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Summary

Complete seizure control is achieved in 40-50% of all epi-
leptic patients with drug treatment, as reported in most
epidemiological studies. Many effective antiepileptic drugs
with a favourable profile are available in Switzerland, al-
lowing treatment tailored to the patient’s needs. Unfortu-
nately, up to 40-50% of all patients will eventually relapse
(pharmacoresistant epilepsy). These patients run a high risk
of additional morbidity and mortality. Possible pharma-
coresistant epilepsy should be considered early in the dis-
ease, when there is a lack of response to the first antie-
pileptic drug, since only 14% of those will respond to a
second drug, and only 2% to a third drug if the second fails
t0o.

Epilepsy surgery is a viable option for these patients. It
requires in-depth evaluation in specialized centres, and is
related to complete seizure control in 50-90% of the pa-
tients, depending on the lesion type and site. Only for pa-
tients in whom surgery cannot be offered should neur-
omodulation treatments be considered. Today, two different
approaches are approved, vagal nerve stimulation (VNS)
and deep brain stimulation in the anterior thalamic nuclei
(DBS-ANT). Although only a minority of patients become
totally seizure-free. Both VNS and DBS-ANT represent an
important adjunct in the therapeutic armamentarium.

In the present review, we outline a practical approach for
the different steps in therapeutic decisions and we summar-
ise the profiles of modern antiepileptic drugs as well out-
come of surgical and neuromodulatory therapies. The goal
of any approach should be to obtain complete seizure con-
trol. In general, if two antiepileptic drugs are not success-
ful, in-depth evaluation of the patient in a specialised cen-
ter is strongly recommended.

Abbreviations

AED antiepileptic drug

ANT anterior nucleus of thalamus

DBS deep brain stimulation

EEG electroencephalogram

ESI electric source imaging

fMRI functional MRI

MRI magnet resonance imaging

PET positron emission tomography

PRE pharmacoresistent epilepsy

SISCOM subtraction Ictal SPECT Co-registered to MRI
SPECT single photon emission computed tomography

Key words: epilepsy,; new antiepileptic drugs, seizure
control; lacosamide; levetiracetam,; perampanel;
pregabaline; retigabine; rufinamide; zonisamide; epilepsy
surgery, vagal nerve stimulation; VNS, deep brain
stimulation, DBS; outcome; polytherapy

Introduction

The prevalence of epilepsy is 0.5-1%, with an overall rate
of complete seizure control in 40—50% of epileptic patients.
“Epilepsy” has to be differentiated from acute symptomatic
seizures (table 1) and diseases that mimic epileptic seizures
(table 2). Acute symptomatic seizures, previously also
called “provoked seizures”, do not meet the criteria of this
definition, and therefore do not represent “epilepsy”. Table
1 gives an overview of the most frequent acute insults. In
the majority of cases, they do not need antiepileptic treat-
ment (exceptions include recurrent alcohol withdrawal or
other recurrent acute toxicometabolic conditions that can-
not be controlled).

The new definition of epilepsy no longer requires the oc-
currence of two seizures (table 3), but rather one seizure
plus an enduring high likelihood that a second seizure will
occur, if the patient is not treated accordingly [3]. This is
the case, for example, in a patient whose first seizure led
to the discovery of a tumour on magnetic resonance ima-
ging (MRI), or an 18-year-old with generalised polyspike-
wave discharges under hyperventilation on a standard elec-
troencephalogram (EEG), indicating the presence of ju-
venile myoclonic epilepsy. The new definition of epilepsy
changes the interpretation of older epidemiology studies,
which still used the definition of two spontaneous seizures
within >24 h, but matches clinical experience in most cases
[4].

Especially, the important question of when to introduce an
antiepileptic treatment is still subject of ongoing discus-
sion. In 2015, the American Association of Neurology is-
sued new recommendations [5], giving level A evidence
for an increased chance of a recurrent seizure for adult pa-
tients, greatest within the first 2 years after a first seizure
(21-45%). However, evidence in favour of risk reduction
when directly starting antiepileptic drug (AED) therapy,
as compared with a delay of treatment pending a second
seizure, is only level B, compared with level B evidence
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for a 7-31% incidence of adverse effects from AED ther-
apy, but which are mild and reversible. There is only weak
evidence that immediate AED therapy, as compared with
awaiting a second seizure, may not improve quality of life
(level C) [6]. It has been claimed that some of this evidence
is based on a very few old studies [7]. In the case of pri-
or brain insult such as stroke or trauma, as well as in the
presence of epileptiform abnormalities on the EEG, evid-
ence is level A for the increased risk for seizure recurrence.
However, for the association of clinical factors such as
brain-imaging abnormality or a nocturnal seizure, eviden-
ce is only level B. The guideline’s summary conclusion is
therefore that ... recommendations whether to initiate im-
mediate AED treatment after a first seizure should be based
on individualized assessments that weigh the risk of recur-
rence against the AEs [adverse events] of AED therapy,
consider educated patient preferences, and advise that im-
mediate treatment will not improve the long-term prognos-
is for seizure remission but will reduce seizure risk over the
subsequent 2 years.” [6] This emphasises that guidelines
summarise current evidence, but cannot replace individual
judgment in the case of every specific patient [7].

The aim of any epilepsy therapy should always be the sup-
pression of all seizures. Drug studies showed that 40—50%
of patients with focal epilepsy, and about 15% of patients

Table 1: Possible causes of acute symptomatic seizures.

Insult Clinical features

lllicit drugs | Amphetamine-like drugs, cocaine, crack, angel dust
(phencyclidine)

Less likely for heroin or cannabis

Within <7-14 d

Viral encephalitis

Bacterial meningitis

Degenerative phase of neurocysticercosis

Infections

Medication | Chlorpromazine, clozapine,

Maprotiline, clomipramine,

Bupropion, meperidine,

Flumazenil, cyclic antidepressants,
Theophylline, isoniazid, alkylating antineoplastic
agents,

Ciclosporin;

Overdose of medication

Metabolic Renal or hepatic dysfunction, especially rapid changes
Hyperammonaemia (35 mM)

Na <115 mg/dl (<5 mM)

Mg <0.8 mg/dI (<0.3 mM)

Ca <5 mg/dl (<1.2 mM)

Glucose <36 mg/dl (2.0 mM) or 450 mg/dl (25 mM)
associated with keotacidosis

Within <7 d

Associated with haemorrhage

Traumatic

Vascular Subarachnoid bleeding
Ischaemic stroke (<7 d)
Intracerebral haemorrhage
Cerebral vein thrombosis
Withdrawal, | Alcohol

deficiency | Benzodiazepine
Barbiturate

Rarely vitamin B12,
Vitamin Bg (young children)

Other Posterior reversible encephalopathy syndrome
Cerebral anoxia
Eclampsia

Multiple sclerosis within 7 d of relapse

with idopathic generalised epilepsy (in the new termin-
ology now called “genetic generalised epilepsy”) are re-
fractory to medical treatment. Pharmacoresistant epilepsy
(PRE) is diagnosed if two or more AEDs do not lead to
complete seizure control, despite regular drug intake of
sufficiently high dosages as determined by regular meas-
urement of serum levels (preferentially in the morning or
before next drug intake). The chance to control seizures
with a third drug is only 2% [8]. There are several reasons
why drugs do not work (table 4). Therefore, PRE requires
prompt evaluation to determine possible reasons, usually as
an inpatient evaluation.

Table 2: Differential diagnosis of seizures.

Diagnosis Symptoms

Cardiac Not necessarily with prodomes, due to cardiac
events with arrhythmia, or carotid sinus hypersensitivity (see
falls and loss | also below under syncope)

of

consciousness

Migraine — Progression of neurologic symptoms >5—-15 min
followed by headaches (but not always)

— Personal and/or family history of migraine

— Basilar migraine: confusion, bilateral blindness;

headache may be minimal or absent

Movement
disorders

— Rare, specific syndrome, like paroxysmal
dyskinesia

Psychogenic |- Is not equal to absence of “organic” findings! —
positive psychiatric history or findings mandatory

— Semiology suggestive of psychogenic onset: eyes
closed, resistant to forceful opening, eye fluttering,
rhythmic horizontal head movement, pelvic thrusting
— Paradoxical response to antiepileptic drug

introduction (“even worse”) or no change at all

Syncope — Brief loss of consciousness, with rapid recovery
— Typical prodromes: nausea, “spots before the
eyes’, sweating, light-headedness, cardiac
palpitations

— At the end muscle jerks at the end of event,
usually less rhythmic, only few (“convulsive
syncope”).

— Precipitating circumstances often identifiable.
Cave in the elderly:

recovery may take 10—60 min in elderly, mimicking
postictal state

loss of consciousness left often, syncope may
present as transient ischaemic attack (e.g. speech
difficulties)

Transient
global
amnesia

— More often in patients >50 years

— Prolonged duration (several hours) without
alteration of consciousness; isolated memory deficit
excluding long-term memory before onset of the
symptoms

Transient
ischaemic
attack

— More often in patients >50 years
— Rather negative symptoms (e.g., weakness,
aphasia), but usually no loss of consciousness

Table 3: Conceptual difference between seizures and epilepsy.

Conceptual definition of seizure and epilepsy — 2014 ILAE
Annual Report

An epileptic seizure is a transient occurrence of signs and/or
symptoms due to abnormal excessive or synchronous neuronal
activity in the brain.

Epilepsy is a disorder of the brain characterized by an enduring
predisposition to generate epileptic seizures, and by the
neurobiological, cognitive, psychological and social consequences of
this condition. The definition of epilepsy requires the occurrence of at
least one epileptic seizure.

Adapted from [1, 2].

From [4].
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Risk of seizure recurrence can be significantly reduced by
30-40% when treatment is immediately introduced once
epilepsy is diagnosed [9]. The reduction is effective for the
first 2 years. However, long-term outcome is not affected,
and in the UK study around 75% were seizure-free at 2
years, no matter whether treatment was delayed until after
the second or third seizure or not. Overall, if patients re-
lapse, 90% do so within the first 2 years.

Since chances of responding to a second drug are slim
(14% [10]), PRE might already be suspected after the lack
of response of the first AED, and possibly diagnosed within
the first 2—4 years. It is of note that quality of life is better
in patients with single seizures or early remission than in
those with late remission or who never experienced any
seizure control [11], which is another argument in favour of
immediate treatment and rigorous seizure control.

If seizures persist and PRE is diagnosed, further treatment
options should be explored. These are epilepsy surgery
and neuromodulation, i.e. intra- or extracranial stimulation.
While surgery can cure epilepsy, neuromodulation — up
to now — is a palliative treatment strategy giving freedom
from seizures in <10% of the cases. In both cases, careful
evaluation in specialised centres is necessary to obtain a
clear picture of the underlying syndrome and information
on the chance for benefit from these alternative therapeutic
strategies.

A practical approach to modern epilepsy care is summar-
ised in figure 1.

In the present article, we summarise the most clinically rel-
evant data on the newer AEDs (i.e., introduced after 1997)

Table 4: Reasons of nonresponse to drug therapy
(pharmacoresistant epilepsy).

Cause Recommendation

Patient did not get | Recording of seizures and work-up helps to
the right drug determine correct epilepsy syndrome

Patient does not
get enough drug

Determine the blood level of the AED/s, in
particular for older AEDs (if possible before drug
intake). NB: for most newer drugs there is no
linear relationship between blood level and
efficacy

Drug is not taken | Determine the blood level of the AEDs, perhaps
repeatedly.

Ask the patient how many times she/he forgets
the AED/s

Recording of habitual events

It is not epilepsy

Epilepsy is not In-patient evaluation in specialized centre: is
pharmacosensitive | epilepsy surgery possible?

New onset Seizures
epilepsy =% | controlled after | =

yes
Continue with
Introduce AED 3 months? 250

Continue with
combination

= | Discuss shifting to
monotherapy of
the 2 drug

Verify blood level,
add 2™ AED with
complementary
mode of action

Seizures
= | controlled after
3 months?

Pl
- lan surgery

Verify blood levels,

add 3¢ AED

Request evaluation | =

in a specialized Consider rational

center \ polytherapy
Consider
neuromodulation

Pursue further drug
treatment

Epilepsy surgery
possible?

Figure 1

Practical approach to modern epilepsy care.

in alphabetical order, as well as epilepsy surgery and neur-
omodulation available in Switzerland: vagal nerve stim-
ulation (VNS) and deep brain stimulation in the anterior
thalamic nuclei (DBS-ANT).

Antiepileptic drugs

Until 1993 only phenobarbital, primidone, phenytoin, car-
bamazepine and valproate were available. Of these, only
carbamazepine and valproate are still used in a significant
number of patients. Today, the administration of phenytoin
is limited to difficult cases of status epilepticus, given its
availability in an intravenous formulation. Phenytoin is
considered neurotoxic and related to cerebellar atrophy and
polyneuropathy with chronic treatment. Phenobarbital and
primidone are sometimes used in patients with major com-
pliance problems, because of their long half-lives. Both
drugs frequently lead to vitamin D deficiency and osteo-
porosis, so they should be considered as a last resort.

In 2012, Swissmedic issued the recommendation to de-
termine HLA-A*3101 before the introduction of car-
bamazepine. Studies in northern European and Japanese
populations have found an association between Stevens-
Johnson syndrome / toxic epidermal necrolysis with car-
bamazepine use and the presence of the HLA-A*3101 al-
lele [12, 13]. In a southeast Asian population (of Han
Chinese descent), these side effects seemed to be related
to HLA-B*1502 [12]. Oxcarbazepine might also be associ-
ated with this risk; however, there is currently insufficient
data to support a recommendation for testing the presence
of both alleles in patients prior to treatment. There is also
ongoing discussion of the cost-benefit of a regular HLA
testing, given the high costs of the test, that this complic-
ation is extremely rare and that most patients in Switzer-
land are clinically monitored by their neurologists or fam-
ily doctors.

In 1994 lamotrigine and in 1996 topiramate became avail-
able, both with a wide spectrum, for children and as mono-
therapy. Lamotrigine is very well tolerated in doses up to
500-700 mg (as monotherapy), and has a favourable ef-
fect on mood and cognitive functions. However, it requires
very slow introduction extending over 2 months and more,
which is not convenient in patients with a high seizure
count. Also the high incidence of allergies was an issue
during early use of the molecule, but can be largely avoided
if this slow titration route is chosen. Topiramate is known
for its anorexic effect (noted in around 20% of patients)
due to decreased appetite. In some patients and children
this can be severe, requiring drug withdrawal. Other side
effects are hyperthermia, irritability and depression (which
is the reason why it is sometimes used for mania). Rarely,
glaucoma or kidney stones are also described. Topiramate
probably has teratogenic effects, in particular in polyther-
apy [14, 15]. The most teratogenic AED is valproate, and
children exposed in utero to valproate are at a high risk of
major developmental disorders and congenital malforma-
tions (10% of cases). In 2015, the Medicines & Healthcare
products Regulatory Agency of the UK suggested that val-
proate should not be used in female children and young wo-
men for this reason, unless other treatments are ineffective
or not tolerated [16].
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Before initiating antiepileptic drugs, the underlying syn-
drome needs to be determined, usually by a neurologist
or neuropaediatrician. Two broad categories are distin-
guished: focal epilepsy and genetic (idiopathic) generalised
epilepsy. This distinction is important since the latter can
significantly worsen if, for example, with carbamazepine,
oxcarbazepine or pregabalin are erroneously given. In fact,
patients may describe symptoms suggestive of focal epi-
lepsy. Work-up with EEG, sleep/long-term EEG and MRI
usually helps to differentiate between focal and nonfocal
epilepsy.

Fortunately, more antiepileptic drugs became available in
Switzerland in the last 10-15 years. However, most of the
evidence points to a lack of significantly augmented ef-
ficacy with newer AEDs: the chances of obtaining suffi-
cient seizure control remain the same, no matter whether
two new or two old AEDs are used. Nevertheless, newer
drugs are often better tolerated and therefore should be con-

sidered early in the course of the disease in the context of
patient-oriented tailored treatment, since this is crucial for
the patient’s compliance.

In table 5, the main features of the drugs are summarised.

Lacosamide — Vimpat®

Lacosamide is a sodium-channel modulator with a different
mechanism of activity from the other known sodium-chan-
nel blockers like carbamazepine, lamotrigine or phenytoin.
Unlike those drugs, lacosamide selectively enhances the
slow inactivation of voltage-gated sodium channels
without affecting their fast inactivation [17]. This normal-
ises activation thresholds and therefore controls neuronal
hyperexcitability and pathological neuronal activity [17].
Lacosamide was approved by the US Food and Drug Ad-
ministration (FDA) in 2007 and has been available in
Switzerland since 2009 as add-on therapy in adult patients
with focal seizures with and without secondary generalisa-

Table 5: Summary of antiepileptic drugs

Lacosamide — Vimpat®

Levetiracetam — several brands

Oxcarbazepine - Trileptal®, Apydan®

Approval in Switzerland | 2009 2000 1997
Indication Add-on in focal seizures * generalisation(>18 | Add-on in focal seizures + generalisation (>1 Monotherapy or add-on therapy in focal onset
y) month) seizures + generalisation in adults and

Monotherapy in focal seizures + generalisation
(>16y)

Monotherapy in IGE with myoclonic seizures
(>12y)

Add-on in IGE with tonic-clonic seizures (>12
Y)

children (aged >1 month)

Price for daily dose

9.6 CHF/d at 300 mg/d

1.6 CHF/d at 1000 mg/d

4.2 CHF at 1500 mg/d

Administration

PO, IV

PO, IV

PO

Mode of action

Na*-channel blocker, binding CRMP-2

Unknown
Suspected release of presynaptic Ca*";
enhancement of GABAergic inhibition

Keto-analogue of CBZ,

Blocks voltage gated Na* channels,
potentiates K+ conduction

Inhibits Ca**channels

Inhibits NMDA receptors

Frequent adverse
effects

Dizziness, fatigue, ataxia, vertigo
Rarely: increased PR interval on ECG

Behavioural changes, somnolence,

Hyponatraemia

Oral contraception

No interaction

No interaction

Can lower the contraceptive effect

Other interactions

No interaction

No interaction

OXC level is lowered by PHT, PB, VPA
OXC can lower the level of PHT, PB

Remarks

Apydan®: extended version 9 h

Perampanel — chc;mpa®

Pregabalin — several brands

Rufinamide — Inovelon®

Approval in Switzerland

2013

2005

2009

Indication

Add-on in focal seizures + generalisation age
(>12y)

Add-on in focal seizures + generalisation (>18
y)

Add-on in Lennox-Gastaut syndrome (4 y)

Prize for (most
frequent) daily dose

8.4 CHF/d at 8 mg/d

4.8 CHF/d at 600 mg/d

18 CHF/d at 2400 mg/d

Administration

PO

PO

PO

Mode of action

Noncompetitive selective AMPA inhibitor of
postsynaptic glutamate transmission

Structural derivative of GABA-inhibitor,
acts on Ca*" channels

Uncertain — reduces Na* channel activity

Frequent adverse
effects

Dizziness, somnolence, irritability, headache,
ataxia

Weight gain, somnolence, dizziness, irritability

Headache, dizziness, fatigue, nausea,
somnolence, diplopia nasopharyngitis, tremor.

Oral contraception

Can lower the contraceptive effect

No interaction

Can lower the contraceptive effect

Other interactions

Decreases the level of CBZ, PHT, LTG,
midazolam, clobazam etc.

Increases the level of OXC.

PER level is decreased by >50% in the
presence of CBZ, PHT or OXC.

No interaction

Increases VPA and PHT,
Level is increased by VPA
Level is lowered by CBZ

Remarks

Indication also for neuropathic pain,
fibromyalgia, general anxietys

AMPA = a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; CBZ = carbamazepine; CRMP-2 = collapsin response mediator protein 2; GABA = gamma-amino
butyrate; IGE = idiopathic generalised epilepsy; IV = intravenous administration; LTG = lamotrigine; NMDA = N-methyl-D-aspartate; OXC = oxcarbazepine; PB =

phenobarbital; PER = perampanel; PHT = phenytoin; PO = per os, oral administration; VPA = valproate
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tion. All galenic forms are available: tablets, syrup and an
intravenous formulation. The most often used daily doses
are 200-400 mg. Given its intravenous formulation, lacos-
amide can be used effectively against nonconvulsive and
convulsive status epilepticus [18].

The elimination of lacosamide is essentially renal. It has a
low potential for drug-drug interactions and is minimally
bound to albumin. During the three pivotal clinical studies
[19-22], lacosamide did not alter the mean plasma concen-
trations of concomitantly administered AEDs, including
carbamazepine and the monohydroxy derivative of oxcar-
bazepine, lamotrigine, levetiracetam, phenytoin, topiram-
ate or valproic acid.

Most treatment-emergent adverse events were of mild or
moderate intensity and lacosamide was generally well tol-
erated in adult patients with focal-onset seizures. The ad-
verse events appeared dose-related and included dizziness,
nausea, fatigue, ataxia, abnormal vision, vertigo, diplopia
and nystagmus [19-23]. Their incidence and intensity de-
creased over time. Most importantly for clinical use, a
dose-related increase in the PR interval of the electrocar-
diogram (ECG) during treatment with lacosamide was no-
ticed, but a very recent study has demonstrated the safety
of lacosamide below 400 mg/d in cardiac patients [24]

Levetiracetam — Keppra® and generics

The exact mechanism of action of levetiracetam is un-
known, but it appears that its affinity to the synaptic vesicle
protein 2A seems to play a crucial role, in that it inhibits
presynaptic calcium channels [25]. This synaptic vesicle
protein is involved in vesicle exocytosis and neurotransmit-
ter release [26].

Levetiracetam was approved by the FDA in 1999 and has
been available in Switzerland since 2000 as add-on therapy
(for patients >4 years of age) and since 2008 also as mono-
therapy in focal-onset seizures (>16 years) as well as an
adjunctive therapy for primary generalised epilepsy onset
(=12 years). It is available as tablets, syrup and an intraven-
ous solution, making it nowadays one of the most widely
used first-line AEDs, including for status epilepticus [27,
28]. The effective dose of levetiracetam varies between
1000 mg and 3000 mg.

Levetiracetam is not bound to plasma proteins and is not
metabolised in the liver [29]. Elimination is renal and
therefore its dosage needs adaptation to the creatinine
clearance. The half-life is around 7 h. Levetiracetam is
not extensively metabolised, only 25% undergoes enzymat-
ic hydrolysis of the acetamide group by a plasma hy-
droxylase. It has no known clinically significant pharma-
cological interactions [30]. A study of oral anticoagulants
showed that the prothrombin time international normalised
ratio (INR) values measured after repeated administration
of placebo or levetiracetam were not statistically different
[31].

Levetiracetam is well tolerated. Side-effects include som-
nolence and, especially, behavioural changes of varying in-
tensity in around 15%. [32]. In particular, patients with
learning disabilities may occasionally show an increase in
aggressive behaviour [33, 34]. However, the psychiatric
side effects resolve quickly after drug discontinuation.

Oxcarbazepine — Trileptal®, Apydan®

Oxcarbazepine is a keto-analogue of carbamazepine, with
a similar spectrum of anticonvulsive activity and efficacy:
it blocks voltage-gated sodium channels, potentiates po-
tassium conduction and inhibits calcium channels and N-
methyl-D-aspartate (NMDA) receptors.

Oxcarbazepine has been available in Switzerland since
1997. 1t is used as monotherapy [35-37] or add-on therapy
[40] for focal-onset seizures with or without secondary
generalisation in adults [37-39] and children aged >1
month [40, 41]. It was shown to be equivalent to car-
bamazepine and phenytoin in its efficacy with a higher tol-
erability (class I and II evidence) [42, 43].

Oxcarbazepine is available as tablets or an oral suspension,
with dosages up to 1800-2400 mg/d [38]. Previous treat-
ment with carbamazepine can be switched to oxcar-
bazepine rapidly in a 2:3 fashion: 400 mg carbamazepine
should be replaced by 600 mg oxcarbazepine [44]. In pa-
tients receiving additional AEDs other than car-
bamazepine, a gradual switch over 2-3 weeks is more ap-
propriate [38].

Oxcarbazepine is metabolised mainly through reductive
biotransformation and glucuronidation to the active
10-monohydroxy derivate, the pharmacologically active
metabolite [45]. It is eliminated via the liver; it inhibits
CYP2C19 and induces CYP3A4, therefore carbamazepine,
phenytoin, phenobarbital and valproic acid can lower ox-
carbazepine levels, whereas oxcarbazepine may lower
phenobarbital and phenytoin levels [46].

Oxcarbazepine is generally well tolerated, except by pa-
tients with myoclonic and absence epilepsy, which can be
worsened under oxcarbazepine treatment [47]. Adverse ef-
fects are similar to those known from carbamazepine, al-
though less severe and less frequent [38, 48, 49]. Due to
its effect on antidiuretic hormone in the distal convoluted
tubule of the kidney, hyponatraemia is a well-known ad-
verse effect. It is usually asymptomatic and returns to nor-
mal with fluid restriction, dose reduction or oxcarbazepine
discontinuation [50].

Perampanel — Fycompa®

Perampanel is a noncompetitive selective blocker of the
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic  acid
(AMPA) glutamate receptor, acting on post-synaptic
glutamate transmission [S1].

Perampanel was FDA-approved in 2012 and has been
available in Switzerland since the end of 2013. It is used
as add-on treatment of focal-onset seizures in patients >12
years of age [51-54]. In the European Union, but not in
Switzerland, perampanel has recently been licensed for the
adjunctive treatment of genetic tonic-clonic seizures fol-
lowing the promising results of multicentre, double-blind
study [55]. A long-term safety study lasting 3 years showed
good tolerability [54].

Perampanel is primarily metabolised in the liver via
CYP3A4 and also CPY3AS52. However, it only weakly af-
fects the activities of some cytochrome P450 isoenzymes.
CYP3A4 inhibitors/inducers affect the availability of
perampanel: carbamazepine, oxcarbazepine, and phenytoin
reduce perampanel serum levels by about 67%, 50% and
50%, respectively, all of which are considered clinically
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important [56]. Perampanel only weakly decreases the
levels of carbamazepine, clobazam, lamotrigine,
midazolam and valproate, whereas it can increase the level
of oxcarbazepine [29, 57].

Perampanel is available as coated tablets. Effective dosages
are mostly between 4-8 mg/d, but can be up to 12 mg/d.
It has a long half-life of around 100 hours, which allows a
single daily dose. Adverse events include dizziness, som-
nolence, irritability, headache and ataxia [58]. Note that
with the FDA approval a special warning was issued con-
cerning “serious psychiatric and behavioural adverse reac-
tions including aggression, hostility, irritability, anger and
homicidal ideation, however, in a follow-up study neuro-
psychiatric adverse effects occurred in only a small per-
centage [59]. And in a very recent review of patients’
safety and efficacy during perampanel treatment [60], slow
introduction and close clinical monitoring was recommen-
ded in order to prevent these effects and guarantee an over-
all excellent tolerability.

Pregabalin — Lyrica® and generics

Pregabalin is a structural derivative of the inhibitory neur-
otransmitter gamma-amino-butyrate (GABA). Its effect is
supposed to be based on its action on the alpha2 delta sub-
unit of the P/Q-type voltage-sensitive calcium channels,
which are present in presynaptic neurons and modulate
depolarisation-induced calcium influx [61, 62].

Pregabalin has been available in Switzerland since 2005 as
add-on therapy of focal seizures with or without general-
isation in adults (>18 years), but is also indicated for the
treatment of neuropathic pain, fibromyalgia and general-
ised anxiety. Dosages of 150—600 mg/d are used.
Pregabalin is not protein bound and is eliminated un-
changed by renal excretion. Careful monitoring of creatin-
ine clearance is therefore mandatory, even in moderate ren-
al failure. The bioavailability of pregabalin is 90%. Given a
half-life of approximately 6 hours, pregabalin can be given
in two or three divided doses. Pregabalin had a low risk of
drug-drug interactions when added to phenytoin, valproate
or lamotrigine [63].

Most common adverse effects reported were somnolence,
dizziness, ataxia, diplopia and weight gain. Irritability and
euphoria are also described frequently. Most of them tend
to resolve with slow continuation of treatment.

For women using oral contraception, no adaptation of treat-
ment is necessary; oral contraceptives remain effective un-
der pregabalin. No data are available to our knowledge
about its use in patients taking anticoagulants, but theoret-
ically there should be no significant interaction.

Rufinamide — Inovelon®

The exact mechanisms of action of rufinamide are not
yet elucidated. Most evidence suggests that rufinamide, a
triazole derivative, reduces the capacity of sodium channels
to recover from inactivation and limits sodium-dependant
action potential firing [64].

Rufinamide has been available in Switzerland since 2009
as add-on therapy for Lennox-Gastaut syndrome in patients
aged 4 years or older [65]. The dosage is 400-3200 mg/d.
Elimination is predominantly via the renal pathway (85%),
although it does not seem to be affected by renal impair-

ment. Rufinamide is 34% plasma protein bound, the ma-
jority to albumin. There is no study in patients with severe
hepatic dysfunction [64]. Being a triazole derivative, rufi-
namide is extensively metabolised by non-CYP450 sys-
tems (it is a weak inhibitor of CYP2EI and a weak inducer
of CYP3A4), with a half-life of 812 h. Rufinamide in-
creases the serum levels of phenytoin and valproate. Since
valproate reduces the clearance of rufinamide, lower doses
are recommended (i.e. 600—1200 mg/d). In contrast, the ef-
fects of rufinamide might be less in patients who take car-
bamazepine [66]. Important interactions with oral contra-
ceptives must be mentioned to the patient and caregiver,
although the precise mechanism is unknown. Adding a
second contraceptive device is therefore recommended to
protect against pregnancy during rufinamide therapy.
Rufinamide was well tolerated at dosages up to 1600 mg/
d. Adverse effects are dose-dependent and more frequent
with higher doses. Pooled analysis of all data revealed the
following adverse effects with a frequency >10%: head-
ache, dizziness, fatigue, nausea, somnolence, diplopia,
nasopharyngitis and tremor. The most frequent adverse
events were somnolence (24.3% with rufinamide vs 12.5%
with placebo) and vomiting (21.6% vs 6.3%) [65]. No
worsening of cognitive function was found after 12 weeks
of rufinamide treatment with daily doses of up to 1600 mg
[67].

Zonisamide — Zonegran®

Zonisamide is a benzisoxazol derivative and sulfonamide,
and has a wide spectrum of actions, among which are in-
creased GABA release [68], inhibition of voltage sensit-
ive sodium-channels [69] and T-type calcium-channels, as
well as a reduction of potassium-mediated glutamatergic
transmission [70, 71]. The inhibition of carbonic anhydrase
does not contribute to the antiepileptic effect [72-74]. A
previous US study (with doses of 300—500 mg) was halted
because of an increased incidence of renal calculi (3.5%)
[75]. Follow-up studies could not confirm this observation;
however, avoiding zonisamide in patients with recurrent
renal calculi is suggested.

The FDA approved zonisamide in 2000, although it has
been well established in Japan since 1989, where it is used
with success in a variety of seizure types, focal and non-
focal tonic-clonic, tonic, clonic, atonic and myoclonic
seizures as well as typical and atypical absences, with re-
sponder rates of around 55% for all seizure types together
[76]. In Switzerland, zonisamide has been available since
2006 as add-on therapy of focal-onset seizures with or
without secondary generalisation (age >6 years) and since
2014 also as monotherapy for partial seizures in adults (>18
years). The dosage is usually between 300 and 500 mg/d
(1 mg/kg in children), but patients may already respond at
daily doses of 150200 mg.

Zonisamide is eliminated via the renal pathway (97%) and
only marginally via the liver (3%); however, it is extens-
ively metabolised by the liver and 15-30% of zonisamide
is excreted unchanged via the kidneys. Therefore, zonis-
amide is contraindicated in moderate to severe renal in-
sufficiency (creatinine clearance of 50 ml/min or less) and
also in patients with hepatic insufficiency (Child-Pugh B or
C). Conversely, there is neither induction nor inhibition of
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CYP450 isoenzymes and no self-induction of metabolism
[77], and there is no interaction with other AEDs. Zonis-
amide is therefore well suited to being added to a multidrug
regimen, including older AEDs depending on the CYP450
system.

The only exception is topiramate, with which co-medica-
tion is currently not recommended: Some adverse effects
resemble those of topiramate, zonisamide and topiramate
both having an inhibitory effect on carbonic anhydrase and
inducing metabolic acidosis and urinary alkalosis, which
increases the risk of renal calculi [77]. Zonisamide and
topiramate also commonly induce oligohydrosis with hy-
perthermia (especially in children), due to an inhibition of
the carbonic anhydrase isoenzymes I and II and aquapor-
in-1 (AQP-1), localised in the human exocrine sweat gland.
Like topiramate, zonisamide can lead to weight loss, which
is a “positive” side effect in overweight patients: 22% of
the patients lost >2.3 kg during one study [78]. However,
in the majority of patients, no significant change in weight
is observed. The other most frequently reported adverse
effects of zonisamide were fatigue/somnolence, dizziness,
nausea, irritability and ataxia [78].

It is noteworthy that a study on teratogenicity in humans
showed two malformations, anencephaly and atrial septal
defect, in 26 studied pregnancies [79]. In animals some
teratogenic effects have been demonstrated, but the mal-
formation rate is still unclear given that they were seen in
polymedicated patients only.

Others

Eslicarbazepine — Zebinix®

Eslicarbazepine acetate was accepted by the FDA in June
2009, and in most European countries, but approval in
Switzerland has not been obtained so far. Since patients
with this drug may enter Switzerland and require care, we
briefly discuss this drug.

Eslicarbazepine has mechanisms of action distinct from
carbamazepine and oxcarbazepine, and demonstrated anti-
convulsant properties with a wider (1.5- to 2.5-fold) pro-
tective index than carbamazepine [80]. Eslicarbazepine is
the  L-enantiomer of the active compound
10-monohydroxy-carbazepine (li-carbazepine). The R-en-
antiomer (which causes the adverse effects of car-
bamazepine and oxcarbazepine, especially hyponatraemia)
accounts for less than 10%. Therefore, there was initially
hope that hyponatraemia would occur less frequently than
with carbamazepine and oxcarbazepine; however, it ap-
peared to be noted to a similar extent [81-84]. However,
unlike carbamazepine, it is less susceptible to enzyme in-
duction or autoinduction. Other adverse effects are com-
parable to those of carbamazepine and oxcarbazepine. Note
that eslicarbazepine interacts with oral contraceptives, so
complementary contraception is recommended.
Eslicarbazepine metabolites are eliminated primarily by
renal excretion. Moderate hepatic impairment has no clin-
ically relevant effect on eslicarbazepine pharmacokinetics
[82], and consequently no dose adjustment is required in
patients with mild to moderate hepatic impairment.
However, adjustment of the daily dose is recommended for
patients with impaired renal function (creatinine clearance

<50-60 ml/min) [85]. Eslicarbazepine has a long half-life
of 20-24 h, so a single dose per day (mostly 800-1600 mg)
may be sufficient.

Polytherapy

If the first monotherapy does not lead to seizure control,
combination of drugs is often the first option. However,
there are only a few studies on effective “rational” poly-
therapies. A recent large retrospective study on >8000 pa-
tients suggested that combining drugs with different modes
of action is more efficient as measured by treatment persist-
ence, number of hospitalisations or emergency room vis-
its, than combining those with similar modes of action [86].
While this has been taught already for some time, it had
never been shown in a real-life setting.

Overall, polytherapy is not necessarily more toxic, as has
been shown in an elegant study with valproate and car-
bamazepine [87]. However, in this study dosages were low
and may explain the lack of difference between car-
bamazepine monotherapy and combination therapy. In any
case, therapeutic drug monitoring is strongly recommended
whenever adding or removing a drug, including non-AEDs.
Break-through seizures should be avoided as much as pos-
sible: they may cost the patients their driver’s licenses or
cause professional and physical disadvantages.

The only combination which was found to be truly syn-
ergistic was the combination of lamotrigine and valproate
[88]. Addition of valproate to a lamotrigine regimen was
much more effective than the addition of phenytoin to a
carbamazepine regimen. Moreover, when patients were
switched back to monotherapy, lamotrigine was less ef-
fective than in combination. This effect is most likely due
to the fact that carbamazepine and phenytoin decrease the
level of lamotrigine, whereas valproate increases it, i.e.
more often at more efficient levels.

Effective polytherapy with more than two drugs leading
to seizure-free patients included a combination of several
broad-spectrum AEDs such as lamotrigine, levetiracetam
or valproate, as shown in a larger retrospective study,
which should be preferred to drugs with a narrower spec-
trum, like oxcarbazepine [89].

Epilepsy surgery

Approximately 40% of all epilepsy patients do not attain
freedom from seizures despite regular drug intake in suffi-
ciently high dosages [8]. In these cases, in-depth evaluation
is mandatory, to determine the reasons of the non-response
to drugs.

It should be considered if two AEDs do not result in seizure
freedom, i.e. complete control of all seizures, which repres-
ents a significant handicap for the patient regarding his or
her socio-professional activities and physical integrity. It is
of note that exclusively nocturnal seizures also represent a
danger, due to an increased risk of suffocation and sudden
unexpected death [90]. Patients with chronic epilepsy have
a 3—10-fold higher probability of mortality compared with
their nonepileptic peers of similar age, depending on the
precise underlying syndrome [8, 91, 92]. In an older study,
those with right temporal epilepsy had a 30-fold increased
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risk of mortality [93], probably because the right insu-
lar cortex, crucial in the cerebral control of heart rthythm
(bradycardia), is easily recruited during a seizure.
However, there is still reluctance towards epilepsy surgery
among caring physicians [94, 95]. Two studies [94, 95]
have showed that the most frequent causes include under-
estimation of the danger of recurrent seizures, underestim-
ation of the success rate of epilepsy surgery, overestimation
of the complication rate of the surgery, and unclear criter-
ia when to refer. For example, in a study among Americ-
an neurologists, 19% thought that their patients had to fail
all approved AEDs to be considered medically refractory
and 55% considered surgery only if the patient had more
than one seizure per month [94]. However, three general-
ised tonic-clonic seizures per year represent also a signific-
ant danger for the patient.

Presurgical evaluation with noninvasive techniques
(phase I)

The high risks of uncontrolled epilepsy and the low yield
of addition of a fourth or fifth AED speak in favour of an
evaluation for epilepsy surgery in order to determine the
optimal resection site and extent, determine the prognosis
for success and verify the absence of non-epileptic events
mistaken for epileptic fits. No epilepsy surgery should be
undertaken without preceding in-depth evaluation.

During the evaluation, two basic questions have to be
answered: the location of the epileptic focus and identity of
possibly adjacent vital cortex. The goal of epilepsy surgery
is safe removal of the epileptogenic tissue without inflict-
ing a (new) neurological deficit. Neurological, neuropsy-
chological and psychiatric evaluations are basic elements
of the preoperative work-up. The evaluation procedure in-
cludes the recording of several habitual seizures with long-
term video-EEG monitoring in a specialised centre, with
24-h surveillance by specialised personnel, rapid access to
intensive care and emergency CT. A high resolution MRI
scan and, if possible, examination with other imaging tools
(e.g. position-emission tomography [PET], single photon-
emission-computer-tomography [SPECT], high-density
EEG / electric source imaging [ESI]) are crucial in the
identification of the seizure onset zone [96]. The more ima-
ging examinations are concordant, the more likely there
will be postoperative seizure freedom [97]. Figure 2
provides an example of multimodal imaging in a patient
with bitemporal discharges.

Surgical results depend critically on the definition of the
ictal and interictal EEG onset zone as well as on the pres-
ence of a lesion in 1.5-Tesla or, better, 3-Tesla high-resol-
ution MRI, obtained with an epilepsy protocol, i.e. | mm
slices for most sequences, as detailed elsewhere [98]. If
the lesion is highly suspected or functionally localised with
PET, SPECT or ESI, but not visualised in the high-resolu-
tion MRI, additional statistical analysis of the MRI may be
useful and unravel the underlying epileptogenic lesion [99,
100] (fig. 3).

Invasive intracranial exploration (phase II)

In some cases, the seizure onset region cannot be determin-
ed with sufficiently high certainty with noninvasive tools,
so intracranial EEG with implanted electrodes is proposed.

The need to turn towards intracranial EEG depends cru-
cially on the yield of the complementary imaging tools: the
clearer the result in the noninvasive image modalities, the
lower the need to implant patients with intracranial elec-
trodes. In our centre Geneva-Vaud, this affects only around
15% of all patients; and for the majority of patients, non-
invasive imaging tools are sufficient to determine eligibil-
ity for surgery. Intracranial exploration has certain import-
ant limits, because of the fact that implanted contacts “see”
neuronal activity within a radius of only 5~10 mm. There-
fore, if the intracerebral electrode is not placed directly in
or very close to the epileptic focus, even intracranial EEG
recordings can be false negative. For this reason, a careful
noninvasive work-up (phase I) is mandatory to prepare op-
timally for invasive evaluation and increase its yield.

The risks of electrode implantation depend on the number
of electrodes and sites to be explored; they should be dis-
cussed once the implantation strategy is clear. Due to rare
occasions of (delayed) infections or bleeding, it is recom-
mended to have round-the-clock in-house access to an in-
tensive care unit and a neurosurgeon on call.

Figure 2

A 26-year-old patient undergoing multimodal imaging after a
recording of bitemporal discharges with left predominance. A. MRI
showed bilateral hippocampal atrophy with left predominance. B.
left: PET showed a hypometabolism at the left mesioteporal lobe,
right: Ictal-interictal substraction SPECT (SISCOM) showed an ictal
hypermetabolism at the left mesiotemporal lobe. C: Combined
EEG-fMRI showed a left hippocampal localization of spike-related
BOLD changes. D. Electric source imaging (ESI) also showed a left
localisation of spikes. With multimodal work-up left antero-mesial
epilepsy was diagnosed.

EEG = electroencephalogram; fMRI = functional MRI; MRI =
magnetic resonance imaging; PET = positron emission
tomography; SPECT = single photon emission computed
tomography. (The left side of the image is left.)
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Surgical outcome

In general, temporal lobe epilepsy carries a better prognosis
than extratemporal lobe epilepsy, as a result of less well
defined anatomical limits. There is no need to avoid ad-
jacent motor, sensory or language cortices, leading to less
limited resection in temporal lobe epilepsy than in ex-
tratemporal. Nevertheless, the vast majority of temporal
and extratemporal surgical candidates benefit clearly from
the surgical procedure. Current surgical approaches are dis-
played in figure 4. In our centre, >200 patients have been
operated on with the aim of complete seizure control. Over-
all, 78% were seizure-free at >1 year post-operatively and
another 8% were almost seizure-free, which amounts to
84% who benefited from the procedure. Ten percent
presented moderate seizure decrease or no change (3%).
There was no patient with an aggravated seizure disorder
after surgery [96].

In a recent review on 40 surgical series between 1995 and
2007, of a total of 3557 patients, 70% of patients with
lesional epilepsy were postoperatively seizure-free [102],
confirming the benefit of expert MR imaging and inter-
pretation. Lesions included benign tumours, such as gang-
liogliomas, and developmental abnormalities, such as dys-
plasia or gliotic lesions (hippocampal sclerosis, post-trau-
matic, vascular insult). The outcome of nonlesional and
extratemporal cases was markedly poorer, with 40-50%

Figure 3

A. 37-year-old patient presenting with seizures with a visual aura in
the right visual field. On MRI a left occipital cavernoma was found
(=), which was surgically removed (right). Work-up did not show
any other focus or area of dysfunction. B. 34-year-old patient
presenting with generalized seizures, EEG showed a very active
focus in the right frontal lobe, but MRI was considered normal.
Right: PET identified a focal hypometabolism in the right frontal
lateral area (). Left: Review of the MRI showed blurring between
gray and white matter indicating the presence of a dysplasia.

EEG = electroencephalogram; MRI = magnetic resonance imaging;
PET = positron emission tomography

seizure-free patients. However, in most of the reviewed
studies there was no access to PET, ictal SPECT or electric
source imaging based on scalp EEG with >100 electrodes
(ESI). In our experience, the chances of freedom from
seizures are markedly higher in nonlesional epilepsy if a
comprehensive work-up is done. For example, with full use
of ESI, the number of seizure-free patients with no lesion
in the MRI was 80% [103]. Even lesional epilepsy benefits
from complementary imaging techniques other than MRI,
which can lead to 80-85% being seizure-free, since not
only the site but also the extent of the epileptogenic zone
needs to be determined [96]. However, precise prognosis
for the outcome of surgery can be given only after in-depth
evaluation. Finally, not all patients are candidates for sur-
gical resection; in our experience, 20-30% need treatments
other than surgery.

Once patients have undergone the surgical procedure, they
continue to be followed up by their referring neurologist.
In about 50% of the cases drug therapy needs to be main-
tained. However, in most cases, only one drug is sufficient.
In the other 50%, drugs can be withdrawn with success.
Complete withdrawal should be tried, and it appears that
the time-point of withdrawal is irrelevant: it can be tried,
for example, after 6 months.

Overall, per year 30—40 patients are operated on in Switzer-
land. However, a conservative estimate (incidence of epi-
lepsy of 50/100'000, 10% surgical candidates) suggests that
there should be 400 patients operated per year in Switzer-
land. This mismatch is observed in most European and
North American countries; the reasons are discussed above.
In fact, the average epilepsy duration (in adults) on ad-
mission for evaluation is in most studies, as at our centre,
around 20 years. Such a long duration might compromise
surgical success. Shorter epilepsy duration is significantly
related to better surgical outcome [104, 105].

Epilepsy surgery is an effective treatment option and the
only one able to cure epilepsy. Surgery needs to be con-
sidered early in the work-up and not as “last resort” in order
to obtain optimal results.

Neuromodulation

Neuromodulation is currently gaining importance for many
diseases; the most established indication is the treatment of
Parkinson’s disease. Regarding epilepsy, two neuromodu-
latory approaches are currently approved: vagal nerve stim-
ulation and deep brain stimulation (DBS) of the anterior
thalamic nuclei (ANT). Other techniques are still being re-
searched and may represent possible future neuromodu-
latory modalities (transcranial magnetic stimulation, tran-
scranial direct current stimulation, etc.). However, all ap-
proaches have in common that <5-10% of implanted pa-
tients become seizure-free [106]. Thus, neuromodulation
should be considered as a palliative treatment and offered
only after the surgical option is ruled out.

Vagal nerve stimulation

The most established among the neuromodulatory tech-
niques is vagal nerve stimulation (VNS). It was approved
by the FDA in 1997 for medically refractory epilepsy, and
in 2005 also for treatment-resistant depression. The exact
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mechanisms on how VNS modulates seizures and mood
are still not understood, and there are no indicators as to
which patients are most likely to benefit.

A spiral-shaped electrode is implanted with its end around
the vagus nerve in the left jugular cervical region (the right
vagus innervates the sinoatrial node) and a pacer device
is placed subcutaneously in the left clavicular or lateral
thoracic region, similar to a cardiac pacemaker. Stimula-
tion parameters are relatively well established but intens-
ity needs to be progressively adjusted during the follow-
ing weeks. The most frequently used protocol is the regular
stimulation of 30 sec every 5 min. Patients have the possib-
ility to apply additional stimulations with a hand-held mag-
net, if they feel a typical aura or an imminent seizure.

VNS is safe and relatively well tolerated; the most frequent
side-effects are a cough during stimulation or brief modi-
fication of the voice during the short period of stimulation.
A recent review on 74 studies of a total of 3321 patients, in-
cluding three of class I and two of class II quality, showed
that seizure frequency was reduced on average by 45%.
Only 4.6% of the patients became seizure free and another
7.6% had a major seizure decrease in the order of >90%.
Most patients fall in the category “no change” (49.4%). The
remainder experienced some decrease between 50-90%
[107].

Epilepsy Surgery

Procedure Clinical Use
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Figure 4

Current surgical approaches (reprinted from: Elger CE, Schmidt D.
Modern management of epilepsy: a practical approach. Epilepsy
Behav. 2008;12:501-39, with permission from Elsevier).

Open-label studies suggest that these benefits are increased
with time and stimulation parameter adjustment [107-110],
although not all studies report significant effects. It appears
that generalised seizures respond better to VNS than partial
seizures [107]. A new device, taking into account abrupt
onset tachycardia as an indicator of a seizure, may be asso-
ciated with greater effectiveness. We will see if this trans-
lates into higher responder rates.

Serious adverse events are very rare (infections, aspiration,
cardiac arrhythmias); however, patients with VNS can un-
dergo MRI only in very limited conditions, as outlined by
the manufacturer. Also the use of surgical electrocautery
in the thoraco-cervical region is only possible with special
precautionary measures.

Deep brain stimulation of the anterior thalamus

Deep brain stimulation (DBS) consists of the stereotactic
implantation of an electrode into the deep structures of the
brain, with a wire to an externally placed pacer similar to
VNS. Since early pioneer studies [111], a number of stud-
ies have targeted many brain sites such as the cerebellum
[112-114], the nonspecific activation system in the centro-
medial thalamus [115-118], the hippocampi [119-123],
eloquent motor cortex [124—125], or caudate nucleus [127],
the subthalamic nucleus [128, 129]. DBS comprises two
principal types, the stimulation of a particular site in an
automatic fashion and so-called “responsive neurostimu-
lation” of the individual seizure foci (RNS) [126, 130].
Regarding the latter, the electrode which applies the stim-
ulation is also capable of recording and analyzing the EEG
and stimulating in a more targeted fashion. RNS, after
a randomised double-blinded trial, was approved in the
USA in 2013, but is not yet available in Europe. DBS of
the anterior thalamus (DBS-ANT) was approved after the
SANTE trial in 2010 [131].

The anterior thalamus represents a relay structure of the
Papez circuit, which connects the structures of the limbic
system such as hippocampus, parahippocampal gyrus and
entorhinal cortex with the ipsilateral mammillary body, cin-
gulate cortex and cingulum bundle, and is therefore an
entry gate into the epileptogenic limbic circuit. Several fa-
vourable pilot studies resulted in the multicentre random-
ised controlled trial of bilateral stimulation of the ANT for
epilepsy (SANTE) in 110 adult patients with focal seizures
[131]. Seizure frequency dropped in the first month by
20% for all participants and thereafter significantly by 40%
for the active group compared to only 14% in the control
group. As in VNS, the effect of stimulation increased over
time with a maximum typically seen 1-2 years after im-
plantation, and up to 50-70% seizure reduction after several
years [132]. Ten percent of the patients (6/59) were seizure-
free for more than 2 years and 16% were without seizures
for at least 6 months. Interestingly, better effects were ob-
tained in patients with temporal lobe seizures, most likely
due to the fact the ANT is part of the Papez circuit.

The main complications originate from the implantation
procedure itself. There were also triggered seizures, elec-
trode misplacement and mistargeting causing undesired ef-
fects such as stimulation-induced paraesthesias, and
memory and mood decrease, but this was usually reversible
[131, 132].
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Conclusions

With so many new antiepileptic drugs we now have a much
larger armamentarium to control seizures. Classical and
new antiepileptic drugs differ in their profile of side effects.
All are equally effective but some of the new AEDs res-
ult in weight loss, pain control or decreased anxiety, which
may be welcome properties. Newly developed drugs are
generally more expensive than established drugs, and this
is also true for AEDs. However, fewer side-effects, few-
er pharmacological interactions, long half-life / single daily
dose regimen and an easier switch between oral and intra-
venous formulations, if available, may argue in favour us-
ing new AEDs.

The various drugs differ in their mechanisms of action,
which should promote research towards a better under-
standing of the underlying cellular and molecular mechan-
isms. We still need to learn more about “good” polytherapy,
i.e., which drug combinations are most efficient. If optimal
combinations are known, lengthy trial-and-error treatments
with low tolerability are avoided.

However, in patients for whom the first two AEDs do not
control seizures, chances that the third or fourth drug will
provide complete seizure control are weak. Already at this
point, in-depth evaluation should be requested which may
or may not lead to epilepsy surgery. It is not rare that re-
current fits are of nonepileptic origin and/or related to poor
compliance, which may be difficult to identify in an outpa-
tient.

The most important aspect of epilepsy care is that we
should never be content with less than complete seizure
freedom. Admittedly this may not be always possible, in
particular in patients with neurological deficits or learning
disabilities. Certainly, there should always be a cost-benefit
analysis, but there is no doubt that a seizure free patient
provides the best cost-benefit ratio both for direct medical
costs as well as indirect costs for the society (unemploy-
ment etc.).
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Figure 1

Practical approach to modern epilepsy care.
AED = antiepileptic drug
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Figure 2

A 26-year-old patient undergoing multimodal imaging after a recording of bitemporal discharges with left predominance. A. MRI showed bilateral
hippocampal atrophy with left predominance. B. left: PET showed a hypometabolism at the left mesioteporal lobe, right: Ictal-interictal
substraction SPECT (SISCOM) showed an ictal hypermetabolism at the left mesiotemporal lobe. C: Combined EEG-fMRI showed a left
hippocampal localization of spikes. D. Electric source imaging (ESI) also showed a left localisation of spikes. With multimodal work-up left
antero-mesial epilepsy was diagnosed.

EEG = electroencephalogram; fMRI = functional MRI; MRI = magnetic resonance imaging; PET = positron emission tomography; SPECT =
single photon emission computed tomography
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Figure 3

A. 37-year-old patient presenting with seizures with a visual aura in the right visual field. On MRI a left occipital cavernoma was found (=),
which was surgically removed (right). Work-up did not show any other focus or area of dysfunction. B. 34-year-old patient presenting with
generalized seizures, EEG showed a very active focus in the right frontal lobe, but MIR was considered normal. Right: PET identified a focal
hypometabolism in the right frontal lateral area (=). Left: Review of the MRI showed blurring between gray and white matter indicating the
presence of a dysplasia.

EEG = electroencephalogram; MRI = magnetic resonance imaging; PET = positron emission tomography
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Figure 4

Current surgical approaches (reprinted from reference [101] Elger CE, Schmidt D. Modern management of epilepsy: a practical approach.
Epilepsy Behav. 2008;12:501-39, with permission from Elsevier).
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