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Abstract

Patients with epilepsy often require long-term treatment with antiseizure medications,
and their impact on daily activities, particularly driving, is of significant concern.
The recently published “Guideline for Evaluating Effects of Psychotropic Drugs on
the Performance to Drive a Motor Vehicle” in Japan provides a framework that can
be referred to for not only the evaluation of new drugs but also the reevaluation
of approved drugs. This study conducted a literature review regarding the effects
of carbamazepine, valproate, lamotrigine, lacosamide, and levetiracetam, which are
frequently prescribed for epilepsy, on driving performance following the guideline's
tiered evaluation approach. Analyses of pharmacological, pharmacodynamic,
and adverse events suggested that these drugs primarily affect arousal function.
Driving studies showed that acute administration of carbamazepine, but not chronic
monotherapy with carbamazepine, valproate, lamotrigine, and levetiracetam,
significantly impairs driving performance. Epidemiological studies have not
identified a definitive association between these drugs and traffic accidents. Initial
administration of these five antiseizure medications may affect driving performance,
warranting special attention, but the influence appears to diminish with continued
use. Nevertheless, while long-term administration of these five drugs may not have
a clinically meaningful effect on driving performance, safe driving is not guaranteed
for each individual patient, and appropriate individualized guidance is important in

clinical practice.
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1 | INTRODUCTION

The tolerability of antiseizure medications (ASMs) is crucial for pa-
tients with epilepsy because of the necessity of long-term use and
the need to consider carefully their effects on daily functioning,
particularly on driving. Patients with epilepsy must be seizure-
free for a certain period to be deemed fit to drive, making medi-
cation adherence and the absence of drug-related adverse events
paramount.

While the effects of ASMs on driving performance remain in-
completely understood, the Driving Under the Influence of Drugs,
Alcohol, and Medicines (DRUID) project by the European Union
classifies the effect of all medicinal drugs, including ASMs, on au-
tomobile driving into four risk categories. These classifications are
based on a combination of pharmacological and pharmacodynamic
data, evidence from experimental and epidemiological studies, and
adverse events.! Each ASM possesses a unique pharmacological
profile and is presumed to have different effects on drowsiness,
dizziness, and cognitive function.? Nonetheless, in many countries,
effective risk communication between physicians and patients re-
garding pharmacological treatment and automobile driving is con-
sidered crucial to prevent traffic accidents. Practical regulations are
implemented in these countries, considering both ASM treatment
and patients' social activities.

The recently published “Guideline for Evaluating Effects of
Psychotropic Drugs on Motor Vehicle Driving Performance to Drive
aMotor Vehicle” in Japan® provides a framework that can be referred
to for not only the evaluation of new drugs but also the reevaluation
of approved drugs. In this study, we conducted a literature review
regarding the effects of carbamazepine, valproate, lamotrigine, la-
cosamide, and levetiracetam, which are frequently prescribed for
epilepsy, on driving performance following the guideline's tiered

evaluation approach.*

2 | METHODS

The target drugs were carbamazepine, valproate, lamotrigine,
lacosamide, and levetiracetam, which are frequently prescribed
oral monotherapy for adult focal or generalized seizures in Japan
and worldwide.> The search databases included PubMed and
Pharmaceuticals and Medical Devices Agency (PMDA) approval
application summaries. Clinical trial results for evaluation of adverse
events were searched in the PMDA database, which publishes the
results of all trials used in regulatory submissions. To determine the
risk of the drugs, in principle, the referenced evidence was based
on healthy adults (excluding older adults). We employed a tiered
approach, investigating pharmacological and pharmacodynamic
evaluations, adverse events in exploratory, confirmatory, and long-
term studies, and driving studies, as recommended in the guideline.®*
Additionally, considering previously approved drugs, we included
epidemiological research. A flowchart of the tiered approach used
in this study is shown in Figure 1. Specifically, pharmacological
evaluations identified functional domains (arousal, sensory-
perceptual, cognitive, and psychomotor functions)® affected by the
drugs, while pharmacodynamic evaluations examined theirinfluences
on these domains. The risk of traffic accidents significantly increases
with a blood alcohol concentration (BAC) above 0.05%.% Therefore,
the pharmacodynamic evaluation focused on neuropsychological
tests that have been examined for their association with BAC, as
exemplified in the guideline. Among the studies, this minimized false
positives and false negatives, allowing for test result interpretation.
Adverse event data from clinical trials were analyzed to assess the
time course of events affecting driving. Driving studies evaluated
clinically meaningful driving impairment,* while epidemiological
studies examined the relationship between drug use and occurrence
of traffic accidents. The search period was up to June 2023, and only

English-language literature was selected from PubMed.

Based on pharmacological evaluation, affected functional domains related to driving are identified

Based on pharmacodynamic evaluation, the influence on these domains determined in Step1
(Neuropsychological tests that are relevant to BAC and exemplified in MHLW guideline) are assessed

Time courses of adverse events affecting driving in clinical trials are evaluated

Clinically meaningful driving impairments, particularly SDLP, are evaluated
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Relationship between drug use and occurrence of traffic accidents is examined

RIGHTS LI N K}

FIGURE 1 Flowchart of the tiered
approach for evaluating the effects of
antiseizure medications on motor vehicle
driving performance. BAC, blood alcohol
concentration; MHLW, Ministry of Health,
Labour, and Welfare; SDLP, standard
deviation of lateral position.
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3 | RESULTS
3.1 | Pharmacological evaluation

The mechanisms of action of ASMs are generally complex. However,
here, carbamazepine, valproate, lamotrigine, and lacosamide are
classified as voltage-gated sodium channel (VGSC) modulators that
inhibit VGSC, while levetiracetam is categorized as a synaptic vesicle
protein 2A (SV2A) modulator acting on SV2A. VGSC and SV2A
modulators are presumed to have inhibitory effects on excitatory
neurotransmission. Additionally, valproate inhibits y-aminobutyric
acid (GABA) transaminase, increasing GABA levels in the brain,
leading to known inhibitory enhancement.’> According to a report
by Willems et al.2 that examined the relationship between the
mechanism of action and the side effect profile of ASMs, VGSC,
and SV2A modulators have less impact on arousal function than
benzodiazepines. However, carbamazepine, valproate, lamotrigine,
lacosamide, and levetiracetam may also affect sensory-perceptual
functions,? indicating the need to evaluate their effects on arousal

and sensory-perceptual functions in pharmacological assessments.

3.2 | Pharmacodynamic evaluation

The dosage, duration of administration, assessment methods, and
timing of assessment varied across studies. The extracted trial results
are summarized in Table 1. While multiple studies reported that
carbamazepine affects sensory-perceptual functions, few studies
have examined its influence on arousal function.®™'* Additionally,

reports assessing the effects of valproate,'® lamotrigine,%1316-18

lacosamide,* and levetiracetam®?7-2!

on arousal and sensory-
perceptual functions were either limited or not found. None of the
drugs were sufficiently studied for their effects on arousal function,
and it was not possible to determine whether arousal or sensory-
perceptual functions were primarily affected by these drugs through
pharmacodynamic evaluations. Therefore, it was deemed necessary
to examine the influence of these drugs on driving based on the

occurrence of adverse events in clinical trials.

3.3 | Evaluation of adverse events

Regarding adverse events affecting driving, arousal-related events
such as drowsiness and somnolence, and sensory-perceptual-
related events such as dizziness were defined, and with adverse
events whose causality were not ruled out. Trials for carbamazepine,
lamotrigine, lacosamide, and levetiracetam were identified,
excluding valproate, but no information on time course aspects
such as onset and the duration of adverse events was available
(Table S1). Considering the high incidence of adverse arousal-related
adverse events in these trials and the pharmacological evaluation of
valproate,® these drugs appear to affect primarily arousal function,
making interpretation of driving study results using the standard
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TABLE 1 Results of pharmacodynamic evaluations in clinical trials targeting healthy subjects: Comparison with placebo or no medication.

REPORTS

Effect on functional domains related to driving

Psychomotor
functions

Cognitive functions

Sensory-perceptual functions

Duration of administration Arousal function

Dosage (mg/day)

l(3)7,9,11

)7
(_)(4)6,10,12,14

el

1 (2)7,13

l(2)7,13
4—)(1)12

Single dosing~12 weeks

200-1200

Carbamazepine

<—>(4)6'8’1O'12

o)

4weeks

951

Valproate

<—>(3)10'16'17

(_)(2)10,16

‘_)(1)13
Hay

‘_)(1)10

Single dosing~12 weeks

50-300

Lamotrigine

(_)(1)14
(Y

6weeks

300

Lacosamide

(_)(2)8,9

4—)(2)20'21

Single dosing~8 weeks

500-2000

Levetiracetam

Note: Results evaluated by neurocognitive tests recommended in the MHLW guideline. |, Statistically significant worsening; <>, No statistically significant difference; 1, Statistically significant improvement;

2
C
g
’7

-, No data available. N, Number of trials. Superscript numbers represent reference numbers.
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deviation of lateral position (SDLP; weaving during driving), which is

a standardized index, feasible.

3.4 | Driving studies

Two driving studies with carbamazepine administered to healthy in-
dividuals and two driving studies with carbamazepine, valproate, la-
motrigine, and levetiracetam administered to patients with epilepsy
were identified. Although acute administration of carbamazepine
significantly increased SDLP,?2% no significant difference in SDLP
was found between patients with epilepsy under monotherapy
with carbamazepine, valproate, lamotrigine, and levetiracetam and
healthy controls.?* Moreover, SDLP in patients taking carbamaze-
pine, valproate, lamotrigine, levetiracetam, and other ASMs did not
significantly differ from that in healthy controls.?® This suggests that
continued carbamazepine administration does not result in clinically
meaningful driving impairment. Considering the pharmacokinetics,
carbamazepine induces cytochrome P450, leading to decreased
blood levels over days of administration, which may affect driving
performance in the initial phase. The acute effects of valproate, lam-
otrigine, and levetiracetam are unclear and warrant caution, but con-
tinued administration is not believed to result in clinically meaningful
driving impairment. Although no driving studies were found for la-
cosamide, the incidence of arousal-related adverse events with la-

cosamide was lower than that for carbamazepine-controlled release,

which has a similar effect to carbamazepine on half-life and wake-
fulness, suggesting that its influence on driving performance may
not be greater than that of carbamazepine. However, considering

the results of epidemiological studies is also considered appropriate.

3.5 | Epidemiological studies

Four reports were identified from different populations. A sponta-
neous reporting epidemiological study showed more spontaneous
reports of traffic accidents with Iamotrigine,26 but epidemiologi-
cal studies using patient registry databases did not show any as-
sociation between traffic accidents and ASMs.?”"?? The increased
risk of traffic accidents with lamotrigine does not undermine the
results suggesting no association between ASMs and traffic acci-
dents. Moreover, the risk of traffic accidents with lacosamide did
not exceed that of carbamazepine, valproate, lamotrigine, and leveti-
racetam.?® From epidemiological studies, it was considered that the
continued administration of the five ASMs does not result in clini-

cally meaningful driving impairment.

4 | DISCUSSION

Five frequently prescribed drugs for epilepsy—carbamazepine, val-

proate, lamotrigine, lacosamide, and levetiracetam—were reviewed

TABLE 2 Summary of the tiered approach in the MHLW guideline for frequently prescribed antiseizure medications for epilepsy.

Tiered evaluation approach in MHLW guideline

Pharmacodynamic
evaluation

Pharmacological

Drug class Drugs evaluation

VGSC CBzZ
modulator

Arousal function: | /<
Sensory functions: |
Cognitive functions: |/«

Primarily arousal
and sensory
functions

Psychomotor functions: | /<

VPA Arousal function: NA
Sensory functions: NA
Cognitive functions: NA
Psychomotor functions: <

LTG Arousal function: <
Sensory functions: | /<
Cognitive functions: <
Psychomotor functions: <

LCM Arousal function: NA
Sensory functions: NA
Cognitive functions: <

Psychomotor functions: NA

SV2A LEV
modulator

Arousal function: <
Sensory functions: NA
Cognitive functions: t
Psychomotor functions: <

Adverse events

evaluation Driving studies Epidemiological studies

Acute: | (Healthy)
Chronic: <(Patient)

Primarily arousal
function

No significant association
between traffic
accidents and antiseizure
medication in patient
registry databases

More spontaneous
reports of traffic
accidents with
lamotrigine

Acute: NA
Chronic: < (Patient)

Acute: NA
Chronic: <(Patient)

NA

Acute: NA
Chronic: <(Patient)

Note: |, Statistically significant worsening; <, No statistically significant difference; 1, Statistically significant improvement; NA, No data available or

not assessed.

Abbreviations: CBZ, carbamazepine; LCM, lacosamide; LEV, levetiracetam; LTG, lamotrigine; MHLW, Ministry of Health, Labour, and Welfare; SV2A,
synaptic vesicle glycoprotein 2A; VGSC, voltage-gated sodium channel; VPA, valproate.
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and are summarized in Table 2. The pharmacological effects of ASMs
are complex because their mechanism of action is not clearly under-
stood and each agent has multiple points of action.’ Drugs affecting
arousal could potentially impair driving, although their sedative ef-
fects are also influenced by individual differences. Although limited

22.23 3ccording to the

ASMs have been evaluated in driving studies,
tiered approach proposed in the guideline,®* these five ASMs may
result in clinically meaningful driving impairment under acute admin-
istration, but not under chronic administration.

The evidence referenced in this study varies in terms of trial de-
sign, drug dosage, participant characteristics, evaluation methods,
etc. Additionally, there are many other ASMs besides those dis-
cussed in this study, highlighting the ongoing need to accumulate
evidence. It is also important to note that the effects of the ASMs
considered in this study were evaluated under monotherapy condi-
tions. In clinical practice for epilepsy treatment, attention should be
paid to factors such as drug dosage, drug interactions, and pharma-
cokinetics. While minimizing the impact on driving is important, sei-
zure control remains paramount, and there should not be a set upper
limit on the dose of therapeutic agents within the tolerated range.
Even if a drug has minimal impact on driving, it does not guarantee
safe driving by individual patients. Therefore, to ensure safe driving
for each patient, it is crucial to provide individualized guidance in
clinical practice.®
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