
cantly increased traffic accident risk for patients with
narcolepsy [7].

Driving Performance of Untreated
Narcolepsy Patients

Findley et al. [8] examined driving performance of ten
patients with untreated narcolepsy. In the Steer Clear,
subjects observe a car driving on a two-lane drawn
highway. Now and then during the 30 min task, obsta-
cles (i.e. cartoon bulls) appear on the road. By pressing
the space bar the car changes lane and a collision is
avoided. When compared to matched controls, narco-
lepsy patients hit a higher percentage of obstacles.
Poor performance on the Steer Clear was associated
with a higher reported traffic accident rate in the
patients with narcolepsy.

Using the same computerized simple reaction time
driving simulation task, Findley and colleagues [9] com-
pared performance of 16 patients with narcolepsy with
that of 31 untreated sleep apnea patients and 14 healthy
controls. The number of collisions was measured in six
4-min periods of simulated driving. Narcolepsy and sleep
apnea patients had significantly more collisions than
healthy controls. Interestingly, the inter-subject variabil-
ity in errors among the narcoleptic patients was fourfold
that of the apnea patients, and 100-fold that of healthy
volunteers; pointing at the great difference in impairment
levels among narcoleptic patients.
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George and colleagues [10] compared performance
of 21 patients with sleep apnea, 16 narcolepsy patients
and 21 healthy controls. Using a simple driving simu-
lator participants were tested for 20-min. Tracking
error was much worse in narcolepsy patients when
compared to controls. The relationship between mul-
tiple sleep latency test (MSLT) and tracking in either
patient group was weak.

Kotterba and colleagues [11] compared driving sim-
ulator performance and neuropsychological test results
in narcolepsy in order to evaluate their predictive value
regarding driving ability. Thirteen patients with narco-
lepsy and ten healthy control subjects performed a
60-min driving simulator test (Computer Aided Risk
Simulator, CAR), including different weather and day-
time conditions. Also, occasionally obstacles were
present on the road. The number of accidents (crashes
with other cars, pedestrians or obstacles on the road)
was recorded. Concentration lapses (e.g., disregarding
traffic lights or speed limit, driving at night with switched
off headlights) were counted manually. Patients with
narcolepsy had significantly more accidents than healthy
controls. No differences were found on the number of
concentration lapses.

Treatment Effects on Driving
Performance

Currently, gamma-hydroxybutyrate (sodium oxybate)
is the first line treatment option for narcolepsy patients
who suffer from both EDS and cataplexy. Modafinil is
also often used to improve symptoms of EDS. Up to
now, the effects of modafinil and sodium oxybate on
driving performance of narcolepsy patients have not
been examined.

As yet only the effect on driving of the stimulant
drug methamphetamine has been studied in narcolepsy
patients [12]. Methamphetamine was administered
daily to eight narcoleptic patients (0, 20 or 40-60 mg)
and eight healthy controls (0, 5 or 10 mg) for 4 days
for each dosage, separated by 3 days of washout (drug
free). A test in the Steer Clear driving simulator was
performed on the last day of each treatment condition.
In addition, the MSLT was performed to determine
sleep tendency. Sleep latency increased from 4.3 min
(placebo) to 9.3 min (highest dose) in narcoleptic
patients. In healthy controls sleep latency increased

from 10.4 (placebo) to 17.1 min (highest dose). In line,
error rate on the driving task decreased from 2.53%
(placebo) to 0.33% (highest dose) for narcoleptic
patients. In healthy controls, the error rate decreased
from 0.22% (placebo) to 0.16% (highest dose). When
taking the high dose of methamphetamine, perfor-
mance of narcoleptic patients did not differ signifi-
cantly from healthy controls receiving placebo. This
study illustrates that stimulant drugs cause a dose-
dependent decrease in daytime sleep tendency and
improvement in performance.

Two healthy volunteer studies confirm improve-
ment of driving performance after stimulant drug use.
Ramaekers and colleagues [13] examined the effects
of 3-4-methylendioxymethamphetamine (MDMA)
(75 mg), methylphenidate (20 mg) and placebo on
driving performance in 18 recreational MDMA users.
On-the-road driving tests were performed 3-5 h after
drug use, and the next day (27-29 h after intake) to
examine possible withdrawal effects. The first driving
test measured the weaving of the car while participants
tried to maintain a steady lateral position within the
right traffic lane and a constant speed. Primary param-
eter of the test is the Standard Deviation of Lateral
Position (SDLP), i.e. the weaving of the car. A second
driving task, also performed on a public highway in
normal traffic, comprised following a lead car. Main
parameters in this task were time to speed adaptation
(TSA) and break reaction time (BRT). Both MDMA
and methylphenidate significantly improved driving
performance as indicated by reduced weaving.
However, MDMA affected performance negatively in
the car following test, whereas performance after using
methylphenidate did not differ significantly from
placebo. During withdrawal, no significant differences
from placebo were found.

Verster and colleagues [14] examined the effects of
methylphenidate on driving performance in adults
with attention deficit hyperactivity disorder (ADHD).
After a training session and withdrawal of meth-
ylphenidate for at least 4 days, patients participated in
a double blind trial and performed an on-the-road
driving test after intake of placebo or their regular
dose of methylphenidate. In line with Ramaekers’
findings, driving performance after using methylpheni-
date was significantly improved when compared to
placebo. Given these findings, it can be expected that
stimulant drugs will also improve driving in patients
with narcolepsy.
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A recent study [15] showed that in sleep apnea
patients who stopped their CPAP treatment and tested
the following day, modafinil (200 mg) did not improve
performance in the STISIM driving simulator.

Interpretation of Driving Simulator
Results

Various studies have shown that untreated narcolepsy
patients have impaired cognitive functioning, espe-
cially on domains of attention and vigilance [5]. EDS
impairs performance and successful treatment should
diminish these symptoms. Besides the fact that the
number of driving studies examining narcolepsy treat-
ment is limited, there are some methodological issues
that should be taken into account when interpreting the
results and conclusions of these studies.

First, although a relationship between daytime
sleepiness and driving performance has been reported
[16], the simple fact that successful treatment reduces
daytime sleepiness does not automatically imply that
driving is safe. Second, predicting actual driving from
laboratory tests measuring attention, vigilance and
other isolated psychological skills and abilities is often
inaccurate [17]. Driving is an example of skilled but
complex behavior in which various skills and abilities
are integrated. These can be tested in isolation, but the
results do not sum up in a predictive score of actual
driving performance. Third, various driving simulators
were used in the studies discussed in this chapter.
Especially the older driving simulators such as the Steer
Clear are in fact divided attention tasks. Subjects are
seated behind a computer screen and use the computer
keyboard to control a drawn car on the computer screen.
These tests do not differ from other divided attention
tests when it comes to predicting actual driving.

The aim of the study by Kotterba and colleagues
[11] was to see whether performance on a neuropsy-
chological test battery correlates significantly with
driving simulator performance in patient with narco-
lepsy. If this was the case, the extensive testing meth-
ods could be replaced by a simple and shorter driving
simulator test. Unfortunately, there was no correlation
between driving performance and neuropsychological
test results. Also, there was no significant correlation
between driving simulator performance and EDS.
Surprisingly, Kotterba and colleagues conclude that

the driving simulator is suitable to access fitness for
driving and state that “On-road evaluation may be
unnecessary especially in cases with ambiguous
neuropsychological test results.”

The obviously artificial environment of simple driv-
ing simulators is evident to participants of experiments,
and this will affect their performance accordingly. In
contrast to driving in real traffic, the tests are often
experienced as a game. For example, accidents in driv-
ing simulators may be regarded as funny; in real life
accidents may have serious consequences. Newer more
advanced driving simulators such as the STISIM are
more promising and try to make the driving test more
realistic. Subjects are seated in a real car and a driving
scene can be presented on a curved screen surrounding
the front of the car. These newer driving simulators
also include other traffic — an essential perquisite to
test driving performance in a more realistic manner.
Up to now, the on-the-road driving test is the gold stan-
dard to examine driving performance. Performing the
test on a public highway in real traffic ensures its eco-
logical validity.

Taken together, although often claimed, there is lit-
tle direct scientific evidence that treatment of narco-
lepsy improves driving performance. Future studies
should be executed to examine driving performance of
patients with narcolepsy, preferably using the on-the-
road driving test during normal traffic.

Decisions on Fitness to Drive

There is no standard list of criteria or assessment scale
to assess fitness to drive in people with narcolepsy.
Commonly, physician and psychiatrists rely on their
own clinical experience and base their decision on
the presence and severity of narcolepsy symptoms.
Unfortunately, decisions whether a narcolepsy patient
is suitable to drive a car are not always uniform, given
the differences between physicians in interpretation of
the assessment criteria. Ingravallo [18] reported that
agreement on driving license decision ranged from 73
to 100%. The decision correlated significantly with
age, number of daytime naps, sleepiness, cataplexy
and quality of life. A recent survey among sleep spe-
cialists who attended the 2007 WorldSleep conference
confirmed that there is disagreement about whether or
not narcolepsy patients should drive a car, and that this
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"Drivers with confirmed untreated narcolepsy
should not drive"

"Succesfully treated drivers with narcolepsy
should be authorized to drive"

| O] Agree B | disagree ODepends on the amount of EDS|

| O] Agree | disagree ODepends on the amount of EDS

Fig.19.1 Results from a survey conducted among attendants
of the 2007 WorldSleep conference in Cairns, Australia
(N=125). The majority of sleep experts concluded that untreated

depends greatly on the amount of daytime sleepiness
experienced by patients (Fig. 19.1).

Currently, most European countries do not include
EDS among the specific medical conditions to be consid-
ered when judging whether or not a person is fit to drive.
A unified European Directive seems desirable [19]. In
addition, there is a need for a social awareness program to
educate the public about the potential consequences of
narcolepsy and EDS in order to reduce impaired driving
and the number of traffic accidents [20].

The International Council on Alcohol, Drugs and
Traffic Safety (ICADTS) states that the decision
whether or not it is safe to drive (irrespective of the
condition or treatment) should be based on the results
of driving tests performed in real traffic, preferably
combined with additional evidence from driving simu-
lators and laboratory test results that examine driving-
related skills and ability in isolation.

From this chapter it is evident that untreated narcolepsy
may significantly impair driving ability and may increase
the risk of becoming involved in traffic accidents.

More systematic epidemiological studies are needed
to calculate the traffic accident risk of both treated and
untreated patients with narcolepsy. Given the great vari-
ability in symptom severity between narcolepsy patients,
this should be taken in account when determining
whether narcolepsy patients are fit to drive or not.

narcolepsy patients are unfit to drive a car. After successful
treatment patients are regarded fit to drive, depending on the
presence and severity of excessive daytime sleepiness
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