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ABSTRACT
Sleepiness is considered as the first cause of increased traffic accidents in obstructive
sleep apnoea syndrome (OSAS). Until now, OSAS patients’ driving abilities have been
assessed using driving simulators, however, no assessment in a more natural driving
environment has been done.
Objectives: To evaluate driving parameters in OSAS and controls, on a road safety
platform. Compare them with attentional in-laboratory measures, before and after CPAP
treatment.
Methods: We measured reaction time (RT), distance to stop and number of collisions on
the platform, maintenance of wakefulness, sustained, selective and divided attention in
laboratory.
Results: Patients exhibited much longer RT than controls, leading to a lengthening of the
vehicle’s stopping distance of 8.8 meters at 40 km/h and to twice more collisions. Patients
did not demonstrate objective sleepiness or selective and sustained attention deficits.
Divided attention deficits were found. However, they did not allow the prediction of real
driving impairment. After treatment, there was no longer any difference between patients
and controls regarding driving and attention performances.
Driving abilities are significantly impaired in OSAS. After treatment, deficits were
normalized. This stress the importance of evaluating attentional parameters in apnoeic

patients and of offering CPAP treatment even to non-sleepy subjects.
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e INTRODUCTION

Over the past years, concern regarding motor vehicle accidents related to sleepiness
has increased. In France, the national road safety agency estimated that in 2003 one out of
four fatal highway accidents was directly related to sleepiness.

Several risk factors for sleepiness occurrence at the wheel exist, including long periods
of wakefulness, time of day, alcohol and drug consumption, work hours, reduced sleep time,
and sleep disorders resulting in excessive daytime sleepiness, such as the obstructive sleep
apnoea syndrome (OSAS).

OSAS is a common and underestimated sleep disorder affecting about 4% of middle-
aged men [1]. This syndrome is characterized by repeated complete (apnoea) or partial
(hypopnoea) collapses of the upper airway during sleep. These events cause micro-arousals
and nocturnal oxygen desaturation thought to be responsible for sleep fragmentation and
excessive daytime sleepiness.

Retrospective studies, based on subjective and objective records, have shown that the
rate of traffic accidents among drivers with sleep apnoea is 2 to 7 times increased compared
with non apnoeic drivers [2-4]. However, even if most of the evidence suggests that OSAS
leads to an increased risk when driving, these results have been criticized based on
epidemiological and methodological considerations [5] and interindividual susceptibility [6].

Studies assessing the relationship between excessive sleepiness and accidents have
shown conflicting results for both subjective and objective tests [1-3;7;8]. These results could
be explained by the multiple consequences of sleepiness on driving performance. Impairment
in vigilance does not necessarily suppose sleeping episodes, it also includes more subtle
attentional deteriorations, such as increased information-processing and decision-making

time, increased reaction time to critical events, less effective control responses and decreased



readiness to meet danger [9]. The United States National Accident Sampling System (NASS)
data reported by George [10] support the implication of inattention in road accidents, by
reporting that 61% of drowsy drivers were found to have no avoidance action prior to their
collision. These data suggest that sleepiness may importantly contribute to a diminished
driving performance. However, the author also pointed out that inattentiveness, without
definite episodes of falling asleep, could lead to a diminished driving performance.

Several studies using driving simulators have demonstrated altered reaction time and
related psychomotor performances in apnoeic patients [11;12]. Performances of many, but not
all, sleep apnoea patients during these tasks have been shown to be worse than that of controls
impaired with alcohol [13;14]. After treatment with continuous positive airway pressure
(CPAP), performance improved on simulators [15;16], and motor vehicle crashes seem to
return to normal [17;18, 19].

However, even if some authors showed a relationship between performances using
driving simulators and real road accidents [17;20], in-laboratory measurements do not allow
assessment of the complexity of real driving performances [19]. Driving simulators are useful
tools, but their measurements are limited to controlled and simplified environments.
Moreover, it remains unclear if driving simulator performance or deficits on other laboratory-
based performance tests translate appropriately to real driving difficulty in OSAS.

The objective of our project was to evaluate the performance of a group of apnoeic patients
and a group of control subjects on a road safety platform. We also aimed to compare the
performances obtained on this platform to those obtained in the laboratory using psychometric
tools assessing wakefulness and attention.

We also evaluated the patients after 3 months of CPAP treatment in order to establish the

treatment impact on their driving performance.



METHODS

Population studied

Twenty patients with obstructive sleep apnoea syndrome (OSAS) (18 males and 2 females)
and 20 non obese and non snoring control subjects (17 males and 3 females), matched for age,
educational level, and number of years of driving were included in our study. OSAS patients
had been referred to our institution for clinical suspicion of sleep-disordered breathing. They
were recruited in the Sleep Laboratory where they underwent polysomnography (PSG).
Controls were healthy volunteers, recruited by advertisement in local newspapers and in the
hospital. They had no medical history, did not complain of any symptom of sleep disorders
and exhibited a normal ESS. They were naive to the experiment. The absence of OSAS was
further confirmed using a portable device allowing home monitoring of respiration during
sleep.

Subjects with history of neurological or psychiatric disease, chronic lung disease, uncorrected
visual or auditive impairment, chronic sedative intake or alcohol abuse were excluded. Also,
subjects with significant cognitive impairment or depression (score < 23/30 at the Mini
Mental State Examination (MMSE) [21] and Beck depression inventory II score>19 [22])
were excluded.

All the participants possess a driving licence for at least 15 years and were customary drivers.
Ten OSAS patients accepted to participate in the same evaluation 3 months after CPAP
treatment. The 10 matched control subjects were also re-evaluated 3 months later, in order to
control for the learning effect. CPAP compliance was measured by mask-pressure monitoring
and expressed as the time spent at the therapeutic pressure.

The study was approved by the institutional ethics committee. None of the participants,
including the control subjects, received any financial compensation for their participation in

the study.



Polysomnography
Details of our PSG techniques have been published elsewhere [23]. Studies were scored using
standard techniques and criteria [24;25]. Microarousals ending respiratory events were called

respiratory-related micro-arousals.

The portable device (HypnoPTT®, Tyco Healthcare, Villers-les-Nancy, France) used for
normal subjects included a combination of sensors i.e. nasal cannula, oximeter, pulse transit
time, body position, allowing identification of the number of respiratory events, their
obstructive or central nature and the occurrence of sleep fragmentation using the detection of

autonomic arousals by PTT.

Driving on the road safety platform, vigilance and attention assessment:

The evaluations of vigilance, attention and driving performance were performed on two
mornings, starting at 9 am, during the week following PSG recording. Sleep quality is likely
to be subjectively comparable to previous nights on the nights preceding the tests. These two
evaluations allowed us to measure the attention capacities in real driving on the one hand and
the attention capacities in the laboratory on the other hand. The order of these evaluations was

randomized.

Driving performances:

The driving performances were evaluated on a road safety platform called Minotaure usually
dedicated to self-evaluation of driving ability. This platform is made up of two separate one-
way tracks (one in each direction), being 150 meters long and 3 meters wide. The platform is
fitted with digital cameras, magnetic detectors and enables recording of several parameters

during an emergency braking task. A central automaton record and compile these parameters.



Once the vehicle hit the track at the required speed, the automaton propelled a jet of water
forming an aquatic obstacle of 1.5 m high and 2 m wide (figure 1). The occurrence of the jet
was calculated according to the vehicle’s speed and its position on the track, in order to
appear at an average distance of 40 meters in front of the vehicle, without the subject being
able to anticipate its occurrence and its location. As soon as the obstacle was visible, the
subject had to stop his vehicle as quickly as possible in order to avoid impact.
The magnetic detectors covering the track inform the automaton about the vehicle’s position
and allow the deduction of its speed. The digital cameras capture the appearance of the
vehicle’s brake lights and allow calculating a reaction time as the interval of time between the
appearance of the aquatic obstacle and the vehicle’s brake lights coming on. A stopping
distance is measured as the distance covered between the occurrence of the aquatic obstacle
and the immobilization of the vehicle.
The driving task consisted of avoiding an aquatic obstacle during 3 real driving conditions:

- simple condition

- distraction condition

- anticipation condition
For each of these tests, the participants were on their own in the vehicle and on the track. The
examiner, who is a road safety expert, could communicate with the drivers by radio during the
test. The examiner was blinded to the subject status (OSAS patients versus controls).
In each condition, the subject had to keep the speed at 40 km/h. This was verified by the
examiner during the tests.
During the simple condition, no specific manoeuvre was required before braking.
The distraction condition was set in order to reproduce a condition during which the driver’s
attention was not solely focused on driving. During this situation an action on the vehicle

commands was required at the moment when the aquatic obstacle appeared. The order was



given orally by the examiner via the radio at the exact time the water was programmed to be
propelled. This was chosen at random among 3 options: switch on the windscreen wipers, the
signal lights or the hazard warning lights. This action had to be done before the vehicle
stopped.
The last condition consisted of anticipating braking by asking the subject to keep their foot
above the braking pedal as soon as they reached the speed of 40 km/h, in order to anticipate
the appearance of the aquatic obstacle. This condition was designed to evaluate the effect of
anticipation on braking, and also to reduce motor execution time from the reaction time. This
trial was thus designed to provide a more accurate estimate of the attention processes involved
in the reaction time.
The parameters studied were as follows:

- Reaction time to the nearest 1/10™ of a second.

- Stopping distance.

- Number of collisions

- Number of actions which were carried out correctly during the distraction situation

- Vehicle speed

The vehicle used was the same for each of the participants and was equipped with new tires,
assisted steering and ABS (Anti Blocking System) brakes. It was also equipped with a manual
gearshift.

Each condition trial consisted of making a complete return trip, following the same
instructions. The trials were preceded with an acclimatization phase, which consisted of 2
return trips. The total duration of the driving task did not exceed 30 minutes. Before each test

the instructions were repeated to the subject via the radio.



The results presented are averaged data coming from the return trips for each of the

conditions.

Vigilance and attention assessment in laboratory

All subjects performed 3 different vigilance tests in a random order, at 9:00:

- The OSIeR test (Stowood Scientific Instruments, Oxford, OX39UP, UK) which
assesses the ability to remain awake during a soporific task (modified maintenance of
wakefulness test),

- the Continuous Performance Test (Multi-Health Systems, Toronto, Canada) which
assesses sustained and selective attention,

- and the Driving Simulator Test (Stowood Scientific Instruments, Oxford, OX39UP,
UK) which measures divided attention capacities.

Subjects were instructed on how to perform each of the tests which took place in a quiet and

darkened room.

Maintenance of wakefulness during a soporific task: the OSleR test

The OSleR test corresponds to a 40-minute sleep-resistance challenge, measuring
maintenance of wakefulness during a soporific task. The test procedure has been detailed in a
previous article [26]. The data collected from the OSleR test were the sleep latencies (duration

of the test) and the number of omissions (non responses to stimuli) during the test.

Sustained and selective attention: the Continuous Performance Test (CPT)
The CPT assesses the ability to detect and to respond to specified stimulus changes occurring
infrequently and at random intervals over 20 minutes whilst simultaneously inhibiting

responses to stimuli.



The subject monitors a continuous presentation of letters on a computer screen. The subject is
instructed to react by pressing the space bar each time a letter appears (targets) except when
the letter X is presented, in which case, s’he must not respond (non-targets). Non-responses to
target numbers are recorded as omissions and inappropriate response to non-targets as
commissions.

The data obtained from this test are the number of omissions, commissions, the mean reaction
time (response latencies) and the attentiveness (D’), which is a measure of how well the

individual discriminates between targets and non targets.

Divided attention: Driving simulator

This divided attention test requires participants to steer a car moving on a winding road while
performing simultaneously a visual target detection. A computer-based image of the moving
edges of a pseudo-randomly winding road is portrayed white on black. An image of the front
of the car is portrayed at the bottom of the screen. The subject steers (using a computer
steering wheel) the centre of the vehicle as accurately as possible down the middle of the road
for 20 minutes. Single numbers, 1-9, appear randomly at each corner of the screen and
change every 10 s. The divided attention part of the test is that the subject, while steering the
car, has to scan the four corners of the screen, identify the target digit (number 2) each time it
appears and react by pressing a button on either side of the steering wheel. If the subject does
not respond within 10 s of the target number, the number changes and an omission has
occurred. The test ends after 20 minutes or before if the car leaves the road for more than 15
continuous seconds.

Prior to the test, a training session was done.

10



Data included the duration of the test, the mean reaction time (perception of target numbers)
and the number of "off road" events (when the centre of the bonnet crosses the road’s edges)

quoted per hour of driving.
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Statistical analysis

Values were expressed as mean + SD. Normality of distribution was checked using Kurtosis
and Skewness test. An unpaired t-test or Mann-Whitney test was used to compare control and
patient groups on quantitative variables. Chi square tests were used for qualitative variables.
Paired t-test or their non parametric equivalent, the Wilcoxon test, have been done depending
on the variables’ distribution. Correlation analyses were done using Spearman tests.
Regarding multiplicity of comparisons, a multiple contrast correction (Bonferroni) has been
done, within 3 independent attentional tests (OSleR test, CPT test, and driving simulator) and

3 driving conditions (Simple, distraction and anticipation condition).
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RESULTS
Table 1 shows subjects’ characteristics and sleep studies respectively, for the OSAS and

control groups.

Measurements before treatment: first evaluation

Vigilance and attentional assessment in laboratory

Table 2 summarizes the results obtained on the vigilance tests for the control and
patient groups.

The initial attention evaluation on the OSIleR test showed identical average sleep
latencies for maintaining wakefulness for patients and control subjects. Only a significant
difference in the number of errors could be demonstrated.

No significant between-group difference was observed for the set of selective and sustained
attention variables (CPT test).

The driving simulator test showed significantly deteriorated performances for the apnoeic
group compared with the control group. OSAS patients had a longer reaction time in response
to target numbers and had more “off road” events than controls. The test duration was also
shorter in the OSAS group compared to the control group because of earlier “off road” events

greater than 15 s in the patient group.

Driving performance on the road safety platform
Results will be presented for each driving condition. In order to verify the impact of
each condition, reaction time obtained in the anticipation and distraction conditions during

this baseline session have been compared to reaction time of the simple evaluation.
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The performances obtained at the first evaluation on the road platform are summarized

in table 3. For all driving conditions, the speed on this platform did not differ between the two
groups or between the different conditions (mean speed: 39.9 km/h + 2.6 versus 40.1 £ 2.2 in
patients and controls respectively).
The driving data shows significantly longer reaction times for patients compared with
controls, for each of the 3 driving conditions. On average, the reaction times for the apnoeic
patients were half a second slower than those for the control subjects (1.6 s = 0.2 versus 1.1 s
+ 0.3 respectively, p<0.001).

During the simple driving conditions, the lengthening of the reaction time for the
apnoeic patients was also accompanied by a lengthening of the vehicle’s stopping distance
when compared with the control group. The number of collisions with the aquatic obstacle
was higher for the patients, but did not reach significance.

The distraction condition caused a lengthening of the reaction times in both groups
(1.77s £ 0.34 versus 1.51 s £ 0.35 in patients, p= 0.049 ; 1.24 s £ 0.48 versus 0.91 s £ 0.21 in
controls, p= 0.005). However, the reaction times for the apnoeic subjects remained
significantly different from those of the control subjects. The braking distance, the number of
actions correctly performed and the number of collisions did not differ between the two
groups.

In the distraction condition, the control subjects demonstrated an increased stopping distance
when compared with the simple driving condition (38.0 m % 4.5 versus 27.9 m £ 6.5, p =
0.0002) whilst there was no further increase in the apnoeic patients.

The braking anticipation condition did not lead to any improvement in reaction times,

when compared with the simple situation for either group. In this condition, however, the

patients still exhibited significantly reduced driving performance when compared to controls

(table 3).
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An association was found between the mean reaction time in real driving condition
and reaction time in the divided attention test (driving simulator) (r= 0.46, p = 0.003, figure
3). However, the relationship did not allow the prediction of individual values for real driving
RT. No other associations were found between attentional in-laboratory measures and real
driving condition performance. There was no correlation between performance at any of the
attentional tests or during the real driving conditions and the ESS score, or any sleep variable

measured.

Measurements after CPAP treatment: second evaluation

Table 2 and 3 show the performance of the 10 apnoeic subjects and 10 controls during
the second evaluation in the laboratory and on the platform.
The baseline performance of these 10 controls and 10 OSAS did not differ from those of the
whole groups (N=20), and from the 10 subjects who did not repeat the evaluation. This was
true for the in-laboratory tests, the driving performance on the platform and also for the PSG

variables measured.

Vigilance and attentional assessment in laboratory

The performances for the OSIeR and CPT tests, obtained for the 2 sub-groups of
subjects (N=10) were not different from those obtained for the same subjects during the
preceding evaluation or from those of the whole groups (N=20).
Patients and the controls did not differ on sleep latency and number of errors on the OSleR
test. The reaction time, number of errors and attentiveness marks for the CPT did not differ
between the patients and the controls (see table 2).
The patients exhibited significantly different scores on the driving simulator after treatment in

comparison with their baseline values. The length of the test was significantly longer during
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the 2" evaluation (698.7 s +420.8 versus 1080.6 + 337.8, p=0.02), the reaction times
decreased but were not significantly shorter (4.1 s + 2. 5 versus 2.7 s = 0.8), and the number
of «off road events» was fewer (72.7/h + 85.2 versus 27.6/h + 52.5, p=0.01).

The performance of the control subjects did not differ from that obtained during the first
evaluation.

After treatment, the scores of the patients did not differ from those of the control subjects,

except for the reaction time that was still higher in apneic patients for this test.

Driving performance on the road safety platform

The performance of the control group did not differ from that obtained by these same
subjects during the first evaluation. Only the reaction time of the simple driving condition
appeared significantly longer during this 2" evaluation in comparison with baseline (1.06 s
0.16 versus 0.96 s £ 0.16, p=0.004). No learning effect could be perceived from these results.

After treatment with CPAP, the average reaction times, for each of the conditions were
significantly lower in apnoeic patients when compared to baseline (mean reaction time: 1.08 s
+0.22 versus 1.56 s £ 0.13, p<0.0001, see figure 2).

The patients also demonstrated a significant reduction in their stopping distance
compared with baseline, for both the distraction and anticipation driving conditions (31.6 m *
3.2 after treatment versus 36.9m * 4.9 before treatment and 33.7 m + 6.8 versus 43.7 m £ 9.3
respectively, p=0.03).

During simple driving, the reduction obtained did not reach statistical significance (28.4 m *
7.3 before treatment versus 32.0 m = 4.1).

When comparing the post-treatment performance in patients to the second evaluation

in controls, there was no significant difference on reaction times, stopping distance, number

of collisions and actions in any of the driving conditions.
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The reaction times, stopping distances, number of collisions did not differ when
comparing the simple driving condition, the distraction condition or the anticipation

condition, for any group.
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DISCUSSION

This is the first study evaluating the consequences of OSAS and the impact of its
treatment on driving performance using the more natural driving environment of a road safety
platform.

Before treatment, apnoeic patients demonstrated a major slowing in their reaction
times behind the wheel, especially when the driving context required emergency braking to be
applied.

The average reaction times for OSAS patients were half a second slower than those of
the control subjects. This means that these patients needed half a second more than control
subjects to analyse the situation and to start braking. Making the assumption that the vehicle’s
speed is unlikely to alter the reaction time, this implies that at 130 km/h, the maximal speed
authorized on highways in France, the patients would have covered 18 meters more than the
control subjects before beginning to brake when urgently needed. This latency period could
explain why, in the U.S. NASS, a large proportion of somnolent subjects implicated in traffic
accidents do not attempt any avoidance action before collision [27].

The present results have been observed on a road safety platform where all risks were
controlled. The participants were warned about the behaviour they would have to adopt and
their attention was directly focused on the obstacle. The short duration of the test (30 minutes)
limits the potential influence of other factors on driving performance. As a consequence, this
test represents an advantageous driving situation for subjects with attentional deficits who are
more sensitive to prolonged and soporific tasks. Nevertheless, despite this favourable and
stimulating context, OSAS patients exhibited decreased driving abilities. In real life, there are
often other factors that may indeed add to the difficulty of the task and which may vary on a

day to day basis: driving at night, under sleep deprivation, alcohol or sedative intake,
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inadequate speed and driving errors. These additional factors are likely to reduce even more
the driving performance in patients already exhibiting attentional difficulties.

A complete attentional battery was conducted in our study in order to compare in-
laboratory testing and real driving abilities. Although the patient selection was made at
random among patients referred to the sleep clinic, they did not show any objective deficit of
maintenance of wakefulness. This was demonstrated by the normal sleep latencies during the
OSleR test. The higher number of errors in this test compared to controls demonstrated,
however, a significant attention reduction, without sleepiness. An attentional deficit was also
observed during the divided attention test (driving simulator). These results confirm and
extend what we have previously shown in another group of patients suffering from attentional
deficits without objective sleepiness [28]. The divided attention test (or driving simulator)
appeared to be a useful tool to assess attentional abilities in apnoeic patients. However,
although there was a correlation between reaction times measured during driving simulator
and driving on the platform respectively, the driving simulator did not allow for accurate
prediction of driving impairment on an individual basis. None of the other attentional tests
performed in this study, PSG measures, or ESS score showed any association with
performance on the road safety platform. Orth and colleagues, in a recent study, also failed to
find any association between neuropsychological assessment and driving abilities. We share
with Orth [19] the hypothesis that car driving is a complex task which may not be entirely
predicted by a simple neuropsychological test. Nevertheless, the driving simulator provides
meaningful clinical results and allows treatment evaluation in a more accessible manner than

real life driving assessment.

Our results also show a major improvement in performance after CPAP treatment.

Treating patients who do not manifest subjective somnolence has been questioned [29]. There
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are strong data in the literature showing a cognitive benefit during CPAP treatment in OSAS,
[15;30] as well as an improvement in their quality of life [31], and a reduction in traffic
accidents [2;3;16]. However, most of these data have been issued from clinical studies on
patients with perceived sleepiness or loss of vigilance. Our results demonstrate the benefit to
treat apnoeic patients without objective somnolence, as it seems to improve their attention
level when driving and thus their driving performances.

On the road safety platform, different driving conditions were used during this
experiment. The distracted driving situation allowed us to show the influence of carrying out
an action, which interferes with driving performance. During this condition, control subjects
and patients increased significantly their reaction times and stopping distances. However, the
increase in reaction times in the apnoeic subjects was less marked than in the control group.
This could be explained by a ceiling effect in the apnoeic subjects, owing to saturation of their
attentional system during the simple driving condition. The correlation observed in patients
between the driving simulator and the platform results supports this hypothesis. For apnoeic
subjects, the attention required in real driving conditions could be comparable to what was
required in this double task situation. Actually, the patients exhibited difficulties at the wheel
that could be similar to those found during the driving simulator, both requiring dividing their

attention between several pieces of information to be processed simultaneously.

The anticipation condition did not show the expected reduction in reaction times in
comparison with the simple situation. During this condition, patients were asked to position
their foot above the brake pedal, before the occurrence of the aquatic obstacle, in order to
anticipate braking. The discomfort caused by this unusual driving situation could partly
explain why the reaction times were not shortened in this condition in comparison with the

simple condition. In the anticipation condition, we expected that the motor part of the reaction
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time would presumably be reduced because the participants were positioned for braking
before the obstacle appeared. However, this condition was more complicated than expected,
and the controls’ performance reached performances of OSAS patients.

Overall, these results demonstrate a significant impairment in the driving ability of
apnoeic patients. In comparison to the pre-existing data in the literature, the present study
provides two major additional pieces of information.

First, this is now shown using a road safety scenario. The duration of driving was
limited which, by definition, does not allow taking into account important factors such as the
soporific effects of long-distance driving. However, it was sufficient to demonstrate a
significant impairment. This strongly suggests that the driving ability in less controlled
conditions is likely even worse.

Second, it is now shown that treatment with CPAP lead to normal reaction times and
driving performance in OSAS patients. The novelty of this finding is not only based on the
direct assessment of CPAP effects on “real life” driving, it also demonstrates that this benefit
was evidenced in patients without objective somnolence. In improving their attentional
deficits, CPAP also normalized the driving performance of these patients. This should be
taken into account when deciding for treatment, even in patients without a significant

objective sleepiness.
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CONCLUSION

Even having no difficulty to maintain wakefulness during in lab-evaluation, OSAS
patients exhibited a reduction in their driving ability. This is due to attentional deficits that are
likely to increase reaction times and braking distances. In daily life, driving ability is
presumably worse owing to the impact of soporific conditions on vigilance, a factor that was
not evaluated during the present study. CPAP treatment was effective in normalizing driving
ability in these patients and should be considered even when sleepiness is not obvious.

Public health policy should take into account the impact of OSAS on driving ability in
order to reduce traffic accidents. There are presently simple strategies that could be used in
order to detect attentional deficits and reduction in driving ability besides the clinical

symptoms. More work is needed to further validate some of these strategies.
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Legends:

Figure 1: Aquatic obstacle display on the road platform.

Figure 1

Figure 2: Comparison of reaction times between the first and second evaluations, for the

two groups
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Figure 3: Correlation between reaction times (rt), in seconds (s) during driving

simulator and real driving
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