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Statement of Intent

This guideline is not intended to be construeda@erve as a standard of medical care. Standardedital
care are determined on the basis of all clinicéh @aailable for an individual case and are sulifechange
as scientific knowledge and technology advancepatigtrns evolve. These parameters of practice ghumul
considered as guidelines only. Adherence to thelnnet ensure a successful outcome in every case, n
should they be construed as including all propethods of care aimed at the same results. The ukima
judgement regarding a particular clinical procedurreatment plan must be made by the healthprareder

in the light of the clinical data presented by plagient and the diagnostic and treatment optioadable.
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Glossary

ACDR Adverse Cutaneous Drug Reaction

ACTH Adrenocorticotropic Hormone

AED Antiepileptic Drug

BCECTS [Benign Childhood Epilepsy with Centro-temporal Spikes

BDZ Benzodiazepines

BOEC Benign Occipital Epilepsy of Childhood

BP Blood Pressure

CBZ Carbamazepine

CNS Central Nervous System

CSF Cerebrospinal Fluid

CT Computed Tomography

DNET Dysembryoplastic Neuroepileptical Tumour

ECG Electrocardiogram

EEG Electroencephalogram

FDA Food and Drug Administration, United States of America

FLAIR Fluid-attenuated Inversion Recovery

GLUTI Glucose Transporter 1

GTCS Generalised Tonic-clonic Seizures

HIV Human Immunodeficiency Virus

HLA Human Leukocyte Antigen

HLA-B Human Leukocyte Antigen B

HRT Hormone Replacement Therapy

[CU Intensive Care Unit

[LAE [nternational League Against Epilepsy

[PTA [nstitut Pengajian Tinggi Awam (Public Institute of Higher Education)

1Q Intelligence Quotient

IRPF SPGRInversion Recovery Prepared Fast Spoiled Gradieind E

vV Intravenous

JME Juvenile Myoclonic Epilepsy

JPJ Jabatan Pengangkutan Jalan (Road Transport Depdartme
Malaysia

MAE Myoclonic-Astatic Epilepsy

MPRAGE |Magnetization Prepared Rapid Gradient Echo

MR Magnetic Resonance

MRI Magnetic Resonance Imaging

MSN Malaysian Society of Neurosciences

NCSE Non-convulsive Status Epilepticus




NEAD Non-epileptic Attack Disorder

NTD Neura Tube Defects

OCP Oral Contraceptive Pill

PCOS Polycystic Ovarian Syndrome

PET Positron Emission Tomography

SE Status Epilepticus

SJS Stevens Johnson Syndrome

SMEI Severe Myoclonic Epilepsy in Infancy
SPECT Single Photon Emission Computerised Tomograph
STIR Short T1 Inversion Recovery

SUDEP Sudden Unexpected Death in Epilepsy
TEN Toxic Epidermal Necrolysis

TIA Transient Ischaemic Attacks

UK United Kingdom

USA United States of America

VEMP \Vestibular evoked myogenic potential
WHO \World Health Organization




1 INTRODUCTION

The Epilepsy Council, Malaysian Society of Neureaces was established in February 2002 to complemen
the activities organised by the Malaysian Epilegsgiety. In 2005, the Council published a set aflglines

for the management of epilepsy in the country anevesed edition was published in 2010. It hadisigfiht
expertise to make strong recommendations to fatilysicians, internists, paediatricians, psychiestyis
neurologists, and all relevant healthcare provigersaining to the management of epilepsy. Locatisbists
who have national, regional and/or internationabgmition in the field of epilepsy wrote the chapta the
guidelines. This is the third edition of the guidek. Most of the chapters have been written amhiga by

the same authors as the first edition. The chaptepilepsy classification is written with the kredge that

a new classification is still under constructiomneTrecommendations in the guidelines are base@ant
publications as well as the expert opinions ofgtaeel.



2 CLASSIFICATION OF EPILEPSY

2.1 Introduction

The ILAE (International League Against Epilepsyfides anepileptic seizureas a transient occurrence of
signs and/or symptoms due to abnormal excessisgnmhronous neuronal activity in the brain. Ondtteer
hand,epilepsyis a disorder of the brain characterised by arueng predisposition to generate epileptic
seizures. The diagnosis of epilepsy normally rexguthe occurrence of at least two seizures more 24a
hours apart. The diagnosis of epilepsy can alsnde after one unprovoked seizure if there iseat la 60%
risk of further seizures, such as in patients vaitpast history of stroke, brain infection or bréi@auma.
However seizures arising from an acute brain insult that &aow risk of seizure recurrence, such as
hyperglycaemia or hypoglycaemia, do not qualifgpiepsy and are termed “acute symptomatic seizures

Classification of epilepsy is firstly a scientifexonomy to reflect the natural order and clas$éseodifferent
illnesses that manifest as seizures. It thus rsflde scientific community’s current understandihgpilepsy.
Classification is also a diagnostic scheme as etiped clinical guide to prognosis and management.

The first major internationally accepted classtiiaa of epileptic seizures was the 1981 ILAE Clasation

of Epileptic Seizures (Table 1), which is still wlg used worldwide. It is based on clinical and Efle&tures.
Seizures are primarily divided into partial (focal) generalised. Partial seizures are those whetiali
activation is limited to a part of one cerebral Isphere. Generalised seizures are those wherenitied i
involvement is in homologous areas of both hemisgheAuras are simple partial seizures that precede
complex partial or generalised seizures.

Table 1: The International Classification of Epilegic Seizures (1981)
1. Partial seizures

1.1 Simple partial seizure

1.1.1 Motor signs

1.1.2 Sensory symptoms

1.1.3 Autonomic symptoms or signs

1.1.4 Psychic symptoms
1.2 Complex partial seizure

1.2.1 Simple partial at onset (with otheiut automatism)

1.2.2 With impairment of consciousnesigh(wr with automatism)
1.3 Partial seizures evolving into generaliseidures

2. Generalised seizures
2.1 Absence seizure
2.1.1 Typical
2.1.2 Atypical
2.2 Myoclonic seizure

2.3 Clonic seizure
2.4 Tonic seizure
2.5 Tonic-clonic seizure
2.6 Atonic seizure

3. Unclassified epileptic seizures

Consciousness is maintained in simple partial seizbut impaired in complex partial seizures. 3yraptomatology of partial seizures (seizure sengigloeflects
the anatomical origin of the seizures. Hence, glestizures may be characterised by motor, spseieory, autonomic or psychic symptoms. In additomplex
partial seizures are typically accompanied by aat®ms; consisting of involuntary movements, eémsinacking, chewing, fidgeting and wandering.

The next major classification effort was that oé tho89 ILAE Classification of Epilepsies and Epsdgp
Syndrome (Table 2). An epileptic syndrome is aregpic disorder characterised by a cluster of signd
symptoms customarily occurring together. In consiaakction to a disease, a syndrome does not naglss
have a common aetiology.



In this classification, the epilepsies are alsad#id into “idiopathic”, “symptomatic” and “cryptoge”. The
idiopathic epilepsies are genetically determined have no structural cause, no associated clisigais,
normal brain imaging and normal EEG background. 3yraptomatic epilepsies have known causes. The
cryptogenic epilepsies are probably symptomaticeretithe seizures are believed to be symptomata of
underlying cause, but no aetiology has yet beemtiitkd.

Table 2: International Classification of Epilepsiesand Epileptic Syndromes (1989)
1. Localisation-related (focal, local, partial) lepisies and syndromes

1.1 Idiopathic (with age-related onset)

e  Benign childhood epilepsy with centrotemporal spike

. Childhood epilepsy with occipital paroxysms

. Primary reading epilepsy
1.2 Symptomatic

1.2.1 Characterised by simple partial seizures*

1.2.2 Characterised by complex partial seizures*

1.2.3 Characterised by secondarily generalisedises?
1.3 Unknown as to whether the syndrome is idiogathisymptomatic

2. Generalised epilepsies and syndromes
2.1 Idiopathic
Benign neonatal familial convulsions
Benign neonatal convulsions
Benign myoclonic epilepsy in infancy
Childhood absence epilepsy (pyknolepsy)
Juvenile absence epilepsy
Juvenile myoclonic epilepsy
Epilepsy with generalised tonic-clonic seizuresaorakening
ryptogenic or symptomatic
West syndrome
Lennox-Gastaut syndrome
Epilepsy with myoclonic-astatic seizures
. Epilepsy with myoclonic absences
2.3 Symptomatic
2.3.1 Non-specific aetiology
. Early myoclonic encephalopathy
2.3.2 Specific syndromes
. Epileptic seizures complicating disease states
3. Epilepsies and syndromes undetermined, whetioat br generalised

3.1 With both generalised and focal seizures
. Neonatal seizures
. Severe myoclonic epilepsy in infancy
. Epilepsy with continuous spike and wave EEG dusilogv-wave sleep
®  Acquired epileptic aphasia (Landau-Kleffner syndedm

3.2 Without unequivocal generalised or focal feagur

4. Special syndromes

4.1 Situation-related seizures
. Febrile convulsions
e Isolated seizures or isolated status epilepticus
e  Seizures occurring only when there is an acute m#taor toxic event

2.2

e o 0o (Mo o o 0 0 o o

*With the characteristics of seizures arising frisontal, parietal, temporal, occipital, or multiggbes; or the locus of onset is
unknown.



2.2 ldiopathic epilepsies:

Idiopathic focal epilepsies/idiopathic localisaticrlated epilepsy:

The two common types of benign focal epilepsy seehildhood are those with benign centrotempqridess
(BCECTS) and those with occipital paroxysms (TadleThe syndrome of BCECTS accounts for 15% of
seizures in children aged <15 years. Seizures lystaltt during primary school. Seizures are oftenturnal
during sleep with hemi-facial jerks and salivatibhe EEG shows numerous centrotemporal (rolangi&es.
Spontaneous remission occurs in adolescence.

Idiopathic generalised epilepsies:

These syndromes are genetically determined, amehtahave a normal neurological examination anchab
intelligence. The EEG shows generalised epilepichdhrges and may show photosensitivity (Table 3).

Table 3: EEG features of generalised epileptic saires

Absence seizures - generalised 3Hz spike-waveiigctiv

Myoclonic seizures - generalised polyspikes or ppile and wave activity
Clonic seizures - generalised spike-wave activity

Tonic seizures - paroxysmal fast activity

Tonic-clonic seizures - combination of the two segztypes

Atonic - spikes or spike-wave activity or abrugttening of EEG

Childhood absence epilepsy, previously known ag p&l epilepsy, is characterised by an age of bnse
between 4 and 10 years, typical absences, geregtatinic-clonic seizures (GTCS) in about 50% ofguds,
myoclonic seizures in a minority of patients, areheralised 3Hz spike-wave activity on EEG. Juvenile
absence epilepsy usually starts at a later age.

Patients with juvenile myoclonic epilepsy (JME)ddn be older (onset in adolescence), and have loryioc

jerks usually in the morning on awakening with athvwut GTCS. The seizures and myoclonic jerks radpo
to sodium valproate. The seizures are often lifglon

2.3 Non-idiopathic epilepsies:

Symptomatic focal epilepsies

These seizures arise from a localised region obthe. Mesial temporal lobe epilepsy is most comiyo
caused by hippocampal sclerosis. Other causesdedartical dysgenesis and low-grade tumours (DNET)
The seizures are characterised by auras (typieatiging epigastric sensation or psychic aurasyptex
partial seizures with orofacial and manual autosmasi that may secondarily generalise.

The causes of temporal, occipital, frontal and gialineocortical epilepsy are more diverse, antude
traumatic scars, neoplasm, vascular malformatiafayct, haemorrhage and cortical malformationsz@ei
semiology, consisting of simple partial or compbextial seizures, depends on the area of neocaffested.

Symptomatic generalised epilepsies

These epilepsies are associated with diffuse lalggfunction. Common causes include previous anaixib
injury, underlying metabolic derangement or a chweamal defect. There is usually clinical evidente o
intellectual deficiency and/or developmental delBlye clinical and EEG findings are usually abnorarad
age-dependent.
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2.4 Revised terminology and concepts for organisationf@eizures and epilepsies

In the recently revised terminology and concepitgtie organisation of seizures by the ILAEe(g AT, et al.
2010) it is recommended that the terms “idiopathic’yrfgptomatic”, and “cryptogenic” be replaced by
“genetic” (for idiopathic), “structural/metaboli¢for symptomatic), and “unknown” (for cryptogenic).

In 2017, the ILAE published an update of the 19@%gification of the seizure types. (Fisher eR@ll7) The
2017 version remains largely similar to the 19&issification. The main changes include “partialtdrmaes
“focal”, awareness is used as a classifier of features, “focal aware seizure” instead of “simpdetial
seizure”, and focal impaired awareness seizurgéatsof “complex partial seizure”.

Figure 1 ILAE 2017 Classification of Seizure Type8asic Version
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3 DIFFERENTIAL DIAGNOSIS OF EPILEPSY

Recurrent episodes of altered consciousness oluimewy jerks pose a diagnostic challenge to thesighan.
Making the correct diagnosis leads to importantiicagions to the patient, family and society. Thalaation
of patients with transient attacks entails caréfstory taking, which is most important in the wopk The
differential diagnosis of seizures may be dividedoading to different age groups (Table 4).

Table 4: Differential diagnosis of epileptic seizugs

Neonates and infants
e Jitteriness and benign myoclonus

e Apnoea

e Shuddering attacks

e Gastro-oesophageal reflux
e Hyperekplexia

Young children
e Breath holding spells

o Reflex syncope

e Parasomnias

e Benign positional vertigo

e Tics and ritualistic movements

e Rage attacks

Adults
e Syncope
e Migraine

e Transient global amnesia

e Transient ischaemic attacks

e Narcolepsy and other sleep disorders

e Paroxysmal movement disorders and ataxias

Any age
e Endocrine/metabolic diseases and toxins

e Drug induced dystonia
e Cardiac dysrhythmias

e Delirium

12



e Non-epileptic attack disorder

Table 5: Causes of syncope

Neurally mediated reflex syncope
e Vasovagal syncope- central, postural

e Situational (specific triggers)- micturition, de&ion, coughing, sneezing, laughing, weight liffing
post exercise, trumpet playing

e Carotid sinus syndrome

Cardiac syncope
e Arrhythmias

e Structural heart disease / mechanical

Syncope due to orthostatic hypotension
¢ Autonomic failure- multiple system atrophy, dialsetemyloidosis, hereditary polyneuropathy

¢ Drug induced- antihypertensives, diuretics, antiaalgtricyclic antidepressants, levodopa, alcohol
e Hypovolemia- anaemia, failure to thrive, malnudniti
e Postural orthostatic hypotension syndrome

Syncope is the most common cause of altered camsuss in adults (Table 5). It can be dramatisgméng
with loss of postural tone that results from antaaeversible global reduction in cerebral blooolwl
Important features that favour vasovagal syncofieerahan epileptic seizure include a clear preaipig
stimulus, the fall that occurs in stages, presaigarodromal symptoms, brief period of unconsci@ass,
rapid recovery and absence of postictal phase.tifiddabe precipitants are getting up quickly, pnoged
standing, frightening, emotional or unpleasant ssepainful stimuli and Valsalva manoeuvres. Syatop
episodes begin with the premonitory phase wherepdison feels light headed and complains of pallor,
sweating, nausea and visual blurring before losomgsciousness.

Syncope has potentially important implications,essg@ly when there are preexisting medical condgio
Cardiac syncope is often associated with prodrosyatptoms, which include palpitations, chest pain,
shortness of breath or features of cardiovascofarfficiency. Patients with an arrhythmia may préseith

a near syncope but not actual blacking out. Sya@am easily be mistaken for seizures as therehigha
percentage of syncope that is associated with ameddnvoluntary movements. When the perfusion ® th
brain is reduced, convulsive, or twitching-type klasactivity may be observed. Tongue biting andamy
incontinence may also occur.

Transient ischaemic attack (TIA) refers to a reldesneurologic deficit of presumed vascular origfat
usually resolves in 24 hours, typically within X5 minutes. Typically the patient has a focabéiwe)
neurological deficit associated with the event velasra seizure presents with positive symptoms asch
automatisms, paraesthesiae, or visual hallucinstiorPosterior circulation TIA may produce altered
consciousness associated with the signs of bramgysfunction, such as vertigo, diplopia, faciakkmeess
and dysarthria.

The characteristic feature of transient global astanis retrograde amnesia without focal signs angpms.
The patient remains conscious but has no recalleadi the events. The patient is often confused an
disorientated during the event for less than 24rfolhe patient keeps repeating the same quesimra
times even though is still able to carry out norwhaly activities. These clinical features areiltttable to

13



transient ischaemia of the hippocampus, during hice patient is unable to store the memory oferur
events.

Movement disorders that may mimic seizure disordechide dystonia, dyskinesias, tics and paroxysmal
kinesogenic choreoathetosis. Sleep disorders suchraolepsy may potentially be mistaken for segurhe
features of narcolepsy include excessive daytireepshess, sleep paralysis, hypnogogic hallucinatzom
cataplexy. In the latter, the patient typicallyldalo the ground due to lack of muscle control, alahis
precipitated by emotions. Parasomnias, particuREM sleep behaviour disorder is a condition witaee
patient is unable to inhibit movements that arecigipy suppressed during REM sleep. During an aefgsthe
patient typically acts out his dreams during sleaph as walking and running, or exhibits inappaeri
behaviour. Other common parasomnias that havedatempal to be mistaken for epilepsy include nigates,
somnambulism and night terrors.

Non-epileptic attack disorder (NEAD), previouslydamn as psychogenic or pseudoseizures can be divided
into two broad types: a) attacks involving motoepbmena and b) attacks of lying motionless. Featuseful

in distinguishing NEAD from epileptic seizures #mne triggers (frustration, suggestion, in compadyjation
(often prolonged), erratic movements (flailing,\pelthrusting, head rolling), remaining pink anctathing,
resisting eye opening and eye contact and oftemptoecovery. The attacks may last from severalbais

to several hours without resolution, whereas tyipepaleptic seizures last a minute or two and thesolve.

A rapid onset and rapid cessation of the event wiphd reorientation post ictally, also favour NEAD

KEY MESSAGE

The differential diagnosis of seizures needs careful evaluatiqmtients presenting witly
recurrent episodes of altered consciousness.

14



4 INVESTIGATIONS IN EPILEPSY

4.1 Purpose of investigations

The diagnosis of epilepsy is essentially a clinarad, based on a good and reliable history fronp#tient or

an eyewitness of the epileptic event. One thingttainvestigations do not do is to confirm thagtiosis of
epilepsy. However, investigations may help defihe epileptic syndrome and its possible aetiologies.
Clinicians should have an individualised and raai@pproach when requesting investigations for [gefih
epilepsy, so as to avoid unnecessary investigaiodsnclude essential ones. When the clinicalgredion

of a non-epileptic event (e.g syncope) is probaiblgstigations such as an EEG should not be reegles
Therefore when requesting an investigation, clamsi should have in mind: what is the purpose of the
investigations and what difference does it make?

Investigations in epilepsy are aimed at:

1) Excluding alternative diagnoses, especially if¢hiical diagnosis of epilepsy is in doubt. For exde, video
EEG monitoring is useful in diagnosing non-epilegtitack disorder.

2) Defining an epileptic syndrome, in particular wrestit is focal or generalised.

3) Determining the aetiology of the epilepsy- whetliters idiopathic (genetic), symptomatic (structu
metabolic cause) or unknown.

4) Prognosticating the epilepsy. Certain epilepsy symés are associated with poorer seizure control.

5) ldentifying suitable candidates for epilepsy suyg&pilepsies that are medically intractable maytreated
with epileptic surgery.

6) Assessing the suitability of AED withdrawal. A repp&EG is capable of stratifying the risk of seezur
recurrence following AED withdrawal and influenéetdecision to continue or withdraw the AED.

4.2 Who should be investigated?

Patients with a first epileptic seizure should ireestigated for common causes, including hypoglycage
hyponatraemia, hypercalcaemia, alcohol intoxicasiod withdrawal, drug intoxication and head injury.

When red flags are present (new neurological dsfipersistent altered consciousness, focal saizteeer,
persistent headache, neck stiffness, history ofgmahcy, compromised immunity, HIV positivity, rete
head trauma, and anticoagulant use), urgent neagmng of the brain should be requested. In an aaitag,
CT is preferable to MRI due to its wider availalyiliAll other patients who require neuroimaginge(se
indications below) may be scheduled for a brain M&hn outpatient.

All patients with a first seizure should be subgelcto an EEG. Unequivocal interictal epileptiforieatharges
on EEG are predictive of seizure recurrence andinfayence the decision to start AEDs.

4.3 Electroencephalography (EEG)
All patients must be subjected to a standard icti@rscalp EEG, where the recording electrodesitaehed

to the patient’s scalp. Rarely an invasive EEG aagh subdural EEG may be needed, where the ragordi
electrodes are surgically implanted just beneattdtira.

15



4.3.1 Standard interictal scalp EEG

Scalp EEG is useful in detecting interictal epiiiepin discharges that support the diagnosis ofeggsy.
Rarely, routine scalp EEG may record ictal activityen the patient develops a clinical seizure enEEG
lab.

Every patient with a first seizure should haveeast one routine scalp EEG. The sensitivity offs&EHG in
detecting interictal epileptiform discharges is @pmately 50%. The sensitivity is increased u@B@856 if

the EEG is repeated up to three times. Howevegatapy EEGs may not be cost effective and may not
influence clinical decision if the clinical diagne®f epilepsy has been made and the patient’sisszare
well controlled by AEDs.

Interictal epileptiform discharges, and often, liciacharges, may be provoked by certain procedyr8teep
deprivation. The patient is asked to stay awakenight before the EEG is performed. The sensitiigty
increased further if a sleep EEG is recorded wirilghe lab; ii) Hyperventilation. The patient iskad to
hyperventilate for 3 minutes or more, and iii) Rtbigtimulation. The patient is asked to look atralsoscopic
light flashed at varying frequencies and with hyesopen and closed alternately. In the case qestsd
non-epileptic attack disorder (NEAD), a “motivateBEG may be performed. In a “motivated” EEG the
patient is told beforehand that the purpose ofBB& is to capture the attack on video and EEG sbtlie
appropriate treatment can be determined shoulgatient get an attack. In a typical NEAD, the pattieill
have an attack within minutes of the recording unirdy hyperventilation. The attack is often abortgdan
injection of a placebo (normal saline or waterifgection).

The use of suggestion and placebo to provoke and terminate an attack involves some element of

deception and should be practiced with caution, preferably under the supervision of an experienced
neurologist/epileptologists.

4.3.2 Video EEG monitoring

Video EEG monitoring may be short term or long teBhort term monitoring is similar to a standardlsc
EEG except that there is simultaneous video rengrdiong term monitoring is usually recorded foteast
one day and up to 7 days. The purpose of long-tedeo EEG monitoring is to identify an epilepticcts
that may not be picked up on shorter term monitprirhis is often done as part of pre-surgical eatidm.
Long-term video EEG monitoring is also done to dizge NEAD that occurs infrequently and is not picke
up on routine EEG. The EEG during an attack in NBE&D show normal alpha rhythm. Approximately 10-
20% of patients with epilepsy also have NEAD, aodwversely, 5-20% of patients presenting with NEAD
have epilepsy. Often, up to 5 video EEG recordofgsnon-epileptic attack may be needed beforgaeptic
seizure is recorded.

4.3.3 Invasive EEG

Invasive EEG such as subdural, sphenoidal or deptitrode EEG are rarely performed. It may be ne:ade
a patient where epilepsy surgery is contemplatetiaa epileptic focus is ambiguous from scalp EEG.

4.3.4 Limitations of EEG

A normal EEG does not rule out epilepsy. Interigpileptiform discharges can only be recorded wthen
there is a cortical epileptic focus of at leastn®.cEpileptic foci that are deep-seated or too smmeay be
missed. In addition, normal variants may be mispreted as epileptiform discharges (false positive)
Epilepsy should not be diagnosed using EEG in igmlavithout clinical correlation.

16



4.3.5 Minimum standard in performing EEG

A standard scalp EEG should have at least 21 elesrplaced using the International 10-20 system. A
standard EEG should record at least 3 montagea famimum of 20 minutes. A period of wakefulness

followed by provocation procedures of hyperventiat photic stimulation and natural sleep should be
recorded.

4.3.6 Typical EEG Findings in Common Epilepsy Syndromes

Table 6: Common Epilepsy Syndromes and EEG Findings

Epilepsy Syndrome Background EEG Characteristic Ei#fdings

Childhood Absence Normal Bilateral synchronous and symmetrical 3 Hz
Epilepsy spike and wave discharges

Benign Childhood Epilepsy Normal Unilateral or bilateral independent spikeshe
with Centrotemporal Spikes centrotemporal region with a horizontal dipole
(BCECTYS)

Benign Occipital Epilepsy | Normal Posterior 1.5-3 Hz spike and wave dischafges
of Childhood (BOEC) that attenuates with eye opening

Juvenile Myoclonic Normal Photoparoxysmal response, bilateral

Epilepsy synchronous polyspike and wave discharges
Mesial Temporal Lobe Normal Interictal spikes or sharp waves in anterior
Epilepsy temporal region

West Syndrome Abnormal Hypsarrhythmia-disorgantsg voltage

patterns (spikes, polyspikes, slow waves) and
electrodecremental response

Lennox-Gastaut Syndrome  Abnormal Bilateral 2-2.5sdike and wave discharges
(atypical absence), generalised paroxysmal fast
activity during tonic seizure

4.4 Neuroimaging

4.4.1 Structural neuroimaging

MRI is superior to CT for investigating patientstivepilepsy. However, CT is a good initial brainaiging
modality in the emergency setting and when MRIasreadily available.

MRI brain is mandatory for certain groups of pat$en

1) Suspicion of focal onset epilepsy based on hisexamination or EEG
2) Progressive neurological, cognitive or psychmlalgdeficits

3) Abnormal EEG background

4) Poor seizure control

5) Patients with status epilepticus, especiallymibtés unprovoked

6) Following acute head trauma

7) Onset of epilepsy before the age of 2 yearsaftied the age of 20 years

MRI brain may be deferred in the following circulnstes:

1) When the diagnosis of idiopathic generaliseteppy is made based on clinical history and EEG.
2) In pregnant women with no acute problems sudhtescerebral haemorrhage or meningoencephalitis.
3) In children with BCECTSgbsence epilepsy and BOEC.
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4) When there is an obvious non-cranial precipitatactor such as hypoglycaemia or alcohol with@daw

One of the most important reasons for requestimghm MR is the identification of a focal causeegilepsy

that may be treated with epilepsy surgery, sucthipgocampal sclerosis, cavernoma, dysembryoplastic
neuroepithelial tumour (DNET) and cortical dyspdadtippocampal sclerosis is the commonest cause of
temporal lobe epilepsy. Hippocampal sclerosis isumible on CT. On MRI, there is loss of hippocahp
volume and the hippocampus appears hypointenselemeighted and hyperintense on T2-weighted and
fluid-attenuated inversion recovery (FLAIR) imagés.addition the adjacent temporal horn of therkdte
ventricle may appear larger than the contralatemalporal horn. There may be ipsilateral posteraonik
atrophy as well.

The following MRI protocol is recommended for imiagiof patients being evaluated for epilepsy surgery

e 3.0 Tesla magnet - 1.5 Tesla magnet (in the mgjofitcases; in selected cases, a 3.0 Tesla magnet
may be necessary to better identify or delineate l&ésion, particularly if surgical resection is
contemplated)

¢ A volume acquisition (contiguous) T1-weighted cabdata set of the whole brain in 1.5 mm-thick
slices using IRPF SPGR(GE) or MPRAGE (Siemens) eecgs, allowing reformatting in any
orientation or plane, 3D reconstruction or surfeerelering.

¢ Anoblique (heavily) T1-weighted coronal inversi@eovery sequence orientated perpendicular to the
long axis of the hippocampus (parallel to a lineijoy the base of the splenium of corpus callosom t
the infero-posterior border of the frontal lobe)

e An oblique (heavily) T1-weighted coronal spin e¢ii&MP) (GE) or double echo STIR (Siemens) or
a FLAIR sequence orientated perpendicular to thg kxis of hippocampus

4.4.2 Functional neuroimaging

Ictal SPECT (single photon emission computed tomuolgy), PET (positron emission tomography) and
functional MRI are functional imaging modalitiesathmay be done to localise the epileptogenic area.
Functional neuroimaging is done in selected casherev MRI is equivocal and epilepsy surgery is
contemplated. In addition, functional MRI may hédplocalise specific functional areas (e.g motarteq
language area) prior to surgery to determine theateon margin in order to preserve eloquent areas.

4.5 Other investigations

45.1 Ancillary blood tests

Patients with new onset seizures should have sdrochemistry done to exclude metabolic causes of
provoked seizures such as hyponatraemia, uraenyeriypocalcaemia and hypoglycaemia. Drug
toxicology test should be requested if there ipmisn of drug abuse. As such, patients shouldmelyt have

the following tests done:

1) Renal profile

2) Liver function test

3) Serum corrected calcium and magnesium
4) Random blood glucose

Serum creatine kinase and serum prolactin levejshaalevated following a generalised tonic-clsezure
but these are indirect and unreliable markers auses. Serum creatine kinase may be normal inlsirop
complex partial seizure and absence seizure. Spralactin levels may have normalised 30 minutesrafth
attack. Therefore these tests should not be rdytiequested.
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Serum or saliva must be sent for HLA B*1502 testomgpr to commencement of carbamazepine (see also
section 6.6 on page 43 for further information).

45.2 Cardiac assessment

An ECG should be performed in all patients witHeggsy for the following reasons:

1) Cardiac arrhythmias causing cardiac syncopentiraic seizures

2) Cardiac arrhythmias or obstruction to cardiatpat may cause generalised seizures
3) Conduction block may be exacerbated in patikisig phenytoin and carbamazepine.

An echocardiography and chest radiograph shoulédpeested if cardiac abnormalities are suspected.

4.6 Specific investigations
CSF studies, HIV testing, connective tissue dissasegening may be requested if clinically indicated

Autoimmune limbic encephalitis has been recognasg@n emerging cause of poorly controlled seizures.
Patients often present with a tetrad of seizuregghatric symptoms, movement disorders such aaced
dyskinesia and cognitive decline. It is crucialdiagnose these conditions as specific treatmertt asc
immunotherapy may lead to a good outcome. Amomgsantibodies that are now identified in this ctindi

are anti NMDA receptor antibodies, anti LG1, anASPR and anti VGKC antibodies. These antibody tests
are not routinely performed in most centres with élxception of anti NMDA receptor antibodies, whietm

be tested at the Institute of Medical Research (IMEkven the complexity of these conditions, patenith
poorly controlled seizures with progressive neuwjaal symptoms are best managed and investigatad in
tertiary referral centre.

4.7 Investigations during follow up

If there is progressive neurological, cognitivepsychological deficits or poor control of seizuaerepeat
EEG or MRI brain may be requested. Neurocognitestimg may be requested in particular in child@n t
assess for cognitive decline which may be subtieredtigations should be done to exclude rare
neurodegenerative diseases such as progressivdamigoepilepsy, metabolic disorders and progressive
structural disorders.

In patients taking enzyme-inducing AED, a full bdbcount, liver function test and serum calcium stidne
done every 1 to 2 years to look for adverse effdasients taking sodium valproate should havdldlood
count done at least yearly. Patients on Topirarsiadelld have an annual renal ultrasound scan.

4.8 Investigation of epilepsy in children

A distinction should be made at the onset betweaengked seizures and epilepsy. Seizure or recurrent
seizures occurring in close temporal relation veithacute systemic, metabolic or toxic cerebrallireste
considered to be provoked or acute symptomaticusesz which occur commonly in children. In such
instances, investigations should be tailored attiieng the aetiology since the seizures will usueesolve

with prompt treatment of the underlying cause amdjlterm AED is not required.

In epilepsy, history taking is the main diagnostiol. Parents can be asked to emulate the seipuresord

the seizures with their mobile phone camera, camehmme video recorder if the seizures occur feedy
enough to be captured. Caregivers are stronglyuwsaged to utilise home video recording. Investigati
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procedures are performed to support the diagnagstify the underlying aetiology and to assistthe
management and prognostication of the patient.

The diagnosis of epilepsy is primarily clinical addes not depend on EEG. Epileptiform abnormaliies
seen in 5-8% of healthy children. Paroxysmal aistier background changes are seen in 32% of healthy
children that could be misinterpreted as abnor@ahversely a normal EEG does not exclude epilefgsnw
there is a convincing clinical history. The sendiy of interictal recording is too low (40%) to leereliable
diagnostic test for epilepsy. Surface EEG can sayple electrical activity arising from the scatmeexity,
leaving the mesiobasal and inner cortex unexploféds, EEG should not be used to confirm or retute
diagnosis of epilepsy.

The yield of EEG abnormalities is increased bykazording, photic stimulation and hyperventilatidt is
also increased when the EEG is performed withinfitse 24 hours of an epileptic seizure. Sleep reg
achieved spontaneously or by sleep deprivationretepred over sedated sleep recording. Sleep rigprd
contributes significantly to epilepsy classificatjdor example benign childhood epilepsy with cetemporal
spikes (benign rolandic epilepsy) and juvenile nigoic epilepsy.

All children with recurrent epileptic seizures shibhave an EEG. It is also recommended in childvéh
the first afebrile, unprovoked seizure to assesgrrence risk and make a syndromic diagnosis. Hewetv
should not be used as the sole guide in decidingtiven or not to commence AED. An EEG is not
recommended for children with recurrent or comgébeile seizures.

In children who present with diagnostic difficultiafter clinical evaluation and standard EEG, iE&6>-
telemetry is a useful diagnostic tool. Video-EEGieetry is also used for evaluation of potentiaddidates
for epilepsy surgery to identify the epileptogemimne. A 12 lead ECG should also be performed iaxagth
diagnostic uncertainty.

All children with epilepsy should have a brain Médne. However, children with the following syndrane
(which follow a typical coursejo notrequire neuroimaging :

1. Benign childhood epilepsy with centrotemporal spike
2. Idiopathic generalised epilepsies (eg childhooanabs epilepsy, juvenile myoclonic epilepsy)

Brain MRI is recommended especially in childrenhaatypical features or who do not respond well EDA.

Neuroimaging is not recommended for children withe or complex febrile seizures that follow aitgd
course.

In the first 6 months of life, T2-weighted imageshto identify cortical abnormalities while T1-wéied
images better appreciate myelination. Subsequentth sequences have a reverse role and are coerézn
by inversion recovery and fluid-attenuated invangiecovery (FLAIR) sequences. Children younger than
age of 2 years require different MR imaging seqaenbecause immature myelination affects the ghdit
identify certain lesions such as cortical dyspla€ither neuroimaging modalities such as PET andCIPE
scan are sometimes used in presurgical evaluatipotential candidates.

Children with symptomatic epilepsies warrant othavestigations such as metabolic and genetic
investigations to identify the underlying aetiolo@uch investigations have a higher positive yielchildren

with dysmorphic features, mental retardation, dysto epileptic encephalopathy, and recurrent status
epilepticus. Targeted genetic testing is recommeridechildren with typical phenotypic or electrimital
features and when the underlying disease has achathcterised molecular and genetic basis.
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KEY MESSAGES

The diagnosis of epilepsy is made based on clirhcgtbry. An EEG should not b
performed where a non-epileptic event is probablg $yncope).

\1%

A normal EEG does not rule out epilepsy.

Investigations play a supportive role in determgnthe aetiology, epilepsy syndromg,
prognosis, suitability for surgical treatment anthdrawal of AEDs.

All patients with a clinical diagnosis of epilepsiyould have a standard scalp EEG.

MRI is the neuroimaging of choice and is mandatehere the clinical presentation &r
EEG suggests an underlying brain abnormality. MRl rbe deferred in patients wi
idiopathic epilepsy.
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5 GENERAL PRINCIPLES OF THE TREATMENT OF EPILEPSY

5.1 Introduction

Once the diagnosis of epilepsy has been establigiseieatment must be individualised. This indsdhe
need for treatment and choice of AEDs. Careful imration must be given to several factors, inegigdhe
certainty of the diagnosis of epilepsy, severityseizures, level of function, occupation and fansilypport.
Few decisions are more critical in the managemeapitepsy than the decision to initiate drug tipgraAs

far as the patient is concerned, starting an AEMigus the state of ‘epilepsy’, which can affedf-ssteem,
social relationships, education and employment. Bdreefits of therapy on the other hand, includeciorsk

of seizure recurrence and of death or injurieswibecks of therapy include potential drug side éffecost,
stigmatisation and inconvenience. The decisiomdattessentially depends on the balance betweegfitsen
and drawbacks of therapy. Effective treatment atsetudes proper education and counselling. Impartan
issues like driving, schooling, employment, pregiyaand compliance must be discussed, and advicé mus
be individualised.

5.2 Prophylactic treatment

Prophylactic treatment has sometimes been advqcat#dbly in patients with head injuries or large
haemorrhagic strokes. While immediate treatment redyce the risk of early post-traumatic seizuneth{n
one week of injury), it does not influence the rigkate post-traumatic epilepsy. Studies donesuralogical
conditions with high prospective risk of epilepswvk failed to show any evidence of benefit.

5.3 Single seizure

Patients presenting with a first single unprovokeidure present a common clinical dilemma. A metyesis
of prospective studies indicates an overall tworyesk of further seizures of 30-40%. The loweskr{24%)
is in patients with no identified cause who haveoamal EEG, and the highest risk (65%) is in thegh a
remote neurological insult and epileptiform abndrties in the EEG.

Treatment after a first GTCS halves the two-yesk df seizures from about 40% to 20%. However, ighis
not associated with any improvement in longer-teuttomes such as proportion of patients achievimgea
year remission.

Given the potentially significant social and phgsienplications, patients with a high risk of re@mce should
be given the option to start treatment.

Recommendations:

Patients with a certain diagnosis of unprovoked G BBould be treated after the first seizure if:

1. The seizure is associated with a previous absamtferamyoclonic seizures, and/or
2. The patient or physician considers the risk of remce unacceptable (e.g. if there is an underlying
structural brain abnormality)

The decision to treat simple and complex partiaises will depend on the seizure frequency anersigv
and patient preference. Generally, most patientsldveeek treatment after at least two seizures have
occurred.

Seizures due to alcohol withdrawal or other metabmi drug-related causes or sleep deprivation lshou
not be treated with AEDs. Treatment should be awrsed only if there are recurrences suggestive of

epilepsy.
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e All patients developing seizures within a week et injury should be treated, but AED withdrawal
should subsequently be considered.

e Patients should not be treated if there is unagstabout the diagnosis.

5.4 Recurrent seizures
The decision is more straightforward in patientdwecurrent seizures and a clear-cut diagnosepibépsy.

5.4.1 Newly diagnosed epilepsy

Factors influencing the decision to treat include:

1. A firm diagnosis of epilepsy based on a good firatd witness account of the attacks. There is acepl
at all for a ‘trial of treatment’ to clarify the @jnosis.

2. About 50-80% of all patients who have a non-febs#ézure will have further seizures, the greatisgt r
being in the first 6 months. There is a further 88 in the next 6 months and 8% in the followirg) 1
months. The risk is influenced by the followingtars:

e Aetiology: the risk is greatest with structuraleeral lesions and least in acute symptomatic epylep
The risk in idiopathic epilepsy is about 50%. Ingk with pre-existing learning disability or cerabr
damage, the risk approaches 100%.

e Age: the risk is greater in those under the agk6adnd over 60 years.
e Seizure type: partial seizures are more likelyetmur than generalised seizures.

3. Seizures must be sufficiently troublesome. Someuseitypes have a minimal impact on quality of life
e.g. simple partial, absence or nocturnal seizufée benefits of AEDs in such seizures may be
outweighed by their disadvantages. If the based@eure frequency is very low e.g. less than oneeye
2 years, the disadvantages of chronic drug therapy be high, and AED should probably not be
prescribed.

4. Epilepsy syndrome - some benign epilepsy syndrdmaes an excellent prognosis without treatment e.g.
benign childhood epilepsy with centrotemporal spjlkend do not require long term therapy.

5. Compliance — AEDs need to be taken reliably andileety to be effective. In circumstances where
compliance is doubtful, the decision to treat weled to be re-considered.

6. Reflex seizures and acute symptomatic seizuregures precipitated only under specific circumseac
e.g. alcohol or photosensitivity, may be treate@bgiding these precipitants, obviating the needifag
therapy.

7. Patients’ wishes - the final decision is left t@ thatient; the physician’s role is to explain te&ative
advantages and disadvantages of therapy. Howéweerigk of SUDEP is higher in generalised tonic-

clonic seizures and if there are more than 3 astackear. Patients and their caregivers should be

counselled about the risk of SUDEP when discudsing-term treatment.
Once the diagnosis is clear, and decision to iseastablished, the goal of therapy is to achiewepiete
seizure control, with a drug taken once or twickag with minimal or no side-effects.

Formulation of a treatment plan at the time ofpgagent’s initial evaluation would include:
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Identifying precipitating factors such as slebgprivation, drug abuse, alcohol, excessive fatignd
photosensitivity. Patients and their caregiversukhbe counselled about their avoidance.

Counselling the patient and/or caregiver webpect to the reasons for starting therapy, expecta
limitations and likely duration of therapy, need g§mod compliance and potential risks of therapy.

A detailed documentation of seizure type/tygtesuld be made, particularly when the epilepsy syme
is unclear. This will avoid aggravation/worseningcertain syndrome/ seizures with an inappropriate
AED.

Commencing the patient on a low dose of onenitierapy) of the®lline AEDs recommended for their
epilepsy syndrome (Table 8). Single drug therapyiples optimal seizure control in about 70% ofgyatis,
and has the advantages of better tolerability amcptiance, fewer side effects, simpler regime, lamger
teratogenic risk.

Titrating the dose upwards to a higher maimeaalose if seizures continue. The ideal dose fati@nt
is the dose that gives good seizure control witlsggriificant adverse side effects.

5.4.2 Treatment of chronic active epilepsy

If seizures continue beyond 2-3 years, the paisetdnsidered to have chronic epilepsy (accourfingbout
10-20% of all patients), and the following managetrseps must be taken:

1.

Review the diagnosis and aetiology - histolgGE: neuroimaging, etc. The possibility of pseudnses
must be considered.

Re-classify the epilepsy (seizure type(s) amdisome).
Review compliance to AED and lifestyle modifioa.

Review drug history - which AEDs have or hawt Ipeen useful in the past, which have not beew tri
drug and blood levels of previous therapy.

Set a treatment plan - sequence of drug chasgasn level monitoring.
Consider surgical therapy.

Recognise limitations of therapy; patients wiitnactable epilepsy must be able to accept thsability
and continue with life. There are limits to theeetiveness of AEDs available and it is importantreate
a balance between seizure frequency, side effemts AEDs, and quality of life.

For both newly diagnosed and chronic epilepsyagest approach is advised:

e Tolerability and long-term safety are the most im@ot factors in choosing the first drug.

e If the first AED is poorly tolerated at low dosagefails to improve seizure control, an alternative
should be substituted.

¢ If the first well-tolerated AED greatly improvestiioes not completely abolish seizures, combination
therapy may be tried. Although the mechanisms tibao©f many AEDs are not fully understood, this
remains a logical basis for choosing combinatioardpy. Evidence is emerging that certain
combinations (preferably AEDs with different mecisams of action) offer better efficacy than others.

e Work up for epilepsy surgery should be consideffezt &ailure of 2 well-tolerated treatment regimes
after a period of 1 to 2 years.

¢ If needed, subsequent combinations of 2 or at @@dEDs may be effective.
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5.5 Decision to withdraw AEDs

When freedom from seizures has been achieved fmriad of at least 2 years, drug withdrawal may be
considered. Exceptions occur in certain epilepsydsymes e.g. JME, which has a high relapse rate. No
guarantee of seizure freedom can ever be given altgng is withdrawn. There is a 40- 50% risk ddpse
within the F'year of cessation. The risk of relapse is highgatients:

> 16 years of age.

whose age at seizure onset was < 3, or > 30 years.

with tonic-clonic (primary or secondary) or myoweio seizures.

with partial onset seizures.

with seizures needing > 1 AED for good controlret time of discontinuation.

with an abnormal EEG - the EEG is not helpful iagicting seizure recurrence, although a normal EEG
IS reassuring.

with a past history of status epilepticus.

with a history of afebrile or atypical febrile seres in childhood.

experiencing one or more seizures after the stareatment.

with a short duration of seizure-freedom.

whose duration of treatment exceeds 10 years.

with a known aetiology of seizures (symptomatideggsy) and associated neurological handicap.
with a fast rate of drug withdrawal.

Patients in whom seizure recurrence is less likedjude:
¢ those who have been seizure-free for five or meagg; or at least between three to five years.
¢ those with benign childhood epilepsy with centrgpenal spikes.

Discussion of whether to withdraw AEDs should take account:
e the patient’s need to work and drive a motor vehicl
e the patient’s fear of seizures and attitude togrgéd AED therapy.

5.6 Driving and epilepsy

The possession of a driver’s licence is an impaortantributor to health-related quality of life @pilepsy,
especially denoting independence, and may be asiecdor continued employment. However, epileptic
seizures can result in road traffic accidents hystay sudden incapacity at the wheel. Although theyot
contribute greatly to the totality of road safetypst countries and states have some laws or goéseli
governing fitness to hold both ordinary and voaaidicences. There is, however, a worldwide valitgb
from some nations imposing a blanket lifelong pbition through to systems of individual driver'ski
assessment. There is a lack of adequately resebdeit@ on relative accident risk in epilepsy coragdo a
non-epileptic population, which allows for this quetable variability in regulations.

In Malaysia, theAkta Pengangkutan Jalan (APJ) 1987 and Kaedah-Kladdlenderaan Motor (Lesen
Memandu) 1992pplies, and states:

e Under Section 30 (2) and (BPJ 1987 thePengarahof JPJ may refuse an application for a licentkaf
licensee is found to have a condition (diseaseisabdlity) that may endanger other road usershis t
contextKaedah 18 dan Kaedah-Kaedah Kenderaan Motor (lesemandu) 199@learly states ‘epilepsy’
as one such condition; this applies to all andfanys of licences.

¢ If alicensee has obtained a licence before deugddpis condition, th€®engarahcan revoke this licence
under Seksyen 30 APJ 198¥ased on a medical report from any medical offstating the level of
disease/disability.
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Legally, the doctor is not duty bound to notifigJ. Generally, the decision to drive or not to diiw@ choice
best made after discussions between the treatipgigéin and patient. Some conditions that may afiow
safe driving include:

e Well-controlled epilepsy, and the patient is oratneent.

e Seizure freedom for at least 1 year, off or onttresat.

e Preceding aura — however, auras may not occur evigny seizure, or the driver may not have enough
space on the road to pull over despite an aurakigg an impending seizure.

e Purely nocturnal seizures.

Someone who is a newly diagnosed epileptic aneirsgostarted on medication is advised to stop wigivor

6 — 12 months, until the seizures have stabilisedl @any drug-related side effects have settled.a@ert
occupations are prohibited for people with epilepsiiese include driving heavy machinery e.g. tnacand
public buses, as well as flying commercial or rafjtairplanes. As such, obtaining driving licencethese
situations is clearly not possible. Driving is calesed a privilege, not a right. If a patient’slepsy is against
him/her obtaining a driver’s licence, use of pulbtensport or carpooling is encouraged.

5.7 Education and epilepsy

The Kementerian Pendidikan Malaystzas confirmed that there are no discriminatoryicges or action
against any person with epilepsy who wishes toymirsgher education. There are no specific diswglithat
are barred for people with epilepsy. Any person wilighes to enrol in an Institute of Higher Learnisg
required to undergo a medical check up, includieggbe with epilepsy. People with epilepsy and atineio
chronic medical conditions are advised to inforra #uthorities of their condition, so as to faciétany
modification to their surroundings or courses asessary.

KEY MESSAGES

e The diagnosis of epilepsy should be certain before treatment is starteglisTher
role of ‘trial of therapy’ in uncertain diagnosis.

e Develop a short and long term plan before starting or changing an AED regimgn.
Indications and risks should be weighed and discussed with the patient.

¢ Recognise the limits of the efficacy of currently available AEDs. A highl lef
awareness of drug-refractory epilepsies should be present and appropriate
investigations for surgically remediable epilepsies should be part of theyemaeat
plan.

¢ Individual factors should not be overlooked such as patient’s lifestyle, attitude
towards medication, social and psychological impact of seizures, seizunenee
and medications, employment, and driving.
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6 LONG TERM PHARMACOLOGICAL TREATMENT

6.1 Introduction

Epilepsy is a chronic disease associated with phlgpsychological, and socio-economic consequetheds
may compromise the quality of life. Although achrey seizure control is the main objective of metica
management, seizures are not the only cause otoofar patients with epilepsy. Associated neuriialy
intellectual, psychological and social handicapsdi® be equally addressed. Patients and caregieersto
be informed about the nature of the disease, agmustic implications, the objectives of therage tisks
and benefits of treatment, including the risks asged with poor compliance and abrupt discontimmadf
therapy. Medical treatment should also involvestd$sion of factors that could give rise to negaitwpact
on the seizure control but with no undue restricgion the patient’s lifestyle.

6.2 Initiation and continuation of AEDs

Selection of AED is highly individualised.
Considerations while choosing an AED include:

Efficacy and effectiveness for specific seizur@piteptic syndrome (Table 7, Table 8)
Mode of actions (Table 10, Fig 2, Fig 3)

Pharmacokinetic properties (Table 11)

Safety and tolerability profile (Table 11)

Patient’s circumstances

Dosing frequency and Cost (Table 9)

ok wNE

A systematic approach to the long-term pharmaco@greatment of epilepsy is recommended:

Establish the diagnosis of epilepsy and the neebbig term AEDs.
Start with a single AED as monotherapy after degjdin the type of seizure(s) and the epilepsy mdr
(Table 7, Table 8).
3. Begin at a low dose and increase gradually (Taple 9
4. Counsel and educate the patient and caregivers hlsdler epilepsy and treatment. This informatan
be provided by doctors treating the patient or @@&trained in epilepsy care.
5. Review the patient within a month to assess compdiaside effects and seizure control (refer toldab
11).
6. Review every 6 to 8 weeks. If the seizures areconatrolled and there are no side effects, incréase
dose appropriately. In about 60-70% of patientsséhsteps are sufficient to achieve good seizureaio
7. If the AED fails to control seizures:
e Review the diagnosis and seizure pattern.
¢ Review compliance (see also “drug monitoring”).
e Ensure that the maximum tolerated dosage has Isseh u
8. If the first AED continues to be ineffective at theaximum tolerated dose, introduce an alternatig®A
slowly (Table 9) without tapering the first.
9. If the patient has a good response to the secorig Aénsider withdrawing the original AED gradually.
10. Consider long-term two-drug therapy if monotherapg not achieved remission or good seizure control.
11.1f the first add-on AED is ineffective, or producaadesirable side effects, withdraw it slowly, and
simultaneously replace it with a second add-on AEin the remaining choices. This process can be
repeated for other possible add-on AEDs.
12.1f the seizures are still not adequately controltedtwo AEDs, some patients may benefit from an
additional third AED.
13.AED from a different mode of action is preferred &ald-on therapy to possibly increase the chance of
seizure control but more importantly to avoid addete effects by using the AED of similar mode of
action.

=

27



14.Review the diagnosis if seizures continue despigeatbove logical approach, and a period of 2-3syear
has elapsed. The possibility of pseudoseizures ¥ poor compliance should be considered. When
these possibilities have been excluded the pattenild be evaluated for a possible progressivetsirai
lesion, especially if the patient has partial segyand surgery may be an option.

15. Patients and caregivers must be fully involvechmdecision-making process about their treatmereirT
views on treatment such as achieving the rightriz&@ldetween side effects and seizure control shmld
taken into account when considering changes in caédn.

16.The importance of compliance should be stressgdtients and caregivers.
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Table 7 : Efficacy and safety as Initial Monotherapy

Seizure type or epilepsy syndrome

Level of efficaand effectiveness evidence
(in alphabetical order)

Adults with partial-onset seizures

Level A: CBZ, VL HPHT, ZNS
Level B: VPA*
Level C: GBP, LTG, OXC, PB, TPM, VGB
Level D: CZP, PRM

Children with partial-onset seizures

Level A: OXC
Level B: None
Level C: CBZ, PB, PHT, TPM, VPA, VGB
Level D: CLB, CZP, LTG, ZNS

Elderly adults with partial-onset seizures

Level@BP, LTG
Level B: None
Level C: CBzZ
Level D: TPM, VPA

Adults with generalised onset tonic—clonic seizures

Level A: None

Level B: None

Level C: CBZ, LTG, OXC, PB, PHT, TPM, VPA
Level D: GBP, LEV, VGB

Children with generalised onset tonic—clonic sedsur

Level A: None
Level B: None
Level C: CBZ, PB, PHT, TPM, VPA
Level D: OXC

Children with absence seizures

Level A: ESM, VPA
Level B: None
Level C: LTG
Level D: None

Benign childhood epilepsy with centrotemporal spike
(BCECTS)

Level A: None

Level B: None

Level C: CBZ, VPA

Level D: GBP, LEV, OXC, STM(sulthiame)

Juvenile myoclonic epilepsy (JME)

Level A: None
Level B: None
Level C: None
Level D: TPM, VPA

## The table above summarises the latest evidemadficacy and efffectiveness of different AEDs fo
specific seizure types or epilepsy syndromes. Hewevreal life, efficacy and effectiveness ard pest of
the consideration; cost and tolerability are sofmhe other factors. A more practical recommenadaiso

summarised in table 8.

*Refer to chapter 9 for the recent update on tleeaisodium valproate in women
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Table 8: Recommended AED according to seizure typ® epilepsy syndrome

Seizure types or
epilepsy syndromes

Monotherapy

Adjunctive
therapy*

(other than drugs
in monotherapy)

Therapy for
resistant cases

Seizure Types

Focal Seizures carbamazepine clobazam eslicarbazepine
lamotrigine gabapentin phenobarbital
levetiracetam topiramate phenytoin
oxcarbazepine perampanel pregabalin
sodium valproate# lacosamide tiagabine
zonisamide vigabatrin

Generalised Tonic sodium valproate# clobazam

Clonic seizure only lamotrigine levetiracetam
carbamazepine** topiramate
oxcarbazepine** perampanel

Absence Seizures ethosuximide clobazam
sodium valproate# clonazepam
lamotrigine levetiracetam

topiramate
zonisamide

Myoclonic Seizures | sodium valproate# clobazam
levetiracetam clonazepam
topiramate piracetam

zonisamide

Tonic or Atonic sodium valproate# lamotrigine rufinamide

Seizures topiramate

Infantile spasm steroid
vigabatrin (1° for
tuberous sclerosis)

Epilepsy Syndrome

Dravet Syndrome sodium valproate# clobazam
topiramate stiripentol

Lennox—Gastaut sodium valproate# lamotrigine rufinamide

syndrome topiramate

felbamate

Benign epilepsy carbamazepine clobazam eslicarbazepine

with Lamotrigine gabapentin lacosamide

centrotemporal Levetiracetam (carbamazepine phenobarbital
spikes, oxcarbazepine and oxcarbazepine | phenytoin

Panayiotopoulos sodium valproate# may exacerbate or | pregabalin

syndrome or late- unmask CSWS, tiagabine

onset childhood which may occur vigabatrin
occipital epilepsy in BCECTS.) zonisamide

(Gastaut type).

Idiopathic sodium valproate# perampanel clobazam

Generalised lamotrigine clonazepam

Epilepsy topiramate zonisamide
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Juvenile myoclonic

sodium valproate#

clobazam

epilepsy (JME) lamotrigine (may clonazepam
exacerbate myoclonic zonisamide
seizure)
levetiracetam
topiramate
Childhood absence | ethosuximide clobazam,
epilepsy, juvenile sodium valproate# clonazepam,
absence epilepsy or | lamotrigine levetiracetam,
other absence topiramate
epilepsy syndromes zonisamide

* Medications in the monotherapy column will be suitable adjunctive as well if the first medication
effect is suboptimum.
** Do not offer carbamazepine, gabapentin, oxcarbazepine, phenytoin, pregabalin, tiagabine or

vigabatrin for patient with idiopathic generalised epilepsy, absence seizures, myoclonic seizures, tonic or

atonic seizures, Lennox Gastaut Syndrome, Dravet syndrome.
# Use of sodium valproate in female of childbearing age need special considerations and is discussed

separately.

*Refer to chapter 9 for the recent update on tleeaisodium valproate in women
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Table 9: Dosing frequency

AED

Usual daily dose

No. of
doses/day

Carbamazepine

Initial: 100 mg nocte (adults); SkaMglay (children).
Maintenance: 400-1600 mg/day (adults); 10-20 mglkg/
(children).

2-3

Oxcarbazepine

Initial: 600 mg/day (adults); 10 nyédiay (children)
Maintenance: 1200-2400 mg/day (adults); 20-40 nigég
(children)

Eslicarbazepine**

Initial: 400 mg/day (adults); Maintenance: 800-120¢/day
(adult)

Clonazepam

Initial: 0.25 mg/day (adults); 0.02 naddiay (children).
Maintenance: 2-8 mg/day (adults); 0.1-0.2 mg/kg/day
(children).

1-3

Clobazam

Initial: 5-10 mg/day (adults); 0.1 mg/kay/dchildren).
Maintenance: 10-20 mg/day (adults); 1 mg/kg/day
(children).

Ethosuximide*

Initial: 250-500 mg/day (adults); B-ing/kg/day (children).
Maintenance: 750-2000 mg/day (adults); 20-40 mglkg/
(children).

2-3

Gabapentin

Initial: 300 mg/day (adults); 10 mg/ley/dchildren).
Maintenance: 900-2400 mg/day (adults); 30-60 mgikg/
(children)

2-3

Pregabalin

Initial: 150 mg/day (adults); Maintenant50-300 mg/day
(adults)

Lamotrigine

Initial: 25 mg EOD (with valproate), 2&g OD (without
valproate) (adults); 0.15 mg/kg/day (with valprgate3
mg/kg (without valproate) (children). Maintenan&@0-200
mg/day (with valproate), 100-400 mg/day (without
valproate) (adults); 1-3 mg/kg (with valproate 4.5
mg/kg/day (without valproate) (children). Adjunctiv
therapy with valproate: gradual increment in theedover
one month (adults). Higher doses if concurrent erezy
inducer.

1-2

Phenobarbitone

Initial: 30 mg/day. Maintenance180-mg/day (adults); 3-
5 mg/kg/day (children).

Primidone

Initial: 100-125 mg/day (adults); Maindice: 750-1500
mg/day (adults)

Phenytoin

Initial: 200-300 mg/day (adult).); 5 mgjtay (children)
Maintenance: 300-400 mg/day (adults), 5-8 mg/kg/day
(children)

Topiramate

Initial: 25-50 mg/day (adults), 0.5-1/kggday (children),
Maintenance: 200-400 mg/day (adults); 3-9 mg/kg/
(children).

Valproate*

Initial: 400-600 mg/day (adults); 10-dfy/kg/day
(children). Maintenance: 400-2500 mg/day (aduR€}40
mg/kg/day (children under 20 kg); 20-30 mg/kg/day
(children over 20 kg).

Vigabatrin**

Initial: 1000 mg/day (adults), 50 mgjklay (children);
Maintenance: 1.5-3g/day (adults), 100-150 mg/kg/day
(children)

Felbamate**

Initial: 1200 mg/day (adults), 15 mgkkay (children);

3-4

Maintenance: 2400-3600 mg/day, 45 mg/kg/day (ceijr
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Maintenance: 1000-3000 mg/day (adults); 40-60 mgég
(children).

Tiagabine** Initial: 4 mg/day, Maintenance: 32-5@fday 1-4

Rufinamide** Initial: 400 mg/day (adults), 10 mg/kigy (children); 2
Maintenance: 1800 mg/day (adults), 45 mg/kg/dajdcn)

Ezogabine** Initial: 300 mg/day (adults); Mainteman 600-1200 mg/day 3
(adults)

Zonisamide Initial: 100 mg/day (adults), 1 mg/kg/dehildren); 1-2
Maintenance: 300-400mg/day (adults), 12 mg/kg/day
(children)

Lacosamide Initial: 100 mg/day (adults); Mainterer200-400 mg/day | 2
(adults)

Perampanel Initial: 2 mg nocte, 4 mg nocte if corent enzyme inducer 1
(adults); Maintenance: 8-12 mg nocte (adults)

Levetiracetam Initial: 500*** mg/day (adults), 18 2ng/kg/day (children)., 2

*Refer to chapter 9 for the recent update on tleeaisodium valproate in women
** Not marketed in Malaysia
***May start as low as 250 mg/day in 2 divided dsse
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Table 10: Modes of action of AEDs

AED lon Channel Excitatory Inhibitory Others
Mechanism Mechanism
First Generation
Benzodiazepine Enhances GABA
Carbamazepine Na, Ca (L-type)
blockade
Ethosuximide Ca (T-type) blockade

Phenobarbitone Increases chloride |on Enhances and
influx increases GABA
Phenytoin Na blockade
Valproic acid Na/Ca (T-type) Enhances GABA
blockade
Second Generation
Felbamate Na/Ca blockade Antagonises NMDA
receptors
Gabapentin Ca (N-, P/Q-type)
Lamotrigine Na/Ca (N-, P/Q-, R-, Increases GABA
T-type)
blockade
Levetiracetam K?/Ca (N-type) Increases GABA Binds to SV2A
blockade protein
Oxcarbazepine Na/Ca (N- and P-
type)
blockade
Pregabalin Ca (N-, P/Q-type)
blockade
Rufinamide Na prolonged
inactivation
Tiagabine Increases GABA
Topiramate Na blockade Antagonises Enhances GABA Inhibits carbonic
AMPA/kainate anhydrase
glutamate receptor enzyme
Vigabatrin Increases GABA
Zonisamide Na/Ca (N-, P-, T- Inhibits carbonic
type) blockade anhydrase
enzyme
Third Generation
Ezogabine/Retigabine K (enhances M-type
current)
Lacosamide Increases slow Binds to collapsin
inactivation response
of Na channels mediator protein-2
Perampanel Antagonises AMPA

glutamate receptor
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Figure 2

Inhibitory synapse

Pre-synaptic neuron

Vigabatrin

Tiagabine

Astrocyté

Benzodiazepines,
barbiturates

GABA, receptor
‘ GABA transaminase (GABA-T)
“ GABA transporter (GAT-1)

Post-synaptic neuron

Adapted from: Rogawski MA, Loscher W. Nat Rev Neurosci 2004;5:553-564;
Rogawski MA. Epilepsy Currents 2011;11:56—63.

Figure 3

Excitatory synapse — AEDs that attenuate excitability

Pre-synaptic neuron

adts,

\/ Voltage-gated Na* channel

Phenytoin, carbamazepine,
lamotrigine, lacosamide,Rufinamide
oxcarbazepine, eslicarbazepine

acetate, Zonisamide Felbamate

Voltage-gated Caz*
channel, o8 subunit

Gabapentin, pregabalin

Carbonic anhydrase

/' inhibitor

Topiramate Perampanel P

Levetiracetam

NMDA receptor ‘AMPA receptor

Felbamate

4 Voltage-gated K*
channel
Spine on principal neuron b V., (KCNQ)

“ . Retigabine
Adapted from: Rogawski MA, Loscher W. Nat Rev Neurosci 2004;5:553-564;

Rogawski MA. Epilepsy Currents 2011;11:56-63. Soma of principal neuron
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Table 11: AEDs pharmacokinetics and adverse reactins

Oral AED

Oral
Bioavailability

Protein
Binding

Metabolism

Half-life

Interactio
n

Side effects

Phenobarbitone

Good

Low

>70%

80-100H

Present

Sedation, decreased
concentration, depression,
hyperactivity (children),
reduced bone density,
plantar fibromatosis,
Dupuytren contracture,
frozen shoulder.

Primidone

Good

Low

Extensive

10-15H

Present

Similar to phambitone,
acute toxic
reaction with debilitating
drowsiness,
dizziness, ataxia, nausea,
and vomiting.

Phenytoin

Variable

High

Extensive,
Non Linear

9- >42H
(dose
dependent,
longer in
toxicity)

Present

Ataxia, incoordination,
dysarthria, nystagmus,
diplopia, gingival
hypertrophy, hirsutism. A
paradoxical increase in
seizures in overdose.
Hypotension, arrhythmias,
purple glove syndrome in I\
form.

Carbamazepine

Good

Intermedi
ate

Extensive

25-65H
(initial use)
8-22H
(auto
induction)

Present

Blurred vision, diplopia,
nystagmus, unsteadiness,
incoordination, tremor,
hyponatraemia, weight gain|,
decreased bone, mild
leukopaenia, rarely aplastic
anaemia. Rash and SJS
(increased risk with HLA
B1502)

Oxcarbazepine

Good

Low

Extensive

1-4H,
8-10H
(active
metabolite,
prolonged
in renal
impairmen

B

Present

Drowsiness, headache,
fatigue, dizziness, blurred
vision, diplopia, nausea,
vomiting, and ataxia, rash
(25% cross reactivity with
CBZ), more hyponatraemia
than CBZ.

Eslicarbazepine

Good

Low

~40%

13-20H

Present

Similar to oxcarbamepi
Less hyponatremia, rash 3%.

Valproate

Good

High

Extensive

13-16H

Present

Gastric irotativith
nausea, vomiting, anorexia,
fatigue, drowsiness,
tremor, weight gain, hair
loss,
peripheral oedema,
thrombocytopaenia.
Encephalopathy and
hyperammonaemia in
polypharmacy (TPX, ZNS)
Idiosyncratic hepatotoxicity
and pancreatitis.

Ethosuximide

Good

Low

Extensive

30-60H

Present

Gl adverse effect
neuropsychiatric
disturbances. Idiosyncratic
reaction includes rash, SJS
SLE, aplastic anaemia,
thrombocytopaenia,
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agranulocytosis, and rarely
autoimmune thyroiditis.

Clobazam

Good

High

Extensive

36-42H,
71-82H
(active
metabolite)

Present

Drowsiness, nystagmus,
incoordination, unsteadiness
dysarthria

Clonazepam

Good

High

Extensive

17-60H

Present

Same as clobazam

Felbamate

Good

Low

~50%

20-23H

Present

Gl irritability, insioian,
weight loss, aplastic anemia
(1/5000 to 1/8000) , hepatig
failure (1/26,000 to
1/54,000)

Gabapentin

Low

Low

None

5-7H

Absent

Drowsiness, dizziness,
ataxia, tiredness, , weight
gain, myoclonus, cognitive
slowing in the elderly,
emotional lability in
children, peripheral oedem3

Pregabalin

Good

Low

None

~6H

Absent

Same as GBP

Lamotrigine

Good

Intermedi
ate

Extensive

~24H,
double
with
valproate

Present

Dizziness, blurred vision,
diplopia, unsteadiness,
nausea and vomiting,
headache, tremor. Rash 39
TENS and SJS (1/4000)

Topiramate

Good

Low

~30%

~21H

Minimal

Cognitive adverse effect
including
cognitive slowing, decreased
attention
and memory, impaired
executive
function, word-finding
difficulty, and
reduced verbal fluency.
Sedation, fatigue, dizziness
ataxia, and depression.
Kidney stones 1.5%.
Paresthesia, weight loss
glaucoma. Oligohidrosis,
hyperthermia,
and metabolic acidosis may
occur in children.

Tiagabine

Good

High

Extensive

7-9H

Present

Dizziness, astheni
nervousness,
tremor, depression, and
emotional
lability. Dose-related
nonconvulsive status
epilepticus or
encephalopathy.

Levetiracetam

Good

Low

~30%, Non
hepatic

6-8H

Absent

Somnolence, dizziness,
asthenia.

Irritability and hostility (esp.
children) Depression.

Zonisamide

Good

Low

~65%

~60H

Present

Cognitive slowing and
difficulty with
concentration. Depression
and psychosis. SJS, TEN
rarely. Kidney
stones 4%. Oligohidrosis,
hyperthermia, and metaboli
acidosis (esp. children),
aplastic anaemia.

T

Lacosamide

Good

Low

~60%

~13H

Minimal

Dizziness, headache spay
vomiting,
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diplopia, fatigue, sedation.
Cardiac arrhythmias.

Vigabatrin

Good

Low

None

10.5H

Absent

Sedation, fatigue, diegs,
ataxia. Irritability, behaviour
changes, psychosis,
depression. Weight gain.
Progressive and permanent
bilateral concentric visual
field constriction
(30% to 40%)

Rufinamide

Good

Intermedi
ate

Extensive

6-10H

Present

Dizziness, fatigue,
somnolence, and
headache. Short QT interval.

Ezogabine/retig
abine

Limited

Intermedi
ate

Extensive

7-11H

Present

Dizziness, somnolence,
fatigue, confusion, blurred
vision, tremor, nausea.
Weight gain. Urinary
retention 2%. Bluish
pigmentation in the skin,
nails, and retina.

Perampanel

Good

High

Extensive

105H

Present

Dizziness, sonmoele
headache, fatigue, ataxia,
and blurred vision.
Aggression and hostility
(high dose, adolescent)
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6.3 Drug monitoring

AED concentrations are over-requested and oftemtairpreted, leading to injudicious alterationreftment.
When employed as a guide to dosing, serum condemsaof phenytoin are the most useful, given ésow
therapeutic range and zero order kinetics. Asshgarbamazepine, phenobarbitone, and benzodiazeaiee
moderately helpful. Serum assays for valproateuareelpful due to large fluctuations in levels aadkl of
correlation with efficacy. Serum assays for the @edrugs such as lamotrigine, topiramate and gatizpe
are not available and generally unnecessary.

The major indications for assaying serum AED leagts

e to check compliance.

to determine if signs or symptoms are the resuliBD toxicity.

as a guide to dosing of certain AEDs (in particutdrenytoin).

to monitor pharmacokinetic interactions.

as a guide in certain situations e.g. pre-pregnafanyning, during pregnancy, and status epilepticus

As a general rule, serum AED levels should be nredsat steady state, i.e. when at least 5 elinondtalf-
lives have elapsed since the last dose changedBloauld be drawn in the morning before the fiestyddose,
when the concentration is usually at its troughe Time of sampling is unimportant for AEDs with ¢phalf-
lives like phenobarbitone. For drugs with signifitavariation in serum concentrations during theirps
interval (e.g. sodium valproate and carbamazepmsgcond sample should be taken a few hours latieng
toxicity is suspected, peak levels should be t4dKable 12).
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Table 12 : Drug Monitoring

AED Time to peak Time to steady Comment Reference range Conversion factor (F)
concentration state (Days) (mg/L) (umol/L = F x mg/L)
(H)

Carbamazepine| 2-9 2-4 Active 10, 11 epoxide | 4-12 4.23

metabolite contributes

to clinical effects
Clobazam 1-3 7-10 Active N- 0.03-0.3 (clobazam) | 3.33 (clobazam)

desmethylmetabolite 0.3-3 (desmethyl 3.49 (desmethyl

contributes metabolite) metabolite)

to clinical effects
Clonazepam 1-4 3-10 7-amino metabolite 0.02-0.07 3.17

retains some

pharmacological activity
Ethosuximide 1-4 7-10 40-100 7.08
Felbamate 2—6 3-4 30-60 4.20
Gabapentin 2-3 1-2 2-20 5.84
Lamotrigine 1-3 3-6 (5—15 with 2.5-15 3.90

valproic acid
comedication)

Levetiracetam 1 1-2 12-46 5.87
Oxcarbazepine| 3-6 2-3 3-35 3.96
Phenobarbitone| 0.5-4 12-24 10-40 4.31
Phenytoin 1-12f 5-17 10-20 3.96
Pregabalin 1-2 1-2 Not Established 6.28
Primidone 2-5 2-4 Metabolically derived 5-10 4.58

phenobarbital

contributes largely to

clinical effects
Tiagabine 0.5-2 1-2 0.02-0.2 2.66
Topiramate 2-4 4-5 5-20 2.95
Valproic acid 3-6 2-4 50-100 6.93
Vigabatrin 1-2 1-2 0.8-36 7.74
Zonisamide 2-5 9-12 10-40 4.71
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6.4 AED toxicity

Important points pertaining to AED toxicity include

e Acute dose-related toxicity is common and predietaithough the dose required to produce symptoms
varies between individuals.

Inappropriate rapid introduction of AEDs is a commreason for toxicity and apparent drug failure.
Carbamazepine, lamotrigine and topiramate prodooespecific central nervous system manifestations,
in particular drowsiness.

e Allergic reactions, manifested initially by rashcac in 2-4% of patients exposed to carbamazepine,
phenytoin, phenobarbitone, and lamotrigine. Thig wacur even after a few weeks of starting treatinen
with the peak incidence at 10-21 days.

e Chronic toxicity may affect any system. The side@st are quite specific for each AED.

6.5 Epilepsy in remission

Population and cohort studies have shown that PO-80patients diagnosed and treated for epilepdly wi
attain long-term remission in excess of two or mggars. The decision to continue the AED desgieuse
freedom is critical and potentially more difficuti make. For adults, the penalties for seizurerreage is
high but there may be perceived adverse effecfs=s§ on concentration and cognitive function, ashasl
unwanted complications in pregnancy in women. lilespf all the studies suggesting various progiosti
factors, no factor or model can exactly predictrible of seizure recurrence in an individual pati@md hence
each patient needs to be counselled on a casestobesis. The "one size fits all" approach is eastible.
However, some guidance may be available from theviong frequently asked clinical questions:

1. What Is the Length of the Seizure-Free Period Required to Start Drug Withdrawal? Should We
Consider Different Seizure-Free Periodsin Children and Adults?

Antiepileptic treatment might be discontinued atianinimum period of 2 years of seizure freedonoytgn
seizure-free period should be discouraged becduaehigher risk of relapse. Discontinuation of treant
could be considered after 2 years in children beesanof a marginally higher risk of relapse for early
withdrawal).

2. Should We Consider Withdrawing Treatment in Patients with an Abnormal EEG at Time of
Discontinuation?

An abnormal EEG (epileptiform abnormalities or sfiecEEG patterns) at the time of treatment
discontinuation is associated with an increasddafselapse, although of a limited relevance & #bnormal
EEG is the only negative prognostic predictor. @ibeision to stop treatment should be consideréukitight

of other (concurrent) predictors of relapse andsti@al and personal complications of a seizurpsa.

3. Should We Consider Withdrawing Treatment in Patients with a Documented Aetiology of Epilepsy
(Including Mental Retardation and Perinatal I1nsults)?

A documented aetiology of seizures, including tresspnce of mental retardation and/or abnormal hagim

or imaging findings, is also associated with anme@ased risk of relapse; however, as with an abndeBe,

the risk is of a limited relevance if this is th@ynegative prognostic predictor. The decisioattip treatment
should also be considered in the light of the d@d personal complications of a seizure relabdsavever,

an abnormal EEG pattern associated with a documiea¢tiology of seizures warn against treatment
discontinuation.

4. Should We Consider Withdrawing Treatment in Patients with Partial Seizures?
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The presence of partial seizures should not beideresl per se a risk factor for relapse, in absefcgher
relevant seizure predictors (abnormal EEG and/eunh@nted aetiology). Seizure type should be asdesse
along with other variables when the decision t@ $steatment must be taken.

5. Should Age at Onset Be a Factor Influencing the Decision to Stop or Withhold Treatment?

Age at onset of seizures should be considered alotigother factors when deciding to stop or witltho
treatment. Older age at seizure onset should riettathe decision to stop treatment if other negati
prognostic predictors are not present.

6. Does Sex Matter?

Although a female patient carries a higher riskadapse than a male patient, the role of sex shoatd
influence the decision to stop or withhold treatimenless other factors (e.g. epilepsy syndrome) are
associated.

7. Should We Exclude Treatment Withdrawal in Patients with a Family History of Epilepsy?

Family history of epilepsy should not be a conti&ation to treatment discontinuation when all ttleer
variables have been properly weighted (recommenia &).

8. Should We Exclude Treatment Withdrawal in Patients with a History of Febrile Seizures?

History of febrile seizures per se should not lwertraindication to treatment discontinuation.

9. Should We Exclude Treatment Withdrawal in Patients with Some Epilepsy Syndromes?

The epilepsy syndrome should always be considemethe decision process at the time of treatment
discontinuation. In this regard, a case should bdarto stop treatment in benign childhood epilegily
centrotemporal spikes and in most idiopathic gdisexc epilepsies. In contrast, withholding treatinien
seizure-free patients might be an option for crgptoc or symptomatic generalised epilepsies, jugeni

myoclonic epilepsy, and symptomatic partial epiieps

10. Should We Consider Treatment Withdrawal Only in Patients with Lower Seizure Frequency before
Entering Remission and/or Shorter Duration of Active Epilepsy and/or Less Difficult Seizure Control?

Prolonged duration of active disease before anshgireatment and high seizure frequency shouldea
contraindication to treatment discontinuation.

11. What Isthe Most Appropriate Tapering Period?

Slow discontinuation of antiepileptic drugs shobkel encouraged and the duration of the taperinggeri
should be tailored to the patient’s needs and prate.

12.1s a Patient Taking Two or More Drugs at Higher Risk of Relapse Compared to a Patient on
Monotherapy?

The patient should be warned that taking two oramsugs at the time of treatment discontinuatioghibe
associated with an increased risk of relapse. Heweadiscontinuation of AEDs might be considered, in
particular when no other concurrent negative prsgjadactors occur.

13. Does the Drug Taken at Time of Discontinuation Matter?
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The decision to stop or withhold treatment in awes free patient is not affected by the type aigdio be
ceased.

14. Which Combinations of Risk Factors Help the Decision to Withdraw Treatment?

A patient who is age 12 years or older and hasuseszafter treatment initiation should be cautionetito
stop treatment.

15. How long Should We Monitor Patients after Treatment Discontinuation?

A patient discontinuing treatment for seizure fremdshould be followed for no fewer than 2 years.

6.6 HLA issues

There has been much concern about the strong aseacof HLA-B*1502 genotype with severe adverse
cutaneous drug reactions (ACDR), namely, Stevehssim Syndrome (SJS) and Toxic Epidermal
Necrolysis (TEN) in patients taking carbamazepi@BZ), but not with the milder maculopapular eruptio
and hypersensitivity syndrome. This has led to @A Blert in recommending testing of HLA-B*1502 bedo
starting treatment with carbamazepine.

The overall estimated risk of SIS/TEN associated varbamazepine in Caucasian populations is fhvly

at 1 to 6 per 10,000 new users. However, receptgi-marketing adverse events reported to the @orl
Health Organization (WHO) and carbamazepine matwfas pointed to a much higher rate of SJS/TEN,
(about 10 times higher) in some Asian countriekisTs attributed to the higher prevalence of HLAEB02

in the Asian population.

HLA-B*1502 is not a universal marker. The prevalerd HLA-B*1502 in the general population is low in
Europe, Japan, Korea and Sri Lanka and most etroigps in India. However, it is more common among
some Asian populations. Reports across Asia hawersthat the prevalence of HLA-B*1502 is high among
the Han Chinese (5-15%) in Taiwan, Hong Kong, Msiayand Singapore; 12-15% among Malays in
Malaysia and Singapore; 8-27% among the Thais]essdthan 10% among Vietnamese.

To date, the HLA-B*1502 allele as a marker for @emazepine-induced SJS/TEN is only established among
the Han Chinese. A recent study showed that the -Bt¥602 allele was seen in all 44 patients with
carbamazepine-induced SJS, but only in 3% of caslzapine -tolerant patients, and 8.6% in the normal
population. A case control study in Taiwan foundttf9 out of 60 patients with SIS/TEN associatdtl wi
carbamazepine were positive for HLA-B*1502, far Heg than the 4% prevalence of HLA-B*1502 in
carbamazepine-tolerant controls. Studies in Malay &hai populations showed a similar but less gfron
association. Another study showed that there mighother genes that could be responsible for thé-CB
induced rash. It should be noted that patientsavbaested positive for HLA-B*1502 may also benateased

risk of SJS/TEN not only to carbamazepine but adsother AEDs, notably lamotrigine, phenytoin, and
phenobarbitone.

There are, however, many unanswered questiongddiathis issue:

1. The effects of carbamazepine dosage on the likaditamd timing of ACDR are uncertain.

2. The exact mechanism of how carbamazepine modutgtetoxic activity via the HLA gene is also
poorly understood.

3. The role of other HLA-B subtypes in carbamazepimiced SJS/TEN and significance of HLA-
B*1502 and other HLA subtypes in ACDR induced blgestAEDS, e.g. phenytoin and lamotrigine
are unclear.
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In Malaysia, HLA-B*1502 testing is available in gri few centres. It is currently quite costly ahd test
result may take up to 3 weeks.

Recommendations:

a. There is a need for further studies to detezntiie prevalence of HLA-B*1502 among various ethnic
groups in Malaysia. One issue to be consideredhisthver children of inter-racial marriages should be
evaluated differently due to their mixed genetatiss.

b. There is a need to have national data on carbanmezemluced SJS/TEN and HLA-B*1502 in this group
of patients.

c. There is also a need to set up national or regiabalratory support to provide the test reliably.

d. Inview of the significant morbidity and mortality SIS-TEN, selected patients, especially Han Geine
and Malays, should be screened for HLA-B*1502 beekiarting carbamazepine.

e. The latency of carbamazepine-induced SJS/TEN i 20 days. Therefore, patients who are already on
carbamazepine after 3 months without ACDR shoultinae the treatment.

f. Patients who are tested positive for HLA-B*1502 @wdonot be treated with carbamazepine unless the
expected benefit clearly outweighs the risk of SEBI.

g. Patients who are tested negative for HLA-B*1502éhavow risk of SIS/TEN from carbamazepine, but
SJS/TEN can still occur rarely. Therefore, the phiga should still monitor the patient for relevant
symptoms.

6.7 Generic Drug Issues
The Malaysian Society of Neurosciences has suppdhte use of original (patented) AEDs in previous

meetings. However, in recent years, many generiDf\Bave been approved for use by the National
Pharmaceutical Control Bureau, Ministry of Healthl®&/sia once they have passed the bioequivalendg st
in healthy subjects. Original AEDs require string&aboratory and clinical studies to ensure safatg
efficacy in epilepsy patients before being apprawgthe drug authorities whereas generic AEDs cetyiire
bioequivalent studies.

A generic AED is considered as bioequivalent to thmigginal AED as long as the drug’s maximum
concentration@may in 12-16 healthy subjects is within 80-125% tattbf the reference drug. The drug
levels in the actual epilepsy population and pasiean multiple AEDs are not tested. There are
pharmacokinetic and pharmacodynamic variations &etworiginal and generic AEDs as well as between
different generic brands of the same AED. These lya to be taken into consideration. Thereforerehs
indeed some concern about the differences betweeefticacy and safety of the generic and origktaDs
among clinicians and patients.

Recently, studies comparing generic and originaD8Bave been published. Initiating a patient wihepsy
on generic AED can provide similar efficacy, tolatdéy and safety to that of the originator AED.rAcent
clinical trial published inLancet Neurology2016 showed that generic lamotrigine products VADA-
approved bioequivalence provide no detectable réiffees in clinical effects compared with the oragor
drug, supporting the notion that the US Food andgDAdministration bioequivalence standards are
appropriate as long as the patient is consistaqtlgn the same formulation. These findings sugtjest
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generic AEDs could be used as an alternative tora@i AEDs. This will allow easier and wider acdbgiy
to various AEDs.

Although, there is emerging data supporting theaiggeneric AEDSs, there is no data regarding tspaase

to generic AEDs in our local population, in pregoyamnd in special populations such as childrentaed
elderly. The plethora of generic drug manufactueerd distributors in Malaysia makes it difficult doaw
conclusions about the clinical efficacy and safgtgeneric AEDs studied abroad. Therefore, caret ineis
taken for patients with refractory epilepsy ands#havho are on polytherapy. These patients are best
maintained on their original AEDs to prevent segaur

1.

2.

KEY MESSAGES

10.

11.

AED should be started after establishing the diagnosis and need for long terfn

AEDs; the patient and the caregiver must participate in the discussion proce
Choice of AED is highly individualised based on the efficacy, safety, mode o
actions, cost and pharmacokinetics of the AED, the seizure type(s) and epilg
syndrome as well as the patient’s preference.

Monotherapy with the appropriate AED is preferred. If uncontrolled; adjuncti

e
AED is added, and sometimes even a third AED is required for resistant casIs.
lin,

Do not offer carbamazepine, gabapentin, oxcarbazepine, phenytoin, pregab
tiagabine or vigabatrin for patients with idiopathic generalised epilgbsgnce

S.

PSY

seizures, myoclonic seizures, tonic or atonic seizures, Lennox-Gastaut Syndfome

and Dravet syndrome.

There are special considerations for the use of sodium valproate in women df

child bearing age.
Major indications for AED monitoring are:

e to check compliance.

to determine if signs or symptoms are the result of AED toxicity.
as a guide to dosing of certain AEDs (in particular, phenytoin).
e to monitor pharmacokinetic interactions.

e as a guide in certain situations e.g. pre-pregnancy planning, dpring

pregnancy, and status epilepticus.

Withdrawal of AEDs after a period of remission should be clearly discussed yith

patients and their caregivers.

Han Chinese and Malays have a higher incidence of the HLA B*1502 allele,
which is associated with carbamazepine-induced SJS-TEN; they should be

screened before starting carbamazepine.

The latency of carbamazepine-induced SJS/TEN is 25 to 90 days.

Special care must be taken when using generic AEDs intsatvith refractory
epilepsy and those who are on polytherapy. These patients aradetstined on
patented AEDs to prevent seizures.

Physicians must be cognisant of the myriad of manufacturers sathe AED
when prescribing generic AEDS.
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7 SURGICAL TREATMENT OF EPILEPSY

7.1 Introduction

More than 30% of people with epilepsy will contintteehave seizures despite appropriate treatmetit wit
AEDs. This figure has not changed much even thoughy new AEDs have been introduced in the past 20
years. Options available to clinicians when dealiiilp drug resistant epilepsy (DRE) include chaggom
adding another (often ‘new’) AED, trial of dietahyerapies (such as the ketogenic diet) and epilspsgery.
Responder rates (i.e. 50% reduction of seizurdwing introduction of a new AED and ketogenic tdiee
typically between 20-30% and 30-50% respectivegiz@e free rates following a new AED and ketogenic
diet are disappointingly low at less than 10% edclcontrast, responder and seizure free ratesviolg
epilepsy surgery may be as high as 90% and 70%ctgely. In a recent meta-analysis involving 1625
participants, 10,518 (65%) achieved a good outcioame epilepsy surgery. A randomised controlled| tia
adults with mesial temporal lobe epilepsy (MTLE@showed superiority of temporal lobe surgery carag

to continued AED therapy.

Uncontrolled seizures occurring over a prolongetbgempact negatively on brain development andfiom.
Neuroimaging studies show progressive neuronal daraad dysfunction that improves following succaissf
surgical treatment. In children, such dysfuncticmymanifest as developmental delay, learning disabnd
behavioural impairments while in adults, it candea decline of higher cognitive function and limit
educational and vocational opportunities. Peopta wicontrolled seizures have lower social inteoacand
reduced marriage rates, and are exposed to stigilasand discrimination. Psychiatric comorbiditeuch
as depression and anxiety are much more commdoge twith uncontrolled seizures. The risk of aatide
injury and sudden unexpected death (SUDEP) fareslcthat of the normal population. The use of mpldti
AEDs is associated with acute (eg. drowsiness ameersensitivity) and long term adverse effects (eg.
osteoporosis and cerebellar atrophy), and caragdgenic risks. Chronic uncontrolled epilepsy dsals to
high dependency on caregivers.

Despite the above data, epilepsy surgery is stitimunderutilised especially in resource-limitetlisgs. In
the UK, it is estimated that epilepsy surgery iggrened in less than a quarter of those deemedoppipte
for surgery. The surgical treatment gap is eversean India, where it is estimated that only 1% piepsy
surgery candidates are operated on. Furthermorer) whtients are referred for surgery, there isvanage
duration of 22 years between the onset of epilegs) referral. Potential reasons for underutilisatmd
delayed referrals include resource limitations,ammeeptions regarding the risks and benefits ajesyrand
suboptimal assessment and referral patterns.
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7.2 Early diagnosis of candidates for epilepsy surgery

An important development in epileptology is theaggition of “surgically remediable epilepsy syndest

These syndromes have a clearly defined clinical BlBG profile as well as a generally predictableursdt
history and response to currently available AED= fiypes of surgically remediable epileptic syndesrand
their characteristics are shown in Table 13.

Table 13: Types of surgically remediable epileptisyndromes and their characteristics

Type of syndrome Location of epileptogenic Nature of epileptogenic lesion
lesion

Mesial temporal lobe epilepsy hippocampus hippocampal sclerosis,
parahippocampal gyrus low grade tumour*,
uncus cavernous malformation,
entorhinal cortex focal cortical dysplasia

(any of the above)

Lesional neocortical epilepsy lateral temporalnfad, parietal | low grade tumour*, cavernous
or occipital lobes malformation, focal cortical
(any of the above) dysplasia, cortical tubers,
ischaemic lesion
Non-lesional neocortical frontal temporal, parietal or focal cortical dysplasia
epilepsy occipital lobes
Posterior quadrant epilepsy multilobar lesion Ixirgy tumour,
parietal, temporal, occipital cortical malformations,
lobes (sparing motor/sensory | Sturge-Weber syndrome ,
cortex) ischaemic lesion
Hemispheric epilepsy Diffuse involvement of one | hemimegalencephaly,

cerebral hemisphere with a Rasmussen’s Syndrome, Sturge-
normal contralateral hemisphefeWeber syndrome, hemispheric

infarction
Symptomatic generalised Bilateral, multifocal or diffuse | cortical malformation, gliotic
epilepsy lesions lesions

* Tumours with very low growth potential (WHO Gradg such as dysembryoplastic neuroepithelial tum¢DNET),
ganglioglioma, pleomorphic xanthoastrocytoma, awvd grade cortical glial tumours

By current guidelines, patients are consideredatgehimedically intractable’ or drug resistant epdg after
failure of adequate trials of two tolerated andrappately chosen and used AED schedules (whether a
monotherapy or in combination) to achieve sustasedure freedom. It is important to note that gmec
seizure frequency and time interval are not necigsaquired. The diagnosis of intractability shdalso be
individualised, with consideration given to ages #eizure type, seizure burden, degree of interéergvith
quality of life, education and employment as wellany adverse effects due to appropriate medication
Patients who have medically intractable seizuresilshbe referred for further investigation to detere if
they are candidates for surgical treatment. Thetétie justification for persisting with prolonddrials of
drug therapy in patients with potential surgicatynediable syndromes.

7.3 Selection of patients for epilepsy surgery

Patient selection is the most important determirdrat successful surgical outcome. Presurgicaluaiain

of potential candidates should be carried out atudti-disciplinary centre by clinicians who are raily
sufficiently competent in the investigation and gical treatment of epilepsy, but who also carry aut
sufficient number of evaluations and surgical pchees to maintain their clinical skills. Inexpeviaduation
can result in denial of surgery to patients whdesufom surgically remediable lesions or may leadurgical
treatment being undertaken in patients in whom esyrdpas no prospect of seizure control or in whom
unacceptable complications would result from surger
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The aims of presurgical evaluation are to

Accurately localise the epileptogenic zone, idermtife epileptogenic lesion

Establish a resection(or disconnection) strategypjdimal seizure control

Ensure that an unacceptable neurological defi@sdwt result from the resection(or disconnection)
Establish that seizure control by surgery woulshigigantly improve the quality of life

It is also important to exclude patients who haseyaloseizures and other non-epileptic attacksepgyl
surgery is not an option in patients who have msgive neurological disease (except those with Resem’s
syndrome). Surgery is also not generally undertakeghose with significant mental retardation (1Q7€),
those with psychiatric disease (except post-icsgtcposis) and in those with dual pathology thanocare
safely removed or disconnected.

7.4 Presurgical evaluation

7.4.1 Localising the epileptogenic zone

Seizure origin and spread is best determined lyystg the seizure semiology and ictal EEG. Videahsc
EEG monitoring remains the main tool for seizurealsation, and is used by all centres involvedhwit
presurgical evaluation. Additional methods useditectly or indirectly localise the seizure origntiude

- Interictal scalp EEG

- Substraction ictal and interictal single photon &siin tomography (SPECT)

- Simultaneous EEG and functional MRI (EEG-fMRI)

- Magnetoencephalography (MEG)

- Advanced EEG analysis (electronic source locabsatoroadband EEG analyse)

7.4.2 Localising the epileptogenic lesion

MRI is essential in localising the epileptogenisitée. Minimum sequences should include a voluméttic
weighted and axial/coronal T2-weighted and FLAIRsENces. An appropriately calibrated and optimised
1.5 Tesla MRI will detect the majority of epileptagc lesions, while a 3.0 Tesla MRI may additionpditect
subtle changes such as those seen in hippocanipedsss and small focal cortical dysplasia. MRI tpos
processing (eg. curvilinear reformatting, quantrastudies with voxel-based morphometry) may askes
detection of lesions. In cases where MRI is negativ the boundaries of the lesion are unclear tqoosi
emission tomography with 18-flurodeoxyglucose (IBE-PET) may provide localising information.

The data from all the above are then evaluated mukidisciplinary conference attended by a team of
neurologists trained in epileptology, epilepsy msurgeons and radiologists competent in the evaluaf
epilepsy imaging. If all the investigations duritige presurgical evaluation are completely concdrdan
diagnosis of medically intractable seizures dueatsurgically remediable epilepsy syndrome is made.
Pseudoseizures and surgically irremediable dudlopagy are excluded. A surgical treatment plarhent
established, that would offer a reasonable prodpedeizure control without an unacceptable negichl
deficit. The benefits and risks of a given procedaire patient specific and must be discussed il deth

the patient and family. On the other hand, if thesprgical findings are discordant, the patient meijuire
further investigations including invasive studies.
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7.4.3 Invasive Studies

Invasive EEG recording is used to acquire neuraplygical data to further elucidate the epileptageaone

in a patient with otherwise discordant non-invagivesurgical investigation results. The type ofdotanial
recording depends on the suspected pathophysialoglbstrate of the epilepsy and its location. snva
electrodes may be placed either within the bramnempehyma, in the subdural space, or in the exteddpace.
Electrodes may be used both for recording and tianutation, allowing assessment of the relationship
between the epileptogenic lesion and eloquent xorte

Invasive depth electrodes may be placed with thest@nce of frame-based stereotaxy or image guédanc
The advantage of depth electrode includes precrgicording and the ability to record deep cortiealons.
The disadvantages include a higher risk of haemageltue to the crossing of pial borders and sagplirors
due to the smaller area of recording. Depth eldescare currently used mainly to determine latgradi
seizures of temporal lobe origin and in MRI-negatirontal lobe epilepsy.

Subdural strips and grids are placed onto theaasurface below the dura. They pose a smallenbaebage
risk as they do not breach the pial boundariesd&uab grids are placed via open craniotomy whifgstcan
be placed through simple burr holes. Subdural gréasrecord from a larger cortical area and amguizatly
used when epileptogenic lesions are adjacent tpueltt cortex. They can be used to localise andalate
both temporal and extra temporal epilepsy.

The duration of monitoring varies from a week fobdural grids up to a few weeks for depth electsodée
main criteria for the determination of the recogdduration are seizure frequency, the successartlagsation
and stimulation. This has to be balanced agairestithk of inherent infection. This risk can be reed by
proper intraoperative technique and post-operaive.

Invasive intracranial monitoring is increasing neduency due to advanced neuroimaging techniglses i
SPECT and PET, which are able to detect small,npiatly epileptogenic lesions. In recent yearsash
become a modality of choice in discordant epilepéises.

Factors that determine the timing of epilepsy siyr@ad the outcome are

a) Seizure burden and the degree of interferencequétity of life

b) Age — eg. the devastating effects of uncontrolidwses in infants, young children <5 years

c) Nature of the epileptogenic lesion (eg. better ontes with low grade tumour, cavernoma, Type I
focal cortical dysplasia, Rasmussen’s Syndromengia infarction)

d) Proximity of the epileptogenic lesion to eloqueméas and hence the risk of an unacceptable
neurological deficit

e) Location of the epileptogenic lesion (eg. betteicome with temporal lobe lesions)

f) Preoperative duration of seizures (better outcoritie sihorter duration of seizures)

It must also be established that control of sezuweuld make a significant positive impact on thdgnt's
quality of life and that the patient and family ardficiently motivated.

7.5 Operative procedure

The objective of surgical treatment is completeecésn (or complete disconnection) of the epileptag
zone without the risk of damage to any adjacerguedat brain tissue (subserving speech, hand maosoal,
and memory function). Recent developments haveriboméd significantly to the efficacy and safety of
epilepsy surgery. The use of the operating mi@ps@nd refinement of microneurosurgical techniduza®

led to significant improvement in surgical outcomeasage guided surgery and the use of ultrasomicaton

for tissue dissection and lesion removal have iwgdothe precision and safety of even extensive
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resection/disconnection procedures. There hasibggnvement in defining the relationship of epilegenic

lesions to adjacent eloquent structures with fumai MRI, MR tractography, intracranial monitoriagd

cortical stimulation. The introduction of intraopéwve MRI allows for real time assessment of lesesection
prior to the termination of any surgical procedarel also allows the surgical navigation softwardeo
recalibrated during the operation, making the pdace more accurate.

The use of awake craniotomy, when considered daithbs been proven to be a highly reliable teaknig
avoid neurological deficit during removal of epilegenic lesions adjacent to motor and speech areas.

Table 14: Treatment options and expected outcomesrfsurgically remediable epilepsy syndromes

Epilepsy syndrome Surgical options Long term seizure
outcomes (Engel's Class I)

Mesial temporal lobe | Anterior temporal 60-80%

epilepsy lobectomy; selective (better outcomes for tumours,

amygdalohippocampectOmycavernoma)

Lesional neocortical | Lesionectomy 70-80%
epilepsy (resection of the lesion alone)
Tailored cortical resection
(resection of the lesion and 50-60%
epileptogenic peri-lesional cortex) | (better outcomes for tumours,
cavernoma)
Non-lesional Tailored cortical resection | 40-60%

neocortical epilepsy (with intra or extra-operative
electrocorticography)

Posterior quadrant Posterior quadrant 60-70%
epilepsy disconnection

(less commonly posterior quadrant

resection)

Hemispheric epilepsy | Functional hemispherotomy 50- 70%
Functional (better outcome for Rasmussen’s

nemispherectomy | {iepie b necion
Endoscopic Functional

Hemispherotomy
Symptomatic Corpus callosotomy 40-50% seizure reduction,
generalised epilepsy | VNS rare seizure freedom

Anterior temporal lobectomy involves en-bloc remaMamedial temporal structures (head and ant&iom

of the body of the hippocampus, adjacent portiothefparahippocampal gyrus, uncus and inferionqouif

the amygdala) as well as the overlying temporakadex (which may vary from a 3-4 cm segment of the
superior, middle and inferior temporal gyri in tdeminant hemisphere to a 4-5 cm resection in the no
dominant hemisphere).

Selective amygdalohippocampectomy may be perfoamatbmically or by the assistance of image guidance
In pure hippocampal sclerosis, the mediobasal tiesecs the determinant factor of a successful isalg
outcome.

Resection of extra-temporal neocortical lesionshsag cavernomas, focal cortical dysplasia, andlémio
tumours such as dysembryoplastic neuroepithelrabtus is associated with a high rate of freedommfro
seizures. The extent of neocortical perilesionaéction is guided by visual inspection, tactilel feethe
surrounding tissue and intra-operative electrocogiiaphy, all of which may be further facilitategithe use
of image guidance or intraoperative imaging.
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Outcome studies have shown that resection of eatrgporal lesions often result in better seizuretrobn
compared to temporal lesions, probably due to th&imity of mesial temporal structures to an assisd

second pathology, ie mesial temporal sclerosisgsliole a structural lesion. In these cases, thenpake
benefits and risks of lesionectomy and resectiomedial temporal structures must be weighed araissed
with the patient prior to surgery.

In patients who have extensive lesions involvingjragle hemisphere or the posterior quadrant (nobiit
lesions involving the parietal, temporal and odaigiobes but sparing the motor/sensory cortex stirgical
technique has evolved progressively toward moreodisection and less resection, maintaining similar
seizure outcomes as resective surgery, and sineoltesty reducing perioperative morbidity. With thee wof
image-guided surgery, the disconnections can Hernpaed with better precision, shorter operativestyiess
intraoperative blood loss, less eventful postoperatourse and less long-term complications as ewatp
with anatomic resections.

Functional hemispherotomy and functional hemisptteray involve near complete disconnection of
hemispheric neural connections (disconnection efitlternal capsule, corona radiata, removal of ahesi
temporal structures, transventricular corpus catlm®y, and disruption of the frontal horizontalréb) with
maximal preservation of cerebral tissue.

Posterior quadrant disconnection involves a metgiadporal resection and disconnection of the pasteri
temporal, parietal and occipital lobes, which aratamically left in situ but functionally compleyel

disconnected. Recent literature suggests endoséapitional hemispherotomy may be safely performed,
thereby minimising the trauma of access while naamihg similar surgical outcomes to open surgery.

7.6 Risks of surgical treatment

7.6.1 7.6.1 Temporal lobe resections

Risks of mortality and life threatening morbidigofa, hemiplegia) from medial temporal resectiorsaw
reported to be less than 2%. Transient hemipan@asysoccur in about 2% of resections. Minor, noradimg
upper quadrantic visual deficits may occur in alsfito of patients due to interruption of lower fibia the
optic radiation. The most significant deficit isdacline of verbal memory with dominant hippocampal
resections, in patients who have good preoperatemmory function, especially if they do not achiseezure
freedom. Other @rsistent neurological complications include hemepis (2%) and dysphasia (3%).

7.6.2 Lesionectomy

The mortality risk is < 1% and risk of major perreahneurologic morbidity variable (determined by
location of lesion, thoroughness of presurgicatctbn).

7.6.3 Posterior Quadrant Disconnection

Risk of mortality and major morbidity is <1%.

7.6.4 Functional hemispherotomy/Functional hemispheregtom

The mortality risk is <2-4%. Hydrocephalus may adowd-16% of patients. Usually, the decision toqaed
to hemisphere surgery is taken after the patieatsheomplete hemiparesis, which may remain unclthnge
after surgery, or would return to baseline motarcfion in the contralateral leg within about onaryef
surgery. However, contralateral hand function dugsreturn to baseline. Most patients are ambujatier
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surgery. Overall, gains in cognition, activitiesdzily living, and social interactions outweigh thereased
motor deficit of the hand, which occurs after hgrhere disconnection.

7.7 Epilepsy surgery in children

Refractory epilepsy has devastating effects ombraturation (myelination, dendritic branching)ttbacur
during the first 5 years of life. In children wrtefractory seizures, persistent abnormal epileptifdischarges
themselves can contribute to a progressive distiedan cerebral function — apileptic encephalopathy
Uncontrolled major seizures in infancy and earlyldttood have a devastating impact on cognitive and
behavioural function in later life.

There is a general misconception that complicatielsded to extensive resection or disconnectiocgutures
such as functional hemispherotomy and posteriodigurd disconnection may be unacceptably high ants
and younger children. However, with current advanoaeuroanaesthesia and improved surgical tegbgjq
the risks of such proceduress/en in infants and young children compare favadyralith the much higher
risks of irreversible major morbidity from contirdielisabling, refractory seizures. It is also impattto
realise that there is a greater potential for fimmetl recovery following resection of eloquent exrdue to
greater plasticity of the developing brain in thige group. In infants and young children with retioay
epilepsy due to hemispheric pathology, hemisphesdnection before the second or third year efdiffers
the best chance of transfer of neurological fumctamthe opposite hemisphere. Timing of surgetiiésefore
crucial in infants and young children. Several rhgndf frequent, disabling seizures might be sudhtifor
consideration of surgery, given the deleterious&§ of refractory seizures.

The goals of epilepsy surgery in claldiare often to stop the harmful effects of sewvdisgbling seizures,
reverse any epileptic encephalopathy and achielezi@ease in the consumption of AED. Successfulesyrg
has been shown to result in a significant improvene the rate of neurodevelopment, and an enhanced
quality of life for both the patients with refracgoseizures and their families. In some instanctes,
persistence of minor seizures postoperatively neagdzeptable, when the above goals are achieved.

7.8 Palliative procedures

7.8.1 Corpus callosotomy

Section of the corpus callosum prevents rapid dnddtgeneralisation of epileptic discharg@allosotomy is

an option in patients with frequent atonic seizu@d®p attacks), which may lead to severe and rentr
injuries. Initially a section of the anterior twhrids of the corpus callosum may be performed, Wighoption

of a complete callosal section after an intenfaheére is no response. Callosotomy can signifigareiduce
atonic seizures in 40-50% of patients. Some seszma@y persist postoperatively but seizures mayrheco
less frequent, less disabling, and less violeran3ient hemiparesand disconnection syndromes may occur
in some patients after callosotomy.

7.8.2 Vagal nerve stimulation

Peripheral stimulation in the form of vagal nertanslation has shown some promise as a palliative
procedure. Although the mechanism is not fully ustted, it is postulated to be due to the stimolabf
autonomic nervous pathways. About 40% of patienéy mchieve at least a 50% seizure reduction. Side
effects include hoarseness and coughing on stimalat

7.8.3 Deep Brain Stimulation
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While there has been a lot of interest in extendegutility of deep brain stimulation to epilepgyrgery, the
general results have been mixed. Stimulation ofathierior nucleus of the thalamus shows promisé wit
results matching VNS outcomes.

7.8.4 Multiple Subpial Transections

Multiple subpial transection is a technique whershperficial incisions are made in the cortex tdume
seizure propagation within the eloquent cortexhwite objective of maintaining anatomical functighile
reducing epileptogenesis. There is not much dataladle on the efficacy due to this procedure being
frequently used as an adjunct to neocortical resect

7.9 Exploratory interventions

7.9.1 Radiosurgery

Stereotactic radiosurgery of the amygdala and luappus offers a potential non-surgical option aleggsy
control. Initial results are quite promising, wth? year seizure free outcome similar to surgieséction.
There is still the disadvantage of post-procedwalsg, delay to seizure freedom, increase in senmartial
seizures one year following treatment, and repariettase in visual field deficits and the unknawng-
term risk of radiation.

7.9.2 Laser ablation therapy

This is a minimally invasive stereotactic technigquigereby a thermal wire is inserted into the cenfrthe
epileptogenic lesion and heated up with a laserceo’he ablation is monitored via intraoperativaging.
Initial outcomes are similar to resection and radigery. Again this technique holds promise, inftren of
minimal surgical trauma and precision ablation wita added advantage of immediate results.

7.9.3 Neuropace RNS™

The RNS neurostimulator is a programmable, batievyered, microprocessor-controlled device thawveed
a short train of electrical pulses to the brairotlgh implanted leads. The stimulator is designedetect
abnormal electrical activity in the brain and raspdy delivering electrical stimulation to normalibrain
activity before the patient experiences seizureggms. The neurostimulator is implanted in the itnan
and connected to one or two leads that are implaregar the patient’s seizure focus. The device tamihe
patient’s electrical activity through a connecttoran implanted strip electrode on the brain s@féttheory
the device can be taught to recognise the onsepafient’s seizure. This device is still beingedsn clinical
trials.

7.10 Management after epilepsy surgery

In patients who have cognitive and behavioural iimmpants before surgery, comprehensive rehabiligativ
efforts are needed post-surgery, in accordance gaitths established during presurgical evaluati@tieRts
who remain seizure free after surgery have sigamfigmprovements in quality of life, employabilitghbility

to drive and marital rates. In addition, thereaduction in mortality rates. The decision to witharAED
therapy should be made on a patient-to-patientsbgisided by age of the patient, preoperative seizur
characteristics, nature of the epileptogenic lesiod adequacy of resection/disconnection, as asbbgsa
postoperative brain MRI. A recent paediatric stadggests that early AED withdrawal does not afteog-
term seizure outcome or cure. Early AED withdramadht unmask incomplete surgical resection sooner,
identify those needing long term drug treatment ameent unnecessary continuation of AEDs in others
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KEY MESSAGES

1. Evaluation for epilepsy surgery should be considered in adingativith drug resistant epileps
given the low responder and seizure free rates with further tri&lEDE and potentially good
outcome following surgery.

2. Even though surgical outcome is best for those with focal ejgitepsd discrete lesions, thoge
with more widespread lesions and generalised seizures stilybenefit from surgical
interventions.

3. The mortality and morbidity risks associated with epilepsgesyrare low when patients afe
well selected.

4. Surgical intervention should be  considered early in young childoento the potentially
devastating effect on neurodevelopment of intractable epilepsy.
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8 EMERGENCY TREATMENT OF EPILEPSY

8.1 Introduction

Most seizures are self-limiting and treatment igally supportive and patients will recover fullyeafa
period of rest of about 30-60 minutes.

8.2 Definition of status epilepticus

The proposed new ILAE definition of SE (2015) id@kws: Status epilepticus is a condition regteither
from the failure of the mechanisms responsiblestazure termination or from the initiation of menlsmns,
which lead to abnormally, prolonged seizures (dftee point f). It is a condition, which can have long-term
consequences (after time poin}, tincluding neuronal death, neuronal injury, atigration of neuronal
networks, depending on the type and duration auses. Time pointitindicates when treatment should be
initiated, and time pointtindicates when long-term consequences may appbartime points vary with
different types of SE (Table 15)

Table 15 : Operational dimensions with 1 indicating the time that emergency treatment of SEhould
be started and § indicating the time at which long-term consequencesay be expected

Type of SE

Operational dimension 1
Time (t1), when a seizure
is likely to be prolonged

Operational dimension 2
Time (t2), when a seizure
mayJcause long term

leading to continuous
seizure activity

consequences (including neurong
injury, neuronal death, alteration
of neuronal networks and
functional deficits)

Tonic-clonic SE 5 min 30 min
Focal SE with impaired 10 min >60 min
consciousness

Absence SE 10-15 min Unknown

8 vidence for the time frame is currently limitedddnture data may lead to modifications. (Adaptedrf Trinka E, Cock H,
Hesdorffer D, et al. A definition and classificatiof status epilepticus--Report of the ILAE Taskd®&on Classification of Status
Epilepticus.Epilepsia2015;56:1515-23.)

Refractory Shs defined as on-going seizures following firstdaecond-line drug therapyuper-refractory
SEis SE that continues or recurs 24 hours or mdes tfe onset of anaesthetic therapy, includingdhaases
where SE recurs on the reduction or withdrawalnafesthesia.

8.3 Initial supportive management
During an acute epileptic seizure, the followingasigres should be taken:

Place the patient on a smooth surface, if possible.

Remove any harmful objects.

Loosen tight clothing.

Turn the patient to the left (or right, if left npbssible) lateral position, and place the head spft support
(bundle of cloth or pillow).

Avoid placing any objects in the patient’s mouth.

Stay with the patient until he or she recoversyfudind gather information about the patient’s baokgd and
epilepsy history.

o Get the patient to the nearest hospital if theuseipersists beyond 5 minutes, or there is no egouf

consciousness after 30 minutes, significant fesentipus injury, or a recent increase in seizurgueacy.
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8.4 Pre-hospital treatment

The duration and recurrence rate of seizures magceced by proper pre-hospital treatment by padarak
personnel includindgpuccal/intramuscular midazolam or rectal diazepanthe case without venous access.
Intramuscular midazolam is as effective as intrawsnlorazepam. Caregivers of patients with rectirren
clusters of seizures or prolonged seizures maydneed to administer rectal diazepam or buccal rotian

at doses predetermined by their medical practitione

e Buccal/intramuscular midazolam: 0.2 mg/kg
e Rectal diazepam: 0.5 mg/kg (2-5 years old), 0.km@h-11 years), 0.2 mg/kg (12 years and above)

8.5 Treatment of convulsive SE (i)

In the event that the seizure does not stop betyoredpoint (1), vital parameters, including the blood pressure,
heart rate, oxygen saturation and ECG must be orewit Oxygen is delivered through a high flow madsk.
there is any suspicion of hypoglycaemia as theecafishe seizures, 50 ml of 50% glucose shouldibeng
intravenously. In addition, if Wernicke’s encephadthy is suspected, an intravenous bolus of thiarhf0
mg should be given prior to the glucose adminigtnatProlonged seizures may be aborted with tHevidhg
AEDs:

8.5.1 First line: Benzodiazepines (BDZ)

Intravenous diazepam is the principal first line@sEused for prolonged seizures in Malaysia. Intnawves
diazepam is given at 0.15 mg/kg (10 mg for 60-7&dglt), repeated once after 10-20 min if seizucgginue.

8.5.2 Second line: Phenytoin

For sustained control or if seizures continue, ptan can be given at 15-18 mg/kg at an infuside cd<50
mg/min. Phenytoin is the preferred AED becauss ividely available and is less sedating than therot
AEDs. An additional dose of phenytoin at 5-10 mgélag be given if the first loading dose is unprdihec

8.5.3 Refractory SE

If the seizures persist, the patient should bemedeto an anaesthesiologist for ICU care and adtnation
of barbiturates or other anaesthetic agents, imaduthiopentone, midazolam, propofol or ketamif@al(e
17) At this point, intubation will be necessaryraspiratory depression and hypotension from theuseias
well as the effects of the phenytoin or BDZ argonime concern. The administration of barbituratestber
anaesthetic agents may cause further respiratgmesision. The underlying aetiology needs to beddea
Anaesthetic agent can be tailed down if the patgeseizure-free for 24 hours.

8.5.4 Super-refractory SE

If seizures continue or recur 24 hours or morer dffte onset of anaesthetic therapy, or recur omdtiection
or withdrawal of anaesthesia, the following carcbesidered:

Anaesthetic agents and other AEDs e.g. IV/oraltleagetam, IV sodium valproate and oral topiramate
Magnesium infusion, pyridoxine

Steroids and immunotherapy, especially in thospestied to have an autoimmune basis

Ketogenic diet

Hypothermia 31-35°C for 20—60 hours
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e Surgery: emergency resective neurosurgery andpreiiubpial transection, vagal nerve stimulatiaem
brain stimulation

e Transcranial magnetic stimulation

e Electroconvulsive therapy

Table 16: Dosages of AEDs used in SE

IV diazepam 0.15 mg/kg, repeated once after 1020 m

IV lorazepam 0.07 mg/kg (usually 4 mg) bolus

IV phenytoin 15-18 mg/kg at an infusion rate<d0 mg/min

IV phenobarbitone 10-20 mg/kg at an infusion rdteI®0 mg/min, followed by

infusion at 1-10 mg/kg/hour

IV midazolam 0.15-0.2 mg/kg bolus, followed by 0.053mg/kg/hour

IV thiopentone 3-5 mg/kg bolus, followed by 3- Skgfhour

o |V propofol 1-3mg/kg, followed by 2-10mg/kg/hourdtare of propofol infusion
syndrome with acidosis and rhabdomyolysis, esggdratchildren)

e |V ketamine 1 mg/kg/hour
IV sodium valproate 15-25 mg/kg slow bolus (ovehéfr), followed by infusion at 1
mg/kg/hour for 6 hours

e |V/oral levetiracetam 20 mg/kg over 15 min, folladviey 500-1500 mg b.d.
Oral topiramate 400mg, followed by 200mg b.d.

Continuous/Repeat EEG recording is helpful to de&tectrographic seizures as well as monitoring the
adequacy of general anaesthesia/AED therapy. Thie taelow is a useful step-by-step guide to the
management of convulsive SE in adults. Howeveis iecommended that each hospital develops its own
protocol.
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Table 17: Management of convulsive SE in adults

Phase Steps

Pre-hospital Buccal/intramuscular midazolam: 0.2 mg/kg

treatment Rectal diazepam: 0.5 mg/kg (2-5 years old), 0.3n¢p-11
years), 0.2 mg/kg (12 years and above)

Early status Assess and control airway

Monitor cardiac function

Treat hypoglycaemia and administer IV thiamine @
Intravenous diazepam at 0.15 mg/kg (10 mg for 6k370
adult), repeated once after 10-20 min if seizuogginue.
Established status| IV phenytoin 15 - 18 mg/kg idugdiluted in 100 ml of
normal saline), at a rate not exceeding 50 mg/min.
Monitor ECG and BP throughout.

An additional dose of phenytoin at 5-10 mg/kg carglven
if the first loading dose is unproductive.

Refractory status Ventilation and anaesthetic agent

¢ IV midazolam 0.15-0.2 mg/kg bolus, followed by 0.05
0.3mg/kg/hour

e |V thiopentone 3-5 mg/kg bolus, followed by 3- Skayhour

e |V propofol 1-3mg/kg, followed by 2-10mg/kg/hourd®are
of propofol infusion syndrome, especially in chddrBut
this table is for treatment of adults)

e |V ketamine 1 mg/kg/hour

Continue anaesthetic agents for 12-24 hours afstrclinical
or electrographic seizure

8.6 Emergency treatment of other types of SE

SE can be classified into convulsive or non-convalsfocal or generalised, and with or without inmpeent
of consciousness (Table 18) Alternative non-sedagintiepileptic agents, e.g. IV/oral levetiracetdw,
sodium valproate, oral topiramate or other oralegieptic drugs, can be considered prior to arestst
agents in certain types of SE, for example:

. Focal motor SE e.g. epilepsia partialis continua
. NCSE without coma
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Table 18: Classification of SE
(A) With prominent motor symptoms

A.1 Convulsive SE (CSE, synonym: tonic—clonic SE)
A.l.a. Generalised convulsive
A.l.b. Focal onset evolving into bilateral convusSE
A.1l.c. Unknown whether focal or generalised

A.2 Myoclonic SE (prominent epileptic myoclonickse)
A.2.a. With coma
A.2.b. Without coma

A.3 Focal motor
A.3.a. Repeated focal motor seizures (Jacksonian)
A.3.b. Epilepsia partialis continua (EPC)
A.3.c. Adversive status
A.3.d. Oculoclonic status
A.3.e. Ictal paresis (i.e., focal inhibitory SE)

A.4 Tonic status
A.5 Hyperkinetic SE

(B) Without prominent motor symptoms (i.e., nhonatsive SE, NCSE)
B.1 NCSE with coma (including so-called “subtle”)SE

B.2 NCSE without coma
B.2.a. Generalised
B.2.a.a Typical absence status
B.2.a.b Atypical absence status
B.2.a.c Myoclonic absence status
B.2.b. Focal
B.2.b.a Without impairment of consciousness (aordinua, with
autonomic, sensory, visual, olfactory, gustatory,
emotional/psychic/experiential, or auditory symps)m
B.2.b.b Aphasic status
B.2.b.c With impaired consciousness
B.2.c Unknown whether focal or generalised
B.2.c.a Autonomic SE

(Adapted from Trinka E, Cock H, Hesdorffer D, etAldefinition and classification of status epilieps--Report of the ILAE
Task Force on Classification of Status Epilepti¢&tjslepsia2015;56:1515-23.)

8.6.1 Myoclonic status

In a hospital setting, anoxic brain damage andea@rtal deterioration are the commonest causegadlonic
seizures. Treatment should be aimed at symptoroatitrol, and the eventual prognosis will dependhen
underlying cause. More rapid resolution can beinbthwith intravenous BDZ like midazolam/clonazepam
or sodium valproate. Levetiracetam is also usefubhoxia-induced myoclonus.

8.6.2 Non-convulsive SE (NCSE) with coma

NCSE is defined as a prolonged state of impairedcousness without obvious motor signs associaiitd
continuous epileptiform discharges on EEG. SubHerfay present with subtle eye movement abnormsilitie
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e.g. nystagmoid eye jerks, repeated blinking, adigtent eye deviation. NCSE is seen in up to Bpaients
in coma who have no outward signs of seizure dgtivi

NCSE should be suspected if the patient does nké wp within 30-60 minutes after cessation of seizu
and can only be diagnosed with EEG. The first bhé&reatment is an infusion of a BDZ, i.e. midazolar
diazepam, and the simultaneous introduction of tedtment like carbamazepine, phenytoin, or sodium
valproate. In the event that BDZ infusion doeswotk, infusion of phenytoin or sodium valproate nisy
tried. Resistant patients may need a barbituratediotrol. The risk of brain damage is minimal engarison

to convulsive SE.

KEY MESSAGES

1. Treatment of SE is aimed at preventing prolongeiduse (time point f) and long-term
consequences (time poin} t

2. Treatment should be initiated as early as the pepiltal period

3. Anaesthetic agents should be initiated early witbgaate loading dose if first and second ljne

treatment fail.
4. Non-anaesthetic agents can be considered espediallyhose without impairment of

consciousness.
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9 SPECIAL ISSUES
9.1 Epilepsy in women
9.1.1 Introduction

In order to optimise the efficiency of treatmentwomen with epilepsy, the patients and their pastnas
appropriate, must be given accurate information@nahselling in the following areas:

* Menstruation

* Fertility

» Contraception

* Pregnancy

* Pre-conception management and counselling

* Labour

* Foetal malformations and long term cognition

* Breastfeeding and the puerperium

* Menopause and hormone replacement therapy
* Bone health

9.1.2 Menstruation

Menstrual disturbance had been reported in as &$gR0-60% of epileptic women, related to underlying
neuroendocrine dysfunction secondary to the seidis@rder. Women with epilepsy have disturbances in
luteinising hormone concentration and pulsatileasé and abnormalities in prolactin and steroidgnboe
levels. About one in three women with epilepsy hameabnormal menstrual cycle length (less thana3® d
or more than 35 days). Polycystic ovarian syndr¢R@0OS) is one of the commonest causes of menstrual
disturbance, and has a higher prevalence in pat@nvalproate as compared to other AEDs. Valprisae
important first line AED in adolescent and youngila@pilepsy syndromes e.g. juvenile myoclonic epsly
and photosensitive epilepsy. Therefore, regulaeesting for menstrual disturbance is mandatory. Most
disturbances will resolve with valproate disconéition. Between 5% and 12% of women experience
catamenial epilepsy in which exacerbation of s@guwccur immediately before or during menses, Isecali
the proconvulsant effect of oestrogen. Intermittelobazam or acetazolamide given during the meailstru
period may alleviate catamenial exacerbation afuses.

9.1.3 Fertility

Women with epilepsy can achieve up to 80% of thgeeted level of fertility. Infertility in epilepsis a
reproductive endocrine disorder, which is direcdiated to seizure control or indirectly due toigpmiteptic
therapy, in particular, valproate and enzyme indueeg. carbamazepine and phenytoin. Infertileepédi
need to be screened for endocrine and menstrutalrbisn, as well as reviewed for antiepilepticriyzy.

9.1.4 Contraception

There is an increased risk of oral contraceptig@ICP) failure with AEDs that induce hepatic nusomal
enzymes (barbiturates, phenytoin, carbamazeping,oacarbazepine) (Table 19). These drugs enhance
hepatic metabolism of contraceptive steroids addce their biologically active compound. Patientstive
OCP need to be advised about additional non-horhooméraceptive measures. If a woman wishes toaely
the OCP alone, she should be prescribed a prepar@intaining at least 50 pg of oestradiol, as epgdo

the commonly available OCPs containisd5 pg oestradiol. If breakthrough bleeding occthre,dose of
oestrogen should be increased to 75 or 100 pgaerathd ‘tricycling’ (taking three packs withoubeeak)
should be considered. The progesterone-only pilbisrecommended as a reliable contraceptive in @om
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taking enzyme-inducing AEDs. Intramuscular Depovera at a dose of 150 mg should be given at aeshort
interval (every 10 weeks instead of 12 weeks) & shon enzyme-inducing AED. There is no evideihe t
hormonal contraception adversely affects seizurdrof except for those patients treated with laigote
whose metabolism is significantly increased by OG@Rmergency contraception is required for women
taking enzyme inducing AEDs, the dose of levondrgéshould be increased to 1.5 mg and 750 microgra
12 hours apart.

Table 19: Antiepileptic Drug Effects On Hormonal Oral Contraceptives (OC)

Liver enzyme inducers — reduce concentration of OC

- Carbamazepine
Felbamate
- Phenytoin
Phenobarbitone
Primidone
Oxcarbazepine
- Topiramate
Drugs that are safe to be used with OC

- Gabapentin
Levetiracetam
Lamotrigine
Tiagabine
Sodium valproate
Zonisamide

9.1.5 Pregnancy

Sixty per cent of women will experience no changeseizure frequency during pregnancy, 30% increased
frequency and 10% decreased frequency. Althougimtitreased seizure frequency in some women may be
due to pregnancy-related fall in plasma drug cotradons, other factors such as sleep deprivatooy
compliance, inappropriate reduction in AED therapyg vomiting may also contribute.

There is little evidence that seizures adversdbcapregnancy other than increasing the riskairra to the
developing foetus. There are only anecdotal repafrtsiscarriage following GTCS. Whether epilepsy is
associated with an increased risk of obstetric dmaons remains controversial.

Pregnancy does not increase the risk of developeaw epileptic seizures for the first time. Howeuér,
seizures do develop de novo in pregnancy, cerfenial causes must be considered and approprrately
out because they are more common in pregnancy€ P&l A brain MRI or CT with lead shielding wilften
be required. The principles of treatment of newegypic patients in pregnancy are the same as ntmn-
gravid state. Certain underlying causes need spamfitment. For example, eclampsia, is bestdceaith
magnesium sulphate; it has a lower rate of seimoerrence, pneumonia, assisted ventilation, andafity
as compared to standard AEDs. It is also safeth®developing foetus.

The serum concentration of most of the standard $\&ffen falls during pregnancy, particularly in first

and third trimesters and these include phenobarbjtphenytoin and valproate. Pregnancy has beewnstoo
increase the elimination of some of the newer AEDs, lamotrigine, levetiracetam and oxcarbazepine
metabolite. The International Registry of Antiepiie Drugs and Pregnancy (EURAP) study group regbrt

a higher risk of convulsive seizures in pregnanthes on oxcarbazepine monotherapy compared to othe
regiments. Dose increment should be considerdtkerktis an increase in seizure frequency. Phengiwin
carbamazepine serum levels should be measured 2\8months. Serum levels of commonly used AEDs in
pregnancy, including lamotrigine and levetiracetahguld be monitored closely during pregnancy event
decrease by more than 35% from preconception Inags¢liowever, dose adjustments should not be based o
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AED concentrations alone. Other factors such aisefrequency, drug tolerance and interactionk atlher
medications should be taken into consideration too.

Table 20: Special causes of epilepsy developinggregnancy
Special causes of epilepsy developing in pregnancy

e Enlarging meningioma

o Enlarging arteriovenous malformation

e Ischaemic stroke

e Cerebral venous or venous sinus thrombosis

e Vasculitides

e Subarachnoid haemorrhage

e Eclampsia

Women on AEDs should be monitored throughout pregn#o detect foetal malformations. Recommended
investigations are listed in Table 21.

Table 21 : Prenatal diagnosis of malformations
Malformation Investigation Sensitivity/timing
Neural tube defects (NTDs)| Serum alpha-fetoprotein in | 80% at 16 weeks
maternal blood

Serum alpha-fetoprotein in | >80%, but reserved when
amniotic fluid ultrasound cannot reliably
exclude a NTD

Ultrasound 94% at 16-18 weeks
Major cardiac, facial and Ultrasound 20-24 weeks
limb anomalies

9.1.6 Pre-conception management and counselling

1. Ideally, women should be advised against gettiegmant until they become seizure free and are BD#
However, for various personal, cultural or religgaeasons, this is seldom possible or practicaicElein all
women with childbearing potential, the risk of tegenicity while on AEDs and the risk of recurreatzures
if AEDs were to be withdrawn must be discussed loefpre they wish to conceive. The latter risloi If
the patient has been seizure-free for more thagafsyand tapering is done gradually. If AED withrelhis
impossible, effort to achieve monotherapy and lawéfective dose should be attempted before cormept
Switching to a less teratogenic AED should be dmgfere conception; switching during pregnancyksli
to be pointless because most teratogenic effdatspiace in the first trimester. For the above oeas
contraception should be practiced till AED adjustitrie achieved.

In cases where a patient with epilepsy is on AEfkia seen for the first time in the first trimestbe AEDs
should not be stopped or regime modified if thew& control is good (rare attacks or completeuseiz
freedom).

9.1.7 Labour

The risk of seizures is greatest during the dejiyeariod; 1-2% of epileptic women suffer a GTCSiagr
labour. This must be made known to the patientemabstetrician so that necessary precautionsegaken.
The patient’s regular AEDs must be continued thholadpour, via a nasogastric tube or intravenously,
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necessary. As pain, emotional stress and hypelatoti may increase the risk of seizures, epidural
anaesthesia should be considered early during tabbdtequent GTCS or complex partial seizuresogour
during labour, a caesarean section is indicateckl@ctive caesarean section is also recommendiesdjifent
GTCS or complex partial seizures occur during &t Weeks of pregnancy; the treatment of the seirself
should proceed in the usual manner.

There is insufficient evidence to determine if thex an increased risk of bleeding in infants kormothers

on AEDs (particularly hepatic enzyme-inducing djud$owever, the precautionary measure of giving 20
mg/day of oral vitamin K1 in the last month of pnaegcy, and/or their newborns 1 mg of vitamin K1
intramuscularly at birth should be practiced titbyen otherwise. If there is evidence of bleedinghe
newborn, intravenous fresh frozen plasma shouigiven.

9.1.8 Foetal malformations and long term cognition

The risk of foetal malformations is 4-8% if one Akfxaken (compared with 1-3% in the general pdpia
and 15% if more than one AED is taken. Studiesamtal malformations are limited to results fronghkar
prospective registries and these include the Namlerican Antiepileptic Drug Pregnancy Registry (NRR),
the UK Epilepsy and Pregnancy Register and the ERIFDfata from these registries have consistentlwsho
that valproate is associated with the highestobteetal malformations, either as monotherapyalyiherapy,
followed by phenobarbitone and topiramate. Valproddses of =1500 mg daily carry the greatest risk
(>25%) although the risk is still high (approximgtéd0%) in patients receiving 501-1500 mg daily of
valproate. Valproate is associated with NTDs (1+2% compared with 0.2-0.5% in the general popatati
The combination of valproate, carbamazepine andyiban, has been associated with up to a 50% risk o
foetal malformation. The risk of developing oradfts is highest with phenobarbitone (2%), topiraer(&t4%)
and valproate (1.4%) and the risk with topiramades Yurther supported by the most recent case-dattrdy
from North America. In a large retrospective cohstudy, phenytoin monotherapy has not been shovwe to
associated with an increased risk of major congemibnormalities. The reported teratogenic effefts
commonly used AEDs are summarised in Table 22.

The lowest risks of foetal malformation are repditepatients taking lamotrigine and levetirace{@¥ and
2.4% respectively, compared to 1.1% in the norroalyation). Lamotrigine at <300 mg daily had thedst
risk. Risk is lower with carbamazepine if prescdbbet00 mg daily (3.4%) but goes up to about 8.7% fo
doses=1000 mg daily.

Polytherapy carries a higher risk of foetal malfation than monotherapy (6% vs 3.7%) and this i1eve
higher if the combination contains valproate. Teeommended practice would be prescribing singlgrdru
therapy at the lowest possible dose that effegtigehtrols seizures. Valproate should be avoidquhirents

of child bearing age whenever possible unless aiteno control seizures with other AEDs have faildéd
valproate is used, the lowest dose is recommended;<700 mg daily. Levetiracetam and Lamotrigine
would be the recommended AEDs to be used in pregnalthough other factors such as drug availability
side effects and cost have to be taken into account

Studies on the teratogenic effects of the newer &&i2 limited by the small sample size, but anshadies
might enable us to predict the teratogenic potenfithese AEDSs in the future. The beneficial rofefolic

acid in the prevention of major congenital malfotimain newborns of women taking AEDs is questidaab
However, a recent evidence-based review conclutidalic acid supplementation is possibly effeetand
should be recommended for all women of child-bepage taking AEDs, starting before conception, at a
dose of at least 0.4 mg — 4 mg daily.
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Table 22: Teratogenic effects of AEDs

AED Reported major teratogenic effects

Phenytoin Cleft lip and palate, cardiac defectanmfacial defects, digital
hypoplasia. Recent evidence suggests no increased r

Valproate NTDs, cardiac defects, urogenital malfations

Carbamazepine] NTDs
Ethosuximide Cleft palate

Barbiturates Cleft palate

Vigabatrin Cleft palate

Lamotrigine Oro-facial cleft

Topiramate Cleft lip and palate, hypospadias

Levetiracetam No increased risk
Oxcarbazepine | Information not available

Cognitive teratogenesis has been highlighted ime¢bent Neurodevelopmental Effects of Antiepileirags
(NEAD) study, in which valproate, again, has beemnfl to have the highest risk. The study showet tha
children exposed to valproate in utero had a lowéelligence quotient (IQ) at age 6 compared to
carbamazepine, lamotrigine and phenytoin. In aoldjtihe study also showed that those exposed hodoiges

of valproate of >1000 mg daily had impaired verdad non verbal ability, executive function and memno
Another study using the Childhood Autism RatingI8¢€ARS) found that higher doses of valproate were
associated with autistic traits and the scores Wigiger in valproate polytherapy than monotherdsgular
assessment of cognitive function for children wiad foetal exposure to AEDs, is therefore, recomnaénd

In 2015, the pharmaceutical company Sanofi addedalfowing recommendation in its information lesfl
for Epilim® (patented sodium valproate):

Female children/Female adolescents/ Women of obdldbg potential/Pregnancy

Epilim should not be used female children, in female adolescents, in wormkchildbearing potential and
pregnant women unless alternative treatments aféeative or not tolerated because of its hightteganic
potential and risk of developmental disorders famts exposed in utero to valproate.

This package insert was approved by the NationafrRaceutical Regulatory Agency, Ministry of Headth
Malaysia on 5 December 2016

9.1.9 Breast-feeding and the puerperium

Breast-feeding for most women on AED is generadliesThe dose of the AEDs should be reduced to pre-
conception levels over the few weeks following dely if the dose has been increased during pregrnanc
avoid drug toxicity. Antiepileptic drug secretion breast milk is inversely proportionate to theeextof
protein binding. Hence AEDs that have no proteirdiyig e.g. gabapentin and levetiracetam will hazary
equivalent concentrations in maternal serum andcdbrenilk. Phenytoin and valproate have very low
concentration in breast milk due to their extengiraein binding properties. Carbamazepine, phettdtioae,
lamotrigine, topiramate and zonisamide have lowntderate concentrations in breast milk. If AEDs are
secreted in breast milk, the infant may becometseda hypotonic if breastfed (occurring in 5-10#babies).

If this happens, the breastfeeding can be redusddsapplemented with bottle feeds. A special precau
should be taken if the mother is taking primidone &vetiracetam because these two agents transber
breast milk in clinically important amounts.

Mothers should breastfeed their babies whilst seatefloor cushions and should not be allowed tihda
their babies in a bathtub unless assisted to alroigping their babies in case a seizure occurs.
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9.1.10 Important Steps in the Management of Pregnant WonignEpilepsy

. Preconception counselling of the patient abaksriof teratogenicity and possible adverse effetcts
uncontrolled seizures to maternal health and pmegna

. Preconception review of AEDs; aim for minimalexffive monotherapy if active epilepsy; consider
drug withdrawal if seizure free

. Commence preconception folic acid supplements

. Screen for malformations

. Monitor condition and AED concentrations throughpregnancy (refer to section 9.1.5)

. Vitamin K1 in last month of pregnancy, or for mate

. Reassure patient that >90% pregnancies procdadcwiproblem in women with epilepsy

9.1.11 Menopause and hormone replacement therapy

Menopause can have quite a variable effect ongpjilewith the frequency of seizures remaining thaes,
improving or worsening with menopause. Seizureuesgy is more likely to improve during menopause if
there was a catamenial relationship of seizurerbaimenopause. Cryptogenic epilepsy accounts foutabo
one-third of the epilepsy in elderly women, usuakyween the start of menopause and 2 years aftgolete
cessation of menses, probably related to hormdraaiges.

Hormone replacement therapy (HRT) has been shovioe tassociated with increased seizures in women
taking the combination of oestrogen and progesterbat decreased in those taking progesterone Anly.
dose-effect relationship between HRT and seizeguency has been demonstrated in a randomisedplace
controlled trial.

9.1.12 Bone health

Women are more likely than men to develop bonetheddnormalities, including osteopenia, osteopsrosi
and osteomalacia, from the hepatic enzyme indudidps (namely phenytoin, carbamazepine, and
phenobarbitone) as well as sodium valproate. Allepés who have been taking these drugs for mae th
years should be subjected to bone densitometrytraated with calcium and vitamin D supplementatsn
necessary. Weight-bearing exercises, adequateghtig@xposure, cessation of smoking, and avoidahce o
caffeine should be encouraged. Early treatmentethbolic bone disease will reduce morbidity andtality
from long bone fractures.
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KEY MESSAGES

e Patients taking OCP concomitantly with hepatic emzynducing AEDs
may need an additional non-hormonal contraceptigasure or a higher
dose of OCP preparation

e Certain AEDs concentration may fall during pregneacd may need
higher effective dose

¢ Valproate has been associated with highest rig&taf malformation and
children born with low 1Q

e Valproate should be avoided in patients of childrbe age whenever
possible. If valproate is used, the lowest dosedgemmended, viz=
700mg daily.

e Levetiracetam and Lamotrigine would be the reconadeemAEDs to be
used in pregnancy

e Itis generally safe to breastfeed whilst on AEDsd®ertain AEDs may be
secreted in the breastmilk and cause complicatmbsaby. Alternative
feeding may be considered.

e The risk of osteopenia and osteoporosis is highpatients taking hepatic
enzyme inducing AEDs.

9.2 Epilepsy in children

9.2.1 Epidemiology

The incidence of epilepsy is highest during thaimtife period of all age groups at 70.1 per 100,@0080ng

the infantile epilepsies, infantile spasms contdithe largest single epilepsy subgroup represgi®t 45.5%
of infantile population-based incidence studiesdéweloped countries, the prevalence of epilepsieases

as age increases but in developing countries,niergdly peaks in adolescence and early adulthobd. T
aetiology also differs in children. The onset abhthic or genetic epilepsy is in childhood. Saskand
tumours are uncommon causes of childhood epilepsyead cerebral malformations, especially neuronal
migration disorders, are much more common. Nedfltha inherited metabolic disorders responsible fo
seizures will present in infancy and early childdpand should be considered when the children dditno
into any of the categories of seizures and epileayagromes described in Chapter 2.

9.2.2 Diagnosis

There are many paediatric paroxysmal events, withwithout altered consciousness, that mimic segur
(Chapter 3). Thus, the crucial step in evaluatimigdeen with a possible seizure disorder is to takkorough
history from a reliable witness, and whenever giesreview home video-recordings to confirm if theents
are actually epileptic seizures rather that nomeppc events. Greatare should be taken to avoid
misdiagnosis, resulting in the child being misléxtlas "epileptic” and subjected to unnecessasagrtrent.

It is also important to remember that seizuresifdoen may manifest as a single epilepsy syndronevolve
through several epilepsy syndromes as their sechagacteristics change with brain maturation.

Epilepsy syndromes are defined as distinctive ppitadisorders identifiable on the basis of agepilepsy
onset, specific EEG characteristics, seizure tgpelsother features. The paediatric epilepsy syndsaange
from benign self-limiting syndromes to severe qpile encephalopathies. Please refer to Chapter 2 fo
specific details of the individual epilepsy syndesnin children with epilepsy, it is important tibeanpt to
make an epilepsy syndromic diagnosis, for approprimunselling and treatment. If epilepsy syndromic
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classification is not possible then the clinicidiogld classify the seizure disorder according ® ghizure
type whilst always considering a possible undegyaetiology.

9.2.3 Neonatal seizures

Neonatal seizures are often either under- or owsgrbsedas neonates frequently exhibit non-epileptic
movements that can be mistaken for epileptic sezuMovements that are likely to be epileptic idelu
generalised myoclonic jerks, clonic movements ef limbs particularly if it is associated with autonic
features and tonic eye deviation, focal tonic seigurhythmic clonic thrusting of the tongue (espibcif
associated with other clonic movements of the linalosl spasms. Movements that are not likely tqpdetic
include tremor or jitteriness, spontaneous clomuéiKe clonic movements, clonus of the limbs waostidp if
the position of the affected joint is changed angdrovoked by quick movements of the joint), myoci® in
sleep, dystonia and excessive startle. It is ingmbrio note that generalised tonic clonic seizuegyg rarely
occur in neonates due to incomplete brain myebmatMWhen there is diagnostic doubt of whetheranatal
movement is epileptic or not, clinicians should sider doing an EEG with surface limb EMG whenever
possible for confirmation.

Neonatal epileptic seizures are often acute symaticnseizures provoked by an underlying condition;
examples include hypoxic brain injury, hypoglycaamelectrolyte imbalance and cerebral infection. A
smaller number of neonatal seizures will fall ispecific neonatal epilepsy syndromes.

A careful history of the age of onset, precedinteaatal and intrapartum events, family history, bl
examination and selective investigations (see @napt will help in determining the possible aetmjo
Neonates with seizures within the first 48 hour$ifefusually have an underlying acute symptomesiase.
In comparison neonates presenting with seizures 48 hours usually have an underlying neuro-mditabo
cause (apart from pyridoxine dependent/respongitepsy which can also present in the first 48 Bbor
distinctive infantile neonatal epilepsy syndroniasestigations should be targeted and dependseolikily
differential diagnosis.

Treatment is targeted at correcting the underlghagtrolyte disturbance, metabolic disorder or gtita.
Clinicians should undertake a degree of diagnasgimur to decide if a neonate truly needs AEDs tlue
potential side effects of treatment. Animal studiage shown that many AEDs are associated withtapop
neurodegeneration, which may have potential longreffects on the developing brain. AEDs shouldiged

if epileptic seizures are recurrent. Currently, pitgarbitone remains the'line AED in most countries.
Phenytoin also has the same efficacy as phenobaebliut often requires blood level monitoring agwalds
to have a worse side effect profile. New generat#dtDs like levetiracetam and topiramate are also
increasingly being used a¥ar 39 line AEDs. Large doses of benzodiazepines shoaildsed with caution
in very premature infants or those with severe apggated jaundice as bilirubin can be displacedhfits
binding site. Treatment for vitamin-responsive epdies should always be considered early in angateo
with seizures refractory to®lline AEDs. This includes a trial of intravenousaal pyridoxine and if no
response is seen then a trial of oral pyridoxahbgphate should be considered. Treatment withrbaoid
folinic acid should also be considered. The longat@rognosis depends more on the underlying agtyolo
than the severity of the seizures during the nebmpatriod itself.

9.2.4 Antiepileptic drug therapy

Treatment should be started only after the diagnofsepilepsy is certain. There is no indicationifatiation

of AEDs for simple febrile seizures. Choosing thestrappropriate AED depends on the seizure typlepsy
syndrome and co-morbidities. In children with ass@c motor, behavioural, sleep and feeding problem
care must be taken not to use an AED that may exaisetheir symptoms. When an epilepsy syndrome has
been identified, treatment should be based on pilepsy syndrome rather than individual seizurestyp
Steroids (ACTH or prednisolone) remain tiihe treatment for infantile spasms that are n@t th tuberous
sclerosis. Vigabatrin is the recommendétilibe treatment in children with tuberous sclerosigantile
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epileptic encephalopathies should be treated wapidrintroduction and dose escalation of AEDs. &leee
established guidelines including the NICE UK andH._guidelines for the recommended AEDs for specific
paediatric epilepsy syndromes. The recently licdnA&ED perampanel has also been shown to be well
tolerated and can improve seizure control amongeadents with refractory epilepsy.

Age has an effect on AED pharmacokinetics. Neoned to eliminate AEDs slower than any other age
groups. In addition, birth asphyxia, a common cafseeonatal seizures, may be associated with tvegad
renal dysfunction that also retards drug eliminatiéfter the neonatal period, the rapid growth lildren
results in higher AED clearance and larger withnodg variability in elimination kinetics. Recommesd
doses based on body weight are often 2-4 timesehigian adults. However, drug utilisation remains
relatively stable during middle and later childhpadd children tend not to outgrow their doses. gitoavth
spurt at adolescence also does not necessitateddaggadjustment because of the dramatic chandein
clearance. Hence, if lower levels of AEDs are foundlder children, these are more likely to be tupoor
compliance or drug interaction than changes inrphaokinetics.

Some AEDs have specific adverse effects in childhert are not common in adults. Sedative AEDs like
phenobarbitone and benzodiazepines may causebilititaand hyperactive behaviour in young children.
Clonazepam and related AEDs may increase oral tsmtseand exacerbate hypotonia, compromising
respiratory function and oropharyngeal functiothose with neuromuscular weakness. Hepatic toxiaty
been reported with the use of sodium valproatefemnts who have developmental delay and are onipteult
AEDs; this appears to be related more to an undsephinborn error of metabolism than to the diedfetct

of the drug itself. The incidence of rashes witl tise of lamotrigine is higher in children than legjuand
appears to be related to the rate at which the idragcalated, especially with concomitant sodiatproate
therapy. Agranulocytosis, anaemia and pancytopei@n to be less common in young children.
Levetiracetam may cause behavioural disturbancehgpeéractivity in children. Perampanel may cause
aggression among adolescents.

AED-induced seizure aggravation is also known touoowith specific epilepsy syndromes. ldiopathic
generalised epilepsies are particularly prone imuse aggravation or onset of a new seizure typgk AEDS
like carbamazepine, vigabtarin, tiagabine and gabi@p. In severe myoclonic epilepsy of infancy (et
syndrome), there is a nearly constant aggravatfiegtevith lamotrigine, phenytoin or carbamazepine.

9.2.5 Non-AED drug treatment

For some specific childhood metabolic disordersg@néing with epilepsy, particularly in the infagtperiod,
vitamins and co-factors like Vitamin B6, pyridoxathosphate, biotin and folinic acid are the treatintén
choice.

For children with AED-refractory epilepsy (childramo have failed 2 trials of appropriate AEDs),athon-

AED therapeutic options exist which can be vergeile in correctly selected children. Epilepsygeuy

needs to be considered in all children, particthase with focal-onset epilepsy and a unilatenalcstiral

brain abnormality. In appropriately selected caatikd; epilepsy surgery can achieve up to 60-70%usei
freedom. Please refer to Chapter 7 for furtherrimgttion.

Regardless of age, seizure type or aetiology, #tedenic diet can result in seizure freedom in 8%1
children, and more than 50% will experience worthebeizure reduction. It should be offered tochildren
with AED-refractory epilepsy, particularly those avlare not epilepsy surgical candidates. This dighe
treatment of choice for two distinct disorders odib energy metabolism (GLUT1 deficiency and pyteva
dehydrogenase deficiency) and may be useful fdigpdar epilepsy syndromes like SMEI, MAE and West
syndrome that have failed steroids and tuberowsasit complex. Before starting the diet, inbomorsr of
metabolism (disorders of fatty acid oxidation antbehondrial transport) that could lead to a melighuisis
have to be excluded. There are now consensus gedadn major issues pertaining to the ketogeret, di
namely, patient selection, counselling of patiemd &amily, supplementation, management of the pate
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the diet with regards to nutrition, laboratory istigations, monitoring of potential side effectslaventual
discontinuation.

Palliative surgery for children who are not cantiédeor focal resection should also be considesedtiia can
also markedly reduce seizure burden. These inatatlesotomy for children with drop seizures andalag
nerve stimulation. Vagal nerve stimulation has b&®own to result in meaningful seizure reductio®0n—
50% of children with refractory epilepsy.

9.2.6 Prognosis

Regardless of the definition of outcome, acrosstalllies, 60% of children with epilepsy will outgroheir
seizure disorder, become seizure free and disag#iED treatment. Approximately 20% of childrenwho
pharmacoresistance to multiple AEDs and would besiciered to have AED-refractory epilepsy. The most
significant predictor of pharmacoresistant epileistjne presence of a neuroimaging abnormalityiqdarly
cortical dysplasia and mesial temporal sclerosid, such children should have a comprehensive mieslir
evaluation for possible epilepsy surgery. Othedjaters include: symptomatic generalised epilepspnatal
seizure, intellectual disability, high initial saiz frequency or failure to respond to AED in thrstfyear.
There are also some intractable epilepsy syndrahasbegin in childhood and carry a poor progndsis.
most epilepsies, the arbitrary duration for AEDrépgy is until the patient has been seizure freéWoryears.

Onset of uncontrolled seizures in early childhosdaiso associated with a higher incidence of mental
retardation, learning difficulties and behavioupmbblems. While it is likely that uncontrolled seies
contribute to intellectual impairment, very oftémsithe underlying brain pathology that leads dthbmental
retardation and epilepsy. The additional problerhgpaypharmacy (producing increased side effects),
pseudoseizures, and paroxysmal non-epileptic mowenie.g. Sandifer's syndrome) often complicate the
picture.

9.2.7 The child and family

Parent and patient education is a vital but ofteglected aspect of management. Once the diagnbsis o
epilepsy is made, an explanation of what epilepslyseizures are, its inheritance (if any), and posgs are
necessary. Treatment considerations (purpose ajettives, compliance and dosing schedule, possible
adverse effects, concurrent use with other medicatiike antipyretics and antibiotics) are discdssad the
caregiver is given specific guidance on the treatmd prolonged seizures (rectal diazepam or buccal
midazolam) and intercurrent ilinesses in situatahsre the seizures are exacerbated during falimgsses.
Epilepsy may adversely affect family relationshgsd lead to further psychosocial disturbance. Rrope
counselling and advice for both child and familyagtong way towards improving the quality of lifethese
children.

Schooling and leisure activities also need to sewdised. The need for good communication between th
schoolteacher, family and doctor cannot be overasipbhd. Teachers need specific instructions on the
measures that need to be taken when the child bag@re at school. Teacher and peer group acapisn
crucial for the child's self esteem. There is adéty to "overprotect” the child with epilepsy ahds
important to emphasise that the child can leadrenabhealthy lifestyle like their peers. Studieydahown
that people with epilepsy who are active and pgste in recreational sports can have a beneftfatt on
their epilepsy. In children with ongoing frequertizgires; care and tailored supervision are requioed
recreational activities including aquatic sporpgrss involving high heights (eg: abseiling, moumtdimbing)

and cycling. Please refer to epilepsy websitesEpdepsy Action UK, Epilepsy Action Australia) feurther
information on lifestyle advice.

The childhood period is a crucial phase of bonesdaselopment. Long-term AED treatment is a sigaiit
risk factor for impaired bone health and vitamindBficiency. Vitamin D deficiency is prevalent among
Malaysian children with epilepsy; particularly tieosith risk factors of polytherapy (>1 AED), reddagaily
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sunlight exposure of < 30 minutes/day, adolescént$2 years old), female gender and Indian ethnicit
Vitamin D supplementation and recommendation ofthgaunlight lifestyle exposure behaviour shouéd b
given to children with epilepsy on long-term AEDarficularly to those with high risk of having vitamD
deficiency.

Key Messages

e Due to a diverse range of paediatric paroxysmantsye thorough history (often supplemented
with video-recordings) is required when evaluatinchild with possible seizure disorder
e Treatment should only be started after the diagnafsépilepsy is certain
e Treatment of vitamin responsive epilepsies shod@dcbnsidered in any infant with seizurgs
refractory to ¥ line AED
e Wherever possible the most appropriate AED treatrakeauld be based on epilepsy syndrone
rather than individual seizure type
e In most paediatric epilepsies, the arbitrary dorafor AED therapy is until the patient has been
seizure free for two years
¢ Children with AED refractory epilepsy should be kezdied for possible epilepsy surgery angq a
trial of ketogenic diet
¢ Holistic education of the epilepsy to the childrgrd and teachers are important to improve ghe
quality of life of the child with epilepsy
e Vitamin D supplementation should be given to cléidon long-term AEDs particularly thoge
with additional risk factors

9.3 Epilepsy in the elderly

The prevalence of active epilepsy in those >70seérage is 1.5% as compared to 0.5% for the genera
population. The principal causes of epilepsy amthregelderly include cerebrovascular disease (30)40%
degenerative diseases of the CNS (10%), and tumddg), but a large proportion of cases remain
cryptogenic (30-40%).

Generalised convulsierand complex partial seizwrare the main clinical manifestations of the se#sun
the elderly. Unlike the complex partial seizuresrsén younger patients, the epileptic focus in etderly
more often involve the parietal and frontal lobather than the temporal lobe. Thus, orofacial amd |
automatisms, olfactory hallucinatioand déja vu are less common among the elderly. On the dthed,
altered cognition, periods of staring and unrespengss, blackout spells, and “dizziness” are commo
presentations. Post-ictal confusion may be proldngenic posturing may be interpreted as paralysis,
thus mistaken for TIA.

The EEG changes are often non-specific. Thus,réifteation from cardiac syncope may be difficuls far
as treatment is concerned, one should note the difagences in pharmacodynamics, which are common
the elderly, resulting in increased side effectAfE®s. Mostof the older AEDs are metabolised bye liver
and excreted in the kidney. As hepatic and renatfans diminish with age, the required total doEAED
may be lower. Drug interactierare also more important among the elderly, as the Bladten take many
other medications. For example, enzym@ucing AEDs (CBZ, PHT, PHB) can increase the teliam of
warfarin, decreasing itgrum level by 25-50%and thusnecessitating warfarin dose escalation to achieve
the required INR. Nevertheless, elderly patienth \wpilepsy often respond well to AED treatmentug,has

a general rule, it is better to give smaller das®s slower dose increments of the AED in the ejderl
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9.4 Social issues in Epilepsy

The psychosocial impact of epilepsy is extensiderdst all aspects of life are affected, includiniyieation,
employment, lifestyle and leisure, relationshipd atriving. Management of epilepsy should cover both
clinical and non-clinical aspects to ensure thet lppmlity of life as possible. The role of healtteea
professionals in educating the public as well dated personnel e.g. teacher, parents, spousesehs.
important as treating the patient. Education amdrdy will be discussed in the chapter of “gengmahciples

of the treatment of epilepsy”.

9.4.1 Employment

Unemployment is a major social problem in epilepsya Malaysian study in 2013, only 70% of peopithw
epilepsy were employed full-time, 13 times morelykto be unemployed as compared to their age-radtch
siblings. Furthermore, 43% had a monthly incomewedoverty line, i.e., RM1000. However, despiteihgv
uncontrolled seizures, a systematic review repattat 58% were still able to have full-time emplemh
Although clinical factors were frequently reportiedbe associated with unemployment, psychologindl a
social factors also play important roles.

Approach to employment issue

Epilepsy and antiepileptic medication are majotdesin unemployment. Seizure freedom is associatgd
improved quality of life. If seizure freedom is nathievable, poor concentration, drowsiness oraedu
cognitive function due to AEDs should be avoidedh&vioural changes and affective disorders secgrndar
AEDs may occur. If all the above possibilities hdeen excluded, the patient should be screenethéor
presence of psychosocial problems. These inclugdestdf-esteem, poor coping style and low self-affi,
as well as poor family support and stigma espsgcilithe workplace. There is lack of universal dast
affecting employability among people with epilepkys essential to develop a multifactorial ases=st and
individualised intervention aiming to increase eaygalbility in patients with epilepsy.

Disclosure in working place

Disclosure of the diagnosis of epilepsy has beewaslo be associated with failure in getting agoiol work
termination. However, in view of the occupationaky patients should be encouraged to disclose thei
diagnosis in their workplace, on a voluntary bakisnecessary restriction can be minimised with prop
recommendations.

Occupational hazard and recommendations

The magnitude of the occupational hazard amongepyl patients will depend on both individual fastand

the nature of work. Absolute rules in employmemtdeople with epilepsy are not available. Simildes in
driving can be applied in employment. Patientseizigre remission or have only nocturnal seizureighbe
treated as normal individuals. High-risk jobs swshworking with machinery and chemicals should be
forbidden for those with seizures affecting congsigess. Patients with simple partial seizures orptex
partial seizure with aura should be counselledhennature of their work on a case-by-case basisidBe
seizure control and type of seizure, medicatioe siffects and patient intellectual ability shouldays be
taken into consideration when choosing a suitatie |

Stigma and discrimination

People with epilepsy are burdened by a multitudeamfal, psychological and economic consequences of
stigmatisation, which lead to poor quality of lifeocial stigma in epilepsy is a universal issueweier, the
attitudes of those who have a direct impact on |geeopth epilepsy, such as parents, teachers, school
counsellors, health care professionals, and emppyee equally important in influencing their life
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Discrimination legislation such as the Americandbisity Act (U.S.A.) and Disability DiscriminatioAct of
the U.K. were introduced to reduce the social stigmh various medical conditions. Advocacy effors t
institute a similar act in Malaysia would be benigii.

9.4.2 Lifestyle and leisure

People with epilepsy should maintain a healthtifke as well as active social life including spahd leisure.
A normal sexual life should be maintained and skxdysfunction should be dealt with proactively.
Recreational drugs, alcohol and sleep deprivatigghtraggravate seizures and should be avoided.

Sports

Many epilepsy patients do not participate in spatgl caregivers often discourage epilepsy patieorts
participating in sportsSteinhoffet al reported that among patients with epilepsy, 4&@orted a fear of
seizure during sports, and 40% were concerned admmtire-related injuries. Howevesport provoked
seizures are uncommon. Clinical as well as EEGes$uthve shown that exercise either leads to feaizures
or does not change seizure control. Exercise-indise&zure, though rare, does occur in certain iddais.
Seizure-related injuries are not unusual, but Wpgubé degree of injury is mild. The risk of drowgi or
serious injury in water sports is four times thithe general population, but the absolute riskaias small,
mostly occurring when unsupervised and without guéon. Decision on sports participation shouldbased
on an individual basis, depending on the type amdrol of the seizures, presence of aura, the eaitithe
sports activities and whether there is supervisippropriate safety precautions and avoidanceigfers
can minimise the risk of injury. Based on presefd@nce, sports should generally be actively erexgen in
people with epilepsy.

Sexual life in epilepsy

Sexual dysfunction can be a significant but ofteddén issue in up to 20% of people with epilepslye T
problem is multifactorial, and is related to poeizsire control, temporal lobe epilepsy, interacti@tween
enzyme inducing AEDs and hormones, as well as gdggltal disorders e.g. anxiety, fear and depressio
Proactive open discussion with patients on thisdsand proper assessment accordingly may imprare th
quality of life.

Sexual activity may provoke seizures through hyeetilation and stimulation of the sensory corteawsdver,

evidence for this is lacking. Exercise induced weig are rare. People with epilepsy should be eaged to
have a normal sexual life.

9.4.3 Malaysian Society of Epilepsy

Interaction among people with epilepsy will enatliie sharing of experiences and emotions and promote
patient-initiated support. The Malaysian EpilepggiSty aims to:
e Serve people with epilepsy and others interesteghadical science, public health and social care
related to epilepsy.
Establish a register for people with epilepsy indyaia.
¢ Provide information and advice to those living wéihilepsy.
Liaise with international organisations interesteepilepsy.

Regular epilepsy support group meetings are orgdridyy the society to promote interaction among [gop
with epilepsy and for educational purposes. Mofermation can be obtained via Facebook - “Malaysian
Society of Epilepsy (Persatuan Epilepsi Malaysia)”.

73



9.5 Special medical conditions

9.5.1 Introduction

A high proportion of patients with epilepsy havermbidities. The type of comorbidity is an impottéactor
in determining the most suitable treatment, inalgdhcute emergency treatment and chronic management

9.5.2 Cardiovascular disease

In the acute management of an epileptic seizure,ude of intravenous phenytoin or fosphenytoin is
contraindicated in patients with severe heart diseand second or third degree atrioventriculackolo
Valproate acid, levetiracetam and benzodiazepimpeapsafer and are good alternative drugs. In @hron
antiepileptic treatment, carbamazepine, oxcarbaegpind phenytoin should be used with caution fiepts
with heart disease and should be avoided in thetefeatrioventricular conduction dysfunction. Tihewer
AEDs are preferred in patients with concomitantrhelisease because interaction with drugs that are
commonly used in heart disease (antiplatelets,aahgithmics, antihypertensives, oral anticoagulants
diuretics, digoxin and lipid lowering agents) issdikely.

9.5.3 Liver disease

Effective antiepileptic treatment in hepatic dissasequire attention to drug pharmacokinetics. dpatic
dysfunction, the impaired cytochrome P450 metabolend the low albumin binding affinity from the
hypoalbuminemia will increase the free AED levdlsugs with low protein binding and minimal liver
metabolism such as gabapentin, pregabalin, toptegmégabatrin and levetiracetam are more suitable.
Phenobarbitone, phenytoin and carbamazepine irltkgceenzymes whereas valproate acid, which isoadbr
spectrum inhibitor, increases its own concentratMonitoring of free drug levels are advisable twid
toxicity and to improve the efficacy of AEDs.

9.5.4 Renal failure

In renal failure, albuminuria and acidosis redune plasma albumin level and binding affinity, leagdto
increased fractions of free drug. Renally excretedgs such as gabapentin, vigabatrin, topiramate,
levetiracetam and phenytoin accumulate in renariai Therefore, the dosage of the above AEDs heed
adjusted. Water soluble and low protein bound madé=sc such as gabapentin, pregabalin, vigabatrin,
topiramate, phenobarbitone and levetiracetam ailygamoved and may require a supplemental ddse af
haemodialysis. Topiramate and zonisamide shoulavbéled in patients who have or who may potentially
develop nephrolithiasis.

9.5.5 Porphyria

The induction of hepatic haemosynthesis by enzymeding AEDs can exacerbate the symptoms of
porphyria. Non-enzyme inducing AEDs such as gabi@pdevetiracetam and pregabalin are recommended.

9.5.6 Endocrine disease-thyroid disease

Enzyme-inducing AEDs such as carbamazepine, phenybarbiturates, and oxcarbazepine, influence
thyroid hormone metabolism and may reduce the $ewélfree and total thyroxine. It may be clinically
significant in patients with hypothyroidism who ame replacement therapy. Valproate acid can alaseca
subclinical, reversible increase in TSH. Howevdinically relevant thyroid dysfunction owing to AED
treatment is rare.
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9.5.7 Organ transplant

The possible presence of hepatic and renal dysamets well as pharmacological interactions between
enzyme-inducing AEDs (carbamazepine, phenobarhifamenytoin) and immunosuppressive drugs need to
be addressed. Enzyme-inducing AEDs can reduce plésvels of cyclosporine, tacrolimus, sirolimus and
corticosteroids. Cyclosporine binds largely to plasproteins and can significantly increase the fir@etion

of AEDs with high protein binding affinity. Azathpoine, mycophenolate and muromonab-CD3 are not
significantly affected by AEDs. Valproate should dmided in liver transplantation and in the entgnaht
phase of bone marrow transplantation (the firsto26tweeks). Gabapentin, levetiracetam, pregabalin,
topiramate are suitable for liver transplantatioatignts; benzodiazepine, lamotrigine, valproate are
appropriate for kidney transplantation patients nghs gabapentin, levetiracetam and topiramate ast m
appropriate in bone marrow transplantation.

9.5.8 HIV/AIDS

AED and antiretroviral (ARV) co-administration mayg indicated in up to 55% of people taking ARVSs.
Patients should be counselled that it is uncleathdr dosage adjustment is necessary when AEDARNd
are combined. Pharmacokinetic interactions maytresuirologic failure, which has clinical impli¢cens for
disease progression and development of ARV resistahon-enzyme inducing AEDs that are not
metabolised in the liver and newer AEDs such astilcetam, pregabalin, gabapentin and topiramate a
recommended in patients receiving ARV regimensiti@dtde protease inhibitors or non-nucleoside reve
transcriptase.

9.5.9 Stroke

Stroke is the leading cause of symptomatic epildpsgdults, accounting for up to one-third of newly
diagnosed seizure among the elderly. About 3% t@b%troke patients will suffer a remote seizurfaybich
54% to 66% will develop epilepsy. Although sevesaldies suggested that seizures alter the fundtiona
recovery after stroke, it remained difficult to elehine whether or not the occurrence of a secorzdreein
untreated stroke patient might hamper the overaitame. The decision to initiate AEDs treatmeneraét
first seizure or a second post-stroke seizure shthérefore be individualised, primarily based be t
functional impact of the first seizure and patisitfeference. Short-term prophylactic AEDs foranérebral
haemorrhage, cerebral venous thrombosis and ischsimuke is not recommended as the benefit is still
uncertain. First generation AEDs including phenytqhenobarbital, valproate and benzodiazepineaire
appropriate choices in view of their potential hrnmmpact on the functional recovery, bone heat drug
interactions especially anticoagulants and salieglaLow-dose lamotrigine, gabapentin or levetit@teis
recommended as the first-line therapy for postkstreeizure and epilepsy in elderly patients or gaun
patients requiring anticoagulants.

Key Messages
[1 Selection of appropriate AEDs is important in patients with spemifigorbidities.

[1 Drug interaction and elimination of AEDs need be to addressjgekcially in those with hepatic ahd
renal diseases.

[J Monitoring serum levels of AEDs may be necessary.
[J Decision to initiate AEDs for post-stroke seizure needs to be individdalis

[1 Benefit of short-term prophylactic AEDs for stroke is still undgarta
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10 CONCLUSION

Epilepsy is one of the commonest chronic neuroldgiiseases. Definitions and classifications caito
evolve as we learn more about the natural histony aetiogenesis of epileptic seizures and epilepsy
syndromes. Many more new AEDs have been developédchew surgical procedures introduced, including
implantable devices. The choice of AED must beoted to the individual patient. Other than age,dgen
child-bearing potential, the epilepsy syndrome psythosocial factors of the patient, pharmacogesetay
also influence the choice of AED. Although the eliiintial diagnosis of epilepsy remains broad, veenamv
more confident in diagnosing non-epileptic attagkodders (pseudoseizures). Correct diagnosis of the
epilepsy syndrome will guide the physician to selegestigations judiciously. Not all patients, fastance,
require a brain scan, and not all patients are ablerto epilepsy surgery. The growing availabibtymore
powerful MR scanners is expected to further redbheenumber of cryptogenic cases.

The mode of action of most of the newer AEDs isryoenderstood, but these drugs have proven efficgac
large randomised trials, albeit as add-on therapseiractory cases. It is now clear that greatécay in
comparison with the older AEDs is unlikely to be tieason for the change in clinical practice, ather the
improved safety and tolerability profile of the rewAEDs. Long-term, non-pharmacological issues,
including driving, employment, pregnancy, and ediocamust feature prominently in the physician’s
management plan. He or she must also be sensitibe tspecial needs of children and the elderlyelbas
the co-existence of comorbidities and special n&@dionditions. In cases where AEDs fail to contta
seizures, or when the side effects are intolerdbkpite good seizure control, epilepsy surgery beyn
option. Epilepsy surgery should be considered darfatients where the MRI-identified lesion pemsay
be lethal (e.g. a vascular malformation, or a braimour with malignant potential). The pre-surgical
evaluation of a patient is the single most impdriame-requisite of epilepsy surgery. The onus st
neurologist to ensure that the epileptogenic zsweirectly identified, and that the operation proes a good
seizure as well as neurological outcome.
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