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Abstract

The administration of antiepileptic drugs (AEDs) is the first treatment of epilepsy, one of the most com-
mon neurological diseases. Therapeutic guidelines include newer AEDs as front-line drugs; monotherapy
with new AEDs is delivered in Japan. While about 70% of patients obtain good seizure control by taking
one to three AEDs, about 60% experience adverse effects and 33% have to change drugs. Compared to
traditional AEDs, the prolonged administration of new AEDs elicits fewer adverse effects and fewer drug
interactions and their teratogenicity may be lower. These characteristics increase drug compliance and
allow combination therapy for drug-resistant epilepsy, although the antiepileptic effects of the new AEDs
are not greater than of traditional AEDs. Comorbidities are not rare in epileptics; many adult patients pre-
sent with stroke and brain tumors. In stroke patients requiring risk control and in chemotherapy-treated
brain tumor patients, their fewer drug interactions render the new AEDs advantageous. Also, new AEDs
offer favorable side benefits for concurrent diseases and conditions. Patients with stroke and traumatic
brain injury often present with psychiatric/behavioral symptoms and cognitive impairment and some
new AEDs alleviate such symptoms. This review presents an outline of the new AEDs used to treat adult
patients based on the pharmacological activity of the drugs and discusses possible clinical indications
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from the perspective of underlying causative diseases and comorbidities.
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Introduction

Epilepsy is one of the most common neurological
diseases; its first-line treatment is the adminis-
tration of antiepileptic drugs (AEDs). These are
divided into first-, second-, and third-generation
AEDs.” The commonly used first-generation AEDs
are phenytoin (PHT), phenobarbital (PB), carba-
mazepine (CBZ), valproic acid (VPA), zonisamide
(ZNS), and clobazam (CLB). In North America and
Europe, ZNS is considered as a second-generation
drug. The third-generation drug includes lacosamide
(LCM) and eslicarbazepine acetate; others recently
delivered are included in the second generation.
Post-second-generation AEDs are commonly known as
new AEDs. In Japan, their administration as add-on
therapy was approved in 2006 and gabapentin (GBP),
topiramate (TPM), lamotrigine (LTG), levetiracetam
(LEV), and rufinamide (RFN) are distributed as
oral drugs. Vigabatrin (VGB), oxcarbazepine (OXC),
perampanel (PER), and LCM are being considered
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adverse effect, side benefit, primary disease, comorbidity, neurosurgery

for approval by the Japanese Ministry of Health,
Labour, and Welfare. While therapeutic guidelines
have long advocated the administration of CBZ
and VPA as a first drug for focal and generalized
seizures,? based on expert opinion and recent
guidelines, several new AEDs are recommended as
first- and second-line drugs in patients with focal
and generalized seizures.?® Monotherapy with LTG
and LEV is approved in Japan.

In the definition of epilepsy revised in 2014
by the International League Against Epilepsy, the
condition was defined as a disease of the brain
manifesting any of the following conditions: (1)
at least two unprovoked (or reflex) seizures occur-
ring more than 24 hours apart; (2) one unprovoked
(or reflex) seizure with the probability of further
seizures similar to the general recurrence risk of
at least 60% after two unprovoked seizures occur-
ring over the next 10 years; and (3) a diagnosis of
an epilepsy syndrome.? Using these criteria, about
70% of patients obtained good seizure control by
taking one to three AEDs.®) However, adverse effects
were experienced by about 60%, and about 4% of
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patients stopped taking the drugs.® While the new
AEDs are not superior to traditional AEDs in terms
of their antiepileptic- and acute adverse effects,”
their prolonged administration elicited fewer adverse
effects and milder interactions with other drugs than
did traditional AEDs.'**® Most new AEDs involve
less teratogenicity and their effect on the patients’
physical status, including hormone secretion and
the bone and lipid metabolism, are milder.’¥ The
lower teratogenicity of LTG and LEV has raised
interest in these drugs. The new AEDs also offer
favorable side benefits with respect to concurrent
diseases and conditions.?” Several new AEDs have
unique binding sites, LEV binds to synaptic vesicle
2 (SV2), PER to the o-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor, and LCM
to collapsin response mediator protein-2 (CRMP2).
The possibility that their unique profiles render the
new AEDs advantageous for combination therapy
has been suggested.!?

As it is expected that new AEDs will be prescribed
widely, cognizance of their basic mechanisms of
action and their specific characteristics is impor-
tant. This review presents an outline for the use
of these drugs in adult epileptics based on the
pharmacological activity of the new generation of
AEDs, and discusses clinical indications for the use
of these new drugs.

Pharmacological Mechanisms of
the New AEDs

Most AEDs exert their antiepileptic effects via the
Na* or the Ca?" channel or via GABAergic trans-
mission.'” In addition to the major action site, the
new AEDs tend to have several minor action sites.
Pharmacological evaluations showed that LEV, PER,
and LCM have unique binding sites and unique
profiles (Table 1).19

In animal models of spontaneous- and induced
epilepsy, LEV suppressed seizures,'”'® but unlike
other AEDs, it did not inhibit acute reactive seizures
induced by maximal electroshock and the injection
of pentylenetetrazol.’® The LEV-induced inhibition
of evoked abnormal firing was prolonged by more
than 30 minutes in slice preparations after LEV
was completely washed out from the perfusion.?”
While its action site was initially unknown, it was
found to SV2A,?Y an isoform of integral membrane
proteins, SV2A, and the most widespread isoform
in all pre-synaptic terminals of the central nervous
system (CNS).?? In animal models, there appears to
be a difference in the distribution of SV2A in the
acute progressive and chronic states of epilepsy.
In spontaneously epileptic rats with intractable

epilepsy, there was a lower distribution of SV2A
in the cerebrum and of synaptotagmin-1 in the
epilepsy-related region.?® We also had a result that
immunohistochemical studies using isolated brain
tissue from patients with intractable epilepsy yielded
similar findings (Fig. 1). LEV decreased the vesicular
release during high-frequency activity. The modula-
tion of neuronal activity was a form of short-term
depression that affected information transfer over
a range of spike frequencies and stabilized cortical
firing.?¥ On the other hand, LEV delivered in an
injectable solution suppressed the status epilepticus,?
suggesting that LEV exerts its acute anticonvulsive
effect via minor action sites in epileptic abnormal
neurons like the L-type Ca? channel.20?%

PER is the first AED targeted on a receptor of
glutamatergic transmission. AMPA receptors, primarily
located on the post-synaptic membrane of excitatory
synapses, are involved in fast excitatory signaling
within and between brain regions. Their activation
may lead to fast synaptic excitation.?” Blockage
of AMPA receptors globally across the brain has
antiepileptic effects, and PER is an aryl-substituted
2-pyridone AMPA receptor antagonist whose side-
effect profile in rodents and epileptic patients has
been reported.?”

LCM, a chiral functionalized amino acid, selec-
tively enhances the slow inactivation of voltage-
gated sodium channels and attenuates seizures.??
Its profile in animal models of seizure and epilepsy
is similar to that of AEDs like PHT and CBZ that
block Na*. Unlike these agents, LCM does not
affect sustained repetitive firing on a time scale
of hundreds of milliseconds nor does it affect fast
inactivation of voltage-gated Na* channels.?? LCM
also binds to CRMP2.2¥ CRMPs are a family of
five intracellular phosphoproteins implicated in
neurotrophic signaling and neuronal outgrowth.
CRMP2 is most abundantly expressed in the adult
brain. While there is no evidence that LCM directly
binds to CRMP-2, it may be involved in an indirect
functional interaction.??

Clinical Formulations in Use

I. Monotherapy

Table 2 presents the indication for the new AEDs.
The effect of LTG and LEV on provoked seizures did
not significantly differ from standard AEDs such as
CBZ and VPA.”9 LTG and LEV are front raw-drug
for monotherapy among new AEDs. In a comparison
monotherapy study in which LEV was more rapidly
titrated than the LTG arm, the efficacy and tolerability
of LEV and LTG in patients with newly diagnosed
focal and generalized epilepsy were not significantly

Neurol Med Chir (Tokyo) 56, May, 2016



The New Antiepileptic Drugs

Table 1

207

Pharmacological site of action in popular old- and new generation

Action site

Main action Drugs
site § Na*

channel Ca?* channel

GABAergic

A Others
transmission

Na* channel

Phenytoin
Carbamazepine
Valproic acid oT type

Zonisamide OT type
Topiramate
Lamotrigine O N, P type
Rufinamide

Oxcarbazepine

© © 000000 Oo

Lacosamide

GABAergic transmission
Phenobarbital

Clonazepam
Clobazam
Vigabatrin

Ca?* channel

Ethosuximide OT type

Gabapentin © 425 subunit

Others

Acetazolamide
Levetiracetam OrT type

Perampanel

O

(O AMPA-R

O O

(O CMRP2

© © © ©

O

© Inhibition of carbonic anhydrase activity

© sv2a
O intracellular Ca?* release

© AMPA-R

bold letters: new antiepileptic drugs, © major action site, O: minor action site, AMPA-R: o-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor, CMRP2: collapsin response mediator protein-2R, receptor.

different. However, adverse events, more prevalent
with LEV than LTG, forced discontinuation of the
study.®” Another study yielded similar results; the
persistence rate of LTG was higher than of LEV.*? On
the other hand, in a double-blind study in elderly
patients with new-onset focal epilepsy, the effect
on seizures and the drug retention rate of LEV and
LTG did not differ significantly. Under identical
administration protocols, LTG required slow titra-
tion; LEV was started at a lower dose and titrated
slowly.®¥ These reports suggest that to improve the
drug retention rate, new AEDs require slow titration
especially at their first administration, though the
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patient dropout rate was similar to the other two
studies in the early period of LEV administration.

II. Combination therapy

Add-on therapy is considered when one or two
monotherapies fail to control seizures optimally.
Treatment with AEDs should be optimized when the
diagnosis of intractability is confirmed and surgery
is not indicated in patients with epilepsy. For
combination therapy, AEDs with other mechanisms
of action are usually selected; the added AEDs must
maximize efficacy and minimize the potential for
adverse events. In patients receiving polytherapy,
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Fig. 1 Distribution of SV2A and synap-
totagmin-1 in patients with intractable
epilepsy. Based on chronic and intra-
operative ECoG findings, samples were
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Table 2 Indications for the new antiepileptic drugs

‘ obtained from the epileptogenic- and
the irritative area in patients with
neocortical epilepsy, and from the
EcoG-active and -inactive area in the
temporal cortex of patients with mesial
temporal lobe epilepsy. After immu-
nohistochemical staining, the optical
density of SV2A and synaptotagmin-1
was measured and its distribution was
recorded. ECoG: electrocorticagraphy;
mTLE: mesial temporal lobe epilepsy;
NCE: neocortical epilepsy; OD: optical
density; STG1: synaptotagmin-1.

*p<0.05,
#p<0.01

Generalized seizure

Drugs SI;';)Z(frle Primary ' I Espi;tzﬁltisc {ndu/ceqlaggravatign of seizure
GTC Absence  Myoclonic Gastaut p ype/epriepsy syndrome

Gabapentin + ABS, MCS, LGS

Topiramate + + + + + +

Lamotrigine + + + +) + + MCS, JME, LGS, BECTS, Dravet

syndrome

Levetiracetam + + (+) + (+) (+) ABS

Rufinamide + + + Little information

Vigabatrin + (+) + ABS, MCS, LGS, Dravet syndrome

Oxcarbazepine + ABS, MCS, JME, LGS

Perampanel + + Little information

Lacosamide + Little information

ABS: absence seizure, BECTS: benign epilepsy with centro-temporal spikes, GTC: generalized tonic-clonic, JME: juvenile
myoclonic epilepsy, LGS: Lennox-Gastaut syndrome, MCS: myoclonic seizure, +: effective, (+): most likely effective.

drug interactions must be considered when enzyme-
inducing AEDs such as PHT, CBZ, PB, and PRM or
enzyme-inhibiting AEDs such as VPA are prescribed.
The characteristics of new AEDs, i.e., the elicitation
of fewer interactions and milder adverse effects,
and their unique site of action render them useful
for combination therapy.'” LTG and TPM have an
effect on liver enzymes, but no relevant interactions
between other AEDs have been reported. Studies in
animals have shown that AED combinations are more
effective when drugs with different mechanisms of
action are used. The most effective combination is
a drug with a single- plus another with multiple
mechanisms of action. In humans, combinations of
a blocker of voltage-gated sodium channels plus a

drug with multiple mechanisms of action may exert
synergistic effects.®? On the other hand, combina-
tions of more than three drugs are not recommended
because they rarely result in complete inhibition of
epilepsy.®® Further studies are needed to determine
the efficacy and safety of AED combination therapy.

Indications for and Adverse Events
with the New AEDs

The primary indication for the use of the new AEDs
is partial seizures. While adverse effects have been
documented, including seizure aggravation, they tend
to be mild (Tables 2, 3). Skin rash has been reported
in 2.8% of patients taking new AEDs, the incidence
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Table 3 Adverse effects of new antiepileptic drugs

Adverse events GBP

TPM

LTG LEV RFN VGB OXC PER LCM

CNS effects
Somnolence + ++
Insomnia
Sedation/psychomotor slowing (+)
Depression
Behavioral problems ++
Psychotic episodes +
Cognitive impairment
Ataxia
Dizziness + ++
Encephalopathy
General issues
Hypersensitivity +
Rash
Fatigue +
Weight gain +
Weight loss +
Seizure aggravation +
Splanchnic and humoral system
Leukopoenia
Hyponatremia
Gastrointestinal (+)
Pancreatitis (+)

Nephrolithiasis (+)

(+) +

++ +

++

GBP: gabapentin, LCM: lacosamide, LEV: levetiracetam, LTG: lamotrigine, OXC: oxcarbazepine, PER: perampanel, RFM:
rufinamide, TPM: topiramate, VGB: vigabatrin, ++: high risk, +: moderate risk, (+): minimal risk.

is 4.8% in patients treated with LTG and higher
with the old AEDs (PHT, ZNS, and CBZ).*® TPM and
LEV may induce fatigue and drowsiness.!*'V In the
chronic phase, the incidence of adverse effects with
the new AEDs is low,' but TPM and PER, drugs
that potentiate glutamatergic transmission, may elicit
behavioral changes and cognition disorders. LEV also
induces aggressiveness and cognition disorders.’”*®
LEV and LTG present a lower teratogenic risk than
the other AEDs,' and the risk in patients treated
with the combination of LTG and LEV is lower than
when other combinations are used. Lower intelligence
quotient (IQ) and autism have been reported in infants
of women treated with high daily doses of VPA
(> 1000 mg) during pregnancy.®” LTG and LEV
feature a broad antiepileptic spectrum and their
administration should be considered in women of
child-bearing age.

Table 4 lists pharmacological interactions between
new AEDs and combination drugs. GBP, LCM, VGB,
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ZNS, and tiagabin are associated with the fewest-
and LTG, OXC, RFM with the highest number of
pharmacokinetic interactions.!213:40)

AEDs must be titrated slowly to reduce the incidence
of adverse effects. The titration of LTG is established
and must be very slow to avoid severe skin rash.
However, in elderly patients, titration compliance
may be difficult. On the other hand, chewable and
small tablet such as LTG are expected in higher
drug compliance than solid and large ones such as
LEV and VPA; this is an important consideration in
the elderly with swallowing difficulties.

Clinical Implications in the Field of
Neurosurgery

As there are few prospective double-blind studies
indicating that new AEDs are better at inhibiting
seizures, it is unlikely that they will soon replace
traditional AEDs. Their primary advantage lies in
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Table 4 Drug interaction of new antiepileptics with combination drugs

Antiepileptics Other drugs
Drugs
Effects on other AEDs Affected by other AEDs Effects on other drugs Affected by other drugs
1: aluminium hydroxide,
magnesium hydroxide
Gabapentin T: cimetidine,
hydrocodone, morphine,
naproxen
oral contraceptive,
imatinib, risperidone,
PER L1 glibenclamide, T amitriptyline, diltiazem,
Topiramate PB . 1l: PHT, PB, PRM, CBZ pioglitazone, risperidone, hydrochlothiazide,

P PHT 1 l: VPA, OXC sumatriptan metformin, posaconazole,
amitriptyline, diltiazem, propranolol, sumatriptan
haloperidol, lithium,
metformin T

l: acetaminophen,
antituberculous agents,
Ll: PHT. PB. PRM. CBZ aripiprazole, lithium, aripiprazole, atazanavir
Lamotrigine  CZP, VPA, LEV | 1: GLB, RFM, OXC, PER Oral contraceptive (Pg - /ritonavir, fluoxetine,
. VPA component), quetiapine ! hormone replacement
’ atorvastatin, olanzapine T therapy, lithium, ropinavir/
ritonavir, olanzapine, oral
contraceptives, orlistat
. l: PHT, PB, CBZ, ) .
Levetiracetam  OXC T LTG, OXC T: probenecid
l: PHT, PB, PRM, :
Rufinamide CBZ, LTG | CBZ. VGB, OXC or.al contraceptive 1
PHT, PB T T VPA triazolam T
: . PHT, CBZ, RFM |
Vigabatrin CBZ 1
PER |l
Oxcarbazepine CBZ, TPM, LTG, LEV, |:PHT, PB, CLB, LCM  oral contraceptive T 1 verapamil
P RFM | T: PER imatinib, felodipine J T: viloxazine
PHT, PB T
Perampanel | l: PHT, CBZ, OXC oral contraceptive | T: ketoconazole
Lacosamide oxXc l: PHT, PB

CBZ: carbamazepine, LEV: levetiracetam, LTG: lamotrigine, OXC: oxcarbazepine, PB: phenobarbital, PER: perampanel,
Pg: progesterone, PHT: phenytoin, PRM: primidone, RCM: lacosamide, RFN: rufinamide, VGB: vigabatrin, VPA: valproic acid,
l: minor decrease, J{: clinically significant decrease, T: minor increase, T7: clinically significant increase.

their retention and their side benefits that exceed
those of traditional AEDs.

Although acute symptomatic seizures are primarily
attributable to brain diseases, metabolic-, toxic-, and
other systemic illnesses may also induce seizures.*?
The subcommittee of the American Academy of
Neurology and the American Epilepsy Society presented
recommendations on the treatment of adults with
an unprovoked first seizure (Table 5).*? Provoked
seizures are acute symptomatic- and reactive seizures;
the correspondence with this type or symptomatic
focal seizures, including secondary generalization,
is addressed below.

In 21-45% of adults, most recurrent seizures
occur within 24 months after a first seizure. VPA
is often chosen in the emergency state because
its antiepileptic spectrum is wide and its adverse
effects are less than other old AEDs. Selection of
VPA may be acceptable in patients scheduled for
surgery in the short term for its characteristics.
However, antiepileptic potential of VPA is weak
against focal seizures as shown in the recent reports
that VPA monotherapy was an independent predictor
of recurrent post-stroke seizures.*” In such cases,
the favorable characteristics of the new AEDs are
advantageous (Table 6).
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Table 5 Recommendation from the Subcommittee of the American Academy of Neurology and the American Epilepsy

Society for treating unprovoked first seizures in adults

(1)  Adults presenting with an unprovoked first seizure should be informed that the chance for a recurrent seizure is
greatest within the first 2 years after the first seizure (21%—-45%) (Level A).

(2) Clinicians should also advise such patients that clinical factors associated with an increased risk for seizure
recurrence include a prior brain insult such as a stroke or trauma (Level A), an EEG with epileptiform abnormalities
(Level A), a significant brain-imaging abnormality (Level B), or a nocturnal seizure (Level B).

(3) Clinicians should advise patients that, although immediate AED therapy, as compared with delay of treatment
pending a second seizure, is likely to reduce the risk for a seizure recurrence in the 2 years subsequent to a first

seizure (Level B), it may not improve QOL (Level C).

(4) Clinicians should advise patients that over the longer term (> 3 years) immediate AED treatment is unlikely to
improve the prognosis for sustained seizure remission (Level B).

(5) Patients should be advised that their risk for AEDadverse events ranges from 7% to 31% (Level B) and that these

adverse events are predominantly mild and reversible.

AED: antiepileptic drug; EEG: electroencephalogram; QOL: quality of life.

Table 6 Preferable indications for the administration
of new antiepileptic drugs

Entity Ponderable new AEDs

Background
History of rush, allergy LEV, GBP, TPM

Women of reproductive age LEV, LTG*

Obesity TPM, LTG, LEV, OXC

Elderly group LEV, LTG, GBP
Comorbidity

Depression LTG, OXC

Cognitive impairment LTG, GBP

Brain tumor LEV, GBP

Migraine TPM

Neuropathic pain GBP, LTG, LCM

Hyperlipidemia no-enzyme inducing AEDs

Co-medications no-enzyme inducing AEDs

*

: < 375 mg, AED: antiepileptic drug, GBP: gabapentin,
LCM: lacosamide, LEV: levetiracetam, LTG: lamotrigine,
OXC: oxcarbazepine, TPM: topiramate.

The new AEDs may be beneficial for prophylactic
and neuroprotective uses in patients with brain
insults. This issue is addressed below.

Possibility of Neuroprotection in
Neurocritical Care

The injury process after acute brain insults begins
with energy failure creating excitotoxicity due to
excessive glutamatergic activation. Oxidative stress
is an important component of early injury together
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with excitotoxicity resulting from the excess forma-
tion of free radicals that target lipids, proteins, and
DNAs. This damages cellular components and initiates
a cascade ending in cell death. These deleterious
biological events trigger inflammatory processes that
are harmful.*¥ Many AEDs, including new AEDs,
have a neuroprotective potential because their antie-
pileptic mechanisms elicit antiexcitotoxicity.*¢)
There are few clinical studies on the neuropro-
tective effect of AEDs. Trials in patients with acute
ischemic and hemorrhagic stroke failed to support
the use of GABA receptor agonists, chlormethia-
zole, or diazepam.*” The neuroprotective effect of
LTG as a sodium-channel blocker was examined in
patients with secondary progressive multiple scle-
rosis, however, no significant effect was observed.*"

Incidence of Seizures and Epilepsy
due to Brain Insults

I. Stroke

Stroke is the leading cause of symptomatic
epilepsy in adults. It accounts for up to one-third
of newly diagnosed seizures among the elderly. The
incidence of early seizures in acute stroke ranges
from 3% to 33%, with 50-78% of the seizures
occurring within the first 24 hours post-ictus; late
seizures were observed in 2—4% of patients.”” The
occurrence of seizures within 24 hours of stroke is
associated with a higher 30-day mortality rate. This
may reflect severe neuronal damage,’” and seizures
during hospitalization predict a poor post-ischemic
stroke prognosis.®” About 3-5% of stroke patients
will suffer a remote seizure and 55-66% of them
will develop epilepsy.*” In patients aged 18-50 years,
the rate of post-stroke epilepsy and epilepsy with
recurrent seizures was estimated to be 11.3% and
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5.6%, respectively. The cumulative risk of epilepsy
was 31%, 16%, and 5% in patients with intrac-
ranial hemorrhage, ischemic stroke, and transient
ischemic attacks, respectively; the cumulative risk
of epilepsy with recurrent seizures was 23%, 8%,
and 4%, respectively, in these patients.’” The risk
for developing epilepsy was greatest in the first
post-stroke year, however, it continued for at least
a decade after the initial stroke.’¥

Intracerebral hemorrhage, subarachnoid hemorrhage,
stroke of undetermined origin, and hyponatremia
are risk factors for early seizures. Among ischemic
strokes, the prevalent risk factors for early seizures
were hyponatremia and hemorrhagic transformation.
Risk factors for late seizures were a younger age and
a cortical stroke site. In patients with intracerebral
hemorrhage, the only risk factor for late seizures
was the previous occurrence of early seizures. Risk
factors of post-stroke epilepsy were the same as for
late seizures.®¥

II. Traumatic brain injury

The average incidence of early seizures after trau-
matic brain injury (TBI) is reported to be 3.1%; it
is 1.5% after mild-, 2.9% after moderate, and 17%
after severe TBI.®» Post-traumatic epilepsy (PTE) is
reported in 10-20% of children with severe TBI.?®
Post-traumatic seizures are divided into immediate
(< 24 hours), early (< 1 week), and late (> 1 week
after injury) seizures. Both immediate and early
seizures are designated as early post-traumatic
seizures, and PTE is often defined as one or more
unprovoked seizures occurring later than 1 week
after TBIL.°® Early seizures are thought of as an
epiphenomenon and a result of an acute injury; their
occurrence does not always lead to the develop-
ment of PTE. Mild head injury, head injury without
skull fracture with either loss of consciousness or
post-traumatic amnesia lasting less than 30 minutes
does not increase the risk for epilepsy. The risk of
PTE after moderate brain injury was 0.7% at 1 year
and 1.6% at 5 years; after severe TBI it was 7.1%
at 1 year and 11.5% at 5 years.®® More than 90%
of PTE episodes occurred within the first 10 years
after trauma. The occurrence of PTE was significantly
correlated with multiple risk factors, i.e., brain
contusion with subdural hematoma, skull fracture,
loss of consciousness or amnesia for more than
1 day, and an age of 65 years or older.’®

III. Brain tumors

Between 30% and 50% of patients with brain
tumors first present with seizures, and 30% or more
will develop recurrent seizures.’” Tumors involve a
variety of epileptogenic factors including activation

of glutaminergic NMDA receptors, immune-mediated
neuronal damage, and anatomic changes in neuronal
input pathways.?® Because of the high risk of recur-
rence, AED treatment should be considered after
the manifestation of a single seizure suspected to
be due to the presence of a tumor.5” Seizure control
is an important pre-operative issue in patients with
glioma.

Younger patients, tumors located in a temporal
lobe, cortical involvement of the tumor, or containing
oligodendroglial components increase the risk of
seizures.’ System Xc, a cysteine/glutamate exchange
complex is one of major glutamate transport protein
on astrocyte membranes. Yuen et al. reported that
increased expression of peritumoral system Xc was
an independent predictor of pre-operative seizure.®”
Schramm et al. proposed new subtype of grade II
characterized by long-term epilepsy, longer survival,
and lower recurrence rate have been described.®
Immunohistochemical study of this subtype revealed
a cellular proliferation below 1%, absence of nuclear
p53 accumulation, and a lack of glial MAP2 and
CD34 expression.®? Gross total resection is the
strongest predictors of seizure freedom in patients
with low-grade gliomas.>”

Prophylactic Use against Seizure
and Epilepsy

Although AEDs are often administered prophylacti-
cally to inhibit reactive seizures after a brain insult,
traditional AEDs do not prevent the development
of epilepsy and there are no established guide-
lines for the prophylactic use of these drugs. The
possible utility of new AEDs for prophylaxis has
been explored in clinical studies.

I. Post-craniotomy

Post-craniotomy seizures are classified chronologi-
cally as immediate (within 24 hours), early (within 1
week), and late (all subsequent events).®® Two-thirds
of seizures occur in the first month after craniotomy,
and the seizure risk persists for several months.®” The
incidence of seizures after supratentorial craniotomy
for non-traumatic pathologies has been estimated to
be between 15% and 20%.% There is little evidence
that AEDs administered prophylactically are, or are
not, effective for preventing post-craniotomy seizures.
Most such studies compared LEV and PHT. In a
head-to-head trial, prophylactic monotherapy with
LEV in patients who had undergone supratentorial
surgery elicited significantly fewer adverse events
and resulted in a higher retention rate than PHT.%¢¢7
Another report showed that in patients treated with
LEV, the incidence of seizures was significantly lower
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(7.3%) than expected; it was 15-20% in patients who
had not received AED prophylaxis.®®®® In studies
on the effect of the combination of intravenous
plus the oral administration of AEDs, there was no
significant difference attributable to the intravenous
delivery of the drug. In fact, its discontinuation due
to the elicitation of adverse side effects was rare in
the studies using LEV and PHT.%

Although analgesia is not the primary role played
by AEDs, the analgesic effect of GBP has been
reported.’” Its administration alleviated the acute
post-operative pain of patients who had undergone
craniotomy for supratentorial tumor resection and
helped to reduce the need for pain medications.

II. Stroke

The routine use of AEDs does not prevent post-
stroke epilepsy. Observational studies that evaluated
the effect of the intravenous delivery of AEDs in
the acute phase suggested that the chronic admin-
istration of PHT or fosphenytoin was associated
with poor long-term neuropsychological outcomes
in patients with SAH.”Y Similar problems were
encountered when PHT was administered after
intracerebral hemorrhage.”” When LEV was used
for seizure prophylaxis after SAH, its 3-day intra-
venous administration elicited a higher rate of
in-hospital seizures than did an extended course
of PHT; most of this increase was due to late
seizures. This suggests that a longer prophylactic
course is needed to minimize seizures post-SAH.”?
Despite similarities in the hemorrhage type and
the severity of SAH at onset, patients treated with
LEV manifested better cognition at the the time of
discharge and fewer seizures thereafter than did
patients treated with PHT.”

III. Traumatic brain injuries

The neuroprotective effect of the prophylactic
administration of traditional AEDs and magnesium
has been studied in large trials.”>’® Neither VPA,
CBZ, nor PHT prevented the development of epilepsy
after moderate to severe TBI and they failed to
reduce the rate of death and neurological disability.
On the other hand, PHT and CBZ prevented the
occurrence of early seizures in the first week after
TBI. While magnesium exhibited a neuroprotective
effect in a number of animal epilepsy models, it
did not protect against PTE.

The prophylactic effect of LEV and PHT has
been compared in patients with severe TBI. LEV
is as effective as PHT for preventing early post-
traumatic seizures.”” While the long-term functional
outcomes in TBI patients treated with PHT or LEV
were not significantly different, the incidence of
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fever during hospitalization was higher in patients
receiving PHT.”®

IV. Brain tumors

According to de Oliveira et al. 70% of their patients
with primary brain tumors received prophylactic
AEDs.” Its administration was discontinued in
14.1% of patients, mostly after a prolonged period
and 27% of their patients on primary prophylaxis
suffered seizures that tended to be associated with
tumor progression. Yuan et al. performed a meta-
analysis that included five observational studies
and one RCT study.’® Their investigation into the
prophylactic efficacy of AEDs after glioma resec-
tion identified no significant difference between
P450 enzyme-inducing- (PHT, CBZ, VPA) and non-
enzyme-inducing AEDs (LEV) with respect to the
prevention of late seizures. However, the tumors
were of different histologies. Another evidence
from a review concluded that AEDs should not
be routinely administered because they failed to
improve seizure control and because the incidence
of adverse events was high.®V

Use of the New AEDs considering
Primary Diseases and Comorbidities

I. Management of stroke recurrence risk

While stroke is a causative factor of epilepsy in
adults, two population-based cohort studies indi-
cated that epilepsy increases the risk of stroke.?28%
According to Wannamaker et al., after adjusting
for covariables, the risk for a subsequent stroke
in patients 35 years and older who suffered new-
onset epilepsy was increased by 60% compared to
the controls, and the median time to stroke was
significantly shorter in epileptics than the controls
(2.7 years vs. 3.2 years).?”? Comorbidity related to
stroke was higher in their epilepsy group than in
the controls. In a series reported by Chang et al.,
there were no prominent stroke-related comorbidi-
ties, however, among epileptics the incidence of
both ischemic and hemorrhagic stroke was higher
than in the general population.®¥ In addition,
younger patients with epilepsy and patients treated
with high doses of AEDs had a high risk of stroke.
Consequently, they concluded that the overall risk
for both ischemic and hemorrhagic stroke increased
as the AED exposure increased. Tan et al. reported
that in epileptics, the thickness of the carotid
intima-media appeared to be positively correlated
with the duration of AED therapy.®¥

The enzyme-inducing AEDs, i.e., PHT, PB, CBZ, and
PRM, increase the activity of the hepatic cytochrome
P450 system involved in the synthesis of serum
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cholesterol. Such AEDs increase total cholesterol
as would be expected from the enzyme induction
hypothesis® and most studies indicated that their
effects on specific lipid fractions favor an atherogenic
profile. Other vascular risk markers, lipoprotein,
CRP, and homocysteine, were increased by CBZ
and PB, CBZ and PHT, and by CBZ, PHT, and PB,
respectively.®® VPA is an enzyme-inhibiting drug;
its administration results in a decreased production
of cholesterol. However, it induces weight gain. A
prospective study on children treated with VPA
and followed for at least 2 years found that 40%
developed obesity, and of those, 43% developed
metabolic syndrome.?” Newer AEDs have minimal or
no effect on hepatic enzymes.?® As patients taking
TPM experienced a significant weight loss,®® its
potential use in obese or overweight patients needs
to be evaluated. The appropriateness of newer AEDs
must be considered in patients with a higher risk
of cerebro- and cardio-vascular disease.

II. Cognitive impairment and psychological comor-
bidities after stroke and TBI

Psychiatric comorbidities in epileptics have
important clinical and therapeutic implications. The
most frequent psychiatric diagnoses are psychoses,
neuroses, mood disorders, personality disorders,
and behavioral problems.*” In a population-based
analysis, lifetime major depression was a significant
issue after adjusting for covariates.®V

Epilepsy is often accompanied by depression
or a depressive state. Data from our outpatient
clinic revealed a correlation between the depres-
sive state and the quality of life (Fig. 2). Among
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Fig. 2 Quality of life and depression in new epilepsy
patients seen in the outpatient clinic. There was a
correlation between the severity of depression and the
overall QOLIE-31P-]J score. An SDS score higher than
40 indicates a depressive tendency. QOL: quality of life;
SDS: self-rating depression scale.

stroke patients, 36.2% suffered depression® and
based on the neuropsychological battery, the rate of
patients with cognitive impairment without dementia
increased to 26.8-39.5% 1 year after stroke onset.
The incidence of post-stroke dementia is about
30%.%Y TBI can elicit immediate and long-term
seizures and epilepsy, mood changes, behavioral and
personality problems, cognitive and motor deficits,
movement disorders, and sleep problems.® A recent
meta-analysis indicates that TBI is associated with
the development of neurological and psychiatric
illnesses including depression, psychotic disorders,
mild cognitive impairment, and dementia.®®

AEDs have negative effects on cognitive function
and they also induce depression. In adult epilep-
tics newly started on an AED, CBZ, GBP, LTG,
and VPA elicited fewer adverse cognitive effects®®
and among first-generation AEDs, CBZ, PHT, ESM,
and VPA had a lower risk for eliciting depression
(< 1%) than other traditional AEDs.”” Among the
newer AEDs used in adult epileptics, GBP and LTG
had significantly fewer psychiatric/behavioral side
effects while LEV elicited psychiatric side effects
in fewer than 10% of patients. Multiple studies
reported patients who discontinued LEV due to
significant psychiatric symptoms including increased
aggression, panic attacks, and behavior changes.?”?%
VGB and OXC were associated with similarly low
rates of psychiatric/behavioral side effects in several
studies that included a small number of patients.
Non-significant intermediate rates of psychiatric/
behavioral side effects were attributed to TPM and
ZNS.?® LTG has been demonstrated to effectively
treat depressive symptoms independent of its anti-
convulsant efficacy in patients with epilepsy®” and
LTG may stimulate improvement in patients with
impairment after severe brain injury.®

The patients’ psychiatric history was the most
significant non-drug related predictor of AED-related
psychiatric/behavioral side effects.®® LTG, GBP,
CBZ, and VPA may be a good choice in patients
with cognitive impairment and expected higher
psychiatric comorbidity.

III. Use of AEDs in elderly patients

As the incidence of epilepsy is much higher in
older- than other population subgroups'® and as the
rate of seizure recurrence is higher in the elderly,
treatment with appropriate AEDs should be started
after their first seizure. Multivariate logistic regres-
sion analysis indicated that among patients with
cerebrovascular disease with/without dementia, with
brain tumors, head injury, and other CNS condi-
tions, the elderly were more likely to experience
new-onset epilepsy.’®V Stroke is the most common
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cause of symptomatic epilepsy in older adults and
30-40% of all elderly epileptics had suffered a
stroke.” Stroke-risk management and attention to
psychiatric comorbidities are especially important
in elderly patients. The most frequent diagnosis in
a cohort of elderly patients with new-onset epilepsy
was temporal lobe epilepsy with complex partial
seizures without secondary generalization (47.1%).
An etiological diagnosis was possible in nearly
50% of patients, including those with cerebrovas-
cular disease. Non-lesional temporal lobe epilepsy
was not uncommon. The response to antiepileptic
medications, primarily at lower doses, was good
(96.3%).1°2 The serum albumin concentration is
often reduced in the elderly.'® AEDs with high
protein binding rates, i.e., CBZ, PHT, VPA, and CLB
have higher levels of free AEDs than expected by
the serum concentration. The blood concentration
of renally-excreted AEDs, i.e., GBP, TPM, and LEV,
is increased due to reduced clearance.

LTG, GBP, and CBZ are recommended for patients
with partial seizures and the drug retention rate is
high in order the of LTG, GBP, and CBZ.'*¥ LEV is
also effective and recommended in elderly patients
with medical complications.!%

IV. Patients requiring chemotherapy

In patients needing chemotherapy, a non-enzyme-
inducing AED is preferred for their initial treat-
ment to minimize the risk of drug interactions that
adversely affect the outcome of anticancer chemo-
therapy. The risk of AED-induced adverse effects
that inhibit the effectiveness of chemotherapy must
be avoided. The risk of skin rash'®® is a motivation
for selecting appropriate AEDs in patients receiving
chemotherapy. LEV yielded good seizure reduction
and efficaciously controlled seizures in both add-on
and monotherapy.®1071%) Patients with a good treat-
ment response manifested significantly stronger
SV2A expression in tumor- and peritumor tissues
than patients who did not show a good response.'®?
The expression of SV2A around the tumor may
predict the efficacy of LEV. Its most common toxicity
manifested as somnolence (30%), psychosis (3%),
and performance worsening.%®1°7:1%) In such patients
and patients with psychiatric history, other drugs
such as GBP, LTG, OXC, TPM, and ZNS should be
considered.'”

VPA exhibited both histone deacetylase inhibitor
(HDACGI) activity and anticancer effects.!*” In pre-
clinical models it sensitized glioblastoma cells.!'?
Chemo-radiation therapy with temozolomide and
VPA resulted in a 2-month survival prolongation in
glioblastoma patients!!® and a meta-analysis and a
systematic review indicated that glioblastoma patients
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treated with VPA may experience prolonged survival.”?
Bobustuc et al. report that LEV is the most potent
O(6)-methylguanine-DNA methyltransferase (MGMT),
a DNA repair protein inhibitor, among several AEDs
with diverse MGMT regulatory actions.''® LEV
enhances p53 binding on the MGMT promoter by
recruiting the mSin3A/histone deacetylase 1 (HDAC1)
corepressor complex. It inhibits the proliferation of
malignant glioma cells and increases their sensitivity
to the nonfunctional alkylating agent temozolomide.*?
In a multivariate analysis, the variables that were
identified as significant prognostic factors for overall
survival were the score on the pre-operative Karnofsky
performance scale, MGMT promoter methylation,
and the administration of LEV.'* Thus, LEV may
have a survival benefit in patients with glioblastoma
undergoing temozolomide-based chemotherapy. Vecht
and Wilms suggested initializing the anticonvulsant
treatment with LEV and in the case of an inadequate
response, the co-administration of VPA due to the
possibility of synergistic effects.’*® Although VPA is
a second-line AED to address focal seizures, Kerkhof
et al. reported that seizure freedom was obtained in
77.8% of glioblastoma patients with ongoing seizures
who were treated with VPA alone, in 69.5% who were
on LEV alone, and in 60.3% undergoing VPA/LEV
polytherapy.!*? In efforts to enhance the activity of
LEV, it may be possible to replace VPA with TPM,
LTG, and OXC.11e117)

Conclusion

When treating patients with focal epilepsy due to
brain insults, neurosurgeons must consider their
age and gender and the residual disability resulting
from the injury. In the critical phase, protection
from seizures is the most important issue. In the
chronic phase, attention must be paid to charac-
teristic comorbidities and concurrent diseases in
the selection of AEDs. While the view from cost-
benefit relation may be required in using new
AEDs at the moment, specific features of the new
AEDs, i.e., fewer drug interactions, fewer chronic
adverse events, and drug side benefits may render
the new AEDs advantageous in epileptic patients
with comorbidities and disabilities due to brain
insults.
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