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ABSTRACT

Obijective: Studies assessing the impact of epilepsy and its medication on the risk of road
traffic crashes have shown inconsistent results. The aim in this study was to assess this risk
using French databases.

Methods: Data from three French national databases were extracted and matched: the national
health care insurance database, police reports and the national police database of injurious
crashes. Only antiepileptics prescribed predominantly in epilepsy were studied (phenobarbital,
phenytoin, ethosuximide, valproic acid, vigabatrin, tiagabin, levitiracetam, zonisamide and
lacosamide). A case-control analysis comparing responsible and non-responsible drivers and a
case-crossover analysis were performed.

Results: 72,685 drivers involved in an injurious crash in France between July 2005 and May
2008, were included. Drivers exposed to prescribed antiepileptic medicines (n=251) had an
increased risk of being responsible for a crash (OR 1.74 [1.29-2.34]). The association was
also significant for the most severe epileptic patients (n=99; OR=2.20 [1.31-3.69]). Case-
crossover analysis found no association between crash risk and treatment prescription.
Conclusion: Patients with prescription of antiepileptic drugs should be cautioned about their
potential risk of road traffic crash. This risk is however more likely to be related to seizures

that to the effect of antiepileptic medicines.



INTRODUCTION

The impact of epilepsy on the risk of road traffic crashes is still debated. Some studies have
found an increased risk of road traffic crash in drivers with epilepsy,* ? another one showed
an increased risk of more severe crashes only.® However, in a recent cohort study, patients
with epilepsy were not at increased risk of experiencing a road traffic crash.*

Antiepileptic medicines are used to treat general or partial seizures and to prevent the risk of
relapse, but also in numerous other diseases such as bipolar disorders,” social phobia and
generalised anxiety disorder.® Most antiepileptic medicines have however central side effects
that may impair driving ability, such as drowsiness, confusion, dizziness, and visual
disturbances. The first generation of antiepileptic medicines includes phenobarbital and
phenytoin, which have gradually been supplanted by the second generation, carbamazepine
and valproate. The new antiepileptic medicines (or third generation) appeared on the market
in the 1990’s (e.g. lamotrigine, vigabatrin, gabapentin...). Finally, some benzodiazepines,
such as clonazepam, are used in the treatment of epilepsy for their anticonvulsant properties.
Experimental studies show that phenobarbital seems to have the most deleterious effects on
behaviour and cognition.” Available data on the third-generation drugs suggest a more
favourable profile than older treatments, although differences between them remain to be
explored.® ? As with other benzodiazepines, clonazepam is associated with a high rate of
drowsiness and decreased attention.’

In spite of these potential effects on driving skills, available data suggest antiepileptic
treatment to favour road safety by controlling the risk of seizure. In a retrospective cohort
study, Hansotia and Broste found that the lack of antiepileptic treatment increased the risk of
crashes among drivers who had a history of seizures.'® In a case-control study, changes in
antiepileptic treatment (antiepileptic medicines being reduced or switched) decreased the risk

of road traffic crashes due to seizures.™!



The aim of this study was to assess the risk of road traffic crashes among drivers with

prescribed antiepileptic treatment.

METHODS

Data from three French nationwide databases were matched: the national health care
insurance database, police reports, and the national police database of injurious crashes.
Drivers were included in the study on the basis of their national 1D number, extracted from
police reports by an automatic procedure. The ID was used to link drivers to medicine
reimbursement data around the date of the crash. Police reports were matched to records in
the national police database of injury-related crashes, using a probabilistic linkage method. *?
Data sources

National police database of injurious crashes. Police personnel collect details about injurious
road traffic crashes and store all information about the crash, vehicles, and persons involved
in this database. They also conduct investigations from hospital records about the severity of
the driver’s injuries: unhurt, slightly injured, seriously injured (hospitalised >24 h), or killed
(died within 30 days following the crash). All drivers involved in an injurious road traffic
crash are required to be tested for the presence of alcohol, using a breath test. If this test is
positive (>0.5 g/l), the driver refuses the test, or the severity of the crash makes it impossible
to administer the test, then the blood alcohol concentration is measured. If the breath test is
negative, the driver is registered as not being under the influence of alcohol.

Police reports. Police personnel are required to fill out a report for each injurious traffic
crashes occurring in the country. Police reports are scanned and archived as image files. For
approximately 28% of drivers involved, the national ID number is recorded in the report. All

the 210,818 available police reports in France from July 2005 to May 2008 were gathered.



Health care insurance database. The national health care insurance system database covers
the entire population of France (64 million people in 2008). A record is added each time a
reimbursed prescription medicine is dispensed to an outpatient at a pharmacy, including
national ID number, date of dispensing, and the seven-digit code that identifies medicines.
Data on long-term chronic diseases are also registered in this database, with the ICD-10 code
(International Classification of Diseases, Tenth Revision) as well as the start and end dates of
the disease. In France, patients are fully reimbursed for health care expenses related to 30
recognized long-term chronic diseases.

Epilepsy

In order to allocate epileptic patients to the administrative status of "long-term chronic
disease”, several severity criteria are investigated: impact on cognition, on family or on
professional life, frequency and type of seizures, resistance to treatments or side effects linked
to treatment. Thus, we used this status as a proxy for epilepsy severity, indicating patients
with the most severe symptoms. *In France, this represents around 10% of epileptic patients
(Haute Autorité de Santé, 2007). Patients were considered as suffering from severe epilepsy
on the day of the crash if the date of the crash was included between the start and end dates of
the ICD-10 G40 code long-term chronic disease.

Medicines and exposure periods

Antiepileptics. In order to study antiepileptics predominantly prescribed in epilepsy and not in
other conditions, we used data from a survey on medicine prescriptions in France (EPPM,
IMS Health) that describes indications for each medicine. We included in the analyses
medicines used in more than 75% of cases in epilepsy. These antiepileptic medicines were
further studied according to the three following groups: first generation (phenobarbital and

phenytoin), second generation (valproic acid and ethosuximide) and third generation



(vigabatrin, tiagabin, levitiracetam, zonisamide and lacosamide). Patients receiving more than
one single antiepileptic drug were defined as under polytherapy.

In France, no more than 30 days’ worth of treatment with antiepileptics may be dispensed by
pharmacies, so 30 days of exposure were attributed following each dispensing.

Concomitant exposure. In France, a classification of medicines that potentially affect driving
abilities have classified into four levels of risk (Castot and Delorme, 2009; Arrété, 2008;
Afssaps, 2009).**® Consequently, analyses were adjusted for the use of other medicines
grouped according to this classification system.

Exposure was considered to have started the day after the drug was dispensed. In order to
ensure that the medicines were not those prescribed as a treatment for injuries sustained in the
crash, medicines dispensed on the day of the crash were not considered in the analysis.
Analysis

Inclusion of subjects. Subjects whose police report did not contain their national ID number
were not included. We compared the included subjects with the non-included ones with
respect to age, gender, severity of injury, vehicle type, location of the crash, the type of police
personnel who filled in the police report, alcohol level, and responsibility status

Descriptive analysis. Frequencies of exposures to antiepileptics were compared according to
individual and crash characteristics in a multivariate logistic regression analysis.
Responsibility analysis. The principle of responsibility analysis is to compare exposure
probabilities on the day of the crash between the drivers deemed responsible for the crash
(cases) and those not responsible (controls). Responsibility levels related to the crash were
determined by a method adapted from Robertson and Drummer.'” This method, recently used
in France using data from the national police database of fatal crashes, takes into account six

factors likely to reduce driver responsibility: road, vehicle and driving conditions, type of



crash, traffic rule obedience, and difficulty of task involved. A score is assigned to each driver
for each of these factors, from 1 (favourable for driving) to 4 (not favourable for driving).'®
The logistic regression model included terms for age, gender, socioeconomic category, month
of the crash, time of the crash, location of the crash, type of vehicle, severity of injury, blood
alcohol level, concomitant medications, long-term chronic diseases, and severe epilepsy.
Case-crossover analysis. The case-crossover analysis consisted of a pair-matched analytical
approach to compare exposure during a period immediately before the crash (case period)
with exposure during an earlier period (control period) for the same subject.'® We compared
antiepileptic exposure during the three months before the crash with antiepileptic exposure
during an earlier three-month control period. Odds ratios were estimated by conditional
logistic regression.

Data were analysed using the SAS® statistical software package, version 9.0 (SAS Institute,
Cary, NC).

This study was approved by the French Data Protection Authority.

RESULTS

Extraction and matching procedures led to the inclusion of 72,685 drivers who were involved
in road traffic crashes (34,896 were responsible for causing the crash and 37,789 were not).
These accounted for 18.5% of the 392,169 drivers registered in the national police database of
injurious traffic crashes. The severity of injury was the main factor associated with the
probability of being part of the study. The inclusion rate was approximately the same for
responsible and non-responsible drivers (18.8% and 18.3%, respectively).

251 drivers (0.35%) were exposed to at least one antiepileptic on the day of the crash. The
multivariate descriptive analysis showed that exposure to antiepileptics was higher among

men, drivers aged over 45 years and unemployed drivers. Antiepileptic exposure was more



likely among drivers involved in single-vehicle crashes. Exposure to antiepileptic medicines
was not associated with blood alcohol concentration (Table 1).

Multivariate responsibility analysis measured an odds ratio of 1.74 [1.29-2.34] for drivers
exposed to antiepileptics. 99 drivers (0.14%) were registered on the day of the crash as with
ICD-10 G40 code long-term chronic disease. The odds ratio was 2.20 [1.31-3.69] for these
drivers compared with all other drivers. Among these 99 drivers with severe epilepsy, 36
(36.4%) had their last antiepileptic prescription at least 31 days before the crash suggesting
they were not exposed to the medicine on the day of the crash. The odds ratio for responsible
crash in this subsample was slightly the same as in the 63 drivers exposed to an antiepileptic
on the day of the crash (OR=2.91 [1.25- 6.77] and OR=2.02 [1.01-4.04], respectively).
Multivariate responsibility analysis showed a significant association between exposure to
second and third generation of antiepileptics and responsibility (OR=2.15 [1.56-2.97] and
OR=3.01 [1.40-6.44], respectively) (Table 2).

The odds ratio was 1.67 [0.98-2.83] for drivers exposed to several antiepileptics on the day of
the crash (n=87) and 1.81 [1.27-2.57] for drivers under monotherapy (n=164), compared to
non-users.

The case-crossover analysis found no association between the risk of crash and exposure to

antiepileptics (OR=0.68 [0.42-1.10]).

DISCUSSION

The analysis of medicines dispensed to 72,685 drivers involved in injurious road traffic
crashes in France between July 2005 and May 2008 found that drivers with prescribed
antiepileptic medicines have an increased risk of being responsible for a crash (adjusted OR
1.74 [1.29-2.34]. Drivers with severe epilepsy had a two-fold increased responsibility risk

(OR=2.20 [1.31-3.69]).



The responsibility analysis lends real strength to the study because it allows for comparisons
of cases and controls who share the characteristic of being drivers. In a previous study on the
impact of illegal drug consumption, using the same national police database but limited to
fatal collisions,® the same method was used to determine responsibility and was approved by
an expert evaluation of responsibility.'® The strong dose-effect relationship found in our study
between alcohol level and responsibility is a further indirect validation of the method.
Responsibility levels were computed independently of the use of alcohol and illicit drugs
because of their potential interactions with medical drugs.

The results showed that drivers who had been severely injured were more likely to be
included in the study than those who had sustained slight injuries or who had died. Injured
drivers were more likely to be admitted to hospital, and therefore their health care numbers
were more likely to be noted in police reports. Consequently, our study sample slightly
overrepresented drivers who had been involved in more serious crashes.

In our study, severe epilepsy referred to a long-term chronic disease for which patients are
fully reimbursed for health care expenses related to the disease. Patients who may benefit
from this system are those suffering from resistant epilepsy and/or for whom the epileptic
disease has an impact on their socio-professional life. In France, a renewable one-year
temporary driving licence can be delivered to epileptic patients after advice from a medical
commission.

A study showed that when a seizure arises while driving, 55% of epileptic patients crash.?’ A
retrospective case-control study found that patients who had seizure-free intervals of more
than one year had a 93% reduced odds for crashing compared with patients with shorter
intervals.™ In a longitudinal study, 222 of 1,089 epileptic patients (20.4%), followed up
between 1965 and 1991, had a seizure at the wheel and this percentage was even higher in

drivers who had at least one seizure a month (36.2%).%* A literature review on medical risks



in epilepsy concluded that frequent seizures are a risk factor for accidents resulting in injuries,
and that seizure-related fatalities are much more important in chronic epilepsy than in new-
onset cases.? It is thus likely that drivers suffering from severe epilepsy in our study represent
chronic epileptic patients with more frequent seizures. However, no information on the
number or frequency of seizures was available in our study. An accident analysis report
showed that crashes due to seizures are more likely to involve a single vehicle. 2 We
consistently observed that drivers under antiepileptic treatment were more frequently involved
in single-vehicle crashes.

A study showed that 59.4% of the patients who had seizures at the wheel also suffered from
psychological disorders.” In a recent cohort study, comorbidities were significantly higher in
those with epilepsy compared with those without epilepsy, including alcohol abuse, drug
abuse, psychoses, depression or other neurologic disorders.* Our analyses were adjusted for
blood alcohol level, prescribed medicines used in anxiety and depression disorders and other
long-term chronic diseases including some mental, behavioural and nervous system disorders.
Exposure to medications was ascertained from computerised records of reimbursed
prescriptions filled in at the pharmacy, avoiding any recall bias. We did not know whether the
medicines were actually ingested and had no information on serum drug level. A retrospective
cohort study conducted in the US showed that epilepsy patients without regular driver’s
licences were characterised by more non-compliance with antiepileptic treatment.® Another
study showed that 20% of patients who had a crash during a seizure crashed immediately after
missing an antiepileptic dose.! Non compliance could not be explored in our study because
exposure was estimated solely from dispensing data. Further studies should be designed to
measure antiepileptic blood concentrations in patients involved in road traffic crashes.

Our results showed no significant association for the first generation of antiepileptics.

Nowadays, these medicines are less and less prescribed. Patients undergoing these treatments
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may thus be long-time users who do not need to switch for newer drugs as their epilepsy is
well controlled. Patients using these drugs may thus be less likely to experience seizures at
the wheel. The increased responsibility risk for users of second and third generation of
antiepileptics is probably more related to epilepsy than to the medicines themselves. The
difficulty in such studies is to disentangle the impact of the medical condition and of
medication. The absence of an association between the risk of crash and treatment
prescription in the case-crossover analysis indicates that there is no acute effect of the
treatment, suggesting that the risk is linked to seizures and probably not due to medicines.
This hypothesis is reinforced by the results showing that the odds ratio was approximately the
same in the subgroup of drivers suffering from severe epilepsy and not exposed to an
antiepileptic medicine on the day of the crash (OR=2.91 [1.25-6.77]) compared with exposed
drivers (OR=2.02 [1.01-4.04]). In addition, in our study, patients under polypharmacy were
not at increased risk of being responsible for a crash. Data reported from epidemiological
studies, also suggests that the risk of crash is associated with the lack of treatment or changes
in treatment (antiepileptic medicines being reduced or switched).’®** Patients with
prescription of antiepileptic drugs should however be cautioned about their potential risk of

road traffic crash.
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Table 1. Exposure to antiepileptics on the day of the crash according to characteristics of drivers

and accidents

Exposed to antiepileptics

N n (%)
72.685 251 (0.35)
Gender *
Men 49,770 186 (0.37)
Women 22,915 65 (0.28)
Aqe *kk
<24 17,869 15 (0.08)
25-44 32,154 115 (0.36)
45-64 17,786 96 (0.54)
> 65 4,876 25 (0.51)
Socio-economic category **
Higher managerial and professional occupations 2,784 6 (0.22)
Intermediate occupations 24,984 71 (0.28)
Workers 11,887 41 (0.34)
Retired 6,449 36 (0.56)
Unemployed 3,021 22 (0.73)
Other/missing 16,014 63 (0.39)
Student 7,546 12 (0.16)
Injury severity **
Unhurt 19,093 45 (0.24)
Slightly injured 26,327 103 (0.39)
Seriously injured 25,864 99 (0.38)
Killed 1,401 4 (0.29)
Alcohol (NS)
missing 9,919 33(0.33)
<05¢/L 58,700 204 (0.35)
>0.5 g/L 4,066 14 (0.34)
Time of day (NS)
04.00 - 08.59 11,001 33 (0.30)
09.00 - 11.59 9,804 32 (0.33)
12.00 - 17.59 28,895 113 (0.39)
18.00 - 22.59 18,696 66 (0.35)
23.00 - 03.59 4,289 7 (0.16)
Accident type ***
1 vehicle
Highway/ Secondary road 9,199 42 (0.46)
Urban 4,941 30 (0.61)
> 2 vehicles
Highway 3,827 11 (0.29)
Secondary road
Intersection 6,313 13 (0.21)
No intersection 23,129 65 (0.28)
Urban
Intersection 11,973 37 (0.31)
No intersection 11,879 46 (0.39)

* p<0.05, **p<0.001, ***p<0.0001 (multivariate analysis), NS= Not significant
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Table 2. Odds ratios for responsible road traffic crashes in users of antiepileptics by generation

Antiepileptics n OR [95% CI] ® OR [95% CI] °

All 251  1.69[1.31-2.18]*** 1.74[1.29-2.34]**
1st generation © 71 1.00 [0.63-1.59] 0.91 [0.53-1.56]
2nd generation® 167  2.15[1.56-2.97]*** 2.10 [1.45-3.03]***

3rd generation® 34  3.01[1.40-6.44]*  3.05[1.15-8.08]*

Reference: not exposed to medicines considered

Crude odds ratios

® Odds ratios adjusted for age, gender, socioeconomic category, month, time of day, location, vehicle
type, alcohol level, injury severity, concomitant exposure, severe epilepsy and long-term chronic
diseases

“Phenobarbital and phenytoin

“Valproic acid and ethosuximide

*Vigabatrin, tiagabin, levitiracetam, zonisamide and lacosamide

* p<0.05, ** p< 0.001, ***p<0.0001
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