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Refining General Principles of Antiepileptic Drug
Treatments for Epilepsy
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Antiepileptic drugs (AEDs) are the primary treatment strategy for epilepsy. As the use of
AEDs has become more widespread and diverse over the past century, it has become neces-
sary to refine the associated prescription strategies. This prompted the Drug Committee of the
Korean Epilepsy Society to perform a systemic review of both international and domestic
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Kyung Wook. Kiang ] guidelines as well as literature related to medical treatment of epilepsy, and prepared a series of
Daeyoung Kim', Yong Won Cho reviews to provide practical guidelines for clinicians to follow. This article is the first in a series
on behalf of the Drug Committee on AED treatments for epilepsy in South Korea.
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account circumstances that may be unique to patients in
South Korea. This article is the first in a series, and will de-
scribe the general principles of AED treatments for epilepsy.

GENERAL PRINCIPLES OF AEDS

When a pharmacological treatment is first being consid-
ered, the clinician should address 1) whether the medication
is necessary and 2) which AED to prescribe. It is also impor-
tant to confirm that the event being treated was actually an
epileptic seizure through careful and detailed history-taking
and sufficient evaluations.

At least one confirmed seizure is necessary to clinically di-
agnose epilepsy. There is no disease-specific symptom or sign
for epilepsy, and a neurological examination is normal in most
patients. According to the latest definition,’ epilepsy can be
identified if any of the following are present:

1) Two or more unprovoked seizures occurring more than
24 hours apart.

2) An unprovoked seizure, after which the probability of
further seizures is similar to that of two unprovoked seizures
over the next decade (e.g., more than 60%).

3) Diagnosis of an epilepsy syndrome.

This three-line definition contains answers to several clin-
ically significant questions, which we discuss below.

Beginning AED treatment

AED treatment should be considered once it meets the di-
agnostic criteria for epilepsy or status epilepticus; in short, it
should be treated only after it has been confirmed. However,
there is some controversy about whether a patient with a
single seizure should receive medication. The immediate
administration of an AED is sometimes not necessary after
a single seizure, especially if a curable cause provoked the
seizure. In addition, without risk factors for recurrent sei-
zure (e.g., abnormal EEG, neurological deficit, or a causative
structural brain lesion), only one in four patients will expe-
rience a second seizure within the following 2 years."® The
overall risk of recurrence after a seizure is 40-52%.” Imme-
diately administering an AED reduces the occurrence of sei-
zures during the next 1-2 years but it does not influence the
probability of long-term remission.”"® Moreover, reflex epi-
lepsy caused by avoidable stimuli such as light or sound does
not necessarily require medication, while removing the cause
and controlling the trigger are more important factors for sei-
zures provoked by alcohol or substance abuse.

The decision to begin AED treatment should be made on
an individual basis, considering the patient’s needs and cir-
cumstances as well as the specifics of the disease itself. Even
if the diagnostic criteria are not met, AED initiation can be
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considered when epilepsy is strongly suspected, including
since recurrent seizures affect the mood, quality of life, em-
ployment, and social relationships of the patient. For patients
who experience their first unprovoked seizure, the effect on
the quality of life might be better for immediate AED treat-
ment than for deferred treatment." In addition, given the so-
cial complications and stigma related to epilepsy and seizure,"
immediate AED treatment may be considered if the patient
fears the social repercussions of a public episode. The clinician
should therefore consider the risks and benefits of diagnos-
ing epilepsy and prescribing an AED separately in each case.

Treatment of status epilepticus requires special care since
this condition leads to abnormally prolonged seizures, and
is considered a neurological emergency."*'* The treatment
of status epilepticus should be initiated when generalized
tonic-clonic seizures and focal seizures last longer than 5 and
10 minutes, respectively.”” Given the urgency of treating status
epilepticus, a ready-made teamwork-based treatment cascade
should be set up depending on the circumstances of individ-
ual hospitals.

Choosing an appropriate AED

The most appropriate AED can be difficult to define in each
case, but the most-common definition involves choosing an
AED while considering the circumstances, situations, and
conditions of the patient."®'® The ultimate goal of treatment
is seizure remission without adverse effects.

Several factors should be considered when selecting the
appropriate AED. First of all, it is crucial to determine the
epilepsy classification and seizure type. For example, carba-
mazepine and vigabatrin may aggravate myoclonic seizures,
while ethosuximide and valproic acid are recommended for
absence seizures. Drug efficacy and tolerability (potential ad-
verse effects that may have occurred or may occur in the fu-
ture) are essential factors to consider, and interactions with
other medications and medical comorbidities (e.g., depres-
sion, dementia, and hepatic and renal problems) should also
be considered. In addition, the patients age, sex, and life plan
should be taken into account. Lastly, the cost of the drug rela-
tive to the financial status of the patient should be examined.

The immediate administration of intravenous lorazepam
is highly recommended for status epilepticus,'”'® and the
subsequent AED strategy should be determined under in-
tensive care that includes continuous EEG monitoring. Since
up to 40% of status epilepticus cases cannot be controlled with
first-line drugs," it is recommended that a well-trained neu-
rologist (ideally an epileptologist) participates in the treatment
process.

Since choosing an appropriate AED is a critical issue with
a wide variety of possible approaches, all of the details can-



not be covered in one section. The subsequent articles in this
review series will therefore expand on more-detailed treat-
ment strategies and considerations, which will include as-
sessing AEDs according to the type of seizure and epilepsy,
the age of the patient (e.g., elderly versus pediatric), medical
comorbidities, sex, and specific treatment strategies for status
epilepticus.

Determining the dosage, titration, and
maintenance therapy
When it is determined that medication is necessary, the cli-
nician must also decide what dose to administer and how rap-
idly the dosage may be increased. The initial treatment strate-
gy is monotherapy, and approximately half of newly diagnosed
epileptics achieve complete remission after taking the first
prescribed AED.">*'"" In order to minimize adverse effects,
it is recommended to start at a low dose and increase the dose
gradually until the maintenance dose (or target dose) is reached.
The recommended initial dose and the range of maintenance
doses for representative AEDs in South Korea are summa-
rized in Table 1.%°

The maintenance dose varies between patients and is de-
termined as the optimal trade-off between maximizing the
benefit and minimizing the adverse effects. A loading dose
is often also necessary in cases of status epilepticus or very
frequent seizures. If the seizure recurs, the dosage may be in-
creased further within the limits of the maximum allowable
dose of the AED. Optimal doses are different for each patient
due to the differences in pharmacokinetic parameters and
drug-drug interactions, which makes it necessary to care-
fully determine the dose on an individual basis for each pa-
tient. Moreover, AEDs should be administered at a frequency
that will keep the blood levels stable. Drugs in a modified-
release dosage formulation obtained from the immediate-re-
lease dosage formulation can keep the AED concentration
within the target range with less variation, and may enhance
AED adherence thanks to improving the convenience to the
patient.”"* A modified-released dosage formulation can op-
timize the risk-benefit ratio and improve tolerability.

Regular follow-up EEG sessions as well as monitoring the
blood levels related to the AED are recommended. EEG and
blood levels can be checked repeatedly and more frequently
when the AED is initiated, when drug-drug interactions are
suspected, when the impact of comorbid medical illness is
considered, and when the combination of drugs is modified.

Sometimes patients are unaware of their seizures, and in
these cases the clinician will have to assess the symptoms based
on the eyewitness reports of caregivers. However, a caregiver
cannot always be with a patient, and may even not be aware of
the seizures in some cases. In other words, the seizure fre-
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Table 1. Recommended initial dosages and ranges of maintenance
dosages for different AEDs

Maximal
AED Initial dosage maintenance dosage
(per day)
Carbamazepine* 100-200 mg b.i.d. 1200 mg
Ethosuximide 250 mg b.i.d. 1000 mg
Gabapentin 100 mg t.id. 2400 mg
Lacosamide 50 mg b.i.d. 400 mg
Lamotrigine 25 mg q.d. (monotherapy) 400 mg
25 mg every other day 100 mg
(with valproic acid)
25 mg b.i.d. 500 mg
(with enzyme inducer)
Levetiracetam™ 250 mg b.i.d. 3000 mg
Oxcarbazepine  150-300 mg b.i.d. 2400 mg
Perampanel 2 mg hs. 12 mg
Phenobarbital 60 mg per day 240 mg
Phenytoin 100 mg or 150 mg b.i.d. 600 mg
Pregabalin®* <75 mg b.i.d. 600 mg
Topiramate® 25 mg q.d. or b.i.d. 500 mg for
monotherapy,
800 mg for
combination therapy
Valproic acid*  10-15 mg/kg/day 60 mg/kg/day
(divalproex)
20-30 mg/kg/day
(sodium valproate)
Vigabatrin 500 mg b.i.d. 3000 mg
Zonisamide 100 mg q.d. 600 mg

*Modified-release dosage formulations (controlled release and extend-
ed release) are available in South Korea, The modified-release dosage
formulation of pregabalin is not currently approved for epilepsy in South
Korea.

AED: antiepileptic drug.

quency may be underestimated due to nonspecific character-
istics, short-term symptoms, and absence of witnesses.” This
so-called unrecognizability is a unique feature of epilepsy, and
clinicians should always keep in mind that the symptoms of
epilepsy can be underestimated.

Adverse effects of AEDs

Once an AED is prescribed, the clinician should be prepared
to address any adverse effects that may occur. An adverse ef-
fect refers to any undesired harmful effect that results from
treatment, including that involving medication. Such an ef-
fect is frequently unexpected, and can include morbidity,
mortality, dysfunction, or loss of function. It may be difficult
to detect, such as being identifiable only based on symptoms
reported by the patient. The clinician should therefore mon-
itor the patient for adverse effects resulting from the AED at
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every visit. Table 2 summarizes the representative adverse
effects of AEDs.****

In order to prevent adverse effects, the clinician should
titrate slowly from low doses and maintain the lowest dose
possible while still achieving effective treatment. The patient
may adapt to an adverse effect of the AED over time, or the
effect may go away on its own.** Therefore, if an adverse ef-

Table 2. Representative adverse effects and contraindications of AEDs

fect is tolerable, it may be considered optimal to maintain
the AED at its current dosage. However, adverse effects such
as weight gain and loss of bone mineral density are closely
related to the cumulative AED dose,**” and replacement of
the AED may be needed to eliminate these effects. An AED
may also cause cognitive dysfunction. Adverse effects that
require an immediate cessation of AED treatment include

AED

Adverse effects

Contraindications and adverse effects
that require AED cessation

Carbamazepine*

Ethosuximide
Gabapentin®
Lacosamide*
Lamotrigine®
Levetiracetam
Oxcarbazepine®

Perampanel*

Phenobarbital*

Phenytoin®

Pregabalin

Topiramate®

Valproic acid*

Vigabatrin

Zonisamide®

Neurological: somnolence, lethargy, dizziness, diplopia, ataxia

General: hyponatremia, Gl problems, leukocytopenia, LFT elevation, rash,
osteoporosis

Neurological: somnolence, dizziness, ataxia, anorexia, psychosis

General: Gl problems, weight loss, leukocytopenia, anemia

Neurological: somnolence, lethargy, dizziness, diplopia, ataxia, tremor

General: Gl problems, weight gain

Neurological: somnolence, lethargy, dizziness, diplopia, ataxia, headache

General: cardiac arrhythmia

Neurological: ataxia, dizziness, diplopia, aseptic meningitis

General: rash, osteoporosis

Neurological: somnolence, lethargy, dizziness, diplopia, ataxia, mood
disorders, psychosis

Neurological: somnolence, lethargy, dizziness, ataxia, headache

General: hyponatremia, Gl problems

Neurological: somnolence, lethargy, dizziness, diplopia, ataxia, falling,
hostility, psychosis, mood disorder

Neurological: somnolence, lethargy, dizziness, diplopia, ataxia, headache,
rash, psychosis, mood disorder, cognitive slowing

General: osteoporosis, anemia

Neurological: somnolence, lethargy, dizziness, diplopia, ataxia, nystagmus,
cerebellar atrophy

General: gingival hypertrophy, osteoporosis, pancytopenia, lymphadenopathy

Neurological: somnolence, lethargy, dizziness, ataxia

General: dry mouth, weight gain, edema

Neurological: cognitive slowing, dizziness, anorexia

General: weight loss, Gl problems

Neurological: dizziness, diplopia, ataxia, tremor

General: hyperammonemia, thrombocytopenia, alopecia, Gl problems,
weight gain

Neurological: somnolence, lethargy, diplopia, ataxia, nystagmus, cognitive
slowing

General: anemia, weight gain, arthralgia

Neurological: somnolence, lethargy, dizziness, ataxia, mood disorders,
anorexia, cognitive slowing

General: weight loss

SJS, DRESS, bone-marrow suppression, AVB,
MAOI medication

SJS, DRESS, pancytopenia, lupus, porphyria

Pancreatitis, absence seizure

SJS, DRESS

Suicidal ideation, pancytopenia

SJS, AVB, bone-marrow suppression, MAQI
medication
Suicidal or homicidal ideation

SJS, DRESS

SJS, bone-marrow suppression, recent
myocardial infarction, second- or third-
degree AVB

Angioedema

Glaucoma, hyperammonemia, hypohidrosis
with hyperthermia, urolithiasis

Urea-cycle disorder, unfulfilled PPP, significant
hepatic or pancreatic dysfunction, porphyria,
coadministration with carbapenems or
mefloguine

Permanent bilateral visual field constriction,
blurred vision

SJS, DRESS, urolithiasis, hypohidrosis with
hyperthermia

*Contraindicated in galactose intolerance, Lapp lactose deficiency, and glucose/galactose malabsorption.
AED: antiepileptic drug, AVB: atrioventricular block, DRESS: drug reaction with eosinophilia and systemic symptoms, Gl: gastrointestinal, LFT: liver
function test, MAOI: monoamine oxidase inhibitor, PPP: pregnancy prevention program, SJS: Stevens-Johnson syndrome.
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rash, Stevens-Johnson syndrome, hepatic dysfunction, aplas-
tic anemia, and agranulocytosis. Such cases will require a de-
tailed patient evaluation and appropriate treatment changes.

It is known that several human leukocyte antigen (HLA)
gene types are associated with adverse effects. In particular,
HLA-B*15:02 and HLA-A*31:01 are well-known genetic fac-
tors for the drug rash related to several AEDs, especially car-
bamazepine.®* This has prompted suggestions to perform ge-
netic testing before prescribing carbamazepine.”*' However,
the conclusions from these studies remain unclear, and there is
a lack of research in this area in South Korea. Moreover, ge-
netic tests cannot be performed on all patients with epilepsy,
and they cannot predict all of the possible adverse effects.

The clinician must be aware of all the known negative ef-
fects of an AED, and properly inform the patient about them.
Adverse effects of AEDs are an issue that the clinician and
the patient should address together.

Failure of the initial treatment and the concept of
rational polytherapy

AED treatment failure refers to the occurrence of unexpect-
ed breakthrough seizures despite the administration of reg-
ular medication at a sufficient dose. Drug intolerance due to
adverse effects may be considered a failure, with the excep-
tion of drug-resistant epilepsy.”

If the seizure is not controlled with a sufficient dose of
the AED, the clinician should check whether the diagnosis
is correct and whether the AED has been prescribed appro-
priately. Other factors such as insufficient adherence, sleep
deprivation, and alcohol abuse should also be considered. The
next step is to decide whether to switch to a different AED or
to add a another AED to the existing prescription. There is
no evidence that either of these two strategies is superior in
all situations. Combination therapy may allow for the rapid
control of seizures, but drug interactions may increase ad-
verse effects. If the clinician decides to substitute a drug rather
than add another one, the ideal strategy is to add and gradu-
ally increase the dose of the new drug, and then taper off the
existing one.

The fundamental action of all AED:s is to reinforce inhi-
bition or attenuate excitation of neuronal hypersynchrony
to prevent seizure, and their detailed mechanisms of action
and chemical subtypes have expanded enormously over the
past 20 years. Although the mechanisms underlying the ef-
fects of all AEDs are not known in detail, it is known that
each drug inhibits seizures in its own way. The concept of
rational polytherapy has not yet been fully established, and
so in-depth discussion is necessary to further refine the un-
derlying concepts. The authors of this study propose the
following concept of rational polytherapy:
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1) Set the optimal doses of the ongoing AEDs.

2) Avoid AEDs with similar action mechanisms.

3) Avoid increasing the number of prescribed AEDs.

4) If a change in dosage is needed, titrate or taper off
slowly.

5) Consider drug-drug interactions to achieve synergy
and avoid adverse effects.

6) If a new AED is suboptimal, replace it with another.

7) If a new AED is effective, withdraw the previous one.

While several experts have praised the benefits of combi-
nation therapy and raised clinical expectations for its effec-
tiveness,” there is little evidence to support this opinion.
It is recommended for the patient to be referred to an epi-
leptologist if the additional AED also fails to control the sei-
zures, since this is likely to indicate the presence of drug-re-
sistant epilepsy. While AEDs are the backbone of treatment
for epilepsy and monotherapy is the most-responsible initial
treatment, rational polytherapy may be a way to increase
treatment options while still minimizing adverse reactions.

Duration of AED therapy and the concept of
resolved epilepsy

AED therapy may be temporary or lifelong. Several studies
have investigated AED discontinuation. However, if the pa-
tient has a high risk of recurrent seizure, drug discontinua-
tion might not be the best course of action. Risk factors that
can predict recurrent seizures include perinatal injury, un-
controlled seizure after receiving medication, taking multiple
drugs, significant epilepsy duration before remission, short
seizure-free intervals, family history; sex, and epileptiform dis-
charges in EEG.***® There have also been reports that drug
withdrawal may improve the intelligence quotient and qual-
ity of life,** but this does not affect the long-term prognosis
of epilepsy.*"*

The concept of resolved epilepsy was used by the ILAE in
2014.° This phrase means that seizures are not expected to
occur anymore, although this is not guaranteed. The choice
of the word “resolved” instead of “cure” suggests that once di-
agnosed, and even well-controlled, the probability of recurrent
seizure will always be higher in an epileptic than in a person
with no history of epilepsy. The ILAE suggested that epilepsy
is resolved when the following criteria are met:> 1) age-de-
pendent epilepsy syndrome has past the applicable age, or
2) being free of seizures for at least 10 years while being free
of AED use for at least 5 years. Although the evidence is lack-
ing and not without controversy, the Drug Committee of KES
recommends that withdrawing an AED may be considered
after 5 years of being seizure free.

Nonetheless, and as mentioned above, the goal of AED
treatment is remission without adverse effects. Resolved
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epilepsy might not be a possible or realistic goal for all patients.
Decisions about whether or not to continue AEDs should be
considered carefully and on an individual basis. In addition,
the final decision depends not only on the clinician but also
on the wishes of the patient and caregivers.

There is no definitive strategy for withdrawing AED treat-
ment. A strategy of tapering off slowly is generally recom-
mended, since the sudden discontinuation of an AED may
induce withdrawal seizures. A tapering period of at least 6
months is generally recommended.

SUMMARY AND RECOMMENDATIONS

- The most important step when addressing epilepsy is to
confirm that a bona fide seizure event has occurred.

- Once the event meets the diagnostic criteria for epilepsy
or status epilepticus, AED treatment should be initiated.

- The primary pharmacological treatment strategy for epi-
lepsy is monotherapy.

- A ready-made treatment strategy should be prepared for
status epilepticus, and implemented using a team-based ap-
proach.

- The primary goal of AED treatment for epilepsy is last-
ing remission without significant adverse effects.

- Adverse effects of AEDs should be addressed by the cli-
nician and patient together.

- In the light of the concept of resolved epilepsy, we recom-
mend waiting for a seizure-free period of at least 5 years before
considering AED withdrawal.
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