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Abstract

This study aimed to construct a database of 1500yndiagnosed patients with epilepsy
referred to the epilepsy unit at the Western Inipnin Glasgow between 1982 and 2005.
These patients commenced their first ever epildpsgtment at the unit. The database
included demographic, clinical and investigatiomEbrmation together with a detailed
account of every drug regimen applied starting ftbmfirst AED prescribed until the last
follow up appointment. Using this database, | wéde ao identify the efficacy and
tolerability of different AEDs in relation to vams demographic, clinical and
pharmacological characteristics. This analysis iles a better understanding of the
natural history of treated epilepsy, an informaaioaid for the future prescription choice of
drug and/or drug combination according to differpatient characteristics and facilitates

the study of patients with intractable seizuresnfi pharmacological point of view.



Summary

It has been almost two decades since the intramtucif the second generation AEDSs.
Most of these drugs have been studied in headad bemparisons either with placebo or
with first generation agents. A limited number tiidies has examined the efficacy and
tolerability of newer AEDs either among other maddrugs or in comparison with older
generation AEDs. It seems appropriate after twoades of their introduction to

investigate how these drugs have influenced theoo of epilepsy and to compare them
against first generation AEDs as groups regardieg efficacy and tolerability. As this is

a retrospective study, it focuses more on groupsABDs with regard to specific

populations rather than investigation and comparisb the response among individual
drugs that usually need a properly designed praisgeestudy in order to obtain accurate

results and appropriate analysis.

The population of this study was 1098 newly diagmbpatients referred to the Epilepsy
Unit of the Western Infirmary Hospital, Glasgow,08and between 1982 and 2005 and
followed up until the end of March 2008. The ulttmautcomes of epilepsy along with the
efficacy of each AED/s combination were collectBtficacy was calculated based on the
percentage of patients who achieved a period tdamt 12 months seizure freedom on a
particular AED regimen among all the patients oat tirug. Tolerability of AEDs was

reported using withdrawal of treatment due to @ffects as an indicator. With regard to
the generations of AEDs, total cumulative efficaoyd tolerability were also calculated.

All these parameters were analysed in relationaiaous demographic, pharmacological

and clinical aspects.

Regarding various age groups of recruited pati@mtthis study, elderly patients with

epilepsy ¢ 65 years old) showed the highest remission rat®mparison to adolescents
and adults. Also, total cumulative efficacy of firgeneration AEDs was found to be
significantly better than newer agents in elderiitignts; elderly patients also tolerated
older AEDs better than modern drugs. Adults pasiesmowed a lower total efficacy of

established drugs than newer agents with smakrdiffce in terms of tolerability. On the
other hand, adolescents patients had a highereffiof first generation AEDs than second

generation agents with also minimal difference rega the tolerability profiles.

Gender analysis showed a higher remission rateale patients with epilepsy compared to

females. Efficacy of the commonly prescribed AEDs doth generations of AEDs were



4

also higher in males than females. In terms ofrédiigity profiles, males were found to
tolerate some AEDs better than females. Betterdblity to both generations of AEDs
was observed in males in comparison to femaleatirent with AEDs acting primarily by
potentiation of GABA inhibitory effect was found twe significantly more efficacious in

male patients with idiopathic generalised epilegpsn females.

Based on epilepsy classification, idiopathic gelwzd epilepsy (IGE) patients had a
higher remission rate compared to those with fegalepsy. First generation AEDs had a
higher response in IGE patients with slightly bettderability than modern drugs. AEDs
acting mainly by potentiation of GABA inhibitory fett were more efficacious in these
patients than sodium channels blocking AEDs. Sodmaiproate was associated with the
highest efficacy and tolerability in patients wittiopathic generalised epilepsy. In
contrast, lamotrigine was the AED with the highe$ticacy and tolerability among

patients with focal epilepsy. Second generatiorgsinwere slightly more efficacious than
older AEDs with minimal difference in terms of toility. In terms of mechanisms of
action, only minimal difference was observed betw@&&Ds acting by sodium channels
blockage and potentiation of GABA inhibitory effegith regard to remission rate among

focal epilepsy patients.

50% of the study population achieved seizure freeadiile on the first AED treatment
regimen with a dramatic decline in subsequent adiesd Most of patients with seizure
freedom used moderate doses of AEDs even lower ttimmecommended defined daily
dose in some cases. Similarly, the majority ofgrat who withdrew from AEDs due to
side effects were taking moderate doses of thesetaigeven lower than the recommended
daily defined dose) rather than high doses. Varpatierns of response to AEDs have
been noticed in this study; this might be due ® ititeraction of several factors such as

epilepsy syndromes, genetics, and brain adaptegiéieDs.

Analysis of the annual outcome of epilepsy accagdmyears of referral demonstrated a
modest improvement in the ultimate outcome of @s¥eaccompanied by the longer
duration of follow up of patients. More second gatien AEDs have been identified and
applied in the last two decades which is assumembmdribute to the improvement in the
epilepsy outcome. Failure of treatment regimen ttu@oor tolerability was associated
with a better prognosis of epilepsy than failuree da lack of efficacy of that particular
regimen. Since a decline in remission with furtA&D treatment regimens was noted after

failure of the first AED, it can be assumed thalufe of two treatment regimens due to
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lack of efficacy is associated with an elevatioha risk of developing refractory epilepsy

subsequently.
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1.1. Epilepsy
1.1.1. Introduction

Epilepsy is characterised by the presence of rentigeizures. A seizure can be defined as
“an episodic disturbance of movement, feeling, onstiousness caused by sudden
synchronous, inappropriate, and excessive elettdiszharges in the cerebral cortex”
(Brodie and French, 2000). Epileptic convulsion® &xpected to have negative
consequences on the patient’s psychological andldide such as relationships, education
and employment. Uncontrolled seizures are assatiaith physical and psychosocial
morbidity, dependent behavior, poor quality of lié&d an increased risk of sudden
unexpected death. Therefore, it is often recommeénd begin treatment of epilepsy with
antiepileptic drugs (AEDs) as soon as the patiastreported more than one documented
or witnessed seizure bearing in mind that the gbdfeatment should be to maintain as
normal a life style through complete seizure cdntwgh no or minimal side effects
(Brodie, 2005).

The process of epileptogenesis starts when a nobmaah experiences an injury e.g.

trauma, infection, ischemia or the presence of Blomaation or mass lesion. Based on the
patient’'s age and genetic background, some acutegk takes place with subsequent
progressive damage. Although the brain tries taireipself, after a latent period of time

(might reach up to years), a condition of hyperelity develops and seizures begin
(Dichter, 2009).

In the Greek language, epilepsy is derived frgpithamvanein or Epilepsia, which means
‘to be seized’, ‘to be taken hold’ or ‘to be attadk Such terms reflect an outlook of the
period that considered this disease was the resydbssession by evil spirits (Fong and
Fong, 2001).

1.1.2. History of epilepsy

Epilepsy is thought to be one of the oldest reabmdiseases that appeared in humans as it
was reported in the earliest medical documents.is Explains the attitudes of early
civilisations, with the lack of understanding o$ ipathophysiology combined with the
strange movements exerted by patients, that theepbrof epilepsy was linked to legends

and myths.
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The earliest record of epilepsy was in ancient dndimedicine 4500-1500 B.C. In
Ayurvedic literature of Charaka Samhita (literatwe traditional medicine in India),

epilepsy was described as “apasmara” which meass 9f consciousness”.

All aspects of epilepsy were discussed in thatneawcluding symptomatology, aetiology,

diagnosis and treatment (Pierce, 2002).

Around 3000 years ago, the ancient Babylonianstgsiome suggestions regarding the
causes and symptoms of epilepsy. Ancient Greekedi epilepsy to offending the moon
goddess Selene and proposed a certain techniqueeat. Probably, the Greek physician
Hippocrates, the Father of Medicine in 400 B.C.swile@e first to discuss epilepsy using
scientific explanations as he connected this deséashe brain. During the Renaissance, a
different view emerged on the causes of epilepsyointrast to demonic possession. Some
thought these patients were prophets while otheleued they were extraordinary as
some celebrated individuals in the Roman Empire daittpsy such as Julius Caesar and
Petrarch. From the late 1600s on, epilepsy wasgthioto be a contagious disease and
therefore, its patients were confined to mentalptials and separated from the other
patients. The beginning of an enlightened approtetards epilepsy as a medical
condition was between 1859 and 1906 and it waseguliy three English neurologists;
John Hughlings Jackson, Russell Reynolds and Sliawii Richard Gowers. According to
Jackson’s definition “a seizure is an occasionalexcessive, and a disorderly discharge of
nerve tissue on muscles”. Also, he stated thauises could alter consciousness, sensation
and behaviour (Schachter, 2004).

Subsequently, further scientific discoveries on bn@n and pathophysiology of epilepsy
have taken place that enabled a better understandiapilepsy and was accompanied by

the introduction of pharmacological interventiortlive treatment of epilepsy.

1.1.3. Epidemiology of epilepsy

Epilepsy is considered to be the most common negicdl disease with an incidence rate
of 50-70 cases per 100,000 persons per year in devsioped countries and a prevalence
of 5 - 10 cases per 1,000 in a typical Europeanujadipn excluding cases of single

seizures and febrile convulsions in children (Beogli al., 1997).
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The incidence of epilepsy tends to be higher iretiping countries than developed ones
based on a recent study (Kotsopoulos et al., 2002),estimated median incidence of
epilepsy is 43.4/100,000 in the developed countdesipared to 68.7/100,000 in the

developing countries. Age specific incidence afegsy is characterised by a “U-shaped
curve” in which the incidence is high in childhoadd the elderly after the age of 55 in the
industrialised nations. The developing countriageha different pattern of age specific
incidence where higher incidence rates are obseimedhildren and young adults

compared to the elderly (Mac et al., 200F)rst life time seizure has an incidence of 52 -
59 per 100,000 in the age group 40 - 59 yearsgtfigares reach 127 per 100,000 in those
who are 60 years and older (Hauser, 199The high incidence rate of epilepsy in the
elderly might be due to the high rate of developiis§ factors related to epilepsy in this

age group. Vascular diseases (cerebral infarciod haematoma) tend to be the
commonest cause of epilepsy (Loiseau et al., 19@jer causes include brain tumours,
metabolic disorders and degenerative diseasedlelteimer’s disease. In other cases, the

cause is unidentified (cryptogenic epilepsy).

With regard to gender, there is a broad agreemenidwide that females have a lower
incidence rate of epilepsy compared to males; 4n@ 50.7/100,000 respectively
(Kotsopoulos et al., 2002). This gender differenaa be explained by the fact that men
have a greater exposure to risk factors of epilegpgh as head injuries, stroke and CNS

infection, even alcohol-related seizures are moremon in males.

Among developing countries that have a higher i@ of epilepsy compared to
developed ones, Latin America and several Africanntries proved to have a particular
high incidence of epilepsy, possibly due to certgiarasitic infections with brain

involvement, perinatal brain damage or hereditactdrs (Senanayake and Roman, 1993).

Among all seizure types, partial seizures - with vathout secondary generalisation
(localisation-related epilepsies) - constitute thajor type of seizures in all age groups
(Sander et al., 1990).

The prevalence of active epilepsy in the developedd ranges between 4 and 10 per
1000 of the population (Jallon, 1997a(n the other hand, incidence of active epilepsy
varies in developing countries, with ranges from 57/ 1000 in South America, 5.2 - 43/
1000 in African countries and from 1.5 - 14 in Afidac et al., 2007).
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An estimate of people with active epilepsy in Ewap approximately 3.1 million (based
on a prevalence of 6/1000), excluding Russia, Bslaand Ukraine (due to sparse
information on the epidemiology of epilepsy in agk population) while the expected
number of new cases per year in Europe based agespecific rate is 311,000 (Forsgren
et al., 2005).

1.1.4. Classification of seizures and epilepsy synd  romes

Determining an accurate classification of seizdogsa particular patient is considered a
crucial factor in the selection of the most appieter AED to be applied and to provide
prognostic information on that particular type gfilepsy. The most commonly used
classification in clinical practice is that estabkd by the International League Against
Epilepsy (ILAE) to classify epileptic seizures (Cmission, 1981) and epilepsy syndromes
(Commission, 1989).

Based on the ILAE classification of epileptic seeai (Commission, 1981), these are
divided into three groups based on clinical findirand electroencephalograph (EEG)
readings: general, partial (localisation-relatedyd aunclassified seizures. Generalised
seizures are characterised by the involvementefthole cerebral hemispheres from the
onset. Partial seizures are localised to spedifa: in the brain responsible for the

electrical discharge. Generalised seizures atedusubdivided into tonic-clonic, absence,
myoclonic, atonic, tonic and clonic seizures. @a dther hand, partial seizures have two
subtypes: simple partial seizures in which the cimsness is preserved and complex
partial seizures that are accompanied by impairn@ntonsciousness. Sometimes,
seizures may start as partial due to a dischamge & focus in the brain then spread to
involve the whole cerebral hemisphere resultinggoondary generalisation of the seizures
(Table 1).
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Seizures type Description

Simple partial seizures (consciousness preserved)
a. with motor symptoms
b. with somatosensory or special sensory symptoms
c. with autonomic symptoms

I. Partial seizures

_ . d. with psychic symptoms
(with localised

) Complex partial seizures (consciousness impaired)
onset

=

a. simple partial seizures onset followed by imgad
consciousness

b. impaired consciousness at onset

Partial seizures with secondary generalized seszure

Absence seizures (whether typical or atypical)

Myoclonic seizures

Il. Generalised Clonic seizures

seizures Tonic seizures

Tonic-clonic seizures

Atonic seizures

N Includes all seizures unclassified due to inadexuat
lll. Unclassified _ _
_ incomplete data e.g. some neonatal seizures pezkead
seizures

rhythmic eye movements or chewing

Table 1. International classification of epileptic seizures (Commission, 1981).

ILAE suggested in 1989 a new classification takimp consideration more factors than
the 1981 classification. These factors includezwgei type, EEG, prognosis,
pathophysiological and aetiological data (Commissit®89). This new classification has
retained the main three types of seizures; gesedjlipartial and unclassified. But based
on the cause, each type is further subdivided igitppathic, symptomatic or cryptogenic
epilepsy. Idiopathic epilepsy refers to syndrorassumed to be of genetic origin while
symptomatic epilepsy is the result of a disordgh&central nervous system. Cryptogenic
epilepsy is reserved for those syndromes with adedying but unidentified focal

abnormality (Table 2).
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Seizures type Description

Idiopathic epilepsy with age related onset
| Focal a. Benign rolandic epilepsy
(I.ocalisation— b. Childhood epilepsy with occipital paroxysms
related or partial) c. Primary reading epilepsy
Symptomatic epilepsy

Cryptogenic epilepsy
Idiopathic epilepsy with age related onset

a. Benign neonatal familial convulsions

b. Benign neonatal non-familial convulsions

c. Benign myoclonic epilepsy in infancy
d. Juvenile absence epilepsy
e
f

. Juvenile myoclonic epilepsy
Epilepsy with generalized tonic-clonic seizuoes
awakening
g. Other idiopathic epilepsies
Cryptogenic or symptomatic epilepsy
a. West syndrome (infantile spasms)
b. Lennox-Gastaut syndrome (childhood epileptic
encephalopathy)
c. Epilepsy with myoclonic-astatic seizures
d. Epilepsy with myoclonic absence seizures
Symptomatic epilepsy
a. Non-specific syndromes e.g. early myoclonic
encephalopathy
b. Specific syndromes i.e. epileptic seizures esmaplication
of a disease e.g. phenylketonuria.
With both generalised and focal features
a. Neonatal seizures
[ll. Undetermined b. Severe myoclonic epilepsy in infancy
epilepsies whether  c. Epilepsy with continuous spike waves during sleave
focal or sleep
generalised d. Acquired epileptic aphasia
e. Other undetermined epilepsies not defined above
Without unequivocal generalised or focal features
Febrile convulsions e.g. febrile convulsions, sedsuwue t o stress
or alcohol or sleep deprivation.
Isolated, apparently unprovoked seizures

Il. Generalised

IV. Special
syndromes

Table 2. International classification of epilepsies and epileptic syndromes (Commission,

1989).

With regard to the aetiology of epilepsy, a widega of causes of epilepsy has been
identified in the brains of these patients. Théselude: cerebrovascular disease

(ischaemia and haemorrhage), trauma, neoplasnmreémefection, degenerative disorders
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and congenital abnormalities. In around half ¢ fratients, the aetiology of epilepsy
could not be identified (Forsgren et al., 2005).

Although these two classifications are still usedaly, it has been now more than two
decades since their establishment by ILAE andhhisled some specialists in epilepsy to
look for an updated version of seizures classificeis many of the observations regarding

this disease have either been changed or discosareel those early days (Engel, 2001).

1.1.5. Diagnosis of epilepsy

Several conditions can mimic epileptic seizured(@&a) such as syncopal attacks that are
commonly misdiagnosed as epileptic seizures (Satitl., 1999). Also, pseudoseizures or
non-epileptic psychogenic seizures that occur in- Ub6% of patients with apparently
refractory epilepsy (Devinsky, 1999) are diffictdtdiagnose as non-epileptic attacks often
coexist with epilepsy or may develop as a substifor seizures once the epilepsy is
controlled (Kuyk et al., 1997). Proper diagnosisepflepsy is an essential element for the
definition of the likely prognosis and selection tie most appropriate treatment.
Diagnosis of epilepsy can be divided into two ssagelinical evaluation and

investigations.

It is rare for the patient to have a seizure atithe of a medical examination. In addition,
in some seizure types, the patient might lose donsness and be unable to provide a full
description of the seizure experienced. Therefardetailed history needs to be obtained
from the patient and witnesses of seizures as wé&hevavathan showed that a proper
detailed history taken from patients led to theetrdiagnosis of epilepsy in 96% of cases
even before performing any investigations (Trevatl2903). One important aspect in this
regard is to distinguish whether the episode oecuwas an epileptic or non-epileptic
seizure, as the list of differential diagnosis eizare is long (Table 3). A physical and
neurological examination is usually performed tdede any neurological deficit that
corresponds to an underlying pathology in the brak the other extreme, around one-
quarter of epilepsy patients in some developedadwvdrhics have been shown not to have
the disease (Simkiss, 2001), and inadequate hisé&king and a failure to recognise a

differential diagnosis were some of the importaatsons identified.

Investigations of epilepsy are used to support ¢hieical diagnosis, to aid in the

identification of seizure classification and toetdtany underlying brain abnormalities.
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Electroencephalography (EEG) is an important toolthe diagnosis of epilepsy because
of its ability to identify epileptiform EEG actiwit in order to determine seizure
classification. Since specific EEG patterns catectfspecific epileptic syndromes and also
because some of the clinical manifestations e.cp aan be explained through an EEG
reading by the localisation and lateralisation mifepptogenic EEG foci (Oguni, 2004). It is
based on the recording of electrical discharge ig¢@é in the brain that in the case of

epilepsy would be excessive and sometimes chaistater

Magnetic Resonance Imaging (MRI) is another esaktdol in the diagnosis of epilepsy
that was first employed in clinical practice in #98lt is considered the most sensitive and
specific structural neuroimaging procedure foremsly (Bergen et al., 1989). It is used to
detect the underlying brain lesion that might bepamsible for seizure development. The
most common abnormalities that can be identified/i®/ include: hippocampal sclerosis,
malformations of cortical development, vascular forahations, tumours and acquired
cortical damage (Duncan, 1997). MRI is particylarseful in symptomatic epilepsy and
complex partial seizures (Oguni, 2004). In certaituations, the use of Computed
Tomography (CT) scan is preferred to MRI in caséen patients have metal aneurysm
clips, cardiac pacemakers, severe claustrophobide antracranial haematomas and skull
fractures. Various other techniques used in tinetfanal imaging of the brain have been
developed and are being applied in the evaluatfogpdepsy. Such techniques include:
functional MRI, magnetoencephalography, magnetisomance spectroscopy, single
photon emission computed tomography and positromsstom tomography (Duncan,
1997).
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Disorder Description

Transient ischemic attack

Transient global amnesia

Neurological disorders | Migraine

Narcolepsy

Panic attacks

Vasovagal syncope

Reflex anoxic seizure

Cardiac disorders Sick sinus syndrome
Arrythmias

Hypotension

Hypoglycaemia
Endocrine/ metabolic ypody

Hyopnatremia
disorders yop

Hypkalemia

Acute dystonic reactions
Paroxysmal movement

_ Hemifacial spasm
disorders

Non-epileptic myoclonus

Obstructive sleep apnea

Hypnic jerks

Benign neonatal sleep myoclonus

Sleep disorders _ _
Rapid eye movement sleep disorder

Parasomnias

Cataplexy

Psychological Non-epileptic psychogenic seizures

Table 3. Common differential diagnoses in epilepsy (Benbadis, 2009;Brodie et al., 2005).

Serious consequences can result from epilepsy agedsis. These include inappropriate
treatment supplied to patients who are deprivethefcorrect management (Petkar et al.,
2005). Other consequences include the psychologigaéct related to the diagnosis of

epilepsy, socio-economic disadvantages affectimgdoging, education, employment and
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insurance. Additional problems include harmful camgences related to AEDs such as
serious side effects and risk of teratogenicitwomen of childbearing age (Chowdhury et
al., 2008;Smith et al., 1999).

1.1.6. Measuring the outcome of epilepsy

Outcomes research is a comprehensive approachiassdluate the medical care offered
to patients based on a variety of data sourcesraasurement methods. In the field of
epilepsy, there are several measures that candukfas different purposes. These tools
include the measurement of: seizure frequency aimli® severity, impact on physical
and psychosocial function, the consequences ofnpdrantherapy, the results of surgical
therapy and the composite effect of epilepsy aerdttnent expressed as quality of life
(QOL) (Baker et al., 1998).

Measuring outcome in epilepsy and determining fifeceof an AED have proved to be
difficult and elusive. This is due to several tastsuch as the unpredictable nature of the
disease and the lack of clear recommendationsh®amtinimum standards to be used to
measure epilepsy outcomes during the conduct aforaised controlled trials. Baker and
colleagues reported that in 44 randomised conttdtials of AEDSs, a total of 54 different
measures were used (Baker et al., 2000). As &, rédse opportunity to make meaningful
comparisons between these studies will be minimvgigldlout the ability to establish any

useful conclusions about the effects of these AEDs.

Sometimes, even in the presence of a clear andraecuneasure of outcome, its
application in the real world would be difficult asthe case of using seizure frequency as
an indicator of the outcome of epilepsy. The Cossioin on Outcome Measurement in
Epilepsy (COME) report suggested that seizure faqu is the most sensitive measure for
the assessment of efficacy amongst AEDs and recowhedeits use whenever possible
(Baker et al., 1998). But, the reliance of invgstdrs on seizure records compiled by
patients themselves might lead to inaccurate redodicause some patients may not
recognise genuine seizures events and others nvayutizrior motives for censoring their
disclosure, especially given the potential impact employment and driving. In other
cases, long intervals between clinic appointmenghtresult in lapses in the recording of
seizures. Engel’s score is one of the widely usedsures to quantify seizure frequency
(Engel et al, 1993). It is mainly used to ass#élss surgical (and sometimes

pharmacological) intervention to treat patientdwepilepsy (Table 4).
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Rating Description

Class | | Free of disabling seizures
A Completely seizure free since surgery
B Non-disabling simple partial seizures only sisaegery
c Some disabling seizures after surgery, but fredis#bling seizures fo

at least 2 years

D Generalised convulsions with AED discontinuatiory

Class Il | Rare disabling seizures (“almost seizuraée”)
A Initially free of disabling seizures but has raszures now
B Rare disabling seizures since surgery

More than rare disabling seizures since surgentyraoe seizures for

= the last 2 years
D Nocturnal seizures only
Class Il | Worthwhile improvement
A Worthwhile seizure reduction
B Prolonged seizure free intervals amounting to grethtan half the

followed up period, but not < 2 years

Class IV | No worthwhile improvement

A Significant seizure reduction
B No appreciable change
C Seizure worse

Table 4. Engel's score used for classification of p ostoperative outcome.

Other than seizure frequency, seizure severitynistter measure of the outcome in
epilepsy that is now considered an important agldiéti aspect of epilepsy (Mattson and
Cramer, 1993). Seizure severity represents anygeha the severity of habitual seizures,
possibly independent of seizure frequency such @ mapid recovery from seizures or
fewer falls or injuries (ODonoghue et al., 1996But similar to seizure frequency,

measuring seizure severity is also associateddiffiiculty as the physician and the patient
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can judge it differently. To quantify seizure setye three scales have been developed
(Table 5):

1. The Veterans Administration Seizure Frequency ath Severity Rating Scale.

This was the first scale designed to quantify seiZinequency and severity in
clinical trials. It can be used for various typek seizure and represents an
interview based assessment relying on the impoftaors frequently reported by
patients that determine severity of their seizusegh as sleep deprivation,

warning/aura and missed doses of AEDs (Cramer,et1383).

2. The Liverpool Seizure Severity Scale.

This is a patient filled questionnaire composed®fquestions distributed into two
categories; the first category is composed of 1€stians related to ictal and post-
ictal phenomena, while the second category is caegpof 6 questions concerned
with the predictability of seizures. In this scadeizures are either classified as
major or minor seizures on a 5-point scale. THefinition is left to patients and
does not necessary employ major seizures for Gsetaronic Clonic Seizures
(GTCS) and minor ones for Complex Partial Seiz{f@BS). Such a decision is
difficult to make by some patients. A newer vensiof this scale has been
developed (Baker et al., 1991).

3. The National Hospital Seizure Severity Scale (N&B) (formerly known as the

Chalfont Seizure Severity Scale)

NHS3 is performed through interviewing the patiearsl withesses to the seizures.
It is mainly designed to score the seizures acogrdd interference with patient

function. It can be used for various types of seis (ODonoghue et al., 1996).
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Item VA L N
Seizure type + + +
Seizure duration - + +
Post-ictal events and duration - + +
Automatisms + + -
Seizure clusters + - +
Cyclic and diurnal patterns + - +
Ability to predict seizures + + +
Stopping seizures - - +
Tongue biting and incontinence - + +
Other injuries - + +
Remediable precipitating factors + - -
Drug levels and compliance + - -
Functional impairment + + +

Table 5. Comparison of the Veterans Administration (VA), Liverpool (L) and NHS3 (N)
seizure severity scales (Baker et al., 1998).

As a part of the evaluation of medical care prodider patients with epilepsy, an
evaluation of the AED therapy offered to thesegyat needs to be considered. The most
important clinical characteristic of any drug is effectiveness in the treatment of the
disease. Effectiveness of a drug is a measurenitiates both its efficacy and tolerability
(Chadwick et al., 1998).

Achieving complete seizure control is the main ¢amgf AED treatment and is considered
as the main indicator of treatment success. Thbgtitity of achieving complete seizure
freedom varies depending on the efficacy of AED ligdp Efficacy of AEDs can be
defined as “the reduction in seizure frequency @ndkverity directly attributable to
treatment” (Chadwick et al., 1998). According tostdefinition, seizure frequency in
which seizures can be simply counted over a defperibd of time and seizure severity

represent the most reliable measures to assesdfitecy of a particular AED. A variety
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of other alternative measures might be consideretie assessment of AED efficacy such
as the percentage reductions in seizure frequendyme required to develop the first
seizure after starting treatment or percentageatiepts with seizure freedom (length of

seizure freedom period should be defined).

Use of greater than or less than 50% reductioneinuse frequency is not a preferred
measure due to the chance of missing importargreifices between treatments by relying
on an arbitrary cut-point of 50%. A more infornvatiand less misleading alternative
would be to select multiple categories of seizuegdiency such as 0 - 20%, 21 - 40%, 41 -
60% etc. “Time to first seizure recurrence” ha® tbapability of dealing with
heterogeneous seizure counts and low seizure fnegpee It has several variants such as
time to first seizure after the first 6 weeks p@stdomisation (thus seizures taking place
during this 6 week period of dose adjustment wdlignored), time to first tonic-clonic
seizure, time taith seizure recurrence, time to first seizure aftenmencing therapy, time
to discontinuation of medication, and time to 6-menor 12-months seizure freedom.
When the period of follow up is the same for alligyats included in a particular study and
none are lost to follow up, then percentage ofepdsi with seizure freedom is a good
measure with the necessity to define the lengtsewfure freedom period (Baker et al.,
1998). The proportion of patients achieving a geéined duration of seizure freedom is
the clinically most meaningful endpoint and is mecoended for trials conducted in newly
diagnosed or previously untreated epilepsy (Perut@87). The seizure severity measures

discussed earlier can also be applied to evalbatefficacy of AED therapy (Table 6).

The other important aspect in the effectivenesangfdrug is its tolerability. Tolerability is
a factor directly related to the side effects eee@ithy the drug. It is assessed based on the
incidence, severity and impact of side effects qfaaticular agent on the patients. The
main difficulty associated with the evaluation ades effects is that it is often based on
spontaneous reporting by the patients. Althoughntggeous reporting highlights the
clinically relevant effects, it is accompanied bariability in the accuracy of detection of
side effects (Mattson and Cramer, 1993). Furtheblpms include the difficulty to assess
the severity of these side effects quantitatively & differentiate the side effects of an
added AED from those resulting from concomitant icatibns or drug interactions
(Cereghino, 1992). In addition, most clinical tsidiave allowed a limited flexibility for
dose adjustment or dosage escalation (Perucca,).19%6er less common methods of
assessing side effects include physical examinatiah laboratory tests. Adverse effects

have been shown to be the most common cause of WHidrawal in many trials
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(Fakhoury et al., 2004;Reunanen et al., 19883continuation of a certain drug due to
intolerable adverse reactions is the most imponmaeasure in this regard, although the
potential for precipitating idiosyncratic reactiosisould not be understated (Chadwick et
al., 1998).

Study type Efficacy endpoint

» Retention of patients in the trial over time.

» Time to nth seizure.

_ » Absolute and percent change in seizure frequency

Short-term studies _
over time.

» Proportion of patients achieving 50%, 75% and 100%

reduction in seizure frequency.

* Retention of patients in the trial over time.

» Absolute and percent change in seizure frequency
over time.

Long-term studies * Proportion of patients maintaining 50%, 75% and
100% reduction in seizure frequency over time.

» Proportion of patients achieving 6, 12, 24 or 36

months remission rates.

Table 6. Commonly used efficacy endpoints in antiep ileptic drug trials (Perucca, 1997).

For the purposes of this project, efficacy of AEDmeasured based on the percentage of
patients achieving seizure freedom for a minimurrigoeof 12 months at last recorded
follow up. Several studies suggest that seizueedom is the only outcome with a
significant impact on quality of life. On the otheand, discontinuation of a drug because
of side effects is applied as a measure for thesassent of AED tolerability. In terms of
the outcome of epilepsy, this project will consideas the final response on the maximum
tolerated dose of the last AED/ AED combinationspréoed to each patient in this study

on the last follow up appointment.
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1.1.7. Natural history of epilepsy

Newly diagnosed patients with epilepsy can be Hyoadtegorised in three groups of
treatment outcome based clinical characteristiggu(E 1). These include:

1. Excellent prognosis with or without treatmenhisT group of patients represent
around 30%. These patients enter long term remmigmiobably even without AED
treatment. If treated, they will achieve seizureeftom usually on the first or
second treatment regimen. Usually, moderate dosesEDs are sufficient for
remission, treatment can be successfully withdrafter a period of seizure
freedom (Shafer et al., 1988). Epilepsy syndromfest belong to this group

include benign neonatal seizures, benign rolangilesy and childhood absence

epilepsy.

2. Remission with treatment only. Around 30% oflempsy patients will need to
continue on AED treatment in order to remain intates of complete seizure
control. They may need multiple trials of AEDs/ damations to find the right
treatment for the individual patients. Withdrawdl teeatment after a period of
seizure freedom will usually be accompanied by @igthances of recurrence. The
majority of localisation related epilepsy and judenmyoclonic epilepsy are
examples of this group (Kwan and Sander, 2004).

3. Continuing seizures despite treatment. The nedeai (around 40%) consists of
patients who continue to have seizures with vagiakggrees of frequency and
severity despite the application of multiple treatihregimens (monotherapy or
combined therapy). These patients can be considerédving intractable seizures
or refractory epilepsy. Conditions in this categamglude epilepsy with mesial
temporal sclerosis, cortical dysplasia and grosgsiral brain lesions (Kwan and
Brodie, 2006).

Another categorisation of the natural history ofleggsy has been applied taking into
consideration the outcome of epilepsy in relationvarious epilepsy syndromes. This
classification is composed of four groups (San@2603). In contrast to the three groups
proposed by Kwan and Sander (2004), Sander’s fitzdgin (2003) has one further
group added to represent patients with excelleagmusis in whom seizures are self-

limiting and very benign and patients usually dot mequire AED treatment as
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spontaneous remission is the rule. This classifinalhas taken into account the natural
history of both treated and untreated epilepsyoalgin limited information is available
about the natural history of untreated epilepsy(@®a 1995;Sander, 1993).

30%

40%

O Group 1
B Group 2
O Group 3

30%

Figure 1. Natural history of epilepsy (Kwan and San  der, 2004).
Group 1: Excellent prognosis with or without treatm ent, Group 2: Remission with treatment

only, Group 3: continuing seizures despite treatmen t.

1.2. Treatment of epilepsy

Options used in the treatment of epilepsy are ¢h ¥ary limited. Furthermore, the use of
some of these options is still a controversial @sstAntiepileptic drugs (AEDs) are the
mainstay of epilepsy management. Around 60 - 7®%pieptic patients with seizures
can be treated successfully with AED therapy (Kwad Brodie, 2000a).

1.2.1. History of AED development

Seeking a treatment for epilepsy began as earlihadiscovery of the disease itself.

Primitive procedures, materials and herbs have l@®ployed since ancient times. In
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1857, Sir Charles Lococock advocated the use aigsaim bromide for the treatment of
epilepsy citing a German report and making brontigefirst drug to be used against this
disease (Pearce, 2002). But unfortunately, the sftects associated with bromide have

limited its efficacy.

The beginning of modern pharmacotherapy of epilepsyg in 1912 when the anti-
convulsant properties of phenobarbital were dismv@ccidentally by Hauptmann (1881-
1948) when studying the anxiolytic effects of vasalrugs used to sedate a ward of noisy
psychiatric patients and those with epilepsy dutimg night (Pearce, 2002). Therefore,
phenobarbital is considered as the oldest amonthealantiepileptic drugs available today
(Hauptmann, 1912). It was initially synthesised 804 by a German chemist Fischer and
was known to possess sedative and hypnotic prepebtit it was only in 1912 that its

anticonvulsant effects were discovered.

In 1908, phenytoin (sodium diphenyl hydantoinat@sveynthesised and in 1938, it was
applied in clinical practice following the studied Merritt and Putnam who showed
favourable anticonvulsant efficacy of this agenaiagt various seizure types without the

sedative effect associated with phenobarbital (Memd Putnam, 1984).

Carbamazepine was synthesised in 1953 by Schiratlethe Geigy laboratories in
Switzerland (Schmutz, 1985). Initially in 1962, wias marketed to treat trigeminal
neuralgia, and then in 1963, it was applied clilyc#o treat epilepsy in the United
Kingdom (UK).

Sodium valproate was first synthesised in 1882 bgtdh and for many decades was used
as a solvent for organic compounds in researchrdates (Burton, 1882). Its
anticonvulsant properties were discovered accidlgnte1963 by Pierre Eymard (Meunier
et al., 1963).

Almost a century of AED research, development arattice has followed and there are
now more than 15 AEDs available for the treatmérseizure disorders. AEDs introduced
in the market during this period showed a variadtéent of efficacy toward epilepsy

syndromes and seizure types. They also displagedble degrees of tolerability.
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1.2.2. Generations of AEDs

AEDs can be classified on a chronological basis @ate of discovery or date of approval
for clinical practice. Also, as there are sevenathanisms of action by which AEDs exert
their anticonvulsion activity, other classificat®omay depend on the primary mechanism.
When classifying AEDs based on their dates of aggdrtor clinical practice, these dates
will vary between different countries. Also, centehEDs are not licensed in particular
countries. With reference to AED approval in thK, phenobarbital was the first AED
licensed officially for clinical practice in patiemwith epilepsy in 1912. Approval of other
AEDs continued in the following years until the geat. The period between 1979 and
1989 showed a hiatus in AED development resulting distinct separation of AEDs into
two groups (generations); older or establishedst(fgeneration) AEDs which represent
AEDs introduced on or before 1979 and newer or modeecond generation) AEDs
which were introduced on or after 1989. Table GwshAEDs introduced in the market in
a chronological order according to their datesicérise in the UK. Established agents
comprise phenobarbital, phenytoin, primidone, eilkoside, carbamazepine, clonazepam,
clobazam and sodium valproate. On the other hagdbatrin was the first modern AED
and has been followed by lamotrigine, gabapentaibaimate, topiramate, tiagabine,

oxcarbazepine, levetiracetam, pregabalin and zomika

Many agents of the first and second generationsstliebeing used to this day, while
others are either not commonly prescribed or hasenbdiscontinued because of their

serious side effects.
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AED UK approval date
Established (Older) AEDs
Phenobarbital 1912
Phenytoin 1938
Primidone 1952
Ethosuximide 1955
Carbamazepine 1965
Sodium valproate 1973
Clonazepam 1974
Clobazam 1979
Modern (newer) AEDs
Vigabatrin 1989
Lamotrigine 1991
Gabapentin 1993
Topiramate 1995
Tiagabine 1998
Oxcarbazepine 2000
Levetiracetam 2000
Pregabalin 2004
Zonisamide 2005

Table 7. Dates of AED licences in the UK.

Although several first generation AEDs are stikdsn clinical practice, these agents have
some disadvantages that include a narrow therapedex, suboptimal response rates,
non-linear pharmacokinetics, significant adverséeat$ and drug-drug interactions

(Battino et al., 2000).

On the other hand, AED therapy using first generatigents has the advantage of being
applied clinically for almost a century (since 1218uch a long interval has enabled these
agents to be studied extensively in terms of spattof efficacy against several seizure

types, side effects, idiosyncratic reactions, dilugg interactions, pharmacokinetic profiles
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and the underlying mechanisms of action. Thislkdsto the fact that consequences of
treatment using these agents are known and prbtiicgtamany cases compared to second
generation AEDs that have only been approved foicall practice in the last two decades.
Some characteristics of these agents are stillinglestigation e.g. mechanism of action,

risk of teratogenicity and effects on bone hedl#Roche, 2007).

Most of the newer AEDs have multiple mechanismaation compared to the established
agents that usually have a single predominant nm&imaof action, this has enabled the
second generation drugs to be applied againstaeseizure types (Table 9). In terms of
tolerability, the newer AEDs tend to have feweresidffects and fewer drug-drug

interactions compared with the established drugeodi@ et al.,, 1995;Dam et al.,

1989;Meador et al., 1999;Perucca, 2001a). In mxidithepatic enzyme induction is a
common characteristic of first generation agents earbamazepine, phenobarbital and
phenytoin (Radtke, 2001;Radulovic et al., 1994),levit was found that most second

generation agents lack this effect. The broadectspm of anticonvulsant activity of

second generation AEDs (lamotrigine, topiramate amgisamide) in comparison to the
first generation agents (sodium valproate) is aciatuissue as well (Beran et al.,

1998;Biton et al., 1999;Kyllerman and Ben Menach898).

As a result of these issues, modern AEDs have hedely accepted by clinicians and
prescribed to patients. It was found that 20%hef tiotal prescriptions in 2002 were for
newer AEDs and that these newer agents account&i®% of the total AED expenditure
in the UK E99m of £142m) (NICE, 2004). Modern AEDs are significantiyore
expensive than their established counterparts anm@éniains to be seen whether the
expected novel characteristics of the newer AEBSfjutheir increase in costs (Chadwick,
1998;Perucca, 2002).

With the introduction of second generation AEDse tiumber of AEDs available for
treatment of epilepsy has almost trebled (Peru2@@la). But, although the availability of
newer AEDs has widened the options for physiciansdat epilepsy, it has become more
complicated to choose the most suitable agentett tcertain seizure types or specific
epilepsy syndromes. However, despite the avaitgloli wide range of AEDs these days,
further newer agents are needed preferably workinginique modes of action (Brodie,
2001). It is hoped that these future agents (1)safe, (2) can prevent epilepsy and its
progression, (3) can reverse and treat pharmastaasiepilepsy, and (4) can prevent

epilepsy in patients at risk (Schmidt, 2002). Thedeances need to be coupled with better
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understanding of the pathophysiology of seizuresd ahe biological basis of

pharmacoresistance in order to improve the outcoiepilepsy.

Since the beginning of development of second géinarAEDs, their comparison with the
first generation drugs has become an essentiataliissue. Such comparisons can include
several factors such as efficacy, tolerability, heedsm of action, cost and ease of use.
Some of these factors favour older agents whilersttare on the side of newer drugs.
Clinicians usually make the decision to selectrtiest appropriate AED of either first or
second generation according to each patient situagi.g. phenytoin is the most commonly
prescribed medication against seizure in the Unf&ates (LaRoche, 2007). Therefore,
after two decades of application of second ger@mraAEDs, it is appropriate to examine
the clinical impact of these agents on seizurerobnlerability and the overall outcome

of epilepsy in comparison to first generation agent

1.2.3. Animal seizure models

During the process of developing second generafi&bs, two tests are commonly
applied to evaluate the anticonvulsant activityha$ new agent, the Maximal Electroshock
(MES) test and the subcutaneous pentylenetetragBIT¢Z) test. The MES test is a model
of seizure spread; capable of identifying drugwittivity against partial and generalised
tonic clonic seizures e.g. MES test gives positesults when applied on carbamazepine
that is effective against tonic and/or clonic segauTable 8). In contrast, the scPTZ test is
a model of seizure threshold that can predict agefiective against generalised absence
and myoclonic seizures e.g. scPTZ is positive vathosuximide that is used against
absence seizures (Table 8) (Rho and Sankar, 198®)dentify activity against complex
partial seizures, the kindling model in rodentd theve many behavioural similarities with
complete partial seizures in humans may be the hwidehoice e.g. phenytoin that is
effective against partial seizures is positiveha electrical kindling test (Table 8). In the
kindling process, the rat amygdale is subjectec tepeated sub-convulsive electrical
stimulus that induces electrographic seizures teralischarges and with each further
stimulus the seizure peak grows longer spreadivgde areas of the brain until complete

(full blown) seizures are elicited (Racine, 1972).

The only exception is phenobarbital that is actigainst scPTZ in rodents but ineffective

against absence seizures in humans. If the AEDndtiple mechanisms of action such as
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sodium valproate, it will be more likely to havevade range of anticonvulsant applications

and display activity in several anticonvulsant msd&vhite et al., 1995).

Generalised seizures
Experimental model Tonic Partial AEDs
and/or | Absence| S€lZures
clonic
i - CBZ, PHT,
MES (tonic extension) + VPA PB
ScPTZ + VPA, ESM, PB,
(clonic seizures) BZD
Electrical kindling + CBZ, PHT,
(focal seizures) VPA, PB, BZD

Table 8. Correlation between experimental animal mo  dels and clinical applications of
established AEDs.

1.2.4. Mechanisms of anticonvulsion activity

With regard to the mechanisms of action of AEDs,ltiple mechanisms have been
identified to play a role in the anticonvulsioniaity exerted by these drugs. The four
main mechanisms by which most of the establishedeadlsas the modern AEDs act are:
blockade of voltage gated sodium channels, blockddeoltage gated calcium channels,
potentiation of GABA (gamma aminobutyric acid) ibiory effect and inhibition of the

glutamate excitatory mechanism (Kwan et al., 200@y@vski and Loscher, 2004). Other
mechanisms include: potentiation of potassium cénrand inhibition of carbonic

anhydrase.
1.2.4.1. Blockade of voltage gated sodium channels

Sodium channels control the passage of sodiumaorass the cell membrane, an essential
step in the action potential. They play a centoéd in the generation and transmission of
action potentials in the excitable membranes ofrtheauscle and nerve, leading to

muscular contraction and neuronal discharge.
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The major component of sodium channels is the sifeyigea subunit. It has two main
functions; it represents the channel gate for @gg sodium passage and acts as the ion
conducting pore. Other components of sodium charare one or two small@rsubunits
that do not participate in the functional role bése channels (Catterall, 1992). Sodium
channels are voltage gated channels i.e. certangas in the membrane potentials will

trigger these channels to open or close.

These channels are closed at resting membranetiaditence depolarization of the neuron
takes place (after reaching the action potenti&stiold) a conformational change in these
channels occurs converting them from the inactivatesed (resting) non-conducting state
to the activated, opened conducting state. Thrnjpe sodium ion influx across the

channel pore, followed by a return to the inactdastate when all these channels will be
closed. Eventually repolarisation brings thesenok& to the resting membrane state
making them ready for a new depolarisation actidrese three stages only last for a few
milliseconds. It is necessary for neurons to hetages of such very short duration in order
to fire high frequency trains of action potentiadstequirement of a normally functioning

brain and for convulsion development as well (Roglawnd Loscher, 2004).

As these channels control the action potentialscéugtrolling passage of sodium ions
across the neuronal membranes, blockage of thesmels by certain AEDs will lead to
blocking of action potentials and consequently,vendion of neuronal high frequency
repetitive spike firing that takes place during theread of seizure activity without
interfering with normal neuronal activity. Theredp seizure control will be achieved.
AEDs acting by blocking of sodium channels are fbua share some characteristics.
These agents are effective against partial andrgksed tonic-clonic seizures in humans
and inhibit sustained repetitive firing of actiontentials. Inhibition of sodium channels
by these agents tends to be voltage and activiperigent that might be responsible for
their clinical efficacy (Ragsdale and Avoli, 1998 urther evidence for the role of sodium
channels in epilepsy, is shown by a number of ppjlesyndromes that have been linked to
genetic defects in genes encoding certain subahgedium channels such as generalised
epilepsy with febrile seizures plus and benign fenheonatal infantile seizures (Baulac
et al., 2001;Berkovic et al., 2004).
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1.2.4.2. Blockade of voltage gated calcium channels

Voltage Dependant Calcium Channels (VDCCs) playeasential role in translating
electrical signals into biochemical events thatngwally lead to cell excitability, hormone
and transmitter release, muscle contraction aneé gepression. They play this role by
controlling the action potential through regulatitng passage of calcium ions across the
excitable membranes (Van Petegem et al., 2004).

VDCCs can be classified into two major subtypesghHiVoltage Activated calcium
channels (HVA) that include P/Q, N, L and R-VDC@sld.ow Voltage Activated calcium
channels (LVA) that are T-VDCCs. This classificatiis based on the biophysical and

pharmacological properties of these channels.

HVA channels are responsible for calcium flux asrothe cell membrane and
neurotransmitter release from the presynaptic negwminals that make them important
targets for AEDs. This type of channel (as theame indicates) requires a strong
membrane depolarisation for opening the gates. th@nother hand, by participating in

bursts and intrinsic oscillations, LVA channels camtrol neuronal firing.

Structurally, VDCCs are composed of three subunitsthat is the ion channel pore with
gating propertiey2/6 andf subunits which are responsible for cell surfageression and
channel kinetics. They are found in a 1:1:1 stoictetry. ol subunits are encoded by 10
genes, 3 genes encod@/d5 subunits while 4 genes encoflesubunits. It is highly
significant that these subunits have diverse gers&impositions, since it is the nature of
these gene products that determines the biophyaiwél pharmacological properties of
VDCCs (Catterall, 2000). Distribution of VDCCs ig® in discrete brain regions and even
within the individual neurons (Elliott et al., 1995In addition, a new subunit of VDCCs
has been found in the brain witR, y3 andy4 subunits (Letts et al., 1998).

VDCCs have been linked to epilepsy since it wasudented more than twenty years ago
that an elevation of calcium ion influx with a sefsent reduction in extracellular free
calcium ions stimulates seizure activity in theitraSuch evidence has been provided (in
part) by studies employing the kindling animal se&zmodel. Therefore, blocking these

channels represents a target for several antiejildpigs.
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1.2.4.3. Potentiation of GABA

GABA (gamma-aminobutyric acid) is the major inhdwit neurotransmitter in the brain. It
is formed from glutamic acid with the aid of Glut@nmicid Decarboxylase (GAD) and
metabolised to succinic semialdehyde by the aaioABA transaminase (GABA-T).
GABA acts as an inhibitory neurotransmitter, so eoric binds to its own receptor, it
inhibits the signals transmission across the nalromembrane limiting the spread of
action potentials across the brain and controlBegure propagation. After GABA is
released from the presynaptic terminal into theapge, using a specific sodium/chloride
voltage dependent reuptake system, around 80%eafelbased GABA is taken back into
the presynaptic terminal. The remaining proportien metabolised to succinic
semialdehyde by GABA-T (Treiman, 2001).

Potentiation of GABA inhibitory effect constitutabe mechanism by which several
antiepileptic drugs work as they cause an incréasBABA concentration in the brain
limiting the spread of convulsant activity acrog® tneuronal network and controlling

seizure development.

There are three types of GABA receptors: GABA-A, B%B and GABA-C receptors.
GABA-A and GABA-C receptors are ligand gated iorachels while GABA-B receptors
are G protein coupled receptors.

GABA-A receptors constitute the target at which nplé antiepileptic drugs act; they are
mainly located on the postsynaptic terminals (Ehys et al., 1999). The GABA-A
receptor is composed of five subunits that togefiven the pore; once GABA-A receptors
on the postsynaptic neuron have been occupiedriddl@mns enter through these pores.
Consequently, hyperpolarisation of these neurdkestalace with a decrease in the rate of
neuronal firing. The greater the frequency of dli® channel opening, the greater is the
reduction in the rate of neuronal firing (Sieghetral., 1999). Bromide, the first historical
AED increases the sensitivity of GABA-A receptossGABA, resulting in an increase in
GABA-A receptor mediated inhibition (Akaike et a989).

GABA-B receptors are found on pre and postsyna@#BAergic terminals. Those
located on the presynaptic terminals (autoreceptegulate the release of GABA; once
they have been stimulated they cause a decredabe irelease of GABA (either through

opening of potassium channels or inhibition of matt influx or both). Therefore,
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antagonising these receptors can represent a tanganticonvulsant activity (Figure 2)

(Bonanno and Raiteri, 1993).
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Figure 2. GABAergic synapse (Suzdak and Jansen, 199 5).

1.2.4.4. Inhibition of glutamate excitatory mechani  sm

Glutamate gated cation channels are responsible tlier bulk of fast excitatory

neurotransmission in the central nervous systenmeirTsubtypes include NMDA (N-

methyl-D-aspartate) and AMPA a{amino-3-hydroxy-5-methyl-4-isoxazole propionic

acid) receptors, the blockage of which can leagdiaure control.

Another subtype of

glutamate receptors comprises kainite recepto@indte receptors (GIuR5) play a role in

postsynaptic excitation, control of presynaptictginate release from excitatory afferents

and suppression of GABA release (Rogawski et BD32that also makes them a potential

target for AEDs.
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A relationship has been established between NMDogptors and seizures development.
The NMDA receptor operated complex is composed roficea channel responsible for
influx of calcium and sodium ions and efflux of @ssium ions. Various binding sites have
been identified on this complex, where antagonigmld show anti-convulsant activity
(Davies, 1995). Some AEDs have been found to palia of reducing NMDA evoked
depolarisations e.g. carbamazepine (at certainerdrations) and felbamate. NMDA
receptors have multiple recognition sites for gheige, glycine, polyamine, ions and use
dependant channel blockers. Occupation of glyame glutamate sites by an agonist is an
essential requirement for NMDA channel opening aedronal depolarisation (Monaghan
et al., 1989).

Although AMPA receptors are considered to have &mi@l role in seizure control, no

currently marketed AEDs have a major effect ateheseptors.
1.2.4.5. Potentiation of potassium channels

Potassium (R channels possess a regulatory role in the develnpof seizure activity

for three reasons. Blockade of potassium chansed&€companied by the development of
epileptic activity (Pena and Alavez-Perez, 2006f#den et al., 2000). Also, benign
familial neonatal convulsions (BFNC) a genetic diww, is a generalised epilepsy
syndrome that was found to be associated with actleh the genes encoding voltage
dependant potassium channels (Singh et al., 19BBjally, potassium channels blockers

provoke the development of animal seizure modedgyéRa et al., 1992).

K* channels are composed of four alpha subunits;lanxibeta subunits are present in
some potassium channels. S4 is considered toebeottage sensor segment while S5 and
S6 constitute the channel pore. There are diffetgpes of voltage gated potassium
channels, these include: A-type channels whichdigmctivate and deactivate, delayed
rectifier channels that open on depolarisation amwdard rectifying channels that are
blocked on depolarisation under the effect of im&krions. Several types of inward

rectifying channels exist, such as ATP sensitivenciels.

The M-type is a specific form of potassium chantiese channels are slowly activated by
depolarisation while muscarinic stimulation causesr inhibition. The M-current plays a
role in controlling neuronal excitability and fignproperties. In the case of neuronal

depolarisation evoked by excitatory stimuli, adfiva of M type K current takes place
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leading to repolarisation of the neuronal membraesitt subsequent firing suppression
limiting seizure propagation. Therefore, suppm@ssbf M-current is considered a
mechanism that can lead to convulsions.

It has been found that the M-current in the neuisrsubserved by KCNQ2 and KCNQ3
potassium channel subunits (Wang et al., 1998) aimdequently, dysfunction of these

subunits results in epileptic disorders.
1.2.4.6. Inhibition of carbonic anhydrase

Carbonic anhydrase catalyses the chemical reasti@®©, and HO to form carbonic acid.
Brain carbonic anhydrase regulates (with the aidNafK ATPase anion exchanger) the
exchange of extracellular chloride ions for intladar bicarbonate ions (HCO3
(Woodbury et al.,, 1984). Carbonic anhydrase llrespnts 97% of brain carbonic
anhydrase activity that makes it the major braozysne. The anticonvulsant effect of
carbonic anhydrase inhibition is confirmed as am#tanide is an AED that is a carbonic

acid inhibitor.

Inhibition or deficiency of carbonic anhydrase wilad to an accumulation of carbon
dioxide (CQ) in the brain with a subsequent anticonvulsareaffDeficiency of carbonic
anhydrase Il is accompanied by reduced susceptilfitiore resistant) to flurothyl and
scPTZ induced seizures (Velisek et al., 1993). , @&umulation leads to a drop in pH
level that acts to antagonise NMDA receptors. 8ewystemic acidosis in mice with
carbonic anhydrase Il deficiency leads to a deereasNMDA receptor function and

consequently anticonvulsant activity (Velisek argliskova, 1994).

1.2.5. Mechanisms of action of commonly prescribed AEDs

1.2.5.1. Phenobarbital

In 1912, phenobarbital was licensed in the UK mgkirthe oldest AED available today.
Phenobarbital belongs to the barbiturates groupt tiecludes: phenobarbital,

mephobarbital, metharbital and primidone. Desp#eside effects that include cognitive
(behavioural) changes, it is still used in clinipahctice especially in the developing world

as it is inexpensive and easy to use (Brodie andri{\2004). Beside its application as an
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anticonvulsive drug, phenobarbital can also be ussdan anaesthetic and sedative-

hypnotic agent.

Phenobarbital’s mechanism of anticonvulsant agtigtthrough augmenting the inhibitory
effect of GABA (Macdonald and Barker, 1979); it d&nto a specific binding site of
chloride channels in GABA-A receptors present ostgynaptic terminals. This binding
increases the mean opening time of chloride chanméthout interfering with the

frequency of opening (Twyman et al., 1989). Therasult is increased stimulation of the
inhibitory effect of the GABA system leading to actlease in the rate of neuronal firing

with subsequent control of seizures.

Other less important mechanisms include a slighibitory effect on high voltage
activated calcium channels (Ffrenchmullen et aB93). At high concentrations,
phenobarbital is also capable of inhibiting higleqguency repetitive firing of action
potentials, compatible with actions on voltage dasodium channels (Mclean and
Macdonald, 1988).

1.2.5.2. Phenytoin

Phenytoin is the longest established AED that igabge of inhibiting abnormal brain
activity characteristic of seizures with a non-ge@eeffect (without affecting normal brain
activity). As a result of this unique property gplytoin has been extensively studied since
its availability in 1938 in the UK.

In terms of its mechanism of action, phenytoin’silition of sodium channels is strongly

related to the voltage of membrane potentials.

This was confirmed when phenytoin was found to beeak blocker of hyperpolarised
sodium channels (more negative than — 80 mV) witadgal elevation in blocking
capability occurring at progressively more depsladli potentials (from —80mV to —30mV).
Another important characteristic of phenytoin siithibition of high frequency repetitive
firing of action potentials rather than slow or iwidual firing (without affecting

spontaneous neuronal activity) (Matsuki et al., 4)98 Also, inhibition by phenytoin is
time dependant, as the time required to recovem frdepolarisations is prolonged

(Macdonald, 1989). In addition to a delayed recpviEom suppression of sodium
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channels, blockade by phenytoin is also slow inegnstable and tight (Kuo and Bean,
1994).

These properties of phenytoin explain the reasats @elective control of seizures without
producing sedation. Phenytoin is a weak blockesamfium channels in the resting state
(during normal brain activity) while seizures (abmal brain activity) are characterised by
high frequency trains of depolarisations, on a gamknd of prolonged depolarisation
episodes, a condition which favours phenytoin’s ma@ésm of blocking sodium channels
(Remy et al., 2003). Phenytoin’s block of sodiunarmhels is also use dependent, so that
blockade accumulates with prolonged or repetitiegvation. This is because phenytoin
binds preferentially to the sodium channels inraaciivated state (Rogawski and Loscher,
2004).

A mutation of the gene encoding thg subunit of sodium channels linked to an inherited
epilepsy syndrome results in reduction in both iettg of these mutant channels toward
the inhibitory effects exerted by phenytoin andqfrency dependant inhibition by
phenytoin. These effects are due to changes ingtmg properties of these mutant

channels (Lucas et al., 2005).

It has been proposed that phenytoin, carbamazepidelamotrigine bind to a common

binding site on sodium channels that does not exishe resting state as the affinity of

these drugs for binding is much higher in the iivatéd state than the resting state (Kuo,
1998).

Also, Granger and colleagues showed that phengioitances the effect of GABA at the
a1B2y2 subtype of GABA-A receptors (Granger et al., 995

On seizure development, there is elevation of patas concentration extracellularly
leading to depolarisation. This is accompanied bgearease in extracellular calcium
concentration due to calcium influx through the roge voltage operated calcium channels
into the neuron. Increased calcium concentratimmacellularly enhances excitatory
neurotransmission.  Phenytoin’s ability to blocklcaan entry results in limiting
neurotransmission excitation and subsequentlyuseizontrol (Pincus and Lee, 1973).
Voltage and use-dependant inhibition of potassilmanaels by phenytoin has also been
reported (Nobile and Vercellino, 1997).
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1.2.5.3. Ethosuximide

Although ethosuximide was introduced in the UK iB85%, its mechanism was not
documented until 1989. This process was elucidaseidhibition of voltage dependent T-
type (low threshold) calcium channels at therapeilgivels in the thalamic neurons.
Initially, this mechanism of action was identifi¢ideoretically based on the observation
that methyl-phenylsuccinimide (an active metabadita related compound) also blocks T-
type calcium channels and no inhibition was obsméen using the inactive analogue
succinimide (Coulter et al., 1990). Although seNestudies using therapeutically relevant
concentrations showed a contradictory view of aiRkiside mechanism regarding
blockage of T-VDCCs, Gomorat al. were able to show that ethosuximide and wyheth
phenyl suximide (the active metabolite of a relatechpound methsuximide) were capable
of blocking T-VDCC currents with a higher affinitgr inactivated channels (Gomora et
al., 2001). Furthermore, analogues of ethosuximidlout anticonvulsive property were
found to be poor blockers of calcium channels. Bleekage was found to be voltage

dependent at therapeutic concentrations (Coultel,et989).

Absence seizures are characterised by the presé@ttz spike wave rhythms. As T-type
calcium currents in thalamocortical neurons haveaativity of low frequency (around
3Hz), it is believed that this is the reason whyeaite seizures can be affected by

ethosuximide (Davies, 1995).

In addition, ethosuximide may lead to a slight i&dn in persistent sodium currents, that
are slowly inactivating and with relatively smakmgblarising potential (Niespodziany et
al., 2004).

1.2.5.4. Carbamazepine

Carbamazepine was licensed in the UK in 1965. s lam iminostilbene derivative of

tricyclic anti-depressants and among antiepilegiiags, it is one of the most widely

prescribed agents. Since carbamazepine and pleigtee similar characteristics in their
structures and mechanisms of action regarding bigotf voltage gated sodium channels
with some differences, the spectrum of activitytieése two agents is also very similar
(Rogawski and Porter, 1990).
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At therapeutic concentrations, carbamazepine andtabolite 10,11-epoxycarbamazepine
inhibit the high frequency firings of action potis (repetitive action potentials) rather
than low or individual polarisations. It inhibisodium currents in a voltage and use
(frequency) dependant manner (Kuo et al., 1997) sodium channel inhibition by

carbamazepine might also be considered time depéadat can shift the current voltage
dependence toward hyperpolarisation direction de¢pthe recovery of sodium channels
from inactivation (Reckziegel et al., 1999). Carldaepine tends to bind to sodium
channels in the inactivated state that resultslackade accumulation with prolonged or

repetitive activation (Rogawski and Loscher, 2004).

Although carbamazepine and phenytoin have a simikghanism of action, the patients’
response to these two agents is not same. Theylet ime some molecular basis for the
observation that some patients respond better tenysbin while others find
carbamazepine more effective in treating theirwseig. Carbamazepine has a 3-fold lower
affinity for depolarised sodium channels with aefitimes faster binding rate compared
with phenytoin (Kuo et al., 1997).

Therefore, it would be more appropriate to use adzepine rather than phenytoin in
treating patients with seizures of relatively shather than prolonged depolarisations
shifts.

Carbamazepine can at certain concentrations retlM®A (NMDA subtype of the
glutamate receptor) evoked depolarisations whilkigiter concentrations, the effect is to
potentiate depolarisations (Lancaster and Davi@82)land reduce presynaptic glutamate
release. Carbamazepine is also able to potenti&BAGinhibitory effect at a1p2y2

subtype of GABA-A receptors (Granger et al., 1995).

Carbamazepine has the capability to enhance theitacof glutamate transporters.
Glutamate transporters help in the regulation ataghate neurotransmission and GABA
mediated inhibitory neurotransmission. Dysfunctiminthese transporters is associated
with seizure development in rats. Carbamazepirtenpiates the activity of glutamate
transporter type 3 (the major glutamate transppftere et al., 2005).
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1.2.5.5. Sodium Valproate

Valproic acid (a branched fatty acid) was one effilst drugs to be used in the treatment
of epilepsy. It has been in clinical practice sirl®62 and it has been licensed in the UK
since 1973.

Sodium valproate (the sodium salt of valproic atid$ multiple mechanisms of action that
can explain its wide range of clinical applicatioms epilepsy. It enhances GABA
inhibitory effect by increasing the turnover of BABA transporter (Whitlow et al., 2003)
and elevating the synthesis of GABA through themstation of glutamic acid
decarboxylase. Cunningham and colleagues idemtifiepotentiating role of sodium
valproate on postsynaptic GABA-A receptors (Cunhamg et al., 2003). Sodium
valproate can reduce the excitatory synaptic dgtigs increases in the frequency and
amplitude of spontaneous excitatory postsynapticecis are reduced resulting in

suppression of epileptiform activity (Martin andzep2004).

Sodium valproate is also able to suppress persistetium currents (Taverna et al., 1998).
Inhibition of NMDA evoked depolarisations by sodiwalproate has been observed (Zeise
et al., 1991) and at high concentrations, sodiulprgate is able to reduce T-type calcium
currents. Potassium conductance can also be taxtivey sodium valproate leading to

potassium efflux and hyperpolarisation (Francedcheal., 1986).

1.2.5.6. Benzodiazepines

This group of drugs has four major pharmacologeffécts: sedative-hypnotic, muscle
relaxant, anxiolytic and anticonvulsant propertie§he benzodiazepine group includes
about 50 agents, only four of which can be usedAEB®s: diazepam, lorazepam,
clonazepam and clobazam. Structurally, all berez®pines are 1,4-benzodiazepines with
the exception of clobazam that is 1,5-benzodiazefiime numbers represent nitrogen atom
locations on the diazepine ring) (Nakajima, 200The chemical structure of clobazam
was designed to be different from other benzodimespin order to exert different
pharmacological properties. The most widely prémaibenzodiazepines agents used as
AEDs are clonazepam and clobazam. Clonazepam masliced in the UK in 1974

while clobazam was licensed in the UK in 1979 aliyi as an anxiolytic agent.
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Clobazam’s mechanism of action is by augmenting @A®receptors inhibitory effect on
neurotransmission, thereby increasing the frequesfcghloride channel opening that

eventually results in a decrease in neuronal fi(hgkamura et al., 1996).

Clobazam (1,5-benzodiazepine) has an anticonvulsation different from other
benzodiazepines (1,4-benzodiazepines) as it ishthié appearance of generalised tonic
clonic seizures on which clonazepam (1,4-benzogiaeg has no effect. This might be

explained by the difference in chemical structiviéu¢a et al., 2002).

Benzodiazepines at high concentrations (in stapilepicus) can inhibit voltage gated
sodium channelgMclean and Macdonald, 1988) and to a lesser exiglicium channels
(Skerritt et al., 1984).

1.2.5.7. Vigabatrin

Vigabatrin (gamma-vinyl GABA) is a structural angie of GABA. Vigabatrin is present

in two forms: an S (+) enantiomer that is the acfiorm and an R (-) enantiomer that is
inactive (Haegele and Schechter, 1986). Vigabatas the first of the modern AEDs to
be licensed in the UK in 1989.

Vigabatrin increases the concentration of GABAla synapse and postsynaptic GABA
receptors. It achieves this through the irrevéesibhibition of GABA transaminase
(GABA-T), which converts GABA into succinic semialdyde, the rate-limiting enzyme
responsible for the metabolism of GABA (Jung et #.77). This results in an increase in
synaptic and terminal GABA levels in the brain. clortical astrocytes, vigabatrin is also
able to reduce GABA uptake (Sills et al., 1999he3e effects will eventually lead to those

neurons involved in seizure activity being inhildite

1.2.5.8. Lamotrigine

Initially, there was a mistaken belief that inhibit of folic acid had anticonvulsant
activity. Therefore, lamotrigine was designed ¢bas a folic acid inhibitor. In the UK, it

was approved for clinical practice in 1991.

In the beginning, the similarity in the range ofieonvulsant activity of lamotrigine to that
of phenytoin and carbamazepine raised the suggestiche possible role of sodium
channel inhibition in the mechanism of action akthgent. It is now documented that
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lamotrigine has a complex mechanism of action idiclg blockade of sodium channels.
Lamotrigine causes a reduction in the excitatiosadium channels in a voltage and use
(frequency) dependant manner (Zona and Avoli, 1997amotrigine binding to sodium
channels tends to be slow in onset, tight and storecovery from blockade (unbinding)
(Kuo and Lu, 1997).

Another mechanism by which this drug exerts itdcamtvulsant activity is through the
enhancement of potassium mediated hyperpolariginductance in the neurons leading to
inhibition of epileptiform discharges (Zona et aP002). Lamotrigine results in the
reduction in both peak amplitude and time to peakypge potassium currents in the

hippocampal neurons (Huang et al., 2004).

Also, lamotrigine inhibits glutamate release andsgnaptic calcium influx (Wang et al.,
2001). The effect on calcium channels is resuli¢tehigh voltage activated types (Stefani
et al., 1996). Both lamotrigine and levetiracetath & antagonists of calcium channels
preventing the elevation of intracellular calciuoncentration, a process that results in an
epileptiform activity (Pisani et al., 2004).

1.2.5.9. Gabapentin

Gabapentin (1-aminoethyl cyclohexane acetic acidy wynthesised to act as a GABA
mimetic agent facilitating GABA inhibition but itsechanism of action appeared to be
different from what was expected. It received appl for use in the UK in 1993.

Gabapentin’s mechanism of action has long beenstanyand represents one of the most

intriguing stories to emerge in the understanding@CCs.

Various studies initially showed that gabapentiesimot act on GABA-A or GABA-B
receptors and does not elevate GABA levels in nezxmainals (White, 1997). Also it does
not act on glutamate, glycine or NMDA receptorsddaionally, its mechanism of action

does not affect sodium channels.

Eventually, it was shown that gabapentin exerts aitgiconvulsant activity through
inhibition of HVA calcium currents in a concent@ti dependent manner with L-type
calcium channels as the predominant type invoh&féni et al., 1998). Gabapentin
binds (in high affinity) and blocks th&25 subunit of VDCCs (Gee et al., 1996), making
gabapentin the first ligand for this auxiliary saiiu This binding is subtype specific with
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a higher affinity ton28-1 thana26-2 subunits. The third type of subunit®§-3) does not
bind to gabapentin (Marais et al., 2001).

Some studies have suggested that inhibition of VB®EZ gabapentin might be indirectly
due to activation of GABA-B receptors (Mintz and dBe 1993). Although Ng and

colleagues (2001) showed that gabapentin is anistgainGABA-B gbla-gb2 heterodimer
coupled to inwardly rectifying potassium conductar{blg et al., 2001), several studies
have disputed this theory. There is still a posigibthat gabapentin is involved in the

activation of GABA-B receptors (Bonhaus et al., 2D@ith a more predominant effect on
presynaptic GABA-B heterorecptors (Parker et allp4). Also, gabapentin has been
shown to be capable of increasing GABA level in hanbrain tissues resected during
epilepsy surgery while this effect was not observedormal brain tissues (Errante et al.,
2002).

Gabapentin can also inhibit presynaptic glutamicitatory neurotransmission with a
postsynaptic enhancement of NMDA receptor trandgomséShimoyama et al., 2000). In
addition, it has the capability to enhance NMDA reuts selectively in GABAergic

neurons of the spinal dorsal horn (Gu and Huan@2R0

1.2.5.10. Topiramate

Topiramate (a sulfamate substituted monosacchaisdednsidered to be an AED with a

wide range of anticonvulsant activity. It was heed in the UK since 1995.

Topiramate has multiple mechanisms of action.att mhibit L-type calcium channels of
the high voltage activated currents controlling noeal depolarisation with subsequent

anticonvulsant activity (Zhang et al., 2000).

Also, topiramate enhances GABA mediated chloride fby increasing the opening and
burst frequency of GABA-A receptor channels (Browmal., 1993;White et al., 1997).
Beside its action on GABA-A receptors, Kim and ealjues have suggested that
topiramate can selectively inhibit pre/postsyna@isBA-B receptors in the interneurons,

an action that eventually results in elevation 8Ba release (Kim et al., 2005).

Voltage gated sodium channels can also be blockedpramate through the inhibition of
sustained repetitive firing in neurons (Tavernaakt 1999). In addition, it can also

positively modulate potassium channels (Herrera.e2002).
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At glutamate receptors, topiramate is capable oiclkhg kainate—induced excitatory
conductance reducing neuronal excitability (Gibbalg 2000); this blockade is specific to
kainite receptors containing GIuR5 subunits. Tapiate can also block AMPA receptors
but to a lesser extent (Gryder and Rogawski, 2008has the capability to reduce the
levels of glutamate and aspartate release (Kanda.,efl996) and to inhibit carbonic
anhydrase isozymes Il and IV more potently thareotbozymes (Dodgson et al., 2000).
Reduction of glutamate levels by topiramate hagantulsive consequences as AMPA
receptors activation by glutamate will result iniahibitory effect on inwardly rectifying
potassium channels with a subsequent potentiationemronal excitability (Schroder et
al., 2002).

1.2.5.11. Tiagabine

Tiagabine is an antiepileptic drug that has a bledefined mechanism of action. It is a

derivative of nipecotic acid and was licensed m th in 1998.

Tiagabine acts as a selective inhibitor of the takg of GABA at the synapse by
irreversible binding to the transporter isoformeargier protein) i.e. GAT-1 responsible for
GABA reuptake into the presynaptic terminal (Bragstet al., 1990). As a result the
concentration of GABA increases at the postsyndpt@BA receptor complex exhibiting

its inhibitory effect on seizure development.

1.2.5.12. Levetiracetam

Levetiracetam [(S)-[alpha]-ethyl-2-0x0-1-pyrrolidgiracetamide] was approved in the UK
in 2000. Chemically, it is not related to any athatiepileptic drugs but structurally, it is
similar to piracetam which is a nootropic drug usgdinst myoclonus and to enhance the

memory.

Levetiracetam is considered to be exceptional amuthgr AEDs because of unique
properties. For instance, it is inactive againstt@seizure models usually used to test the
antiepileptic activity of AEDs i.e. MES and scPT&sts (Klitgaard et al., 1998), it can
counteract the development of amygdala electricalling even after termination of drug
dosing (Loscher et al.,, 1998) and in rats, it hias tapability to inhibit neuronal
hypersynchronisation when epileptiform activityeégoked (Niespodziany et al., 2003).
Also its main mechanism of action does not inclads of the usual known targets of
AEDs (LaRoche and Helmers, 2004).



Chapter 1. Introduction. 57

Although its exact mechanism of action was not lye¢n identified, it is believed that
levetiracetam has a unique stereo-selective binsibegin the brain. This binding site may
be involved in an interaction with the GABA systémthe brain since levetiracetam
causes a significant increase in GABA aminotrassferactivity and a marked decrease in
glutamic acid decarboxylase GAD activity (Loscherk, 1996). Further attempts were
made to characterise this binding site and evegtualwas classified as an integral
membrane protein enriched in the synaptic vesatescalled synaptic vesicle protein 2A
(SV2A). Levetiracetam derivatives are unable todbio neurons lacking SV2A on their
membranes which indicate the essential role of ethbsding sites in binding to
levetiracetam. Other isoforms (SV2B and SV2C) db seem to exhibit any binding to
levetiracetam (Lynch et al., 2004).

Another mechanism of this agent is its minor intwity effect on high voltage activated
calcium channels (Niespodziany et al., 2001), pradantly N-type channelé_ukyanetz
et al., 2002).

Levetiracetam has an indirect effect on GABA-A goes through the occlusion of the
inhibitory action of GABA-A receptors antagonistadinly bicuculline) that are usually
responsible for neuronal epileptiform excitabilitg the hippocampus (Poulain and
Margineanu, 2002).

A view different from that commonly accepted regagdpotassium channels and epilepsy
was suggested by (Madeja et al.,, 2003). It commuthat levetiracetam application
resulted in a reduction of delayed rectifier patasscurrent and repetitive action potential
generation in the hippocampal neurons that evegtlehds to anticonvulsant activity.
This conclusion was explained by levetiracetamrfatence with the duration of action
potential through the reduction of delayed reatifotassium current, an action that

ultimately resulted in a decrease in amplitude @ndécrease of frequency of discharge.

1.2.5.13. Oxcarbazepine

Oxcarbazepine (10-keto-carbamazepine) is an analagfu carbamazepine. It was
introduced in the UK in 2000. Oxcarbazepine wasigieed to have the same efficacy of
carbamazepine with fewer side effects. Chemicadly,keto group was added to

oxcarbazepine at the position 10 of the azeping. rithis keto ring is reduced to a
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monohydroxy derivative (MHD) that is responsible tbe anticonvulsant activity of the

drug.

The difference in the chemical structure betweeradsazepine and carbamazepine due to
the presence of the keto group has lead to difte®nn the metabolic pathways and
properties of each drug e.g. side effects and eazymuction. Unlike carbamazepine,
oxcarbazepine is not metabolised to an epoxidebobta responsible for the toxic effects
of carbamazepine (Faigle and Menge, 1990). Insteachrbazepine is metabolised to a

monohydroxy derivative responsible for its pharmagital effects.

Oxcarbazepine acts by blocking voltage sensitivdiuso channels inhibiting repetitive
neuronal firings and stabilising hyperexcited meamess (Mclean et al., 1994). Another
mechanism is through the inhibition of voltage \eatitd calcium currents, an effect
observed in cortical and striatal neurons (Stetgnal., 1997). An inhibitory effect of

oxcarbazepine on excitatory glutamate release isasnated (Calabresi et al., 1995).

Hippocampal dopamine and serotonin have been foardhve anticonvulsant properties
against limbic seizures through stimulation of D@l -HT1A receptors (Clinckers et al.,
2004). Oxcarbazepine and its metabolite 10,11diibnl0-hydroxycarbamazepine
(MHD) promote the release of hippocampal dopamind serotonin (Clinckers et al.,

2005) which might contribute at least partly to #miconvulsant effects of oxcarbazepine.

1.2.5.14. Pregabalin

Pregabalin was licensed in 2004. Pregabalin (S{ispbutylgaba) is a lipophilic
structural analogue of GABA, it is substituted la¢ 8 position so that it can traverse the

blood brain barrier.

Although it is an analogue of GABA, pregabalinnadtive at GABA receptors. Similar to
gabapentin, it binds with high affinity to voltagated calcium channels subua#s (Ben

Menachem, 2004). This binding is restricted to dB& type 1 subunit of voltage gated
calcium channels (Bian et al., 2006). This resmlta reduction in calcium influx at nerve
terminals and a reduction in the release of seveatotransmitters including glutamate,
noradrenaline and substance P (Fink et al., 200B)ch might be the reason for its

anticonvulsant activity.
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Although, pregabalin does not act directly on pgsaptic GABA receptors, it causes a
small inhibition of synaptic vesicle exocytosis@ABAergic and glutamatergic neurons
(Micheva et al., 2006). Although this effect seetmscounterintuitive for an AED, the
existence of depolarising GABA responses in cemaiitatory neurons has been reported;
these were suggested to be capable of initiatinigpje discharges (Cohen et al., 2002).
Therefore, inhibition of synaptic vesicle exocy®sif GABA will result in an anti-

convulsant activity.

In addition, a recent study suggested a role fegalalin in the activation of GABA-B
receptors based on the finding that long-intervaitaicortical inhibition (a measure of
human motor cortex excitability) mediated by GABAaBtivation was increased following

pregabalin administration (Lang et al., 2006).

Pregabalin activates ATP-sensitive potassium cHanfiéarp) in the differentiated

hippocampal neuron derived H19-7 cells in a come¢ioh dependant manner; this
activation was associated with a significant insee@n the mean open lifetime of these
channels (Huang et al., 2006) which will hyperpsiarthe cell membranes and aid in

seizure control.

1.2.5.15. Zonisamide

Zonisamide (1, 2-benzisoxazole-3-methanesulfon-ajnid structurally a derivative of
sulfonamide. It was developed and licensed in Japab989 while in the UK, it was
licensed in 2005.

Probably, zonisamide is the AED with the highesttiple known mechanisms of action.
These mechanisms include: reduction of sustainedtiteve firing of neurons through
blockage of voltage dependant sodium channels (Roek., 1989), reduction of voltage
dependant T-type calcium currents (Suzuki et &#92), facilitation of dopaminergic
(Okada et al., 1995) and serotonergic (Okada e1899) neurotransmission, potentiation
of GABA release as it reacts with the GABA recepgtomplex (Mimaki et al., 1990) and
weak inhibition of carbonic anhydrase (Masuda aadakawa, 1993). Rather than a weak
inhibitor, De Simone and colleagues showed thatiszaonide is in fact an effective
inhibitor of carbonic anhydrase isozymes Il in tbgosole and isozymes V in the
mitochondria (De Simone et al., 2005). However,eotinvestigators suggested that

inhibition of carbonic anhydrase does not partitg@pa the anticonvulsant properties of
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zonisamide (Masuda et al., 1994). Also, it can léadlockage of potassium evoked
glutamate response (Okada et al., 1998). Zonisamide found to be able to offer
protection of neurons against free radicals damihgeugh scavenging of these free
radicals (Mori et al., 1998).
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AED

Main mechanism of action

Other mechanisms

Established AE

C

Phenobarbital

Potentiation of GABA inhibition

Inhibition of glutamate
excitatory mechanism

Phenytoin

Blockade of voltage gated sodium channe

S

Ethosuximide

Blockade of LVA (T-type) calcium chatm

Carbamazepine

Blockade of voltage gated sodiumnehian

Blockade of voltage gated

Valproic acid Potentiation of GABA inhibition sodium channels and LVA
(T-type) calcium channels
Clobazam Potentiation of GABA inhibition
Modern AED:
Vigabatrin Potentiation of GABA inhibition
Lamotrigine Blockade of voltage gated sodium ché&ne | Blockade of HVA calcium
channels
Gabapentin Blockade of HVA calcium channels
Equal multiple mechanisms of action: blockade dfage gated sodium
Topiramate channels, HVA calcium channels, potentiation of GABhibition and
inhibition of glutamate excitatory mechanism
Tiagabine Potentiation of GABA inhibition

Oxcarbazepine

Blockade of voltage gated sodiumratian

Blockade of calcium and
potassium channels

Levetiracetam

Equal multiple mechanisms of action: binding to 3f2ceptors and

blockade of HVA calcium channels.

Pregabalin Blockade of HVA calcium channels |
Equal multiple mechanisms of action: Blockade dfage gated sodium
Zonisamide channels, LVA (T-type) calcium channels and potgian of GABA

inhibition.

Table 9. The mechanisms of action of AEDs.

(HVA = high voltage activated, LVA = low voltage ac
2A; (Ben Menachem, 2004;Kwan et al., 2001;Lynch et

2004;White et al., 2007).

tivated, SV2A: synaptic vesicle protein
al., 2004;Rogawski and Loscher,
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1.2.6. Future directions of AEDs

Advanced molecular biology techniqgues have enabledbstigators to define the
mechanism of action of several AEDs, to understhrdorocess of epileptogenesis and to
discover the link between targets for AEDs andegys. Nevertheless, it seems that much
remains to be discovered in the continuous proftesteveloping new novel AEDs. Some

of the future promising directions include:

1.2.6.1. Future mechanisms of AEDs

Inhibition of sodium channels has proven to be &y \&ffective target for controlling
seizures. As several isoforms of sodium channets different functions exist throughout
the brain, development of blockers against theseiBp sodium channels isoforms might

improve the pharmacological outcome of epilepsy.

Serotonergic receptors are believed to be potetsigkts for future AEDs. Elevation of
extracellular concentration of serotonin (5-HTatccompanied by inhibition of limbic and
generalised seizures while its depletion will lowgeizure threshold. This was confirmed
by the discovery of anticonvulsant activity in &%2B/2C receptor agonist (Isaac, 2005).
Such findings indicate that serotonin receptord pldy a role in the design of future
AEDs.

H-channels are hyperpolarization activated catioanoels constituted by a depolarising,
non-activating, mixed Na-K current. They controlur@nal excitation and inhibition in

neuronal and cardiac tissues. These channels eeprasiew potential target for AEDs as
recent evidence has established the effects af tih@dlulation on neuronal excitability and
consequently a net antiepileptic effect (Chen et 2002). For example, after febrile
convulsions, an inhibition of H-channels in the Wi system has minimized

hyperexcitability generated by the post inhibitoepound firing in principal cells (Chen et
al., 2001). Experiments have also showed thaticem@nipulations could either increase
e.g. febrile convulsions or decrease e.g. diabe&aropathy neuronal activity of H-

channels and that the recurrent burst firing hanksopped by changing the activity of

these channels (Soltesz et al., 1991).
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Therefore, it is possible that decreasing H-changetivity in epileptic cortical structures
may lead to antiepileptic activity making the inkdlos of these channels potential future
AEDs.

1.2.6.2. Future concepts of AEDs

A clear distinction should be made between antieppbgenesis (suppression of
progressive development of epilepsy) and anti-ctsiem (Suppression of seizures).
Almost all AEDs used today are anticonvulsants thieg attract almost all the attention in
laboratory studies and clinical trials. Althoughrs®of the anti-convulsant agents (AEDSs)
have been noted to possess some anti-epileptogeaetsvity in selected experimental
models (Loscher et al., 1998;Pitkanen, 2002), atdisnnumber of clinical trials has
addressed this issue. It seems that anti-epilepésie deserves more attention as its role
should not be ignored in preventing early developmaf epilepsy particularly when

studies on this issue are encouraging (Silver.e1891;Stasheff et al., 1989).

1.2.7. Clinical trials of AEDs

Clinical trials of antiepileptic compounds are egi# to assess the efficacy and, perhaps
more importantly, the safety of these novel agdyefore their application in clinical
practice in epilepsy patients. For modern AEDsséh are basic requirements for
regulatory approval. Some clinical trials are pnityadesigned to meet the demands of
regulatory agencies providing information of litttelevance to clinical practice. For
instance, to examine the effects of certain newBDg#, “pseudo-placebo” controlled
monotherapy trials are conducted in which the séageneration drug is compared to a
sub-optimal dose of comparator e.g. a first gemmraagent. As the comparison of this
kind of studies is not clinically relevant, thesals do not provide data suitable for clinical
guidance (Perucca and Tomson, 1999;Tomson, 20049thar disadvantage shared by
many clinical trials is their short duration thatriot sufficient to examine AED efficacy
and tolerability. Much of what we understand abthe effectiveness of any given
antiepileptic agent is actually gained through ichh experience in the post-marketing
period. Instead of being concerned about shom tfficacy and adverse effects seen in
clinical trials, it is often only at the stage dihical experience that drug-drug interactions,
efficacy to reduce seizure frequency and/or sgvantd issues of long term safety become
apparent (Brodie and Kwan, 2001). For instanaectirrelation of felbamate with aplastic

anaemia was only evident after administration endfnical setting.



Chapter 1. Introduction. 64

Therefore, if we are to take advantages of thisresgrented expansion in the
pharmacological armamentarium and genuinely seek rttost appropriate drug or
combination of drugs for any given patient, thermparative long-term efficacy and

tolerability studies are essential.

Some of the clinical trials performed on AEDs tuastigate their efficacy and tolerability
were conducted on first generation AEDs in comparigith either, other first generation
agents or using a placebo, while other studies mazde comparisons between second
generation AEDs and either placebo or first gemmmafAEDs (Kwan and Brodie, 2003).
Unfortunately, a very limited number of studies Haeen performed to compare the
efficacy and tolerability of modern AEDs (Brodieadt, 2002). Also, all these comparative
studies examined certain specific drugs with litikkention to the comparison between

generations of AEDs as a whole.

Therefore, there is a need to compare differenividdal modern AEDs using a long
period of follow up on patients with epilepsy witim emphasis on their efficacy against
different seizure types and their adverse effet®very day clinical practice. In addition,
a comparison between first and second generati@idsfas a whole in terms of efficacy

and tolerability is required.

1.2.8. Indications of AEDs

Starting a patient on AED therapy is not an easp.sbuch a decision is going to have a
significant influence on the patient's life regargli side effects (along with their
consequences), compliance (with the risk of relaipsease of poor compliance) and
financial impact, bearing in mind that treatmentghti be life long. Therefore, this
decision should be made only by a person qualifieithis field and only when a definite

diagnosis has been made using proper clinical atialuand investigations.

Table 10shows the therapeutic uses in epilepsy of both dinsl second generation AEDs.
Second generation AEDs include more agents wittadrspectrum of anticonvulsant
activity against almost all seizure types compateddrugs of the first generation.
Following the introduction of second generation AEZDnore agents are available for
treating epilepsy, which has made the selectiorthef most appropriate agent for a

particular patient with a particular seizure typechnicians a more complicated issue.
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1.2.9. Side effects of AEDs

Adverse drug reaction to any therapeutic intergenfor any disease including epilepsy
has been defined by the WHO (World Health Orgaiomatas “a response to a drug that is
noxious and unintended and occurs at doses norraaéigl in man for the prophylaxis,
diagnosis or therapy of disease, or for modificatidd physiological function” (Edwards
and Aronson, 2000;World Health Organization, 1972).

Epilepsy patients on treatment with AEDs are sulijeside effects that can be considered
as either biological or cognitive (behavioral). oBigical side effects such as rash or hair
loss can be detected by physical examination arguksiboratory tests. They are divided
into two types, acute and chronic organ effectscut@ reactions as in idiosyncratic
reactions which are not predicted e.g. hepatitishoonic organ effects that take place as a
result of cumulative toxicity e.g. gingival hypeapla. Felbamate has been identified as
the reason for fatal cases of aplastic anaemidiwerdrailure; this has restricted its use to a
drug of last choice for refractory epilepsy (Pel@nd Brodie, 1997). On the other hand,
cognitive (behavioral) side effects such as depyessnd aggressiveness may not usually
be evident to physicians on examination but repoote patients or families (Camfield and
Camfield, 1994) (Table 11). Neurotoxic side effefsg. nausea, diplopia, dizziness,
headache, fatigue, tiredness, ataxia) are considesesome of the common dose-related
side effects (Brodie, 2001).
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AED Partial GTC Absence | Myoclonic | Infantile
seizures | seizures | seizures | seizures | spasms

First generation

Phenobarbital + + - - -
Phenytoin + + - - -
Ethosuximide - - + - -
Carbamazepine + + - - -
Sodium valproate | + + + + -
Benzodiazepines + + + + -

Second generation

Vigabatrin + + - - +
Lamotrigine + + + (+-) -
Gabapentin + + - - -
Topiramate + + (+) (+) (+)
Tiagabine + + - - -
Levetiracetam + (+) (+) (+) -
Oxcarbazepine + + - - -
Pregabalin + - - - -
Zonisamide + + (+) (+) (+)

Table 10. Indications for AEDs (arranged in chronol  ogical order).

GTC seizures: generalized tonic clonic seizures, +: Evidence of efficacy, (+): Less extensive
base of evidence, —: Evidence of lack of efficacy or worsening; (Peruc  ca, 2001a;Rogawski
and Loscher, 2004).
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AED Side effects
) Fatigue, tiredness, depression, in children: insamn
Phenobarbital _ . S
distractability, hyperkinesias, irritability
) Nystagmus, ataxia, acne, gum hypertrophy, coarse
Phenytoin ) o
facies, hirsutism
Ethosuximide Nausea
Carbamazepine Diplopia, dizziness, headache, natasta
Sodium valproate Tremor, weight gain, hair fall
Benzodiazepines Fatigue, drowsiness, sedation
_ _ Dizziness, headache, weight gain, agitatjon,
Vigabatrin _
depression
. Diplopia, dizziness, headache, nausea, ataxiapttem
Lamotrigine _ _
insomnia, rash
_ Dizziness, fatigue, somnolence, weight gain, ataxia
Gabapentin
tremor
Dizziness, ataxia, fatigue, paraesthesia, somnejenc
Topiramate word finding difficulties, mental slowing, poor
concentration
. . Dizziness, somnolence, fatigue, headache, tremor,
Tiagabine ) _ _ _
nervousness, impaired concentration, depression
_ Dizziness, fatigue, headache, somnolence,
Levetiracetam _ o
nervousness, depression, agitation
Oxcarbazepine Fatigue, headache, dizziness, at@dation, nausea
Pregabalin Dizziness, somnolence, headache, ataxia
_ _ Fatigue, dizziness, ataxia, somnolence, impalired
Zonisamide

concentration, mental slowing, nausea, agitation

Table 11. Common side effects of the commonly presc  ribed AEDs
(Brodie and Dichter, 1997;Perucca, 2001a).
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1.2.10. Hypothesis

With evidence to suggest that modern AEDs have iphltcellular effects at
therapeutically relevant concentrations and tha thre associated with fewer adverse
effects, it is my hypothesis that the introductadrthese agents has significantly improved
the effectiveness of drug treatment in epilepsygssessed by long-term outcome. Almost
one hundred years after the introduction of pheriotzd we have multiple treatment
options for epilepsy and still no indication of hdthese might best be employed. This
project builds on previous investigations at theildgsy Unit, Western Infirmary,
Glasgow, but focuses specifically on the employmeintantiepileptic agents in newly
diagnosed epilepsy. | aimed to distinguish outcamehe basis of pharmacology and to
assess the clinical impact of modern AEDs in refatito their more established

compounds.

1.2.11. Research questions

On completion of data collection of this projedte tdatabase was applied to answer the
following research questions of interest to thelgtuFurther analyses were performed on

the basis of initial results and findings of comcesere pursued in detail.

1. To determine the annual outcome of epilepsy acogrth year of referral to the

Epilepsy Unit during the study period.

2. To identify the impact on epilepsy outcome aftee timtroduction of second

generation AEDs.

3. To demonstrate the outcome of epilepsy in relatmiseveral demographic (age

and gender) , pharmacological and clinical aspects.

4. To investigate and compare the efficacy among:viddal AEDs, older AEDs,

modern AEDSs, generations of AEDs, gender, age growpars of referral and

epilepsy type.

5. To investigate and compare the tolerability amdngividual AEDs, established
AEDs, modern AEDs, generations of AEDs, gender, grgeips, years of referral
and epilepsy type.
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6. To define the term of refractory epilepsy giving thumber of treatment regimens
applied that need to be failed before a patient banconsidered as having
refractory epilepsy.

1.2.12. Pharmacogenetics of AEDs

Pharmacological intervention is considered as taenrtool for the treatment of epilepsy.
The response to AEDs has demonstrated a wide mingariation among these patients.
Accordingly, individual variation in the response these drugs among patients is
becoming an important clinical issue. Hartl and IQd992) have shown that genetic
factors play a major role in the variability of druesponse (Hartl and Orel, 1992). The
variability in drug response based on genetic b&sig&nown as “pharmacogenetics”
(Vogel, 1959). It ranges from resistance to treatme adverse drug reactions and drug-
drug interactions. Therefore, further research drarmacogenetics can provide an
opportunity to tailor drugs selection and dosagsedeon both clinical and genetic factors
(Kruglyak, 1999).

At least 33 chromosome regions have been linkexpiiepsy (Prasad et al., 1999). Several
syndromes of idiopathic generalised epilepsy haentinked to genetic variation in ion
channels. For instance, generalised epilepsy withilé seizures plus (GEFS+) is linked to
a variation in the sodium channel subunit (Ceulesnainal., 2004;Kamiya et al., 2004).
Four groups of genes have been identified to pleyagor role in controlling epilepsy and
its AED treatment response.

1. Genes responsible for characterisation of epylejpibclass.

2. Genes that encode pharmacokinetic related psogsisociated with AED efficacy.
3. Genes that are associated with AED toxicity.

4. Genes responsible for ion channel and AED rece{Bpear, 2001).

Therefore, any individual variation among theseagecan influence the response to AED
treatment (Clancy and Kass, 2003;Holmes, 2002;Malgt 2004;Ramachandran and
Shorvon, 2003;Spear, 2001).
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Pharmacogenetics can play a role in the pharmaewmdis of AEDs. AED targets such as
ion channels and receptors might be altered byctiamges in their genetic transcription.
These changes can lead to variation in drug regponsven drug non-responsiveness
(Ramachandran and Shorvon, 2003). Sometimes, ssiztan induce modifications in
AED targets leading to a change in the sensittatthese drugs (Remy and Beck, 2006).

In terms of the effects of pharmacogenetics orptiermacokinetic properties of AEDs, a
limited number of studies have explored the assiotidbetween drug transporter protein
gene polymorphisms and the response to AED tredt(hiemg et al., 2005;Siddiqui et al.,
2003;Tan et al., 2004). ABCB1 gene is responsibiechcoding the efflux transporter, P-
gp. P-gp is used in the transport of several ABBstgchka et al., 2002). Over expression
of P-gp has been identified in the brain tissuepatfents with refractory epilepsy that
raised its likely role in the development of intelde seizures (Marchi et al., 2004).
Therefore, variability in the expression of P-gm ¢asult in individual variation in AED

response.

1.2.13. Pharmaco-resistance to AEDs (refractory epilepsy)

Although, the majority of patients with epilepsydenp having well-controlled seizures,
around 30% of epilepsy patients do not achieve seiom despite using several options of
AED/s combinations (Cockerell et al., 1995;Kwan a@abdie, 2000a). This leads to
negative physical, psychological and social coneeges in this group of patients
associated with increased drug load and suddenpented death (Kwan and Brodie,
2002). In the presence of treatment options othan pharmacotherapy, particularly
epilepsy surgery, there is no doubt that early tifieation of patients with refractory
epilepsy will be accompanied by considerable saghgme, effort and economic costs
through offering this alternative option to suitalgatients. Certain epilepsy syndromes
are known to have a low response rate to mediealrirent but can be cured through
surgical intervention (Engel and Shewmon, 1993he ©f these is mesial temporal lobe
epilepsy in which surgical treatment can offer a-780% chance of a cure (Wieser et al.,
1993). According to a US study that investigated thtal life time treatment cost in
patients with epilepsy, this was $4272 US for deguétin remission while the treatment
cost in a patient with refractory epilepsy was $682 US (Begley et al., 1994).
Refractory epilepsy can be considered as the neaison for the continued search for new
AEDs (Jallon, 1997b).
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Obviously, not all patients with persistant seizudespite AED treatment can be labeled as
having refractory epilepsy. In some cases, thieggy appears to be uncontrolled because
it has not been adequately treated leading to aufis-resistance” or false resistance to
treatment (Perucca, 1998). Pseudo-resistance 0 &k&atment can be due to: poor
compliance of the patients, inappropriate drug ciele for a particular seizure type,
inadequate dosage of drugs, inappropriate lifees(@.g. high alcohol intake, sleep
deprivation and exposure to excessive stress)reapbropriate assessment of response e.g.
development of pseudoseizures (psychogenic se)zases substitute for epileptic seizures
and being treated without effect with the eventmasdiagnosis of pharmacoresistant

epilepsy.

As a self-explanatory term “pharmacoresistant epi¢ might be defined as the
persistence of seizures despite using the mostoppate AEDs and reaching the
maximally tolerated doses of these drugs. Althoutgbeems a straight forward definition,
it is associated with multiple uncertainties sush iadividual differences, the tolerated
dose for each drug adjusted for each patient, tmaber of drugs that needs to be
prescribed before a patient can be consideredsistast to treatment and whether they

should be on monotherapy or combined therapy.

Despite the usefulness of such a definition, wk &aconsensus of how this concept can be
applied in both daily clinical practice and in thesearch field (French, 2006). This is
evident since “refractory epilepsy” or “pharmacastnt epilepsy” has been given a
variety of definitions by different investigatorsased on several factors e.g. seizure
frequency, seizure severity, drug concentration kfedstyle. Table 12 shows some of
these definitions. In addition, other investigatdrave developed scoring systems to
distribute patients in groups based on the presehcertain criteria. For instance, Perucca
(1997) has graded patients with pharmacoresisfaifegpsy into three grades taking into
account the number of drugs that failed at maxiyntallerated dosage and the probability
of achieving seizure freedom consequently at esatieg(Perucca, 1997). Instead of three
grades, Schmidt (1986) has applied six gradeshfese patients in which the first four
grades were related to pseudoresistant epilepdg Wi fifth and sixth grades were linked
to the number of drugs that failed (Schmidt, 1988ying (1995) added a seventh grade
that represented the failure to achieve remissginguUAED combinations, an aspect that

was not addressed in the previous two scoring sys{alving, 1995).
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Absence of a uniform definition of refractory epiéy leads to significant differences in

the outcome of clinical studies recruiting this gpoof patients because they would

represent a mixture of underlying definitions ofaphacoresistant epilepsy (e.g. seizure
type, severity and number of regimens applied)chSiifferences in outcome can even be
observed in studies using the same AED e.g. ardiff in responder rates to lamotrigine
from 13% to 67% in two double blind add-on studissng comparable doses (Fitton and
Goa, 1995;Goa et al., 1993).

considered suitable candidates for surgery.

It will also leadiraccurate selection of patients to be

Reference

Definition

(Leppik, 1992)

Occurrence of seizures with an anti-convulsant ¢
concentration of at least 1 standard medication,

usually effective range at the time of the seizures

irug
th

(Schachter, 1993)

Inability to live a life-style consistent with persal
capabilities because of seizures, adverse effec

anticonvulsants and/or psychosocial problems.

S O

(Wolf, 1994)

Persistence of seizures even at the highest das‘jige

anti-convulsant drug tolerated without unaccept

adverse effects.

ble

(Berg et al., 1996)

Uncontrolled seizures with an average frequencat
least 1 per month for at least 2 years despitks tiat

least 3 anticonvulsants.

Table 12. Some definitions of pharmacoresistant epi  lepsy proposed by various

investigators.

Once a unified definition of pharmacoresistant egmly has been achieved, it will be
beneficial for people of various professions. Ehaglude: clinicians providing medical

care for epilepsy patients, researchers interastednducting clinical trials of AEDs and



Chapter 1. Introduction. 73

comparing their results, epilepsy patients thenesehand their caretakers, health

administrators, legislators, insurers, educatassyérs and employers.

Based on this essential need, a definition of degjstant epilepsy has recently been
proposed as “failure of adequate trials of tworttied and appropriately chosen and used
AED schedules (whether as monotherapies or in coatibin) to achieve sustained seizure
freedom” (Kwan et al., 2009).

Intractability of seizures might be predicted bg firesence of a number of factors. The
predictors might be broadly divided into three grsudisease related, genetic and drug
related factors. Disease related factors incluaidy eonset of seizures (Camfield et al.,
1993;Casetta et al., 1999), the long duration betwiest seizure and onset of treatment,
high frequency of seizures before starting treatnfarts et al., 1999;Beghi and Tognoni,
1988), type of seizures and epilepsy syndrome A&t al., 1999;Mattson et al., 1996),
persistence of seizures despite continuing propeatrhent, occurrence of status
epilepticus, the number of frequently failed driagsappropriate doses, family history of
epilepsy (Berg et al., 2001;Elwes et al., 1984¢spnce and severity of brain damage and
the presence of certain structural lesions in th&@inbsuch as cortical dysplasia and
hippocampal sclerosis(Brorson and Wranne, 1987;étae$ al., 1996). The relation
between intractable seizures and some of thesaréaststill a controversial issue (Regesta
and Tanganelli, 1999). The initial response to AEEatment can also be an important
factor for predicting drug resistant epilepsy (Citaf and Camfield, 1996;Dlugos et al.,
2001;Kwan and Brodie, 2000a) and patients withufail of two consecutive AED

treatment regimens are unlikely to develop seifngedom afterwards.

Regarding genetic predictors, two hypotheses haemn lproposed. One of the possible
mechanisms underlying refractory epilepsy is thdtirduug transporter hypothesis. There
are certain substances (transporters) presenteiremiglothelial cells of the blood brain
barrier; these play a major role in the outwardugfiof many molecules including drugs
which is considered as a defense mechanism to mirelreg accumulation within the
brain. Consequently, these transporters lead ¢oréigulation of the pharmacological
behavior of many drugs through affecting their apson, distribution and elimination.
They are also involved in “multidrug resistance”R) development that represents the
failure of treatments in several diseases suchiasurs, infections and epilepsy because
of their role in limiting the ability of drugs toeach target tissues and expediting the

elimination of these treatments (Loscher and Paesch002). P-glycoprotein (PGP) is one
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of these transporters; it is the encoded producthef human multi-drug resistance -1
(MDR-1) gene or ABCB1 gene. PGP is of particutraportance due to the wide range of

substrates it can act on including many drugs (Fnp2004).

There is accumulating evidence correlating the inoulig transporter hypothesis to

refractoriness of epilepsy, as first proposed IshlEr and colleagues (1995) who reported
an over-expression of MDR-1 encoding the multidansporter PGP in humans in the
majority of patients with drug resistant epilepsiyam studying their brain tissues (Tishler
et al., 1995).

Another hypothesis that has been raised as a p®ssibchanism contributing to drug
resistant epilepsy is the drug target hypothesiwhith certain changes are assumed to
take place in one of the targets of AEDs such aslmnnels, neurotransmitter receptors,
transporters and enzymes involved in drug pharmnetks. Several studies have
confirmed either loss or complete absence of amtiglsant activity exerted by AEDs on
certain drug targets in patients with refractorylegysy. For, instance, Vreugdenhil and
Wadman (1999) have reported a reduction by halthef carbamazepine response of
sodium channels of CA1 neurons isolated from thiéegiic focus of fully kindled rats
compared with control rats (Vreugdenhil and Wadni#99). There are two points that
need to be considered in this hypothesis, the dianébility to demonstrate it clinically in
humans because patients responding to treatmeratdgenerally undergo surgery making
it difficult to obtain tissue samples. Also, sinpatients with refractory epilepsy do not
respond to a wide range of AEDs acting throughowesimechanisms makes the drug
target hypothesis of limited value to contributedfractory epilepsy as it is usually based

on one AED rather than multiple drugs.

In terms of drug related factors that might conttébto refractory epilepsy, development of
tolerance to the antiepileptic activity of drugsars important issue. In such situations, the
anticonvulsant effect of AEDs will decrease follogiprolonged use (Bogg et al., 2000).
The same pattern is observed with side effectsED# in which their severity has been
shown to reduce after prolonged exposure to AEDsy(Et al., 1986). Other factors are
the ineffectiveness of the current mechanisms tépiteptic action of the available AEDs
to treat intractable seizures. In addition, selvig@es of epilepsy such as temporal lobe
epilepsy lead to physiological and morphologicahrodes in the neural circuits of brain

regions e.g. the hippocampus (Elger, 2003), lovgetire sensitivity to AEDs as seen in



Chapter 1. Introduction. 75

mesial temporal lobe epilepsy (the most common typepilepsy treated surgically) in

which the rate of treatment failure reaches 75%(8pr, 2002).

Patients with pharmacoresistant epilepsy can bepg into three patterns based on the
timing of developing the intractable seizures.might present initially (de novo) in some
patients even before starting their AED treatmenewdent in their poor response to the
first AED prescribed; this group represents mostepés with pharmacoresistant epilepsy
as only few patients who fail on their first AEDe&tment will develop remission
eventually (Kwan and Brodie, 2000a). In other sasefractory epilepsy might develop
later, a condition that might be due to progressibthe disease or certain accompanying
changes within the brain. A third group of patiewith refractory epilepsy might show a
fluctuating pattern of response to AED treatmemtgiag between periods of frequent

seizures and intervals of complete seizure control.

In an attempt to correlate the patterns of drugstast epilepsy discussed earlier in this
section with the current understanding of mechasisontributing to this refractoriness,
the multi-drug transporter and drug-target hypatsemight be applied to explain at least
partially, two patterns. The first pattern i.eitial (de novo) AED resistance can be
assumed to be either intrinsic or acquired. Acaglinitial resistance, even before starting
treatment and based on results from animal studigbt be explained as frequent seizures
before starting treatment that lead to over-expoes®r upregulation of multi-drug
transporters and drug-target alterations in eplggnic brain tissues, which consequently
results in AED resistance. High seizure frequdnefpre commencing treatment is one of
the factors associated with intractability (Sillaap 1993). In other cases, alterations of
multi-drug transporters of drug-targets might beaof intrinsic nature due to genetic

polymorphisms which will also leads to de novo AEBsistance eventually.

The second pattern of AED resistance (i.e. recagesf seizures after initial remission)
occurs despite AED treatment and is due to almatiin drug-targets in the brain
associated with progression of epilepsy, as has ®wn by certain investigations
(sensitive imaging techniques and histological ération) that recurrent seizures and a
long duration of epilepsy are associated with ckang the brain such as volume reduction
and neuronal loss in the hippocampus (Liu et &012Mathern et al., 2002). Recurrence
of seizures will be followed by over-expressiomuidlti-drug transporters leading to AED

resistance.
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2.1. Study population

This is a large-scale retrospective observationadlys involving patients with newly
diagnosed epilepsy. Patients were first diagnogaed commenced treatment with
antiepileptic drugs (AEDs) at the Epilepsy Unit tife Western Infirmary Hospital,
Glasgow, Scotland. They were seen between th@dgdérom July 1982 to December
2005. As the Unit is not only a tertiary refersarvice, patients are referred to the Unit

either by general practitioners or accident andrgerey department physicians.

It is essential for patients enrolled in this studybe diagnosed with epilepsy at the
epilepsy unit by qualified doctors not by genenalgitioners or accidents and emergency

physicians. This is due to:

» Epilepsy can be easily misdiagnosed as the diffedeniagnosis of seizures

includes several conditions (Table 3).

» To ensure the correct diagnosis of epilepsy, iadsisable to allow a period of
observation for further events instead of introdgctreatment immediately after

the first seizure.

» Patients with provoked seizures and those with lideparated seizures are not
usually prescribed treatment, as avoidance of texiptating factors can be

sufficient.

* To create patient awareness regarding the impicatand consequences of this

diagnosis e.qg. driving, employment and life style.

» Accepting the need for treatment obtained fromifjadl professional epilepsy staff

is likely to maximise the compliance of patientshWAED therapy.

* The choice of AED to be prescribed to these patieieippends on several factors
such as seizure type, number of seizures and tleealdity profile of that

particular AED.
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« Common side effects of AED treatment along with tiek of teratogenesis in
females with childbearing age and advice on coeptien should be provided to
the patients.

Also, patients recruited should be started on thiest ever AED treatment at the epilepsy
unit. This is because epilepsy clinics accept Imetiwly diagnosed patients and those with
refractory epilepsy in which seizure freedom rage usually low. Consequently,
performing studies in populations including refaagtepilepsy will yield results which do
not reflect accurately findings in the general dapan. Therefore, using newly diagnosed
epilepsy patients with their AED treatment firsarséd at the Epilepsy Unit will be

associated with more accurate findings and morahiel assessment of AEDs treatment.
2.2. Managing patients at the epilepsy unit

The Epilepsy Unit of the Western Infirmary Hospit&llasgow provides clinical services
for patients with established and suspected seidisrders, conducts research related to
aetiology and pharmacological intervention of gmsle and trains a range of health

professionals.

The outpatient service operates on Tuesday and ¥é¢edy from 1.30 PM to 4.30 PM

every week. The Tuesday clinic is confined to gr@8 who have already embarked on
their AED treatment, while the Wednesday clinic alsudeals with patients following

their first seizure, those with untreated epilepsy@ those with whom the diagnosis of
epilepsy has not yet been confirmed. It is mandyeitvo epilepsy nurse specialists and at
least two qualified doctors specialising in epiepsAlso many patients are reviewed
throughout the week in the Epilepsy Unit in parf@gcuurgent referrals of treated and
untreated epilepsy. Usually, patients suspectdthoing epilepsy are referred to the first

seizure clinic by general practitioners or accideartd emergency physicians.

In the clinic, a detailed history is obtained fréhe patient and witnesses. This includes
demographic data, risk factors of epilepsy, medocedditions, regular medications and a

detailed description and frequency of episodeshheaé already occurred.

This is followed by investigations i.e. electroepicalography (EEG) and brain imaging
i.e. computed tomography (CT) scan and magnetionsexe imaging (MRI) that are
carried out as clinically indicated in order to fion the diagnosis of epilepsy and to help
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in identifying the seizure type which will subseqtlg aid in the selection of AED
appropriate for that specific seizure type. Sonfiethese investigations are used to
determine the presence of any brain lesion thatdcbe the focus of seizures with the

possibility of subsequent surgical intervention.

Once the diagnosis of epilepsy has been confirtredfment of these patients with the

most appropriate AEDs commences.

2.3. Treatment schedules

Patients in whom the diagnosis of epilepsy has leefirmed start their first ever AED.
The first treatment regimen is usually monotherapgubsequent appointments are
arranged to follow up patients regarding their cese to treatment. Treatment schedules

are modified in the following circumstances:

» Persistence of seizures despite reaching the maxitalerated dose and good

patient compliance.

* Development of intolerable side effects.

» Risk of teratogenic effects in female patientshofdbearing potential.

» Risk of toxicity identified by high serum anticorisant concentration.

Modification of treatment schedules is either bysalpe adjustments, substitution of the
current AED or offering combined therapy. Thespstare followed until the final goal of
complete seizure control is achieved. When poongiance with epilepsy treatment is
suspected, it can be assessed either by directianiag and/or measurement of serum
drug concentration in the blood (for certain AEDdpasurement of serum anticonvulsant

concentration can also be used as a guide to desfggments and drug toxicity.

Carbamazepine and sodium valproate are prescritiegt @ the regular release form or a
sustained release form that is usually associatéd avlower risk of side effects and
prolonged serum concentration. Sustained releasesfare usually selected to minimise
the frequency of drug administration and lower tis& of side effects with subsequent

improvement in patient compliance. In this stubgth regular release and sustained
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release forms are considered as the original redolan since this project is mainly
concerned with the pharmacodynamics of AEDs (thehaeisms by which these agents
act) rather than their pharmacokinetics propef(ties ways by which body systems handle
the drug).

2.4. Filing system at the epilepsy unit

The patients’ folders are kept in the epilepsy aede unit in appropriate cabinets; these
folders are arranged in chronological order stgrtirom 1982, the year at which the
Epilepsy Unit was established. Folders of decegsstents are kept in two separate
cabinets. Access to folders of the Epilepsy Reseénit is only allowed to authorised
unit staff. The patients’ folders usually contdi@mographic data, details of each visit to

the epilepsy clinic along with investigations cadriout and details of treatment regimens.

Prior to each clinic, folders of appointed patierte collected from cabinets and
transferred to the epilepsy clinic in the out pattidepartment. After the clinic, these
folders are taken back to the epilepsy researchwinére all details and consultations
between doctor and patient during the visit ar@dypy the administrative staff on a letter
to the referring physician; eventually the letteffiled in the folder which is stored in the

appropriate cabinet.
2.5. Data collection

Based on the inclusion criteria of this projectiigrats were identified, their case records
were obtained and the required patient informagixtnacted by detailed review of the case
notes and recorded on a prepared worksheet usiitiyyase Microsoft® Access 2000
(9.0.3821 SR-1).

As data collection for this study required a lomget to be collated, there was a long
interval between the data collection for the fpstient in the study and that of the last
patient. During this interval, changes in treatinéetails of patients could have taken
place and even inclusion criteria could have chdngeherefore, to ensure the accuracy of

data obtained, a second patient review was pertbtmepick up any such changes.

Ethical approval of such type of study was not rexlibeside the measures taken to keep

data collected as confidential as possible e.gtdoraccess to authorized staff and deleting
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patients names from the database. In addition, olat@ned from patients’ records were

recorded and stored in adherence with the Data&ioh Act 1998.

Patient data were recorded according to the foligvaategories:

« Demographic data: name, folder number, gender, afakerth, intellectual status,

date of referral and date of last clinic visit.

» Clinical history: family history of epilepsy, birtimjury, febrile seizures, other
medical conditions, alcohol abuse, drug abuse agdaurological deficit with the

cause.

* Investigations: findings from EEG, brain CT scamib MRI, any other imaging

procedures and also the results of serum anticeamticoncentrations obtained.

» Seizure details: seizure type, epilepsy type, syme (if known), date of first ever

seizure and whether patient was seen after firatigeby medical staff.

» Treatment details (including each AED/ AED combioa): starting date of
treatment, starting dose, serum concentration amtirsj dose (if available),
maximum dose, serum concentration on maximum dbsedilable), side effects,
maximum tolerated dose, response on maximum telgrbse and any comments

on that particular treatment regimen.

« Outcome: analysis of the outcome of epilepsy byehd of 2 years, 5 years, 10
years and 15 years of patient follow up. Eachisecincludes: number of
treatment regimens applied, current type of treatnfgmonotherapy or combined

therapy), current AED/s, seizure status and anyneemts till that point of follow

up.

There were two types of outcomes of epilepsy iis gtudy. These were ultimate and
partial outcomes. The ultimate outcome of epilepgyresents the final response on the
maximum tolerated dose of the last AED/ AED combaraprescribed to each patient in
this study on the last follow up appointment. Thiémate outcome of epilepsy is

categorised into three groups:



Chapter 2. Methods. 82

1. Patients in remission: these are the patients hdd a seizure free period

for at least the last 12 months of follow up (dimatof remission recorded).

2. Relapsed patients: these are the patients wimerienced ongoing
uncontrolled seizures after at least a 12 montheghef initial control. A
seizure following a missed dose of treatment aftgear of seizure freedom

period was not considered as a relapse if contasl @stablished again.

3. Patients with refractory epilepsy: these regméshe patients who have
never been seizure free. Patients who developetplete seizure control
following surgery were considered as refractory ause this study is
mainly targeted at outcome due to pharmacologici@rvention. By the
time of database lock, every patient who had lbkas t12 months seizure
freedom period was also considered as refractogesihey had a period of

treatment within the Unit of at least 12 months.

Partial outcome of epilepsy constitutes the respea®ach AED/ AED combination given
to the patients using the maximum tolerated dosthemast follow up appointment on that

particular agent (s).

Dynamic data as in this study requires a cut-offhipto define the end of follow up of
patients. All the information included in the dedab up to that point was analysed
regardless of any future changes in these dataaftetsthe end of data collection. It was
decided to end following up the study populatiackl database) on the first of April 2008;
the last patient followed up at the last day ofadedllection (31 of March 2008) had a

minimum period of 27 months (2 years and 3 montfh$dllow up.

Following up the patients for the purpose of thiglg started from the visit at which AED
treatment was commenced. AED/AED combination avgbdnodifications prescribed on
the last visit of a patient to the Unit were natlided in the study due to the difficulty of

assessing the efficacy and tolerability of thesnégyafter the end of patient follow up.

Microsoft® Word 2000 (9.0.3821 SR-1) was applied feriting up this thesis and
Microsoft® Excel 2000 (9.0.3821 SR-1) for constmgtvarious figures and curves.
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2.6. Seizure classification

Classification of seizure types and epilepsy syn#i® was performed using guidelines of
the International League Against Epilepsy ILAE (Goission, 1981; Commission, 1989).

In this study, epilepsy will be broadly classifiedo two groups based on seizures types:

Focal (localisation related) epilepsy: this grospcharacterised by the presence of partial
seizures (either simple or complex) with or with@etondary generalisation. It can be

further subdivided into:

» Symptomatic epilepsy in which there is an undedypathology in the brain
(evident by brain imaging techniques) that conteisuto the development of
seizures e.g. infections, tumours, cerebrovasalikgase (cerebral infarction or

cerebral hemorrhage), mesial temporal sclerosicartttal dysplasia.

» Cryptogenic epilepsy in which it is assumed thate¢his an underlying brain lesion

but it is unidentified.

Idiopathic generalised epilepsy: this group inckideeveral subtypes such as primary
generalised tonic clonic seizures, myoclonic jerkd absence seizures and syndromes e.g.
benign neonatal familial convulsions, juvenile afrse epilepsy and juvenile myoclonic

epilepsy. ldiopathic epilepsy is presumed to poasgsnetic origin.
2.7. Analysis of database

In order for the database to be able to answerdhearch questions of this study, the

following calculations had to be performed:
2.7.1. Outcome of epilepsy

This section investigates the ultimate outcome pflepsy in relation to several
demographic, clinical and pharmacological aspeéts.mentioned earlier in the section of
data collection, the ultimate outcome of epilepepresents the final response on the
maximum tolerated dose of the last AED/ AED combara on the last follow up
appointment. It is classified into three groupstth&lude remission, refractory and

relapsed. Patients who relapsed and those whanoedt to have seizures despite
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treatment were considered as non-responders, \phiients with remission represented

the responder group. The aspects investigateglation to outcome of epilepsy were:

» Outcome by year of referral

* Outcome by age groups

e Outcome by gender

* Outcome by type of treatment regimen (monotherapombined therapy)

* Outcome by type of epilepsy

e Outcome by mechanism of action

* Outcome by generations of AED

For some of those aspects, the ultimate outcormepitépsy was calculated based on the
last treatment schedule e.g. outcome by mechanismstion of the last AED prescribed.
In contrast, other aspects were analyzed in relatothe ultimate outcome of epilepsy

using the first treatment regimen e.g. outcomeds/groups.

2.7.2. Effectiveness of AEDs

Two parameters were considered, the efficacy aledatoility of AEDs. Both were also
analysed in relation to several demographic, dinénd pharmacological aspects in order
to investigate any significant influence of anytbhese aspects on the effectiveness of

AEDs and consequently the ultimate outcome of ppite

2.7.2.1. Efficacy of AEDs

Efficacy of AEDs in this project was measured basedthe percentage of patients
achieving seizure freedom for a minimum period dfmonths at last recorded follow up.
It was calculated using the parameter “Responsanarimum tolerated dose of that
particular regimen” available in the therapy setta the database. This parameter was
categorised as follows: seizure freedom (of attl&@dsnonths on that particular AED/AED

combination), ongoing seizures, discontinued dusde effects, relapsed (after a period of
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at least 12 months of seizure freedom). Efficadyeach AED/AED combination
represents the rate of patients who achieved seizaedom among the total number of
patients on that particular agent(s). Efficacy wakulated with regard to the following

aspects:

Efficacy among individual AEDs

» Efficacy among generations of AEDs

» Efficacy among gender

» Efficacy among combinations of AEDs

» Efficacy among epilepsy type

Efficacy among age groups

2.7.2.2. Tolerability of AEDs

To demonstrate the tolerability of AEDs appliedtims study, withdrawal due to side
effects was employed as an indicator. All side affeattributable to AED/AED
combination treatment were recorded in the datal@deding idiosyncratic reactions
bearing in mind that only side effects that rema@re recorded while those that resolved
after some time from starting treatment were igdoAEDs tolerability was calculated as
the rate of patients who discontinued a certain ABED combination due to side effects
among the total number of patients on that pasicagent/ combination. The high
percentage of withdrawal due to side effects amgatgents on a particular AED indicated
a low tolerability profile for that agent and vieersa. Tolerability was calculated in

relation to the following factors:

Tolerability among individual AEDs

Tolerability among generations of AEDs

Tolerability among gender

Tolerability among epilepsy type
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« Tolerability among age groups

2.7.3. Potential applications of database

One of the main advantages of Microsoft Accessxso#t used for database construction is
its ability to analyze the data included to ansquggstions of interest to this study. Further
details on the benefits of this software are disedsn other sections of this chapter. In
addition to defining the efficacy and tolerabilty AEDs and examining the relationships
of outcome of epilepsy with different demographpbarmacological and clinical issues,

this database can be employed for other applicasoch as:

» Demonstrating the response rate of a particular AfBr failure of response to

another AED working by the same primary mechani$acton.

» ldentifying the response rate of the two generatioh AEDs in patients with a

particular type of epilepsy (localisation-relateddiopathic generalised).

» ldentifying the response rate of different classeBEDs (grouped according to the
primary mechanism of action) in patients with atipatar type of epilepsy.

» Defining the frequency of prescription and responsie of a particular AED
combination in comparison with another combination.

2.8. Mechanism of action of AEDs

In this study, mechanisms of action of AEDs weralgsed in relation to the ultimate
outcome of epilepsy and effectiveness of thesesdrug

AEDs prescribed were divided into groups basechemtechanism of action. As it is well
known that most AEDs tend to have multiple mechasisf action in order to exert their
effects, this project focused on the primary meddmarof action of each drug. Agents with
multiple mechanisms of action without an identif@aprimary mechanism were included
in one group. Those drugs that have never beeneappl this study population or were
prescribed rarely or those that have been withdriaam the market for various reasons or
unidentified AEDs (as in the case of clinical tslalwere not considered in the

classification. The main mechanism of action wandd based on the observations of
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Kwan and colleagues that ranked all the mechangfnastion of each AED (Kwan et al.,
2001).

2.9. Defining refractory epilepsy

Another aspect of this study is to define refractpilepsy by identification of the number
of treatment regimens needed to be deemed unsb@ucedster which, the term of
“refractory epilepsy” can be applied. Failure dEBs was considered either due to poor
tolerability or lack of efficacy. Initially, caldations were made based on 50% of WHO'’s
defined daily dose of each AEWorld Health Organization, 2008Jherefore, below that
level, failure would be due to poor tolerability Wehabove which, failure would be due to
lack of efficacy. In order to detect any differenihat might take place, this study also
considered 25% and 75% of the daily defined dobable 13 demonstrates the doses of
AEDs after manipulation into the three categor2s%, 50% and 75%). Again, patients
with rarely prescribed AEDs or those with unideetif agents (in clinical trials) were

excluded from this analysis.

Defining refractory epilepsy using the two typest@atment failures i.e. due to lack of
efficacy and poor tolerability was performed thrbugpmparing the prognosis of epilepsy

following each of these types of failures.

The aim of this analysis is to demonstrate the ramob patients who might develop a state
of seizure freedom after each failure of a treatmmegimen due to the lack of efficacy.
The lower the number of patients with seizure foeedndicates a more likely chance of
having refractory epilepsy. This analysis includih@ first, second, third and forth
treatment regimens. The prognosis of these regimers demonstrated by comparison of

both types of failures i.e. due to lack of efficarypoor tolerability.
2.10. Statistical analysis

Analysis was undertaken in consultation with Preéeslohn Norrie, Director of Robertson
centre for Biostatistics, University of Glasgow. ilariate analysis employed Student’s t-
test for continuous or numerical data (Mann-Whitriegt where data is not normally
distributed) and Chi-square test for categoricahd8tatistical significance was inferred,
after appropriate correction for multiple compansp for p-value of less than 0.05.

Multivariate analysis was performed under expepesusion.
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AED DDD 25%of | 50%of | 75 % of
(WHO) DDD DDD DDD
CARBAMAZEPINE 1g | 250mgor | 500 mg or| 750 mg or
less less less
SODIUM VALPROATE | 159 | 375mgor | 750 mgor| 1125 mg
less less or less
LAMOTRIGINE 0.3g | 75mgor | 150 mg or| 225 mg or
less less less
PHENYTOIN 0.3g | 75mgor | 150 mg or| 225 mg or
less less less
OXCARBAZEPINE 1g | 250mgor |500mgor| 750 mgor
less less less
TOPIRAMATE 03g | 75mgor |150 mgor|225mgor
less less less
GABAPENTIN 1.8¢g 450 mg or | 900 mg or | 1350 mg
less less or less
LEVETIRACETAM 1.5g | 375mgor | 750 mgor| 1125 mg
less less or less
PREGABALIN 03g | 75mgor |150 mg or| 225 mg or
less less less
ZONISAMIDE 0.2g | 50mgor |100 mgor| 150 mg or
less less less
VIGABATRIN 29 500 mgor |1gorless| 1500 mg
less or less
TIAGABINE 30mg | 7.5mgor |[15mgor |22.5mgor
less less less
PHENOBARBITAL 0.1g | 25mgor |50mgor |75mgor
less less less
PRIMIDONE 1.25¢9 312.5 mg or| 625 mg or | 937.5 mg
less less or less
CLOBAZAM 20 mg 5mgorless 10 mgor 15 mg or
less less
ACETAZOLAMIDE 0.75¢g 187.5 mg or| 375 mg or | 562.5 mg
less less or less

Table 13. Recommendations of the WHO for the daily
with 25%, 50% and 75% of the doses.

defined dose (DDD) of AEDs along
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2.11. Limitations

This study includes the following limitations:

* As this study recruited all newly diagnosed patewtho were referred to the
Epilepsy Unit at the Western Infirmary, Glasgow amdo started AED treatment
between 1982 and 2005, there was no randomisaditithe ctudy population.

» Patients included in the study were prescribederkfit AEDS to manage a
particular seizure type. This is due to the wiglege of physicians in the Epilepsy
Unit during the long period of study i.e. almostyrs with different experiences
and opinions in the diagnosis and management sfdisease, and also due to the

different criteria of the patients themselves.

* Using seizure frequency is not a hundred percedidgbie as it depends on the
patient’'s memory to record their seizures espgciafter a long period between
clinic appointments that might reach up to 6 monffs make these recordings as
accurate as possible, the patients were supplidd seizure description charts to
record the number of seizures they develop alotig tlve timing and description of
these seizures. Also it is advised that patientgla witness of the seizure with
them to the clinic. Despite all these precautidingy are not successful at all times
as the patients may forget to bring these chartheatlinic appointment or there

was no witness when the seizure occurred.

* It is not appropriate to compare the annual outcoimepilepsy of seven years of
using older AEDs (before the introduction of newZsEi.e. 1982 - 1988) to that of
19 years (1989-2008) of using both older and mod€es since the Epilepsy
Unit of Western Infirmary was established in 198wever, the current project
showed to be able to identify any changes that filake in the annual outcome of

epilepsy before and after the introduction of selcgeneration AEDs.

* The exclusion of patients with poor compliance mler to make the study as
accurate as possible has taken away many patieshish indicates that poor
compliance is a characteristic of the normal papamaand therefore, excluding
these patients does not make the study populattmaly represent the general

population.
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2.12. Inclusion /exclusion criteria

2.12.1. Inclusion criteria
» Only patients with confirmed diagnosis of epilepsre included in this project.
* This study included all newly diagnosed epilepstygués.

* These patients first started treatment with AEDs¢ arere followed up at the

Epilepsy Unit of the Western Infirmary, Glasgow.

» Patients included in the study were those who wefierred to the epilepsy clinic in
the period from the®iof July 1982 until the 3bDecember 2005.

» Patients recruited had their treatment startetienBpilepsy Unit within the period
from the £' July 1982 until the  April 2006.

2.12.2. Exclusion criteria

« Patients with significant exposure to AEDs (othH&art rescue medication) prior to

referral to the Epilepsy Unit were excluded.

* Newly diagnosed patients who were started on ABDRe unit before July 1982

or after 8" April 2006 were not included in the study.

« Patients known to be persistently non-complianhwiéatment were excluded from

the study.

* Exclusion criteria included patients with pseudnges and those with dubious

diagnosis.

» Patients who were immediate responders on the tesatment regimen
(monotherapy or polypharmacy) but the databaselocked before completion of

the 12 months period of seizure freedom were excuddrm the study.

» Deceased patients with a period of treatment hems 12 months.
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Patients who moved to another area during the g@fidollow up or were referred

to another hospital for ease of transport (accordintheir wishes) were excluded
because of the difficulty to assess their respémgeeatment once they are away if
they have not been seen regularly in the cliniceeisfly in case of seizures

recurrence.

2.13. Database construction

Databases are created to be useful; they enalbitestisre, retrieve, analyse and summarise

data. Subsequently, results of any query can baired and presented. As mentioned

earlier, the database applied in this study wals bsing Microsoft Access software, which

employs relational databases in which the dateedt@re related and can be brought

together whenever needed. There are four main apemis of the Access databases:

1. Tables: these are considered to be the buildingks of databases; they are used to

store data and subsequently are employed for éxnacf information required to
achieve data analysis. Therefore, caution shoalthken when constructing these
tables in order to ensure ease of data entry anwtacy of data analysis afterwards.

All databases either contain one or more tables.

Queries: the main benefits of using databasestla capability of answering
questions and performing tasks on request, a famoctif the queries section.
Queries can retrieve essential data from multipldes and analyse them based on

the design of a query in order to answer the questised.

Forms: these are used to control data entrydatal views. Sometimes, the tables
used are large, thereby making it difficult to ade¢ta small piece of information,

therefore, using forms will allow the study to fecon what is really needed when
entering or viewing data e.g. instead of showirgdhta obtained from all patients
in one table, the forms section of the softwarelmanised to show the required data
of each patient individually. Privacy can alsodmsured when designing forms by

selecting which fields can be viewed by other users

4. Reports: these are used to summarise and ptiatodl the database.

All the data obtained in this study were distrilolibeto six different tables:



Chapter 2. Methods. 92

1. “Demography” table: this table was designed atlect demographic data of the

patients, clinical history, investigations and psla details (Table 14).

2. “Outcome” table: in which details were collectedjarding the progress of patient
treatment after 2, 5, 10 and 15 years of follow uphis information includes:
number of treatment regimens applied, current gfpgeatment (monotherapy or
combined therapy), current AED/ AED combinationdus@d seizure status (Table
15).

3. “Therapy” table: this table is concerned with take details of each AED/ AED
combination prescribed. These details includee tgptreatment (monotherapy or
combined therapy), date of starting treatment, ABBD combination applied,
starting dose, serum concentration after startinged maximum dose, serum
concentration after maximum dose, side effectgyaese on maximum tolerated
dose and any comments on that particular treatmegitnen. These details were
collected in each treatment regimen applied topttéients. The maximum number

of regimens applied in this study was nine (Tal@g 1

4. “Last regimen” table: that includes details dre tast AED/ AED combination
applied to the whole study population along witle tipeneration to which they
belong and the ultimate outcome of epilepsy (TaBle

5. “Daily defined doses” table: this table contaatisthe required information on the
doses of AEDs applied by all the recruited patientall treatment regimens. In
those patients with ongoing seizures, failure efatment was categorised into
either, a lack of efficacy or poor tolerability.hdse calculations were performed at
25%, 50% and 75% of the daily defined doses batdtedVHO recommendations
(Table 18).

6. “Length to seizure freedom” table: this tableomy concerned with patients who
achieved complete seizure control as an ultimateoote of epilepsy by the end of
study. It includes details on the duration (in @) required by this group of
patients to reach seizure freedom. These incluale: of starting treatment, date of
starting seizure freedom, the period (in monthguied to reach seizure freedom,

date of last visit, the period (in months) betwséarting seizure freedom and last
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clinic visit and responder classification (immediatr delayed responders) (Table
19).
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Demographic data

Name

File number

Date of birth

Gender

Intellectual status

Referral date

Date of last visit

History

Alcohol abuse

Drug abuse

Birth injury

Family history of epilepsy

Febrile seizures

Other medical problems

Neurological deficit & cause

Investigations

Electroencephalography (EEG)

Magnetic resonance imaging (MRI)

Brain computed tomography (Brain CT scatr

Other Imaging

Seizure details

Date of first seizure

Epilepsy classification

Epilepsy syndrome

Seizure type

Multiple seizure types

Seizure free period

Date of starting reseizure (if relapsed)

Action before relapse

Action after relapse

Remission again?

Table 14.

Data collected in the "demography table" of the database.
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General information

Unit number

Referral date

Date of starting treatment

Date of last visit

Months required to reach first
seizure freedom period

Months required to reach second
seizure freedom period

Months required to reach third
seizure freedom period

Months required to reach forth
seizure freedom period

Months required to reach fifth
seizure freedom period

Outcome at 2 year

Number of regimens applied

Current regimen type (monotherap
Sor combined therapy)

~

AED/ AEDs combination

Seizure status

Outcome at 5 year

Outcome

Number of regimens applied

Current regimen type (monotherap
Sor combined therapy)

~

AED/ AEDs combination

Seizure status

Outcome at 10

years

Number of regimens applied

Current regimen type (monotherap
or combined therapy)

~

AED/ AEDs combination

Seizure status

Outcome at 15

years

Number of regimens applied

Current regimen type (monotherap
or combined therapy)

~

AED/ AEDs combination

Seizure status

Table 15. Data collected in the "outcome table" of

the database.
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General information

Unit number

Outcome

Number of regimens applied

Type of treatment among all
regimens applied (monotherapy or

polypharmacy)

Treatment regimen
(starting from first

until ninth regimen)

Existing AED/ AEDs combination

New AED/ AEDs combination

Type of treatment (monotherapy or

polypharmacy)

Date of starting new treatment

Starting dose

Serum level (on starting dose)

Maximum dose

Serum level (on maximum dose)

Maximum tolerated dose

Response on maximum tolerated d

DSe

Side effects

Table 16. Data collected in the "therapy table" of  the database.
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Unit number

General information Outcome

Number of regimens

Last regimen type

. Last regimen AED/s
Last treatment regimen o
_ combination
details

Generation of last regimen
AED/s combination

Table 17. Date collected in the "last regimen table " of the database.

_ ) Unit number
General information

Outcome

AED

Maximum tolerated dose

Response on maximum tolerated dose

U

Treatment regimen Type of treatment failure on 25% of DD
(starting from first until (LOE or PT)

ninth regimen) Type of treatment failure on 25% of DDD
(LOE or PT)
Type of treatment failure on 25% of DDD
(LOE or PT)

Table 18. Data collected in the "daily defined dose s (%) table" of the database; DDD: daily
defined dose, LOE: lack of efficacy, PT: poor toler  ability.
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Unit number

Date of birth

General information

Sex

Age

Responders classification

Date of starting treatment

Date of last visit

Comments on patients details of

last clinic visit

Details on length to seizure

freedom

Period (in months) between
starting seizure freedom and las

clinic visit

t

Date of starting seizure freedom

Months required until starting

seizure freedom

Table 19. Data collected in the "length to seizure ~ freedom table” of the database.
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3.1. General Overview

3.1.1. Demography

Among 1502 patients referred to the Epilepsy Unitirty the period from July 1982 till
December 2005, 1098 patients (73%) met the inatusideria and were recruited in the
study. The remaining 404 (27%) were excluded mailolg to either poor compliance (n =
107) or because treatment was started before aéterthe unit (n = 95) or there was not
enough details in the case records on the treatgigah to patients (n = 68). Patients
recruited had a minimum period of follow up of twears and 26 years as the maximum
(median 8 years, IQR 5 to 12). The ages of stughuladion were between 9 and 93 years
old when started their treatment at the Unit (med®a years, IQR was from 20 to 51). 575
of the study population were males (52 %) and 58&viemales (48 %).

3.1.2. AED regimens

Based on the regimens of AEDs taken by the patiehtstudy population, Table 20 and
Flow Chart 1 were constructed showing the flow afignts throughout the study from one
regimen to the next according to their responsth&b regimen (percentage outcome on
each regimen). In table 20, (n) represents numbgratients with ongoing seizures or
relapses who went on to treatment with a new regiafter failure of the previous regimen
either due to lack of efficacy or poor tolerabiligxcept in the first regimen in which (n)
represents the total number of patients recruitethé study. For a number of reasons,
some patients who were not controlled on a pasdrcrdgimen did not proceed to a further
treatment option. Therefore, the number of patierite started a new regimen was always
lower than those who did not respond to AED/ AEDmbmation treatment on the
previous regimen. Table 20 also demonstrates theepge developing seizure freedom
on each particular treatment regimen; patientsheirtfirst ever AED treatment had the
highest rate of achieving complete seizure corgoohpared to the subsequent schedules.
Information on patients on monotherapy and polyptzay (combined therapy) along with

their response in each treatment regimen is showimei flow chart (Flow Chart 1).
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Regimen n Responders Non-responders
(%)

First 1098 544 (50%) 554
Second 398 146 (37%) 252
Third 168 41 (24%) 127
Fourth 68 11 (16%) 57
Fifth 32 4 (13%) 28
Sixth 16 2 (13%) 14

Seventh 9 2 (22%) 7
Eighth 3 0 3
Ninth 0

Table 20. Flow of patients throughout the study reg
with rates of seizure freedom in each regimen.

arding treatment regimens applied along
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Study population Mono. = 544
n=1098 j:
1st regimen Responders = 544 Poly. = (
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Flow Chart 1. Patients’ response to AEDs treatment

(mono) and polypharmacy (poly).

regimens including monotherapy
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The chance to develop complete seizure freedomherfitst ever treatment with AEDs
was also the highest when | compared the ratesspionse to AEDs based on outcome of
each individual regimen independent of other regisnee. those patients who continued
with their particular AED treatment regimen uniiher reaching complete seizure control
or continuing seizures that necessitated movinthéosubsequent regimen (Table 21 and
Figure 2). The highest response in the first reginvas followed by a gradual reduction in

response rate with the subsequent treatment regimen

Regimens n Responders Non-responders
(%)
Patients in first regimen only 700 544 (78%) 156
Patients in second regimen only 230 146 (63%) 84
Patients in third regimen only 100 41 (41%) 59
Patients in fourth regimen only 36 11 (31%) 25
Patients in fifth regimen only 16 4 (25%) 12
Patients in sixth regimen only 7 2 (29%) 5
Patients in seventh regimen only 6 2 (33%) 4
Patients in eighth regimen only 1 0 1
Patients in ninth regimen only 2 0 2
Total 1098 750 348

Table 21. Response of patients to each treatment re  gimen individually.
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Regimens

oth (n=2)

8th (n=1)

5th (n=16)
4th (n=36)
3rd (n=100)
2nd (n=230)

1st (n=700)

0% 20% 40% 60% 80% 100%

Patients (%)

B responders O non-responders

Figure 3. Response of patients to each treatmentre  gimen individually.

3.1.3. The first AED

Of the 1098 patients recruited, 544 (50%) reachsthte of seizure freedom on the first

ever AED applied. In the first ever AED treatmairgs with the highest prescription rate

were lamotrigine

(n = 372) followed by sodium valgte (n = 274) and carbamazepine (n

= 224) with similar rates of response (53%, 53% &i86, respectively); there was

insignificant difference between these three dingerms of efficacy. Among these three

agents, side effects leading to withdrawal of treatt were marginally more frequent with

carbamazepine (13%) compared to sodium valpro&&o)land lamotrigine (10%), but

statistical analysis did not show any significariteslence regarding tolerability between

these drugs.
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CBZ VPA LTG Others Total

n 224 274 372 228 1098
Responders

on first 115 (51%) 146 (53%) 196 (53%) 87(38%) 544
regimen (%)
Withdrawal
rate due to

side effects on 29 (13%) 34 (12%) 39 (10%) 55(24%) 157
first regimen

(%)
Table 22. Response to treatment with AEDs in the fi  rst regimen.

3.1.4. Patterns of response

Based on the response to AEDs of patients in thidys the analysis demonstrated three

different patterns of response.

1. Patients who managed to achieve complete seimmteol by the end of study after

having continuous ongoing seizures. They consttuié% of the total study
population (728). This group of patients had beessqribed either single AED

treatment regimen or tried multiple regimens wither monotherapy or combined

therapy until remission was obtained.

2. Patients with intractable (continuing) seizudespite the application of multiple

AED regimens as monotherapy or combined therapgsépatients were never

able to achieve seizure freedom. They were 272 J25%

3. Patients with fluctuation of response to AEDatneent. Sometimes, they have a

period of seizure freedom that might reach up toridhths or even longer then

suddenly develop relapse with reappearance of esizihat last for a period of
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time, eventually, they either become seizure frg@raor continue with seizures.
The situation will be different in other patienthevhave a period of ongoing
seizures that might last up to several years despiing multiple treatment
regimens and then develop a state of seizure freetthat lasts for at least 12
months period. They either continue seizure fregetapse. In some cases, the
patients might have multiple relapses after mudtiperiods of seizure freedom

states. These patients constituted 98 (9%) ofatad $tudy population.

3.1.5. Immediate responders

Among patients who responded to the first AED treait (544), a group developed
seizure freedom immediately after starting treatm@&ihis group constituted 24% (261
patients) of the whole study population. As mergarlier in section 3.1.Bymotrigine,
sodium valproate and carbamazepine were prescriimé frequently in comparison to
other agents (Figure 4). The response rate of tinese drugs in the immediate responders
showed lamotrigine to be associated with the high#iacy (33%) followed by sodium
valproate (28%) and carbamazepine (22%) with aifssgnt difference noted (p-value =
0.02).

Among immediate responders with idiopathic genseali epilepsy (n = 74), sodium
valproate was associated with the highest respaatee (41%) followed by lamotrigine
(35%) and carbamazepine (9%) (p-value < 0.001)edms of immediate responders with
focal epilepsy (n = 187), lamotrigine had the higthefficacy (32%) followed by
carbamazepine (27%) and sodium valproate (22%)owitlny significant difference (p-
value = 0.1). Males had a higher immediate respaase than females on sodium
valproate and carbamazepine while females demdedtia higher response than males

which treated with lamotrigine (Table 23).

This group of patients was maintained on relativelyderate doses of AEDs. Ages of
these patients were between 10 and 93 years witbdian of 32. This group of patients

had a median period of follow up 8 years.
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D9

LTG VPA CBz Others Total
Immediate
responders on 86 (33%) 72 (28%) 58 (22%) 45 261
first regimen (%)
|diopathic 26 (35%) | 30 (41%) 7 (9%) 11 74
Focal 60 (32%) | 42 (22%) 51 (27%) 34 187
Male / Female 34 /52 54 /18 35/23 29/16 152 /1
Dosing median 150 1000 400
(mg/day) (25-200) | (300-1500)| (100-1000) ) '
Median age
(range) on 32 (10— 93)
starting
treatment (years)
Median period
(range) of follow 8 (2 -25)

up (years)

Table 23. Characteristics of immediate respondersZ61).



Figure 4. AEDs taken by immediate responders (65.2

Ltg (n=86)

B Vpa (n=72)
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3.2. Factors with potential to influence the outcom

epilepsy

e of

The number of patients who achieved complete seirteedom (responders) by the end of

study was 750 (68%) while the non-responders (seldpatients and those with refractory

seizures) were 348 (32 %) (Table 24).

The study
_ Responders  Non-responders
population
(n=750) (n=348)

(n=1098)
Demographic description
Male / Female 57517523 411/ 339 164 /184
Median age on starting 32 32 33
treatment (years) (range 9 - 93) (range 9-93) (range 12 —81)
Median period of follow up 8 8 8

(years) (range 2 — 26)

(range 2 - 26) (range 2 - 24)

Epilepsy classification

Idiopathic 251 182 69
Cryptogenic 400 286 114
Symptomatic 447 282 165
Treatment details
_ _ 1 1 2

Median number of regimens

(range 1 -9) (range 1 -7) (range 1 -9)
Monotherapy /

913/185 680/ 70 233 /115

Polypharmacy

Table 24. Comparison between responder and non-resp

aspects.

onder patients regarding several
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The outcome of epilepsy was analysed in relationtwm categories of factors:

pharmacological and non-pharmacological.
3.2.1. Non-pharmacological factors

3.2.1.1. Gender

Among all male patients of the study population567411 (71%) developed complete
seizure freedom by the end of study. The figure Mva®r in females in whom responders
to AEDs were 339 (65%) against 184 (35%) non-redpomn (Figure 5). In terms of

statistical analysis, a significant difference wasticed between males and females

regarding the outcome of epilepsy (p-value = 0.018)

patients (%)

100%

80%

60%

40%

20%

0%

males (n=575) females (n=523)
Gender

B responders @ non-responders

Figure 5. Outcome of epilepsy vs. gender.



Chapter 3. Results. 111

3.2.1.2. Age groups

Dividing the study population according to the ajepatients on starting treatment with
AEDs resulted in eight groups. The response rateBD treatment was relatively high in
patients aged less than 20 years old (72%); this fohowed by a gradual decline in
response rate until it reaches the minimum in p&tievith age between 40 and 49 years
(52%), after which, the response rate shows a gtaglavation again until it reaches the
highest rate in patients with age 80 years or l@é&%0) (Table 25 and Figure 6).

Age group Responders Non-responders
(years) (%) (%)
<20 241 173 (72 %) 68 (28 %)
20-29 243 169 (70 %) 74 (30 %)
30-39 176 112 (64 %) 64 (36 %)
40 - 49 144 75 (52 %) 69 (48 %)
50 — 59 118 77 (65 %) 41 (35 %)
60 — 69 86 63 (73 %) 23 (27 %)
70-79 67 59 (88 %) 8 (12 %)
>80 23 22 (96 %) 1 (4 %)
Total 1098 750 348
Table 25. Outcome of epilepsy vs. age groups of pat  ients.
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patients (%)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

<20 20-29 30-39 40-49 50-59
(n=241) (n=243) (n=176) (n=144)  (n=118)

Age groups (years)

m responders [ non-responders

Figure 6. Outcome of epilepsy vs. age groups oéptst

60— 69
(n=86)

70—-79
(n=67)

>=80
(n=23)
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In the group of patients>(65 years old), there were 122 patients aged betw8eand 93
years old. Among these, 106 patients developed Eenpeizure freedom (87%) by the
end of study while 16 did not. Out of the resposd@06), 75 patients (61%) achieved
seizure freedom state while on the first AED tremttnregimen. In terms of epilepsy
classification, 118 (97%) of this age group pasehad focal epilepsy compared to 4
patients (3%) with idiopathic generalised epileggsponders to monotherapy were 101
(95%) compared to only 5 patients (5%) who devedopemplete seizure control on

combined therapy.

3.2.1.3. Years of referral

By distributing the patients included in this stuabcording to their years of referral to the
Epilepsy Unit, 24 groups of patients were develope@resenting the period from 1982
until 2005 (Table 26). In general, the number ofigrds referred to the unit showed a
pattern of gradual elevation from 1982 (4 patients)l 2005 (77 patients). Obviously, the
duration of follow up is decreased as the yeanrefafrral become more recent. In terms of
the percentage achieving a complete seizure coritnisl ranged between 59% and 90%

except for those years characterized by very lombers of patients referred.
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Year of N Responders Non-

referral (%) responders
1982 4 4 (100 %) 0
1983 2 2 (100 %) 0
1984 6 4 (67 %) 2
1985 14 9 (64 %) 5
1986 11 7 (64 %) 4
1987 2 2 (100 %) 0
1988 10 9 (90 %) 1
1989 14 11 (79 %) 3
1990 31 22 (71 %) 9
1991 24 19 (79 %) 5
1992 30 21 (70 %) 9
1993 30 24 (80 %) 6
1994 51 32 (63 %) 19
1995 69 46 (67 %) 23
1996 73 50 (68 %) 23
1997 46 32 (70 %) 14
1998 58 34 (59 %) 24
1999 66 48 (73 %) 18
2000 87 67 (77 %) 20
2001 89 59 (66 %) 30
2002 83 58 (70 %) 25
2003 122 84 (69 %) 38
2004 99 63 (64 %) 36
2005 77 43 (56 %) 34
Total 1098 750 (68 %) 348

Table 26. Outcome of epilepsy vs. years of patients ' referral.

The whole study population was subsequently diviokeskd on years of referral into three
groups with similar numbers of patients. The fgstup comprised patients referred to the

Epilepsy Unit in the period from 1982 to 1996, tecond group had patients referred
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between 1997 and 2001. Those patients referredele@t\002 and 2005 represented the
third group (Table 27 and Figure 7).

Period of Responders Non-

referral " (%) responders
1982 - 1996 371 262 (71 %) 109
1997 - 2001 346 240 (69 %) 106
2002 - 2005 381 248 (65 %) 133
Total 1098 750 348

Table 27. Outcome of epilepsy vs. periods of referr  al.

patients (%)

80%

70%

60%

50%

40%

30%

20%

10%

0%

1982-1996 1997-2001 2002-2005
(n=371) (n=346) (n=381)

periods of referral

B responders [ non-responders

Figure 7. Outcome of epilepsy vs. periods of referr  al.
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The group with the most recent range of referrargdad the lowest remission rate (65%)
compared to the group that constituted the oldesge of years of referral (Table 27 and
Figure 7). There was insignificant difference bedwéhe three groups regarding remission

rate (p-value = 0.2).
3.2.1.4. Type of epilepsy

Based on the aetiology of epilepsy, patients weveled into two groups i.e. idiopathic
and focal epilepsy. Focal (localization related)lemsy was further subdivided into
cryptogenic and symptomatic epilepsy. Patients syitmptomatic epilepsy had the lowest
rate of developing complete seizure freedom afeatinent with AEDs (63%). Rate of
achieving complete seizure control was similarhie bther two groups i.e. idiopathic and
cryptogenic epilepsy (73% and 72 % respectively) higher than symptomatic epilepsy.
There was a statistically significant differencevieen these three groups in terms of
achieving seizure freedom (p-value = 0.008). Bytrilisting the patients into the two
major groups i.e. idiopathic and focal epilepsy;afoepilepsy showed a lower response
rate to AEDs (67%) compared to idiopathic epilef88%). Insignificant statistical
difference was detected between these two majamgrof epilepsy regarding developing

complete seizure control state (p-value = 0.1).

3.2.2. Pharmacological factors

3.2.2.1. Type of treatment with AEDs

With regard to type of treatment with AEDSs i.e. mtrerapy or polypharmacy (combined
therapy), 50% of responders to AEDs were on momaghein the first treatment regimen.
There was a gradual decline in the rate of deve{pgeizure freedom in the subsequent
treatment schedules (Table 28). Statistical amalygiowed a significant difference
between these groups of treatment regimens wittrdeiy developing seizure freedom (p-
value = 0.03).
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Treatment Responders on  Non-responders
regimens monotherapy (%) on monotherapy

First 1098 544 (50%) 554

Second 254 101 (40%) 153

Third 64 26 (41%) 38

Fourth 17 6 (35%) 11

Fifth 3 1 (33%) 2

Sixth 3 1 (33%) 2

Seventh 2 1 (50%) 1

Eighth 0 0 0

Ninth 1 0

Table 28. Response to sequential monotherapies.

Patients on polypharmacy had a similar patterregponse with a 31% response rate in the

second regimen followed by a dramatic reductionl uhe last regimen (Table 29). A

statistical difference was noticed between thebedales of combined therapy and rate of

seizure freedom (p-value = 0.0006). This might datk that in some patients, treatment

with polypharmacy was better than sequential maaraity .

Treatment Responders on Non-responders on
regimens N polypharmacy (%) polypharmacy

First - - -

Second 144 45 (31%) 99

Third 104 15 (14%) 89

Fourth 51 5 (10%) 46

Fifth 29 3 (10%) 26

Sixth 13 1 (8%) 12

Seventh 7 1 (14%) 6

Eighth 3 0 3

Ninth 1 0 1

Table 29. Response to sequential polypharmacies.
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3.2.2.2. Mechanism of action of AEDs

In an attempt to detect any possible correlatiost tmight exist between the rate of
developing seizure freedom in epilepsy patients thedmechanisms of actions by which
AEDs work, AEDs applied by patients in this studytheir last monotherapy regimen
were initially divided into five groups based oreithprimary mechanisms of action i.e.
blockade of sodium channels, blockade of calciurandels, potentiation of potassium
channels, potentiation of GABA inhibitory mechanisamd inhibition of glutamate
excitatory mechanism. Subsequently, based on th#auof patients taking each AED in
their last monotherapy regimen of the study, ttggeeips were reduced to two: blockade
of sodium channels and potentiation of GABA inlobjt mechanism. Other mechanisms
were not included in the analysis as they wereasgrted by a small number of patients
taking AEDs working primarily by other mechanisnisaotion. AEDs with primary action
on sodium channels include carbamazepine, phenytoitotrigine and oxcarbazepine. On
the other hand, AEDs that act mainly through thtempimation of GABA inhibitory effect

are clobazam, phenobarbital, tiagabine, sodiunreatp and vigabatrin.

74% of patients developed seizure freedom whilendpedn AEDs acting mainly by
blockade of sodium channels against 76% for thmsdrogs mainly acting by potentiation
of GABA inhibitory mechanism without any statisticignificant difference between them

with regard to the ultimate outcome of epilepsy§hie = 0.4) (Fig 8).
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Figure 8. Outcome of epilepsy vs. mechanisms of act  ion of AEDs.

It is believed that AEDs working by the same priynarechanism of action will lead to the
same drug response regardless of the number of tthey have been prescribed to a
particular patient i.e. changing the AED but theirmmechanism of action remains the
same. The following analysis was performed on ARsking by blockade of sodium
channels as the main mechanism of action (carbgrmegdamotrigine, oxcarbazepine and
phenytoin) using treatment regimen failure on 5@%he daily-defined dose due to lack of
efficacy as an indicator. There were 31 attemptsig® sodium channels blockers after
failure initially using another agents working panty by the same mechanism of action.
Out of these 31 attempts, seizure freedom was athi;n 12 cases while 15 cases failed
that regimen again due to lack of efficacy. Theasmmg 4 cases had failure of treatment
due to poor tolerability. AEDs acting primarily byotentiation of GABA (sodium
valproate, vigabatrin, tiagabine, phenobarbital elobazam) were used 10 times after they
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have been applied initially with unsuccessful resuDut of these, seizure freedom was

achieved in 6 cases while the regimen failed duadk of efficacy in 4 cases.

3.2.2.3. Generations of AEDs

Among the total study population of this project51098), 913 patients were taking AED
monotherapy at the last clinic visit and out ofsi#e680 patients (61.9%) reached a state of
complete seizure control. In order to detect agwpiicant correlation between generations
of AEDs and the ultimate outcome of epilepsy, theseotherapy patients were divided in
two groups according to the generation of AEDs tiveye using on their last visit and then
were subsequently further categorized in two furthégroups based on the outcome of
epilepsy. The remission rates of patients on &iret second generations AEDs were found

to be exactly the same i.e. 31% of the populatiosaich subgroup.

185 patients were on combined therapy (polypharinaaytheir last clinic appointment.

Out of these, 70 patients (6.4%) achieved seiztgedbm. In order to demonstrate any
significant difference between first and secondegations AEDs in terms of the outcome
of epilepsy, patients on combined therapy were dedi in three groups based on
generations of AEDs included in each combinatiorA&Ds i.e. a combination of first

generation drugs, a combination of second generdtiogs and a combination of both first
and second generations AEDs. Analysis showed aomssprate of 25% among those
patients who had a combination of first generationgs in their last visit to the epilepsy
clinic (n = 4). In those patients with a combinatiof second generation agents, the
response rate was 28% (n = 54) while those withnabtnation of both generations had the
highest remission rate of 43% (n = 127) (Flow ClartUnfortunately, the low number of

patients on combination of first generation agénts 4) has limited the ability to compare
with the other two groups. This kind of analysissweot possible in patients in their first
treatment regimen as all epilepsy patients on ther treatment regimen are prescribed

AED treatment on monotherapy basis.

Adding responder patients on monotherapy on theclasc visit with those responders on

combined therapy resulting in a total remissioe @t750 patients (68.3%) in this study.
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Flow Chart 2. Response rate to type of treatment at

generations of AEDs.

the last clinic visit among the two
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3.3. Factors with potential to influence the effect  iveness
of AEDs

This section examines any potential correlationwken the response (efficacy and
tolerability) of individual AEDs included in the wdy in relation to various

pharmacological and non-pharmacological issues.
3.3.1. Effectiveness among individual AEDs and generations

Among all the patients recruited to this study, d80eloped complete seizure freedom. Of
these, 680 (62%) had remission using a single AiEAtment (monotherapy). In total,
there were 1442 attempts to use AEDs as monothenapatients in this study, of which
680 were successful. Among individual AEDs, agemith the highest prescription rate
were identified and their efficacy calculated. Ténd@acluded (in descending order of
efficacy): levetiracetam (65%), topiramate (53%;bamazepine (50%), sodium valproate
(49%), lamotrigine (49%) and oxcarbazepine (43%)e Temaining AEDs were taken by
only a small number of patients. Among these agemtsignificant statistical difference
was observed in terms of their efficacy to eliménaeizures (p-value < 0.001) (Table 30
and Figure 9). Focusing on the three most commpndgcribed agents, these included

lamotrigine, sodium valproate and carbamazepine.

By dividing AEDs applied in this study into two gnos based on their generation, first and
second generation AEDs showed almost the samectatallative efficacy (49% and 50%,

respectively) excluding unknown AEDs (in clinicalats) and rarely prescribed agents.
Statistically, results showed insignificant diffece between the first and second
generations AEDs in terms of total cumulative eftig (p-value = 0.6) (Table 30 and

Figure 10).
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Regimens '
AED 1 > 3 7 5 6 7 3 9 Total | Efficacy
115 21 3 2 141 .
CBz e | @n | ay | @ o|lo|lo|o|loO (284) 50 %
146 47 3 1 0| 1 198 o
VPA 279 las| @ | @ lola] ® %] O @e | 4%
4 1 0 5
PHT 0 ol o] o|o]| o 42 %
@ | @ | @ (12) °
196 21 8 0 1 0 | 226 .
LTG 372 | 9) | 8 | © |@| ° | ° | @] @y | *°%
14 1 1 0 16
GBP 0 0 olo| o 57 %
9 | 6 | (1) (28) °
26 0 6 1 33
LEV 0 0| o 0| O 65 %
42 | @ | @ (1) (51) °
24 4 2 1 31
TPM ol ol o|o] O 53 %
42 | (10| 5 | @ (59) °
13 6 3 2 0 24
OXC 0| o 0| O 43 %
Bl [ (12| (8 | @ (1) (56) °
5 S 0
TGB (14) 0 0 0 o| o| o] o o (14) 36 %
0 0
VGB 0 0 0 0 ol o|o0| O 0
1) 1)
0 0
ZNS 0 0 0 0 0 olo| o 0
1) 1)
1 1 0
Others (73) 0 0 0 o| o| o] o o 73) 1%
Total of
responders on 544 101 26 6 1 1 1] 0 680 -
monotherapy
Total of non-
responders on 554 153 38 11 2 2 1 1 - -
monotherapy
n 1098 | 254| 64 17 3| 3 2 0 1 - -

Table 30. Efficacy of AEDs in patients on monothera  py.
Shaded rows represent first generation AEDs.

In terms of the tolerability profile of AEDs, lamimine demonstrated the best tolerability
with the lowest rate of withdrawal due to side effeof 11%, it was followed by
carbamazepine and sodium valproate (13%), levetiaat (14%) while topiramate and

oxcarbazepine showed the worst tolerability profiléh a rate of withdrawal of 20%
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excluding AEDs taken by a small number of patigitsble 31 and Figure 9). There was
not any significant difference between these AEDS @lerability profile (p-value = 0.2).

In order to detect any difference in the tolerapilprofile of AEDs among the two

generations of these agents, the total cumulagierability of AEDs of each generation
was calculated. First and second generations edsame overall tolerability (13%) -
excluding unknown AEDs (in clinical trials) and e&r prescribed agents - without any
significant difference between them (Table 31 aigife 10).

AED 1 2 3 Rez? imenfs 6] 7] 8] o '@ Wﬁ?ﬁ;
—a (22294) (f?) (111) (g) 00000 (235?4) e
M (23744) (11175) (112) (g) (g) (g) 0100 (45026) e
PHT (%) (411) (2) o |lolo|o|lo]o (122) 17 %
e | @ | @9 | as | @ || 0 0] O @] asy| 1
GBP (129) (g) (g) o | o (g) ol o] o (248) 14 %
LEv | fz) (i) (g) o | ol o ((1)) 0] 0 (571) 14 %
M| fz) (120) (g) é) ol o| o] o o (5133) 20 %
X | @y |laa |l @ | @ % l@| 0] @y | 2%
TGB (134) 0 o| ol o] o|l ol ol o (134) 21 %
VGB 0 0 0| o (i) olo| ol o &) 100 %
ZNS 0 0 o| ol o (1) ol o] o (i) 100 %
Others ég) 0 o| o| ol ol o/ o] o (gg) 34 %

Table 31. Withdrawal rate of AEDs due to side effec  ts in patients on monotherapy.

Shaded rows represent first generation AEDs.
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Figure 9. Effectiveness of AEDs
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Figure 10. Effectiveness of AEDs among generations.

3.3.2. Efficacy among AED combinations

In the 1098 patients of this study, 356 attempt&ABD combinations utilizing various

agents were made. Out of these, 70 attempts weaessful in bringing patients into a
state of complete seizure freedom, 6.4% of the Istudy population. Most of the

combinations (311) comprised two AEDs. There wekrg 8ttempts at double therapy and
67 of these were successful (6.1% of the total ystpdpulation). 37 attempts used
combinations of three agents with two successfténgtts, a remission rate of 0.2%.
Quadruple therapy comprising 4 agents was attempted occassions and one was

successful (remission rate of 0.1%) (Appendix 1).

In terms of specific AED combinations, the combio@twith the highest prescription rate
was valproate and lamotrigine (81 patients) witreHfitacy of 40%, this was followed by
lamotrigine and levetiracetam combination with @goription rate of 27 patients and
efficacy of 11%, then lamotrigine and topiramatenbmation (23 patients) with an
efficacy of 26% (Table 32).
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AED Combinations n Responders
(%)

Duo therapy
VPA + LTG 81 32 (40%)
LEV + 1AED 64 13 (20%)
TPM + 1AED 46 11 (24%)
CBZ + 1 AED 50 7 (14%)
Other duo therapies 70 4 (6%)
Triple therapy
CBZ + GBP + TPM 5 1 (20%)
VPA + TPM + LEV 1 1 (100%)
Other triple therapy 31 0
Quadruple therapy
VPA + LTG + TPM + LEV 2 1 (50%)
Other quadruple therapy 6 0
Total 356 70

Table 32. Efficacy among AEDs combinations.

3.3.3. Effectiveness among age groups

For all AEDs (monotherapy) applied in the firstament regimen among various age
groups of patients recruited in the study, thereewrinimal differences in the efficacy in
age groups less than 60 years. After 60 yearse iBea pattern of gradual elevation of the
efficacy profile of AEDs as patients’ age increasgasl it reaches the maximum in patients
with ages of 80 years or older. In terms of tolditgbof AEDs in the first treatment
regimen, similar values were noticed among all ggips, ranging from 9% to 17%. It
was difficult to calculate the efficacy in the sabaent treatment regimens, as the timing
of starting these regimens varied among patierabl€r 33 and Figure 11). Insignificant
statistical differences were noted in terms ofcaifly and tolerability of AEDs regarding
various age groups (p-value = 0.1 and 0.6, respgji



Chapter 3. Results. 128

Age groups (years) n Efficacy (%) Rate of
withdrawal (%)
<20 241 119 (49%) 31 (13%)
20 -29 243 123 (51%) 38 (16%)
30-39 176 82 (47%) 28 (16%)
40 - 49 144 66 (46%) 13 (9%)
50 - 59 118 53 (45%) 18 (15%)
60 — 69 86 42 (49%) 15 (17%)
70-79 67 43 (64%) 10 (15%)
>80 23 16 (70%) 4 (17%)
Total 1098 544 157

Table 33. Effectiveness of AEDs among age groups of  patients in the first treatment
regimen.
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Patients (%)

80%
70%
60%
50%
40%
30%
20%
10%

0%

<20 20-29 30-39 40-49 50-59 60-69 70-79 >=80
(n=241) (n=243) (n=176) (n=144) (n=118) (n=86) (n=67)  (n=23)

Age groups

m Efficacy @ Rate of withdrawal

Figure 11. Effectiveness of AEDs among age grotipsmbents in the first treatment regimen.



Chapter 3. Results. 130

Out of the group of patients aged over 64 years 182), 101 patients developed complete
seizure freedom while on monotherapy compared foaftents on combined therapy.
Among patients on monotherapy, carbamazepine (@)=sbdium valproate (n = 35) and
lamotrigine (n = 48) were the highest prescribedAEAmMong these three agents, sodium
valproate was the drug with the highest efficacg®4y compared to carbamazepine (75%)
and lamotrigine (69%) (Table 34). Statistical sigpaint difference in efficacy could not be
identified for these drugs (p-value = 0.6). Alsalis group of patients, it was shown that
first generation AEDs were more efficacious (77%grt second generation agents (56%)

with a significant statistical difference (p-vala®.007) (Table 34).

With respect to the tolerability profile of AEDs mlderly patients and among the three
most commonly prescribed agents i.e. sodium vatpraarbamazepine and lamotrigine,
sodium valproate was the best tolerated drug wghldwest rate of withdrawal due to side
effects (9%) followed by carbamazepine and lamiteégboth 13%) (Table 35) without
any significant difference (p-value = 0.8). A smdifference in rate of withdrawal due to
side effects between the first and second genemtid AEDs was observed (13% and

15%, respectively) without any significant diffecen(p-value = 0.7) (Table 35).



Chapter 3. Results.

131
Regimens .
AED 1 > 3 7 5 Total  Efficacy
24 5 1 30 o
@2 @ e 2 @ ° (4 %
18 8 1 27 o
VPA (24) 10) (1) 0 0 (35) 77 %
2 2 0
PHT 2) 0 0 0 0 ?) 100 %
24 8 1 33
LTG 0 0 69 %
39) (® () (48) ’
1 1 2 o
GBP 1) 0 ) 0 0 2) 100 %
2 2
LEV 0 0 0 0 67 %
(3) (3) ’
2 2
TPM 0 0 0 0 50 %
@) (@) °
2 0 1 3
OXC 0 0 27 %
© @ @ (11) ’
0 0
Others 0 0 0 0 0 %
(1) 7) 0
Total of
reSpoon”ders 75 21 4 1 0 101 .
monotherapy
Total of non-
responders i i
on 47 4 0 0 0
monotherapy
n 122 25 4 1 0 -

Table 34. Efficacy of AEDs in elderly patients (

Shaded rows represent first generation AEDs.

2 65 years old) on monotherapy.
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AED 2 3 Reg imené 6 7 8 o '@ wimt;\?v;l
cBz 2 O o 2% 9o 0o 0o o o 2 13%
@3 © o) @)
VPA (234) (100) (2) O 0 0 0 0 0 (5’5) 9%
PHT (g) o o0 0 0 0 0 0 0 é) 100 %
LTG (369) (g) ((1)) O 0 0 0 o0 ((1)) ( 58) 13%
GBP ((1’) 0 ((1’) O 0 0 0 0 0 (2) 0%
LEV (g) o 0o 0 0 0 0 0 0 (g) 0%
TPM (i) o 0o O0o 0 0 0 0 0 (i) 50 %
OXC (‘;’) (2) ((1)) O 0 0 0 0 0 (131) 27 %
Others ((7)) o o0 ©0 0 0 0 0 O (% 0%

Table 35. Withdrawal rate of AEDs due to side effec  ts in elderly patients ( 2 65 years old) on
monotherapy.

Shaded rows represent first generation AEDs.

3.3.4. Effectiveness among gender

Efficacy of all AEDs given as monotherapy was exaadiin relation to gender. In most
AEDs used, the efficacy in males was found to lghdyi than in females although there
was variability regarding the rate of AED presddpt i.e. carbamazepine, sodium
valproate, phenytoin and tiagabine showed a highescription rate in males in

comparison to lamotrigine, topiramate, gabapentih lavetiracetam in which the females
had a higher prescription rate. Males and femaked the same prescription rate for
oxcarbazepine (Table 36 and Figure 12). Among theet most commonly prescribed
AEDs i.e. carbamazepine, sodium valproate and lagno¢, sodium valproate showed a
statistically significant gender-related differencaf efficacy (p-value = 0.006).

Calculations of the total cumulative efficacy of B& in this study in males and females

showed a higher total efficacy in males (55%) imparison to females (44%) with a
significant statistical difference (p-value < 0.001
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In case of tolerability profiles, male patientsetaited AEDs better than females. For
instance, out of 164 attempts of carbamazepinaagtian in males, the rate of withdrawal
due to side effects was 10% compared to 18% withafes in which there were 120
attempts. Rate of sodium valproate prescription ngker than for carbamazepine, it was
applied in 243 male patients with a withdrawal rdte to side effects of 9%. Similar to
carbamazepine, female patients on sodium valprate 163) had a higher rate of
withdrawal than males i.e. 18%. The same patters nadiced with lamotrigine in which
males had a rate of withdrawal due to side effett8% (n = 166) compared to 12% in
case of females (n = 291) (Table 37 and Figure @8jbamazepine and sodium valproate
showed statistically significant gender differenseslerability (p-value = 0.03 and 0.006,
respectively). Based on cumulative tolerabilityl@satolerated AEDs (9%) better than

females (17%) with a statistically significant éifénce (p-value < 0.001).
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22? Gender CBz VPA LTG| OXg TPM PHT GBH LEV TGH VGB ZN
N 224 274 372 31 42 7 19 42 14 0 q
Males 70 102 81 9 16 2 4 17 4 0 0
1% (135) | (178) | (143) | (15) | (23) (5) ) (23) (8)
Females 45 44 115 4 8 2 10 9 1 0 0
(89) | (96) | (229) | (16) | (19) (2 (12) | (19) (6)
N 47 115 59 12 10 4 6 1 0 0 0
13 26 10 4 1 1
ond Males ©7) (60) | (18) ) 1) @) 0 0 0 0 0
Females £ 24 = 2 ‘ 0 1 v 0 0 0
(20) | (3% | (41) | (9 9 (2 (6) 1)
N 11 12 18 8 5 1 2 7 0 0 0
0 3 1 3 2 1
r Mal 0 0 0 0 0
gt | e @ | @ @ |®]|e €
3 0 7 0 0 0 1 5
F | 0 0 0
emaes 1l @9 @ w|l®| @ | © ] @ ®
N 2 3 6 4 2 0 0 0 0 0 0
1 0 0
4h Males 0 ) 1) (1) 0 0 0 0 0 0 0
2 0 0 2 1
Females ) @) ) 3) @) 0 0 0 0 0 0
N 0 1 1 0 0 0 0 0 0 1 0
5t Males 0 0 0 0 0 0 0 0 0 0 0
0 1 0
Females 0 1) ) 0 0 0 0 0 0 ) 0
N 0 1 0 0 0 0 1 0 0 0 1
0
gh Males 0 0 0 0 0 0 0 0 0 )
1 0
Females 0 ) 0 0 0 0 1) 0 0 0 0
N 0 0 0 1 0 0 0 1 0 0 0
th 0 1
7 Males 0 0 0 (1) 0 0 1) 0 0
Females 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0 0 0 0 0
g" Males 0 0 0 0 0 0 0 0 0 0 0
Females 0 0 0 0 0 0 0 0 0 0 0
N 0 0 1 0 0 0 0 0 0 0 0
gh Males 0 0 0 0 0 0 0 0 0 0 0
Females 0 0 (2) 0 0 0 0 0 0 0 0
Males 83 132 92 16 19 3 4 19 4 0
(Efficacy) | (164) | (243)| (166)| 28) | @7) | ) | () | (25 | ® | 0 | ()
Total 51% | 54% | 55% | 57% | 70% | 43% | 57% | 76% | 50% 0%
Females 58 66 134 8 12 2 12 14 1 0
(Efficacy) (120) | (163)| (291) | (28) | (32) (5) (21) (26) (6) Q) 0
48% | 40% | 46% | 29% | 38% | 40% | 57% | 54% | 17% | 0%

Table 36. Differences between gender in efficacy of

all AEDs in all regimens.
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Patients (%)

80%

70%

60%
50% -

40% -

30% -

20% -+
10% -

0% -
CBz VPA LTG OXC TPM PHT GBP LEV TGB

Antiepileptic drugs

males E] females

Figure 12. Efficacy of AEDs vs. gender.
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Eﬁ?}i Gender CBZ| VPA| LTG| oxd TPM| PHT| GBR LEM TGB VGB 2N
N 224 | 274 | 372| 31 42 7 19 42 14 0 d
Males 13 16 12 2 3 1 1 2 1 0 0

1t (135) | (178) | (143) | (15) | (23) | (5) @ | @3 | (8
S 16 18 27 7 6 0 1 4 2 . .

(89) | (96) | (229) | (16) | (19) | (2 (12) | (19) | (8)
N 47 115 59 12 10 4 6 1 0 0 0
3 6 2 0 0 0
ond Males ©7) (60) (18) ) (1) @) 0 0 0 0 0
Females - i 8 1 2 1 2 1 0 0 0
(20) | (55) | (41) | (5 9 (@) (6) @)
N 11 12 18 8 5 1 2 7 0 0 0
0 0 0 0 0 0
3d Males @) 4) @) @) 3) 0 0 1) 0 0 0
1 1 0 1 0 0 0 0
Females 1@ @ lay | @ | @ | o |l @ | 6| ° | °|°
N 2 3 6 4 2 0 0 0 0 0 0
Males 0 0 0 0 0 0 0 0 0 0 0
4" @l @ | O
0 0 0 0 1
Females @) @) ) 3) @) 0 0 0 0 0 0
N 0 1 1 0 0 0 0 0 0 1 0
gn [ Males 0 0 0 0 0 0 0 0 0 0 0
0 0 1
Females 0 1) 1) 0 0 0 0 0 0 ) 0
N 0 1 0 0 0 0 1 0 0 0 1

g | Males 0 0 0 0 0 0 0 0 0 (i)
Females 0 (2) 0 0 0 0 (2) 0 0 0 0
N 0 0 0 1 0 0 0 1 0 0 0

th 0 0

7 Males 0 0 0| 0 0 1) 0 0
Females 0 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0 0 0 0 0

g Males 0 0 0 0 0 0 0 0 0 0 0
Females 0 0 0 0 0 0 0 0 0 0 0
N 0 0 1 0 0 0 0 0 0 0 0

gn | Males 0 0 0 0 0 0 0 0 0 0 0
Females 0 0 (g) 0 0 0 0 0 0 0 0
Ml 16 22 14 2 3 1 1 2 1 (1)
(Tolef‘affmy) (164) | (243)| (166)| 28) | 27) | (1) | () | @5) | (8) 0 | 150

10% | 9% | 8% | 7% | 11% | 14% | 14% | 8% | 13%

Total %
Eomal 22 30 35 9 9 1 3 5 2 1
(Tol(teer:;?)iﬁt?/) (120) | (163) | (291)| 28) | (32) | (5) | (21) | (26) | (6) | (1) | ©

18% | 18% | 12% | 32% | 28% | 20% | 14% | 19% | 33% | 100%

Table 37. Differences between gender in tolerabilit

y of all AEDs in all regimens.
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Patients (%)

40%

30% +

20%

10% -

0% -

CcBz VPA LTG OXC TPM PHT GBP LEV TGB
Antiepileptic drugs

m males B females

Figure 13. Tolerability of AEDs vs. gender.
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3.3.5. Effectiveness in idiopathic generalised epilepsy

Patients recruited with idiopathic generalised eyl were 251, 182 of these became
seizure free by the end of study while the remairfd® patients) did not (Table 24). 164

patients achieved remission while being on monaiyeand 18 were on polypharmacy.

Analyzing the effectiveness of AEDs among patiewits idiopathic generalised epilepsy,
first generation AEDs showed a total cumulativeceffy of 58% in comparison to second
generation agents that had a total efficacy of 488uding unknown AEDs (in clinical

trials) and rarely prescribed agents. Insignificstatistical difference existed between first
and second generation AEDs in terms of the tofalaady (p-value = 0.07). With respect to
individual drugs, sodium valproate was the AED witie highest prescription and
response rate as well among all first and secondrgéions agents (59%) excluding AEDs
applied by a small number of patients (Table 38 Bigdire 14). Statistical investigation
among the two commonly prescribed agents in thosigiof patients i.e. sodium valproate

and lamotrigine showed a significant differencer§hde = 0.03).

In patients with idiopathic generalised epilepsydiam valproate also demonstrated the
best tolerability profile with the lowest rate ofug withdrawal due to side effects (9%)
compared to 13% in case of lamotrigine without anynificant statistical difference
between them (p-value = 0.3). In addition, firshgetion AEDs had a total cumulative
tolerability profile slightly better than secondngeation AEDs with a rate of withdrawal
due to side effects of 10% compared to 15% in a#senodern agents with a non-

significant difference (p-value = 0.2) (Table 3@ dfgure 14).
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AED - S Idio%athic jpilep53y (n;164)7 — Total Efficacy
B2 o @ @ @ 5%
VA 60 @ @ @ T T aig %%
PHT (i) (i) So- .o é) 100%
LTG (14092) (133) (421) T (15;19) 45%
Py @y gy 0%
A I T
L T R S
oC @ W @ " T g %%
TGB (é) S ((15) 17%
TOthers ((9)) - - - - - - - - (8) 0
res(:)ts:\gfers 131 24 7 2 0 0 0 0 0 164 i
n 251 55 11 3 0 0 0 0 0 - -

Table 38. Efficacy of AEDs used as monotherapy amon g patients with idiopathic
generalised epilepsy.
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CBZ (246) (é) 0 ((1)) 0 0 0 0 O (3?3) 15%
VA e @) @ @ ° ° ° 00 g %%
PHT (g) (g) O 0 00 0 0 O ((2)) 0%
LTG (11042) (123) (2) O 0 0 0 0 O (11f9) 13%
GBP (2) (2) 0O 0 0 0 0 0 O ((2)) 0%
LEV (é) &) (g) O 0 0 0 0 O (121) 18%
TPM (i) (i) 0 ((1)) 0 0 0 0 O (‘;’) 33%
oXC (é) (1) (2) O 0 0 0 0 O (120) 20%
TGB (é) O 0 0 0 0 0 0 O ((15) 17%
Others (8) - - - - - (g) 0%

Table 39. Withdrawal rate due to side effects of AE

with idiopathic generalised epilepsy.

Ds used as monotherapy among patients

140
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(n=33) (n=119)

Figure 14. Effectiveness of AEDs among patients wit
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h idiopathic generalised epilepsy.
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3.3.6. Effectiveness in focal epilepsy

There were 847 patients with focal epilepsy inctude this study, 400 of whom had

cryptogenic epilepsy (unknown aetiology) and 44d lsymptomatic epilepsy with a

defined aetiology. Responders to AEDs among the twoups (cryptogenic and

symptomatic epilepsy) comprised 568 patients, 2ddt achieve seizure freedom by the
end of study (Table 24). Out of the 568, 516 pasiexchieved remission while being on
monotherapy while the remaining (52) were on polypiacy.

Table 40 shows that 47% of patients with focal eggsly achieved remission using older
AEDs compared to 51% who were prescribed secondrggéan AEDs - excluding

unknown AEDs (in clinical trials) and rarely preiberd agents - with a non significant
difference (p-value = 0.1). Lamotrigine was the ARIDh the highest prescription and
response rates (51%) among all other AEDs (first s&cond generations) followed by
carbamazepine (49%) and sodium valproate (45%)udxgy AEDs taken by a small

number of patients. Statistical analysis showesigimficant difference between these

three agents in terms of efficacy (p-value = OT3Me 40 and Figure 15).

The AED with the best tolerability profile was alomotrigine with a rate of withdrawal
due to side effects of 10% followed by carbamazefirB%) and sodium valproate (14%)
excluding AEDs taken by a small number of patietiigre was insignificant difference
between these drugs in terms of tolerability. Aikimtotal cumulative tolerability profile
was noted when the first and second generatiodsEdfs were compared (14% and 13%

respectively) with an insignificant difference (plve = 0.5) (Table 41 and Figure 15).
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Focal epilepsy (n=516
AED pilepsy ( ) Total Efficacy
1 2 3 4 5 6 7 8 9
103 17 3 1 124
CBzZ - - - - - 49%
(198 (41) (11) (O (251)
91 32 3 1 0 1 128
VPA - - - 45%
(185) (87) (11) (@ 1) (@@ (287)
3 0 0 3
PHT - - - - - - 30%
® @ @ (10)
147 18 6 0 1 0 172
LTG - - - 51%
(270) (46) (14) (6) (1) (1)  (338)
13 1 1 0 15
GBP - - - - - 58%
18 G @ 1) (26)
22 2 1 25
LEV - - - - - - 63%
(37) 2 1) (40)
22 3 2 0 27
TPM - - - - - 54%
38 © 6 @ (50)
7 6 2 2 0 17
OXC - - - - 37%
(23) (11) (1 4 1) (46)
4 4
TGB - - - - - - - - 50%
(8) (8)
0 0
VGB - - - - S 0%
1) 1)
0 0
ZNS - - - - - - - - 0%
1) 1)
1 1
Others - - - - - - - - 2%
(64) (64)
Total of
413 77 19 4 1 1 1 0 516 -
responders
n 847 199 53 14 3 3 2 0 - -

Table 40. Efficacy of AEDs used as monotherapy amon

g patients with focal epilepsy.
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Focal epilepsy (n=516) Rate of
AED Total _
1 2 3 4 5 6 7 8 9 withdrawal
25 7 1 0 33
CBzZ 0O 0O O 0 o 13%
(198) (41) (11) (1 (251)
25 15 1 0O O ©O 41
VPA 0 O 14%
(185) (87) (11) (2 (1) (@) (287)
1 1 0 2
PHT O 0O O o0 o0 o0 20%
® & @ (10)
25 8 0 0O O 0 33
LTG 0O 0 O 10%
(270) (46) (14) (6) (1) (1) (338)
2 2 0 0 4
GBP 0 0 0O 0 O 15%
(18) () @ 1) (26)
5 0 0 5
LEV 0 0 0O O 0O O 13%
(37) (2) 1) (40)
7 1 0 1 9
TPM O O O o0 o 18%
(38) ((6) () 1) (50)
8 0 1 0 0 9
OXC 0O O 0O O 20%
(23) (11) (1 &) 1) (46)
2 2
TGB 0 0 0 O 0O O 0 O 25%
(8) (8)
1 1
VGB 0 0 0 0 O O O O 100%
1) 1)
1 1
ZNS 0 0 0 0 0 0O 0 O 100%
(1) 1)
22 22
Others 0 0 0 0 34%
(64) (64)

Table 41. Withdrawal rate due to side effects of AE

with focal epilepsy.

Ds used as monotherapy among patients
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Patients (%)
70% -
60% -

50% -
40% -
30% -+
20%

10% +

0% -
CBz VPA OXC TPM PHT GBP TGB
(n=251) (n=287) (n—338) (n=46) (n=50) (n=10) (n=26) (n—40) (n=8)

Antiepileptic drugs

m Efficacy O Rate of withdrawal

Figure 15. Effectiveness of AEDs among patients wit  h focal epilepsy.
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3.3.7. Effectiveness among various treatment regimens

(sequence of prescription)

Based on the calculations of individual AED effigaand tolerability in various treatment
regimens, it seems that the response to AEDs ignandic matter rather than constant
because it varies based on the sequence of treategmen in which a particular AED

has been applied. For instance, efficacy of carlzapiae when applied in the first
treatment regimen (51%) was different from itsczfty in the remaining regimens (43%)
(Table 42). The same issue was also noted forafolléy profiles e.g. tolerability to

lamotrigine when prescribed in the first treatmeggimen (10%) was different from its
tolerability in the remaining regimens (12%) (Tad®). This variation in effectiveness of
AEDs has been observed in most of the AEDs usdHisnstudy, the extent of variation

tended to be bigger in case of efficacy in comparigith tolerability.

Efficacy Tolerability

First  Remaining First  Remaining
AED _ _ Total _ _ Total

regimen regimens regimen regimens
CBz 51% 43% 50% 13% 15% 13%
VPA 53% 39% 49% 12% 14% 13%
LTG 53% 35% 49% 10% 12% 11%
TPM 57% 41% 53% 21% 18% 20%
OXC 42% 44% 43% 29% 8% 20%
LEV 62% 78% 65% 14% 11% 14%

Table 42. A comparison of efficacy and tolerability of AEDs among various treatment

regimens.
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3.3.8. Effectiveness of AEDs among dose ranges

Recruited patients were categorized according ¢oldlst AED applied. AEDs with the
highest prescription rate were selected which doestl six groups of patients using six
AEDs; these included (in descending order) lamwteidn = 457), sodium valproate (n =
406), carbamazepine (n = 284), topiramate (n = Sgarbazepine (n = 56) and
levetiracetam (n = 51). In responders, doses wetegorized. Eventually, efficacy
(cumulative percentages of patients with seizuemdom) was calculated for all doses
categories for all six AEDs. In terms of toleratyiliof these AEDs, the common side
effects leading to withdrawal of these agents wdemntified (Table 43) along with the

doses at which most of the patients discontinuegehdrugs.
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AED n Common side effects
Rash (43%),
49 Gl disturbance (22%),
Lamotrigine Irritability (13%),
g (457) y (13%)
Headache (11%),
Tiredness (11%).
Weight gain (31%),
_ 52 Tiredness (27%),
Sodium valproate
(406) | Tremor (23%),
Gl disturbance (17%).
38 Rash (55%),
Carbamazepine Tiredness (29%),
(284) _
Gl disturbance (11%).
Paraesthesia (67%),
) 12 Gl disturbance (50%),
Topiramate o o
(59) | Word finding difficulty (25%),
Weight loss (25%).
1 Tiredness (45%),
Oxcarbazepine (56) Rash (36%),
Gl disturbance (18%).
. Behavioral problems (57%),
Levetiracetam 51) Headache (29%),

Tiredness (29%).

Table 43. Withdrawals from AEDs due to side effects

along with the common side effects.

148
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3.3.8.1. Lamotrigine

Of patients who achieved seizure freedom while @maetherapy with lamotrigine (n =
226), 94% developed remission while taking arouwmal thirds or less<{ 400 mg/day) of
the maximum dose required for all the patientsech a state of complete seizure control
(< 600 mg/day). Among patients who discontinued laigioie due to side effects (n = 49),
94% of these patients were found to be taking & @és: 300 mg/day, the daily defined

dose of lamotrigine based on WHO recommendatioiga(€ 16).

Patients (%)

120%

e

100% 88% L, . .

o LA 94% 96% 100% 100%
80% & / 87%
60% a 739

%
40% 15"

45%
0,
20% pog
0% 1 qon T T T T
100 or 1500r 200or 300or 4000r 500o0r 600o0r 800 or
less less less less less less less less

n=35 n=101 n=166 n=197 n=213 n=218 n=226 n=226
(n=18) (n=36) (n=43) (n=46) (n=48) (n=49)

Lamotrigine dose (mg/day)

—e— Efficacy ---a--- Tolerability

Figure 16. Seizure freedom achieved on lamotrigine (n=226) and its rate of withdrawal due to

side effects (n=49) among various dose ranges.
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3.3.8.2. Sodium Valproate

In case of sodium valproate, efficacy and tolemgbibllowed an almost identical pattern
in relation to dose ranges. 90% of the patients déweloped complete seizure control on
this drug (n =198) were taking around half or [es4500 mg/day) of the maximum dose
required for all the patients on this drug to achieemission{ 3000 mg/day). In terms of
tolerability, 92% of patients who discontinued tAED due to side effects (n = 52) were
also taking a dose &f 1500 mg/day that is the recommended daily doggi(Ei17).

Patients (%)

120%

100% -

80% -

60%

40%
20% 8?/

0% 0%
500 or less 1000 or 1500 or 2000 or 2500 or 3000 or
n=20 (n=4) less n=139 less n=178 less n=189 less n=194 less n=198
(n=38) (n=48) (n=52)

Sodium valproate dose (mg/day)

—e—Efficacy ---a--- Tolerability

Figure 17. Seizure freedom achieved on sodium valpr  oate (n=198) and its rate of withdrawal

due to side effects (n=52) among various dose range  s.
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3.3.8.3. Carbamazepine

Among patients who achieved remission while on nleex@apy with carbamazepine (n =

141), 92% were taking half or less than the maxindose needed for all the patients on

this drug to obtain seizure control i£800 mg/day. Among patients who withdrew from

carbamazepine due to side effects (n = 38), 97%hede patients were on a dose of 600

mg/day or less which is around half of the WHO raowended daily defined dose
(1000mg/day) (Figure 18).

Patients (%)
0,

120% 7% 100%

100% 84% A o
80% AT 99% 100%
60% /
40% 26% 599
20% =

0%

8%
200 or 400 or 600 or 800 or 1000 or 1200 or 1600 or

less n=11 less less less less less less
(n=10) n=73 n=107 n=130 n=136 n=139 n=141
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Figure 18. Seizure freedom achieved on carbamazepin e (n=141) and its rate of withdrawal

due to side effects (n=38) among various dose range  s.
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3.3.8.4. Topiramate

In patients who achieved remission while on topaten(n = 31), 600 mg/day was the
maximum dose at which all responders had seizeslrm. 97% of this group of patients
managed to obtain complete seizure control while dose as low as one third or less than
that maximum dose i.e< 200 mg/day. All the patients (100%) who discongidu
topiramate due to side effects (n = 12) were onseaf< 200 mg/day that is two thirds of
the daily defined dose (300 mg/day) (Figure 19).
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Figure 19. Seizure freedom achieved on topiramate ( n=31) and its rate of withdrawal due to

side effects (n=12) among various dose ranges.
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3.3.8.5. Oxcarbazepine

The maximum dose of oxcarbazepine required forpatlients to obtain remission was
1500 mg/day. 96% of these patients were able teewehseizure freedom while being
applying three fourths or lower than that maximuoseali.e.< 1200 mg/day. In terms of
tolerability of oxcarbazepine, 91% of patients wdiscontinued this agent (n = 11) were
taking a dose ok 900 mg/day that is slightly lower than the recomded daily defined
dose (1000 mg/day) (Figure 20).
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Figure 20. Seizure freedom achieved on oxcarbazepin e (n=24) and its rate of withdrawal due

to side effects (n=11) among various dose ranges.



Chapter 3. Results.

3.3.8.6. Levetiracetam

Among patients who achieved remission while beingevetiracetam (n = 33), 91% of
these patients were on a dose<a2000 mg/day that is two thirds of the maximum dose

required for all

patients who discontinued levetiracetam due to sftects (n = 7), 86% were on a dose of

<1000 mg/day which is two thirds of the recommendaily defined dose (1500 mg/day)

(Figure 21).

patients on this drug to reachadesof complete seizure control. Among
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Figure 21. Seizure freedom achieved on levetiraceta m (n=33) and its rate of withdrawal due

to side effects (n=

7) among various dose ranges.
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3.4. Defining refractory epilepsy

This study used a cut off point as 50% of the ddifined dose to be the limit below
which the failure of treatment will be due to poadlerability while above that level, failure

would be due to lack of efficacy of the drug.

After failure of the first treatment regimen withonotherapy due to lack of efficacy (n =
347), the number of responders among those whaeaptile second regimen (n = 223)
constituted 31% (n = 69). Patients in whom treatnhed failed in the first regimen due to
poor tolerability were 135, 104 of whom were stdrien the second regimen with a
response rate of 45% (n = 47) (Table 44 and FloarC3).

In patients who failed of the first and second tment regimens due to lack of efficacy
and started on the third schedule (n = 70), thporese rate was 19% (n = 13) compared
20% (n = 6) in those who failed the first regimaredo lack of efficacy and second due to

poor tolerability and then were started on thendtschedule (n = 30).

Failure of the first and second treatment reginshuns to poor tolerability and starting on
the third schedule (n = 12) was associated withspanse rate of 25% (n = 3). In contrast,
failure of the first regimen due to poor tolerailand the second due to lack of efficacy
with starting the third schedule subsequently (89F has resulted in a response rate of
41% (n = 12) (Table 44 and Flow Chart 3).

Unfortunately, the lower number of patients follogiithe third treatment regimen has

limited the capability to compare between the tuffecent types of treatment failures.
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e

ort n=
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n=18 n=8 | PT (n=4

Third (n=4)

PT Forth | RES (n=0)
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- B n=3 | PT (n=2)
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_ n=6
First RES
regimen n=12
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LOE regimer | n=11 regimer | LOE (n=5)
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n=135 | = _ regimer | LOE (n=1)
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n=16 n=12 n=3 regimer | LOE (n=1)
n=2 | PT (n=1)
RES
n=3
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n=47
RES
n= 544

Table 44. Failure of treatment despite reaching 50%  of the daily defined dose.
RES: responders, LOE: failure of treatment due to | ack of efficacy, PT: failure of treatment

due to poor tolerability.
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Response Fi .
Rate irst treatment regimen
n =544 n =1098
(50%;
Failure due Failure due tc
to PT L.O.E
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LOE
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(25%; (41%,; (20%; (19%;

Flow Chart 3. Failures of treatment due to lack of

based on 50% of the daily defined dose.

efficacy (LOE) and poor tolerability (PT)
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Changing the cut off point to 25% of the daily defil dose resulted in an increase in the
number of patients with failure of treatment regnmmelue to lack of efficacy while failure

due to poor tolerability became lower comparedh®30% daily dose threshold.

Analysis showed 41% of patients had failure of finrg regimens due to lack of efficacy
with a response rate in the second regimen of 3dlare of the first regimen due to poor
tolerability comprised 3% of the study populatioithva response rate in this group of
patients of 50% (Table 45 and Flow Chart 4).

The response rate of patients who failed two regsndue to lack of efficacy was 25%
compared to 0% (nil) in those who failed two regimmelue to poor tolerability. There were
no patients who developed seizure freedom aftatrtrent failures in the first regimen due
to lack of efficacy and second regimen due to gotarability while on the opposite i.e.
failure of the first regimen due to poor tolerayiland second schedule due to lack of

efficacy was associated with a response rate of @a#le 45 and Flow Chart 4).



Chapter 3. Results. 159

RES
n=104
RES
n= 32
: Forth | RES (n=5)
Log | Thid | LOF | regimer [LOE (n=35)
n=190 | 'e9iMer| " n=46 | PT (n=6)
LOE | Second e PT Forth | RES (n=2)
— : _ regimer | LOE (n=3)
n=452 | regimer n=10 n=7 PT (n=2)
=% Forth | RES (n=0)
I;SE regimer | LOE (n=0)
Third n=0_| PT (n=0)
PT | regimer| PT Forth | RES (n=0)
n=9 | -4 n=o | "egimer [ LOE (n=0)
n=0 | PT (n=0)
RES
. n=0
First RES
regimen n=2
= 0% Third | Log | rorth |RES (n=1)
LOE regimer n=a regimer | LOE (n=2)
n=11 | " g n=3 | PT (n=0)
PT Forth | RES (n=0)
n=0 regimer | LOE (n=0)
Second n=0 | PT (n=0)
PT - Forth | RES (n=0)
- regimen LOE ‘ -
n= 30 = _ regimer | LOE (n=1)
n=24 n=1 -
Third =l PT (n=0)
PT | regimer| PT Forth | RES (n=0)
n=1 n=1 n=o | regimer | LOE (n=0)
n=0 | PT (n=0)
RES
n=0
RES
n=12
RES
n= 544

Table 45. Failure of treatment despite reaching 25%  of the daily defined dose.
RES: responders, LOE: failure of treatment due to | ack of efficacy, PT: failure of treatment

due to poor tolerability.
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Flow Chart 4. Failures of treatment due to lack of

based on 25% of the daily defined dose.

efficacy (LOE) and poor tolerability (PT)
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When the cut off point was moved to 75% of the yddifined dose, there was a wider
dose range of poor tolerability and consequentijnéi number of patients with failure of
treatment due to poor tolerability. On the othendyanumber of patients with failure of
treatment due to lack of efficacy was lower thaat tim case when cut off is 50% of the
daily defined dose.

After failure of the first treatment schedule dodack of efficacy (21%), the response rate
in the second schedule was 29% compared to 42%mnsspate in the second regimen in
case of failure of the first schedule due to poterability (23%) (Table 46 and Flow Chart
5).

Patients with failure of two treatment regimeng doi lack of efficacy had a response rate
of 13% in comparison to 39% response rate in cdspatients with failure of two
schedules due to poor tolerability. In case ofufail of the first regimen due to lack of
efficacy and second schedule due to poor toletgptlie response rate was 12% while it
was 33% in the opposite sequence i.e. failure effitist regimen due to poor tolerability
and second schedule due to lack of efficacy (Tdbland Flow Chart 5).
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Table 46. Failure of treatment despite reaching 75%

RES: responders,

due to poor tolerability.

LOE: failure of treatment due to

of the daily defined dose.

lack of efficacy, PT: failure of treatment
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In this chapter, discussion focused initially oeapl populations i.e. age groups, gender,
idiopathic generalised epilepsy and focal epilesjowed by consideration of the whole
study population with regard to the ultimate outeoai epilepsy, AED response, dosage,

mechanism of action, generations of AEDs and di&dimiof drug resistant epilepsy.
4.1. Age groups

Calculation of the remission rate among various g@eips of patients recruited in this

study was performed at the end of the study baseye on starting AED treatment.

Patients in the age group less than 20 years haghaemission rate followed by a gradual
decline till it reached the minimum at age group-4®). After the age of 50, there was an
elevation of response rate as the age of epileggnts increases till it reached the highest
in patients> 80 years old. Therefore, epilepsy patients in grgeips older than 50 years
tended to have a higher rate of seizure freedompeosa to adults with age groups
between 20 and 49 years old. Similar results werticed by Brodie and Kwan who
reported a dramatic elevation in the remission &dter the age of 50 years (Figure 22)
(Brodie and Kwan, 2005).

In order to be able to compare these results witierorelevant studies, patients of this
investigation have been redistributed into threejomaroups based on their age;
adolescents (< 20 years old) with median followofif® years, adults (between 20 and 64
years old with median follow up of 8 years) andeely patients X 65 years old with
median follow up of 9 years) (Table 47).
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_ Median Non-
Patients Age Responders
n follow up responders
groups (years) (%)
(years) (%)
Adolescents <20 241 9 173 (72 %) 68 (28 %)
Adults 20 - 64 735 8 471 (64%) 264 (36%)
Elderly > 65 122 9 106 (87%) 16 (13%)
Total 1098 750 348
Table 47. Outcome of epilepsy among the three major age groups.

Findings in table 47 are consistent with those afhihraj and Brodie from the same
Epilepsy Unit but on a smaller population with deoduration of follow up; patients were

diagnosed with epilepsy and started their firstr@MeD treatment between July 1982 and
May 2001 (Mohanraj and Brodie, 2006). They obsemxedsame pattern of remission rate
that is initially high in adolescents group of patis, with a drop in adults’ age group then

an elevation again reach tghest

in elderly patients to rate (Figure 23).
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Figure 22. Remission rates among age groups (Brodie and Kwan, 2005).



Chapter 4. Discussion. 168

Responders
(%)

100%

80% //-

60% -

40% -

20%

0% I
Adolescents (< 20) Adults (20 - 64) Elderly (> 64)

Age groups (years)

—m-A —a—B

Figure 23. A comparison of remission rates between A (Mohanraj and Brodie, 2006) and B
(this study).

The higher response rate in elderly patients mighéxplained by the low epileptogenicity
of underlying cerebral lesions in these patients toe low risk of genetic predisposition
for recurrent seizure activity or better compliandafortunately, few randomized clinical
trials are available to evaluate the efficacy amidrability of individual AEDs in elderly

patients with newly diagnosed epilepsy althouglisiian age group with amongst the

highest incidence of epilepsy (Stephen and Br&0ep).

When calculating the efficacy and tolerability oEBs among age groups, only the first
treatment regimen was employed because of theuliffi of performing these calculations

in the subsequent regimens due to individual diéfiees of starting each regimen among
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patients. Also, as adolescent patients move towdrdthood and adults become elderly,

this leads to overlapping results.

In the first treatment regimen of this study amalng three age groups, adolescents and
adults had similar total cumulative efficacy of gsu49% and 48%, respectively) while -
as in the case of the ultimate outcome of epilepsiglerly patients with epilepsy showed
the highest total cumulative efficacy of AEDs iretfirst schedule (61%) (Table 48). The
variation in efficacy between these three age gogsulted in a significant statistical
difference (p-value = 0.01). Minimal differences rereobserved in total cumulative
tolerability of AEDs among the three age groupslelly patients showed a slightly lower
tolerability (higher rate of withdrawal due to si@dfects) compared to the other two

groups with insignificant difference (p-value =).7

The highest total cumulative efficacy of AEDs imelly patients may be due to the same
factors assumed to be responsible for the highmissson rate observed by the end of
study in this group. These factors include bettemgliance, the low risk of genetic

predisposition for recurrent seizures and the Ipileptogenecity of underlying cerebral

lesions.
Patients Age Efficacy in first Tolerability in
groups (years) § regimen (%) first regimen (%)
Adolescents <20 241 119 (49%) 31 (13%)
Adults 20 - 64 735 350 (48%) 106 (14%)
Elderly > 65 122 75 (61%) 19 (16%)
Total 1098 544 157

Table 48. Effictiveness of all AEDs in the first re  gimen among the three major age groups.
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Stephen and colleagues - defining remission asldewg a minimum period of seizure
freedom of at least 12 months - showed total cutivelafficacy of AEDs of 63% in the
first AED treatment regimen in elderly patients twibhewly diagnosed focal epilepsy
referred between 1982 and 2003, a value exactlgdh® as in this report (63%) (Stephen
et al., 2006). They also showed a total cumulaierability of 12% in the first schedule
compared to 16% in this study. AEDs with the highgescription rate were the same in
both studies; these included carbamazepine, sodalproate and lamotrigine (Table 49)
(Stephen et al., 2006). Based on the findings epl&n et al., there was a total remission
rate of 79% by the end of study, 93% of these ledzlige freedom while on monotherapy
and 7% on polypharmacy. This analysis showed assaom rate of 87% by the end of
study, 96% of these patients developed seizureddr@eon monotherapy and 4% on

combined therapy.

The higher total remission rate of this study (a6 years of follow up) compared to
Stephen and colleagues (2006) observations (witbwioup of 24 years approximately)
might indicate that the longer duration of patiefdiow up with consecutive AED

treatment regimens will be associated with the digbhances of developing seizure

freedom eventually even in terms of individual AEDsble 49).
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AED A B
Carbamazepine
N 39 33
Efficacy (%) 26 (67%) 24 (73%)
Tolerability (%) 5 (13%) 5 (15%)
Sodium valproate
N 23 23
Efficacy (%) 15 (65%) 17 (74%)
Tolerability (%) 2 (9%) 3 (13%)
Lamotrigine
N 35 30
Efficacy (%) 22 (63%) 20 (67%)
Tolerability (%) 6 (17%) 5 (17%)

Table 49. Effectiveness of the three commonly presc  ribed AEDs in the first regimen in

elderly patients with focal epilepsy, comparison be tween A (Stephen et al., 2006) and B (this

study).

Among adolescent patients of this study with ages l[than 20 years old (n = 241),
remission rate at the end of study was 72% witkiause freedom rate of 49% following
the first treatment regimen. Carbamazepine, sodiaiproate and lamotrigine constituted
the drugs with the highest prescription rate in firet regimen (40, 63 and 101,
respectively). Efficacy among these three agents 3% for carbamazepine followed by
sodium valproate (54%) and lamotrigine (50%) withauay significant difference (p-value
= 0.6). Carbamazepine also showed the best toligygiiofile in the first regimen with the

lowest withdrawal rate due to side effects of (8&tpwed by sodium valproate (11%) and

lamotrigine (12%) but without any statistical diface between them (p-value = 0.7).

Adult patients in the age group between 20 ande&tsyold (n = 735) had 64% as a total
remission rate over the course of the study and &6 the first treatment regimen. In the

first regimen, AEDs with the highest prescripti@e were lamotrigine (n =232), sodium
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valproate (n =187) and carbamazepine (n =151) laithotrigine as the most efficacious
agent (53%) and also best tolerability (9%). Thees insignificant difference observed
between these three AEDs in terms of efficacy (peva 0.3) and tolerability (p-value =
0.2).

Elderly patients> 65 years old (n = 122) had a seizure freedomaof8¥% at the end of
study and 61% following the first treatment regimBaring the first regimen, AEDs with
the highest prescription rate were lamotrigine @9Ffollowed by carbamazepine (n = 33)
and sodium valproate (n = 24). Sodium valproate thachighest efficacy (75%) followed
by carbamazepine (73%) and lamotrigine (62%) wiignificant statistical difference (p-
value = 0.4), while sodium valproate was also tlsthkolerated (13%) followed by
carbamazepine (15%) and lamotrigine (18%) withawt statistical difference (p-value =
0.9). Similar effects were observed by Morgan amiteagues who noted an increased rate
of continuation on sodium valproate treatment ie first regimen associated with
increasing age i.e. from 71% in those under 5 yehege to 84% in cases »f75 years
old (Morgan et al., 2004).

Elderly patients tend to be more susceptible te sifiects of AEDs compared to younger
populations (Arroyo and Kramer, 2001). In the cotrimvestigation, elderly patients had
the highest rate of AED withdrawal due to side &fecompared to adults and adolescents
(Table 48) particularly in the case of second geti@m AEDs (Table 50). This increased
susceptibility to development of side effects idegly patients might be due to the lower
performance of various body systems and the ploygicdl changes that are characteristics
of this age group. Lamotrigine has significantlyttbe tolerability compared with
carbamazepine but with similar efficacy (time tosffiseizure) (Brodie et al., 1999).
Lamotrigine is better tolerated in terms of withded due to side effects compared with
gabapentin and carbamazepine without significafiergince in rates of seizure freedom
during the first 12 months of treatment (Rowanlgt2005). This was not the case in our
study in which lamotrigine and carbamazepine showsdnilar tolerability profile (15%)
(Table 50), while in terms of efficacy, carbamapepiwas more superior (73%) to

lamotrigine (62%) in patients with aged5 years old (Table 51).

There was a noticeable variation between the agapgrin the efficacy of first and second
generations on AEDs in the first treatment regir(iesble 51). Adolescents patients with
epilepsy in this study showed a higher total cutivgaefficacy of first generation agents

i.e. carbamazepine, sodium valproate and phen{&itv) compared to second generation
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drugs (lamotrigine, gabapentin, levetiracetam, reopate, oxcarbazepine and tiagabine)
(48%) with insignificant statistical difference y@ue = 0.2). The opposite was the case in
adult patients in whom the total cumulative efficaxt older drugs (48%) was lower than
the newer drugs (55%) associated with insignificaatistical difference (p-value = 0.05).
There was a big variation between the total cunudagfficacy of the two generations
drugs in elderly patients. The efficacy of firstngeation AEDs (75%) was much higher
than second generation drugs (55%) with a sigmificdatistical difference noticed (p-
value = 0.03).

Tolerability of different generations of AEDs amoage groups in the first treatment
schedule was also analyzed in this study with sdititrences observed between the first
and second generations drugs in the adolescentvé8tation with p-value = 0.3) and
adult groups (1% variation and p-value = 0.4). Agdhe elderly patients in this study
showed a relatively bigger difference between tial tcumulative tolerability of the two
generations AEDs in comparison to other age grolipis. group of patients tolerated older
drugs with a cumulative rate of withdrawal due tdeseffects of 14% compared with
newer drugs in which the cumulative rate of witlvdrh due to side effects was 20%

(Table 50) lacking any significant statistical difénce (p-value = 0.3).

Among elderly patients on monotherapy in the lesitment regimen (n = 113), those with
focal epilepsy comprised 109 patients. Remissiaie & elderly patients with focal

epilepsy on sodium channels blocking AEDs was 88%pared to 90% in those on AEDs
working mainly by potentiation of GABA inhibitoryfiect with insignificant difference

noticed (p-value = 0.8). Only 4 elderly patientshnidiopathic generalised epilepsy were
identified limiting the ability to perform an ac@ie analysis with regard to the correlation
between the ultimate outcome of epilepsy and thehan@ism of action of AEDs on the last

treatment schedule.
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Adolescents Adults Elderly
AED (< 20 years) (20 -64) (> 64 years)
(n=241) (n=735) (n=122)
CBZ 3 (8%) 21 (14%) 5 (15%)
(40) (151) (33)
VPA 7 (11%) 24 (13%) 3 (13%)
(63) (187) (24)
0 1 (20%) 0
PHT
(0) (5) (2)
TG 12 (12%) 20 (9%) 6 (15%)
(101) (232) (39)
0 2 (13%) 0
GBP
3) (15) 1)
LEV 1 (17%) 5 (15%) 0
(6) (33) 3)
TPM 3 (50%) 4 (13%) 2 (50%)
(6) (32) (4)
OXC 1 (20%) 5 (29%) 3 (33%)
) (17) 9)
0 3 (38%) 0
TGB
(6) (8) (0)
Generation of AEDs
First 10% 13% 14%
Second 13% 12% 20%

Table 50. Tolerability (%) of individual and genera

in the first treatment regimen (monotherapy).

tions of AEDs among various age groups
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Adolescents Adults Elderly
AED (< 20 years) (20 — 64) (> 64 years)
(n=241) (n=735) (n=122)
CBZ 23 (58%) 68 (45%) 24 (73%)
(40) (151) (33)
VPA 34 (54%) 94 (50%) 18 (75%)
(63) (187) (24)
0 2 (40%) 2 (100%)
PHT
(0) (5) (2)
TG 50 (50%) 122 (53%) 24 (62%)
(101) (232) (39)
1 (33% 12 (80% 1 (100%
GBP (33%) (80%) (100%)
3) (15) 1)
3 (50% 21 (64% 2 (67%
LEV (50%) (64%) (67%)
(6) (33) 3)
3 (50% 19 (59% 2 (50%
TPM (50%) (59%) (50%)
(6) (32) (4)
OXC 3 (60%) 8 (47%) 2 (22%)
) (17) 9)
1(17% 4 (50% 0
1GB (17%) (50%)
(6) (8) (0)
Generation of AEDs
First 55% 48% 75%
Second 48% 55% 55%

Table 51. Efficacy (%) of individual and generation

the first treatment regimen (monotherapy).

s of AEDs among various age groups in



Chapter 4. Discussion. 176

To sum up, among the three age groups of epilepsigrds i.e. adolescents, adults and
elderly, elderly patients had the highest remisgie by the end of study and also the
highest total cumulative efficacy of AEDs in thesfischedule. A longer duration of follow

up of epilepsy patients with various AED treatmegimens was associated with a higher

chance of developing remission eventually.

The total cumulative efficacy of the two generasioof AEDs demonstrated a higher
efficacy of the first generation AEDs comparedeéoand generation agents (p-value = 0.2)
among adolescents patients. Adult patients wittepgy had an opposite pattern with a
lower efficacy of older drugs than newer agentsdfue = 0.05). Among elderly group of
patients, first generation agents were signifiganmbre efficacious than newer drugs (p-
value = 0.03). In terms of total cumulative tolaliédy minimal differences were noticed
between the two generations of AEDs in case ofemteints and adults patients. Elderly
patients had a bigger difference between the twmiggions of AEDs in favour of older

drugs with insignificant difference.

4.2. Gender

According to (Kotsopoulos et al., 2002), epilepsyriore common in males than females
probably as a result of the more likely exposureigk factors of epilepsy in males than
females e.g. head trauma and CNS infections. Folpweatment, my study was able to
detect a statistical significant difference in thitcome of epilepsy between males and
females (p-value = 0.018). Male patients with eysleshowed a rate of complete seizure
freedom of 71% compared to female patients whoahiagver rate of developing remission
(65%). This might be because epilepsy tends t@ naigre medical issues in females than
males with a consequent withdrawal of AEDs treatnieriemales (Morrell, 1996). Some
of these issues include: cosmetic reasons as sdies Aan lead to weight gain, risk of
teratogenecity in pregnant and child bearing agenerg disturbances in bone health,
fertility, menstruation and ovulation and failurehmrmonal contraception.

For most of the AEDs prescribed in this study carbamazepine, sodium valproate,
lamotrigine, oxcarbazepine, topiramate, phenytdevetiracetam and tiagabine, the
efficacy of drugs was higher in males than femabesept for gabapentin where efficacy
was similar. Carbamazepine, sodium valproate, ldgioe were the AEDs with the

highest prescription rate; among these, sodiumreatp exhibited a significant statistical

difference of efficacy between males and femaldgepis (p-value = 0.006) (Table 52).
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The total cumulative efficacy of all AEDs prescibi@ this study in males (55%) was also
higher than that in females (44%) with a significstatistical difference (p-value < 0.001).
With regard to generations of AEDs, males showeldigher significant efficacy than
females to both first (p-value = 0.02) and secoedegation AEDs (p-value < 0.001)
(Table 53).

Efficacy Tolerability
males females males  females
51% 48% 10% 18%
Carbamazepine
(n=164) (n=120) (n=164) (n=120)
) 54% 40% 9% 18%
Sodium valproate
(n=243) (n=163) (n=243) (n=163)
55% 46% 8% 12%
Lamotrigine
(n=166) (n=291) (n=166) (n=291)

Table 52. Gender differences of efficacy and tolera  bility among the three commonly

prescribed AEDs.

Efficacy among Efficacy among

Gender first generation ~ second generation
AEDs (%) AEDs (%)
Males 53% 59%
Females 44% 45%

Table 53. Gender differences of efficacy among gene  rations of AEDs.
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Tolerability profile of AEDs used in this study icdted a better tolerability in males than
females for most of the drugs prescribed i.e. gadmepine, sodium valproate,

lamotrigine, oxcarbazepine, topiramate, phenytt@metiracetam and tiagabine. Also, as
for efficacy, gabapentin was the only drug with saene tolerability in males and females.
Lower body weight of females may be the reason mieites males more readily tolerate
these drugs than females as lower body weight leadshigh serum concentration more
rapidly which will consequently raise the risk oéwloping side effects in females.

Among the three commonly prescribed agents i.ebacaazepine, sodium valproate and
lamotrigine, tolerability differences between malesd females were statistically

significant for carbamazepine (p-value = 0.03) andium valproate (p-value = 0.006)

(Table 52). Male patients with epilepsy tolerateHDS better with a lower rate of side

effects (9%) than females (17%) with a significatattistical difference (p-value < 0.001).

Gender differences in tolerability among generaioh AEDs showed that male patients
tolerated drugs better than females for both fpstalue = 0.001) and second generation
agents (p-value = 0.01) (Table 54).

Tolerability among  Tolerability among

Gender first generation second generation
AEDs (%) AEDs (%)
Males 9% 9%
Females 18% 16%

Table 54. Gender differences of tolerability among generations of AEDs.

Although insignificant difference in the efficacy lamotrigine by gender in patients with
partial seizures has been reported (Glaxo, 19943, study was able to demonstrate a
significant difference (p-value = 0.03) between dgmin patients with partial seizures on
lamotrigine where 58% of male patients on this ddegeloped complete seizure control
compared to 46% of females. The application offeeidint measure of efficacy of drugs
i.e. 50% or more reduction in seizure frequency aedian seizure reduction might be in

part the reason behind the observed differenceweleet the two studies. The same
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scenario was also noticed by (Pledger et al., 188N topiramate was applied as add-on
therapy in patients with partial-onset seizures;iraignificant difference was observed
between males and females in terms of efficacyhefdrug. When this project focused
only on patients with partial seizures on topiranait statistical significant difference was
demonstrated in the efficacy between males (70%l) famales (41%) (p-value = 0.04)

taking into consideration that this analysis wasgeened only on monotherapy.

In terms of AEDs prescription rate for older congzhto newer drugs, Falip et al., found
that 8% of men and 21% of women were treated wébosd generation AEDs as
monotherapy (n= 496) (Falip et al., 2005). Thiglgtalso demonstrated that females had a
higher rate of second generation AEDs prescrip{E2%6) than males (41%) in the first
treatment schedule. Morgan and colleagues obseavsignificantly higher prescription
rate for lamotrigine in females (57%) in compariseith males (23%) (Morgan et al.,
2004). Increased rate of second generation AEDscpption in females may be explained
by the more frequent side effects of older agentdemales such as teratogenicity,
interference with contraception and weight gainisTdnalysis was only performed on the
first treatment regimen because there is an ovesliéip first generation drugs as these
drugs might be used in the second treatment regimerase of failure of achieving

complete seizure freedom in the first regimen ims@atients.

When analyzed in terms of generations of AEDs, rpakients with epilepsy in this study

showed a lower total cumulative efficacy with figgneration AEDs i.e. carbamazepine,
sodium valproate and phenytoin (55%) compared wsilecond generation agents i.e.
lamotrigine, oxcarbazepine, topiramate, gabapemvetiracetam, tiagabine, vigabatrin

and zonisamide (60%) with insignificant statistidéference (p-value = 0.2). The analysis
showed almost the same difference between the temergtions of drugs whether

conducted in the first treatment schedule (p-valu®2) or on the total attempts of using
these drugs at the end of study (p-value = 0.1pI€T&5). In contrast, female patients had
the same total cumulative efficacy in the two gatiens (49%) in the first treatment

regimen and similar findings were noted in term¢heftotal attempts at AEDs prescribtion
(Table 55).
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Generation of First treatment Total
AEDs regimen regimens
Efficacy in First 55% 53%
males Second 60% 59%
Efficacy in First 49% 44%
females Second 49% 45%

Table 55. Efficacy of first and second generation A EDs according to gender.

Only a minimal difference was observed in male ggati between the total cumulative

tolerability of older AEDs (9%) and newer drugs ¥d)0in the first treatment regimen. In

the case of the total attempts of AEDs applicatitwe, total cumulative tolerability was

exactly the same (9%) for the two generations oDAHENn males (Table 56). Similarly,

total cumulative tolerability of the two generatioof AEDs among females showed a very

small difference (2%) in the first treatment regimend in the total attempts of AEDs

application (Table 56).

Generation of First treatment Total
AEDs regimen regimens
Tolerability First 9% 9%
in males Second 10% 9%
Tolerability First 18% 18%
in females Second 16% 16%

Table 56. Tolerability of first and second generati

on AEDs according to gender.
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Among patients with idiopathic generalised epilepsgle patients on monotherapy in the
last treatment schedule showed a higher remissiten(79%) with AEDs acting primarily
by blockage of sodium channels than females (69#h) wsignificant difference (p-value
= 0.2). In case of AEDs working mainly by poteritat of GABA inhibitory effect as
monotherapy in the last regimen, males also dematest a higher remission rate (90%)
compared to females (69%) with a significant staé difference observed (p-value =
0.01). This difference might be because sodiumreale which is the AED with the
highest prescription rate and highest efficacy rgdiGE patients belongs to this group. It
is more commonly used by males than females bec#useside effects are related more
to females, such as the risk of teratogenicity mmen of childbearing age and weight

gain.

Among patients with focal epilepsy on monotherapyhe last AED regimen, remission
rate was similar for male and female patients (&bfb 73%, respectively) on AEDs acting
mainly by blockage of sodium channels (p-value6).0Also similar values were observed
for males (70%) and females (74%) regarding thegsion rate on AEDs acting primarily
by potentiation of GABA inhibitory effect applied the last regimen as monotherapy (p-

value = 0.6).

In summary, this study demonstrated a highly sigaift difference for remission rate in
male patients with epilepsy than in females follagvAEDs treatment. Efficacy analysis of
the commonly prescribed AEDs demonstrated thatusoedialproate had a significantly
higher efficacy in males than females; also thaltotmulative efficacy of all AEDs was
significantly higher in males than females. Theceify of first and second generation
AEDs were also shown to be significantly highemiale patients than in females. Among
the three commonly prescribed AEDs, carbamazepitke sodium valproate showed a
significant difference between males and femaldawour of males regarding tolerability.
In terms of the total cumulative tolerability pileS, male patients with epilepsy were
found to tolerate AEDs significantly better thanmides. Also males had a better
tolerability to both first and second generatioh#BDs than females. Second generation
AEDs were found to be more frequently prescribedfexmale patients with epilepsy

compared to males.

Among male patients, the total cumulative effica@s lower with older drugs than newer

agents with a very small difference in case ofltotanulative tolerability. A minimal
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difference was observed in the total cumulativécatfy and tolerability between first and

second generation AEDs among female patients snstiidy.

The main mechanism of action of AEDs applied as otieerapy in the last treatment
schedule in both types of epilepsy (idiopathic &whl) was associated with insignificant
small differences except in IGE patients receivitigDs acting primarily by potentiation
of GABA inhibitory effect in which males had a sificantly higher remission rate in

comparison to females.
4.3. ldiopathic generalised epilepsy (IGE)

Among the total population of this study, 251 pattsewith idiopathic generalised epilepsy
were identified with a total remission rate of 73b@t is similar to findings of other
investigators (Perucca, 2001b;Reutens and BerkdW®®5) who showed the rate of
developing complete seizure control in patienthWEE ranged from 80% to 90%n
terms of response to the first ever treatment WHDs in idiopathic generalised epilepsy,
Mohanraj and Brodie showed a similar rate (50%) parad to 52% in this project but
with slightly lower total remission rate (64% vessid3%) (Mohanraj and Brodie, 2007).
Patients with IGE tend to have a better prognosssiply due to the presumed genetic
origin of this type of epilepsy that is usually engpanied by an epileptogenic process
remission either with AED treatment or even withdutatment in some cases i.e.

spontaneous remission (Kwan and Sander, 2004).

Idiopathic generalised epilepsy includes severatisymes; it is essential to use the most
appropriate AED therapy for the treatment of IGEdpmes. Among older AEDs, sodium
valproate is considered as the drug of choicerfatiment of multiple IGE syndromes, it
can be used in juvenile myoclonic epilepsy and atseseizures with a rate of seizure
freedom of more than 80% (Bourgeois et al., 198lfef2aet al., 2001;Covanis et al., 1982)
while other agents such as carbamazepine and phenytere associated with poor
outcome, exacerbation of seizures and subsequetegorization of these patients as
having refractory epilepsy (Benbadis et al., 20@8y. instance, carbamazepine was found
to exacerbate absence seizures and juvenile myoabmilepsy in this group of patients
(Thomas et al., 2006). Of the second generaticentag lamotrigine, levetiracetam,
topiramate and zonisamide are becoming more knawefficacy against IGE (Karceski
et al., 2005) but they are less commonly prescribetis type of epilepsy, as they are not

officially approved for use (Table 57). That expkithe findings of this analysis in which
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sodium valproate and lamotrigine were the drugs wlite highest prescription rate in
patients with idiopathic generalised epilepsy (@19 for each) with sodium valproate as
the most efficacious AED (59%) compared to lamateg (45%) with a statistical
significant difference between them (p-value = Q.&milar findings were reported by
other investigators who showed sodium valproatbaahe most effective drug against
idiopathic generalised epilepsy (68%) followed lambtrigine (45%) (Mohanraj and
Brodie, 2005b). In addition, the Standard And Nemtiepileptic Drugs (SANAD) study,
found that sodium valproate is the most effectivEDAIn this group of patients and
recommended its remaining as the first line treatner such patients (Marson et al.,
2007b).

Epilepsy syndrome First-line AEDs  Second-line AEDs
_ o Levetiracetam
Childhood absence Lamotrigine ]
Topiramate
) o Levetiracetam
Juvenile absence Lamotrigine )
Topiramate
) _ Clobazam
Juvenile myoclonic . _
_ Lamotrigine Levetiracetam
epilepsy )
Topiramate

Generalised tonic—clonic Lamotrigine _
) ] Levetiracetam
seizures only Topiramate

Table 57. NICE guidelines for newer AEDs treatment by idiopathic generalised epilepsy
syndrome (NICE, 2004).

Unfortunately, data collection on patients withojgtathic generalised epilepsy in this study
only focused on the major classification of epilejise. idiopathic and focal) with their
responses to AEDs treatment without looking forc#je individual syndromes of each
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subgroup. Therefore, detecting the details of ABEPplied in each syndrome cannot be

performed in this analysis.

In terms of tolerability of AEDs applied in patienivith idiopathic generalised epilepsy,
sodium valproate was also the drug associated tvéhhighest tolerability as its rate of
withdrawal due to side effects was the lowest (@4hpared with 13% for lamotrigine
with insignificant deference noted (p-value = 0A&ls0, a similar sequence was observed
in another study that reported sodium valproathadest tolerated drug (5%) followed by
lamotrigine (6%) (Mohanraj and Brodie, 2005b), dmsaervation also reported by the
SANAD study (Marson et al., 2007b). Based on thdifigs of other investigators, sodium
valproate had the highest rate of continuation o@eatiment in comparison to

carbamazepine, lamotrigine and phenytoin (Morgaal.e2004).

In order to detect any correlation between the gaimns of AEDs used in this study and
patients with idiopathic generalised epilepsy, aalgsis demonstrated a higher response
rate to the first generation AEDs than second gaiter agents in this group of patients.
The total cumulative efficacy in the older AEDs this study (carbamazepine, sodium
valproate and phenytoin) in the first treatmenimem was 59% compared to 50% in case
of modern drugs (lamotrigine, gabapentin, leve@tam, topiramate, oxcarbazepine and
tiagabine) with insignificant difference noted (phwve = 0.1). The pattern was similar
when the analysis was performed using the totahgits of AEDs applications at the end
of study with 58% total cumulative efficacy in tb&er agents in comparison to 48% in
case of newer AEDs lacking any significant statatidifference (p-value = 0.07) (Table
58). On the other hand, the difference observeddsst the first and second generation
AEDs in terms of the total cumulative tolerabiliigas smaller than that noticed in case of
efficacy. Total cumulative tolerability of the firgeneration drugs was 11% compared to
15% in the newer agents in the first treatment daoleewith insignificant difference (p-
value = 0.3). Regarding the total attempts of AE&gplications, total cumulative
tolerability was 10% in older drugs compared to 1Bfmewer agents also lacking any

statistical significant difference (p-value = 0(Zable58).

Among idiopathic generalised epilepsy patients oonotherapy in the last treatment
schedule (n = 212), those on AEDs acting by soditiannels blockage (carbamazepine,
phenytoin, lamotrigine and oxcarbazepine) as timagny mechanism of action (n = 110)
had a remission rate of 73% in comparison to 82% thmse on AEDs acting by

potentiation of GABA inhibitory effect (clobazam,h@nobarbital, tiagabine, sodium
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valproate and vigabatrin). Insignificant statistiddference was noted between these two
groups (p-value = 0.1).

Generation of First treatment Total
AEDs regimen regimens
_ First 59% 58%
Efficacy
Second 50% 48%
- First 11% 10%
Tolerability
Second 15% 15%

Table 58. Total cumulative effectiveness of firsta  nd second generation AEDs among
patients with idiopathic generalised epilepsy.

In summary, patients with idiopathic generalisedeggy in this analysis demonstrated a
high rate of developing complete seizure contmltdrms of individual AEDs, sodium
valproate and lamotrigine were the drugs with tlghdst prescription rate in this group of
patients with sodium valproate as the drug with highest efficacy and best tolerability.
First generation AEDs showed a higher responseinagatients with IGE than modern
drugs without any significant difference. In termistolerability, older AEDs showed a
slightly better tolerability than newer drug withsignificant difference. Analysis of the
mechanism of action of the last AED monotherapyliadpto idiopathic generalised
epilepsy patients demonstrated a higher resporieetoadAEDs acting by potentiation of
GABA inhibitory effect than sodium channels DblodkinAEDs with insignificant
difference.

4.4. Focal (localization-related) epilepsy

847 patients with focal epilepsy were recruitedhis study, more than three times the

number of patients with idiopathic generalisedegmly (n = 251). Analysis in this study



Chapter 4. Discussion. 186

demonstrated that a lower number of patients wittalf (localization-related) epilepsy
achieved remission using AEDs treatment (67%) tlthopathic generalised epilepsy
patients (73%) with a non-significant differencevibeen the two groups (p-value = 0.1), a
finding also been reported by other studies (Aikia al., 1999;Kwan and Brodie,
2000a;Mattson et al., 1996;Perucca, 2001b;Reuteth8arkovic, 1995). The same pattern
of response according to type of epilepsy was teddsy Kwan and Brodie who observed
a lower remission rate for patients with focal epsly (60%) in comparison to 74% in case
of idiopathic generalised epilepsy patients (Kwad 8rodie, 2000a). The 67% remission
rate in focal epilepsy patients in this project wésse to that reported by (Mohanraj and
Brodie, 2005a) who showed a remission rate by 57#@tents with this type of epilepsy.
The lower opportunity of developing complete segzwontrol in focal epilepsy in
comparison to idiopathic generalised epilepsy mighdue to the presence of underlying
cerebral pathology such as gross structural besioh or congenital neurological deficit
(Sander, 2003).

In terms of efficacy of AEDs, carbamazepine or l&gme are usually the treatments of
choice to start with in case of epilepsy with laoadl onset in the brain (Marson et al.,
2007a). According to Marson and colleagues (SANAOJY) lamotrigine has efficacy
similar to that of carbamazepine for the treatnedrpartial seizures while gabapentin and
topiramate are inferior to carbamazepine in tha@igr these findings were obtained based
on the efficacy measure “time to 12 months remiss{arson et al., 2007a). In contrast,
this analysis showed that among the three commprdgcribed AEDs, lamotrigine was
the drug with both the highest prescription andhbgj response rate (51%) while
carbamazepine had a remission rate of 49% folldwyesbdium valproate (45%) with non-
significant difference (p-value = 0.2). Based oe timdings of other investigators, there is
a consensus based on 43 opinion leaders in thiedfetpilepsy that carbamazepine is the
treatment of choice for simple partial, complextjghrand secondary generalized seizures
(Karceski et al., 2005). According to that analy$isee agents had the highest scores for
the treatment of localization-related epilepsy; beanazepine, lamotrigine and
oxcarbazepine. A similar conclusion was reachednfriis analysis with respect to

carbamazepine and lamotrigine but with sodium af® instead of oxcarbazepine.

Focusing the analysis on the first treatment reginfr patients with focal epilepsy,
carbamazepine, sodium valproate and lamotrigineevedso the three most commonly
prescribed AEDs. There were small differences ificafy between these agents.

Lamotrigine had the highest efficacy (54%) followmdcarbamazepine (52%) and sodium
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valproate (49%) (p-value = 0.5). Another study fdansimilar pattern of response of these
three drugs in the first treatment schedule ingodsi with focal epilepsy reporting that
these three agents were the more commonly predcehd that lamotrigine was more
likely to provide seizure control (63%) followed lcarbamazepine (45%) and sodium
valproate (42%) (Mohanraj and Brodie, 2005b).

Lamotrigine was also according to our analysis lilest tolerated AED with a rate of
withdrawal due to side effects of 10% followed rltamazepine and sodium valproate
(13% and 14%, respectively) (p-value = 0.2). Thizs#ings are consistent with (Marson
et al.,, 2007a) in which lamotrigine was the ageithwhe least number of patients

reporting side effects.

It seems there is not a big difference between dfieacy of the first and second
generation AEDs when applied in the treatment diepgs with localization-related
epilepsy. Findings for both two generations werentdied and compared (Table 59)
showing a slightly lower total cumulative efficaof/older AEDs than modern agents, this
difference (4%) is same whether in the first regime total attempts of AEDs applications
at the end of study in patients with focal epilefjsyvalue = 0.2 and 0.1, respectively). For
tolerability of AEDs in patients with focal epilggsboth generations had similar values
whether in the first treatment schedule or tote#rapts of using these agents (p-value =
0.7 and 0.5, respectively) (Table 59).
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Generation of

First treatment

Total attempts

AEDs regimen
_ First 51% 47%
Efficacy
Second 55% 51%
. First 13% 14%
Tolerability
Second 12% 13%

Table 59. Total cumulative effectiveness of firsta  nd second generation AEDs among

patients with focal epilepsy.

701 patients with focal epilepsy on monotherapythe last treatment regimen were
identified. Among these, 428 were found to be tgksodium channels blocking agents
(carbamazepine, phenytoin, lamotrigine and oxcapae) as AEDs compared to 185
patients on AEDs acting primarily by potentiatiohn@ABA inhibitory effect (clobazam,
phenobarbital, tiagabine, sodium valproate andbagan). Remission rate was similar in
the two groups (74% and 71%, respectively) withgnsicant difference noted (p-value =
0.5).

To sum up, in contrast to patients with idiopateneralised epilepsy, focal epilepsy
patients demonstrated a lower remission rate. Firsetcommonly prescribed AEDs in
patients with focal epilepsy were lamotrigine, @amazepine and sodium valproate.
Among these, lamotrigine was the drug with the &gjlprescription rate, highest efficacy
and best tolerability profile. Second generationD8Edemonstrated a slightly higher
efficacy than first generation agents with insigrdht difference while in terms of

tolerability, similar values were noticed for olderd newer AEDs. Minor differences were
observed in the remission rate among the primanghaun@sms of action of AEDs applied
in the last treatment regimen as monotherapy (sodibannels blockage and potentiation
of GABA inhibitory effect) in patients with focapdepsy.
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4.5. Improved outcome of epilepsy

Total remission rate of patients recruited in teisdy was 68.3%. This value was
attributable to 61.9% seizure freedom in patierftdevon monotherapy at their last clinic
visit and 6.4% in those on combined therapy (padyptacy).

To detect any improvement in the outcome of epilefiswas essential to compare the
findings of this current study with another one ferably with the same conditions.

Fortunately, a study has been conducted previaitstile same department (the Epilepsy
Unit of the Western Infirmary); it was similar thi$ study but with shorter duration of

patient follow up and smaller study population aras conducted on the newly diagnosed
patients from 1982 until 1997 with 470 patientsruged (Kwan and Brodie, 2000a). In

contrast, this current investigation followed 1088wly diagnosed epilepsy patients
referred to the Unit between 1982 and 2005.

The comparison demonstrated around 4% elevatidhartotal remission rate; this value
was obtained through an increase in remission usgagment with monotherapy (around
1% compared with the first cohort) and treatmenhwbolypharmacy (around 3% from the
first cohort) (Table 60).

Combined Total
Recruitment n Monotherapy therapy Remission rate
1982 — 1997 470 61 % 3.0% 64.0 %
1982 — 2005 1098 61.9 % 6.4 % 68.3 %

Table 60. Seizure freedom rates in an expanded coho rt of patients with newly diagnosed
epilepsy.
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When the study population of Kwan and Brodie (2000F 470) was followed up for a
longer duration until 2008 instead of 1997 i.e.y2ars of follow up (11 years longer), 417
patients were found to be still under active follap. Analysis to 2008 demonstrated the
total remission rate was increased by around 6%uet 3% remission on monotherapy
and 3% on combined therapy (Table 61).

This finding suggested an elevation in the ratadfieving seizure freedom as the period
of patients follow up was increased. An eleven gdanger duration of follow up of
patients referred between 1982 and 1997 resultedonnd 6% increase in the chance of
achieving seizure freedom state in these pati¢htgife 24). Analysis of the outcome of
epilepsy based on years of referral (Table 27)cetgis a decline in remission rate in the
recent years where duration of patient follow upsl®rt compared to the high rate of
complete seizure control in patients referred ® Epilepsy Unit with long duration of
follow up. Camfield and Camfield have also reportieat the longer the period of follow
up of patients, the greater the proportion of theb® develop complete seizure control
subsequently (Camfield and Camfield, 1996).

Recruitment Date of Monoth Combined Total
ecruitimen n onothera s

1982 — 1997 1997 470 61 % 3.0% 64.0 %
1982 — 1997 2008 417 64.5 % 6 % 70.5 %

Table 61. Recalculation of seizure freedom rates of  data of (Kwan and Brodie, 2000a) study
based on analysis performed on 2008 (after 26 years  of follow up) compared with initial

analysis on 1997.
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Responders
(%

70%

60% -

1982-1997 1982-1997 1982-2005
n=470 (1997) n=417 (2008) n=1098 (2008)

Cohort studies

‘ 8 monotherapy @ polypharmacy ‘

Figure 24. Seizure freedom on AEDs treatment (monot  herapy and combined therapy) of this

study compared to Kwan and Brodie (Kwan and Brodie, 2000a).

This improvement in the outcome of epilepsy waateal to the longer duration of follow
up of these patients. The development and introaluatf new AEDs for epilepsy is a
continuous process and as time passes, more nawsage available in the market for
clinical practice. Therefore, the improvement ie thutcome of epilepsy following longer
duration of patients’ follow up might be linked tbe increasing options of second
generation AEDs available to treat this disease.

There is an increasing rate of prescription of sdogeneration AEDs as these agents are
becoming more widely accepted and prescribed byic@ins in the last decade (NICE,
2004). To identify the AEDs that those 417 patiemt® continued treatment after 1997, a
further analysis was performed on patients refetoetie epilepsy unit after 1997 i.e. from
1998 until 2005 (n = 681) as treatment would beeeigd to be similar to those 417
patients referred before 1998 in terms of choice AEDs selection. This analysis
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demonstrated that the rate of second generation SARE2scription in patients on
monotherapy referred after 1997 was 60% comparetD% in case of first generation
agents. On the other hand, these figures were @atetyplopposite for patients referred
before 1998 in which the rate of second generaiBs prescription (34%) was lower
than first generation agents (66%) (Table 62).

Dividing the study population into three groups dzh®n years of referral with the first
group representing the population of Kwan and Br¢@000) with referral period between
1982 and 1997 while the other two groups repretsenimore recent years of referral to the
Epilepsy Unit, (Figure 25) demonstrates a gap betwée first group and the other two
groups. According to this analysis, patients oftthke more recent groups needed a shorter
duration of treatment to achieve seizure freedompared with the first group keeping in
mind that during the period of referral of the tre@ent groups (1998 — 2005) more options
of second generation AEDs were available.

Drug use Drug use Drug use
before 1998  before 1998  after 1997 onwards
(A;n=470) (B;n=417) (B; n = 681)
Monotherapy 423 349 564
Older AEDs (%) 289 (68%) 232 (66%) 224 (40%)
Newer AEDs (%) 134 (32%) 117 (34%) 340 (60%)

Table 62. A comparison of monotherapy drug use ont  he last clinic visit of patients
commenced on treatment before 1998 and after 1997 o nwards with seizure freedom rates,
A (Kwan and Brodie, 2000a) and B (this study).

Another way of determining the rate of second gatiem AED prescription since their
introduction was by identifying these agents dutimg three periods of referral adjusted to
make the number of patients in each group as empilossible. This analysis showed a

gradual elevation in the rate of prescription ofd@m drugs over the years of referral at
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the expense of old drugs; 28% in patients refetoeithe Epilepsy Unit between 1982 and
1996, and 38% between 1997 and 2001. In the moshteyroup (referred between 2002
and 2005), the prescription rate of second gemeratgents reached 59%. Increasing the
rate of newer drugs prescription was associatedd aigradual elevation in the response
rate. This was accompanied by a gradual reductiorthe prescription rate of first

generation AEDs from 58% in the earliest referraugp, then 39% in the next group and
27% in the most recent group of referral. Accorting gradual reduction in response rate

of these older agents was noticed (Table 63).
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Generation of

n (% Responders
AEDs (%) P

(1982 — 1996) First 216 (58%) 165 (76%)

(n=371) Second 103 (28%) 82 (80%)
(1997 — 2001) First 136 (39%) 99 (73%)

(n=346)  “Second 131 (38%) 102 (78%)
(2002 — 2005) St 104 (27%) 81 (78%)

(n = 381) Second 223 (59%) 151 (68%)

Table 63. A comparison between the rate of firstan  d second generations AEDs prescription
on the last clinic visit and their response rates a ccording to the periods of referral in

patients on monotherapy.

When the second generation AEDs started to be nibesicclinically, most were usually
given to epilepsy patients as add-on medicationl/fmarmacy). Table 64 shows the type
of treatment (monotherapy or polypharmacy) giverpadients on their last clinic visit
among the three periods of referral. It demonsir#tte highest rate of combined therapy
prescription in the second group of years of refeft997 - 2001) 23% compared to the
first (1982 - 1996) 14% and third group (2002 - 2004%. In the first period of referral,
rate of combined therapy prescription was low & gbcond generation AEDs were just
entering the market with limited clinical trial datand lack of awareness of their
effectiveness by the clinicians. The higher prgdimn of combined therapy in the second
group compared with the first period may be becagsmwmnd generation drugs had been
shown to have good efficacy with lower side effgmtsfiles that made them more widely
accepted and prescribed by physicians. Simila# first period of referral, the third
group was characterised by a lower polypharmacgaoigion rate in comparison to the
second period possibly because further researchshadn similar efficacy of second

generation AEDs compared to first generation agemtimizing their prescriptions as
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add-on therapy. Remission rate was also the highdabe second group (16%) compared
to the first (6%) and third group (6%) (Table 64l dfgure 26).

Monotherapy Responders Polypharmacy Responders

Period of
n on last on on last on
referral _ )
regimen monotherapy regimen polypharmacy

1982 - 1996 371 319 (86%) 247 (94%) 52 (14%) 15)(6%
1997 - 2001 346 267 (77%) 201 (84%) 79 (23%) 394)16
2002 - 2005 381 327 (86%) 232 (94%) 54 (14%) 16)(6%
Total 1098 913 680 185 70

Table 64. Type of treatment on last regimen (monoth  erapy or polypharmacy) with response

rate during periods of referral.

Responders
(%9

100% -

80% -

1982-1996 1997-2001 2002-2005
n=262 n=240 n=248

years of referral

8 monotherapy O polypharmacy

Figure 26. Type of treatment on last regimen (monot  herapy or polypharmacy) during year of

referral in seizure freedom patients.
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Therefore, it might be concluded that the longenatian of follow up of epilepsy patients
is associated with more opportunities to selectafhe wide range of second generation
AEDs (with variable mechanisms of actions) withoagequent better chances of achieving

seizure control in these patients.

Another element associated with increasing thetaureof follow up is the number of
treatment regimens applied. Patients who fail tsmshomplete seizure control on a certain
treatment regimen (whether monotherapy or polyphagnwill eventually be moved to

another regimen either through substitution or daimlg with another AED.

The chance of achieving seizure freedom is highdst the first treatment schedule and
declines with subsequent regimens whether the AE&trment is applied as monotherapy
or combined therapy. Based on this study, compksizure control was achieved
progressively until the seventh treatment scheduibble 65). Patients who developed
complete seizure freedom on the first treatmeninteg constituted 50% of the whole
study population compared to 13% in case of respantb the second treatment schedule
(whether monotherapy or polypharmacy). On the otlagd, patients with remission on all
subsequent regimens together (i.e. third, fourifth,f sixth and seventh treatment
schedules) constituted only 5% of the whole studpupation (Figure27). Therefore,
responders on the first two regimens contribute@3# of the remission rate of the whole
study population. Failure to achieve remission loa first two treatment regimens was
associated with a low chance of achieving seizzwedom on the subsequent schedules
(Figure 28). These findings support other studies suggested the definition of refractory
epilepsy should follow the failure of two appropeiy selected and adequately tried AEDs
based on their observations of remission rate &6 fidlowing the first treatment regimen,
13% following the second and only 4% on the subsefjuegimens (Arts et al., 2004;
Kwan and Brodie, 2000a). The hope for achievingatéesof complete seizure control is
always there although small as in the work of 8piaa who demonstrated that remission
of seizures can be achieved after a period of @g &s 30 - 35 years after the diagnosis
(Sillanpaa, 1993). By modification of AED therapgndonstrated a remission rate of 3% of
the patients each year after a 20 year historptodictable seizures (Callaghan et al., 2007)
using the available second generation AEDs duriregg study period i.e. 2000 — 2003
compared to the more commonly prescribed first g drugs before 2000.
Considering a particular patient as drug resisdaes not necessarily imply that the patient

will never achieve complete seizure control aftartfer AED therapy manipulation
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(Callaghan et al., 2007;Luciano and Shorvon, 20€hi|er and Najjar, 2008). This is

because drug responsiveness in epilepsy shouldristdered as a dynamic process.

Seizure freedom on first
regimen

Seizure freedom on
second regimen

Seizure fredom on
subsequent regimens

Not seizure free

Figure 27. Outcome of newly diagnosed epilepsy pati  ents.

There may be other factors not related to drugs phaicipated in the improvement of
outcome of epilepsy after long duration of folloyw such as improvement of patients’
awareness of this disease and the necessity tdredéenent in order to avoid its negative
consequences. Health education programs couldgiayed a major role in this regard. In

some patients, the improvement may be part of #iteral history of the disorder.
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Table 65. Remission rate of both both monotherapy a

regimens.

Trea_ltment Type of Num_ber of Responders (%)
regimens treatment patients

First Monotherapy | 1098 544 (50%)
Monotherapy 254 101 (40%)

Second Polypharmacy 144 45 (31%)
Total 398 146 (37%)
Monotherapy 64 26 (41%)

Third Polypharmacy 104 15 (14%)
Total 168 41 (24%)
Monotherapy 17 6 (35%)

Fourth Polypharmacy 51 5 (10%)
Total 68 11 (16%)
Monotherapy 3 1 (33%)

Fifth Polypharmacy | 29 3 (10%)
Total 32 4 (13%)
Monotherapy 3 1 (33%)

Sixth Polypharmacy 13 1 (8%)
Total 16 2 (13%)
Monotherapy 2 1 (50%)

Seventh Polypharmacy 7 1 (14%)
Total 9 2 (22%)
Monotherapy 0 0

Eighth Polypharmacy 3 0
Total 3 0
Monotherapy 1 0

Ninth Polypharmacy 1 0
Total 2 0

nd polypharmacy in all treatment

199
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Probability of NOT being seizure—free by number of regimens taken
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Figure 28. Outcome of epilepsy by number of regisnken.
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The concept of “adequately tried AEDs” is an impatt factor in the definition of
refractory epilepsy as failure of a certain treattrechedule may not be only due to lack of
efficacy of that particular AED/s combination agsia certain seizure type, but also could
be due to the development of intolerable side &ffenaking the AED/s combination

poorly tolerated and subsequently withdrawn.

The rate of development of complete seizure corfisbbwing failure of a particular
regimen due to poor tolerability tends to be higian remission after failure due to lack
of efficacy. This finding was observed after faluf the first and also second schedule.
The small number of patients in the subsequentdsdbe limited the ability to analyze
their rates of seizure freedom. This pattern ofission was observed in almost all three
levels of cut off points of the recommended daibfided doses of AEDs applied as
monotherapy (Table 66). Statistical analysis of rdmission rate following failure of the
first treatment regimen demonstrated a significdifference between the three cut off
levels (25%, 50% and 75%) in term of types of treait failure i.e. failure due to lack of
efficacy and failure due to poor tolerability (phva = 0.01). These observations are in
agreement with the findings of Kwan and Brodie wéported that seizure freedom on the
second regimen following failure of treatment daepbor tolerability tends to be higher
than that failure due to lack of efficacy (Figur@) ZKwan and Brodie, 2000b). The small
number of patients with remission following failusétwo treatment regimens has limited
the ability to perform a statistical analysis. Tiigher remission rate following failure of a
previous regimen due to poor tolerability supptintsidea that treatment failure because of
poor tolerability does not represent refractoryleggsy because the development of
intolerable side effects shortly after the preswip made withdrawal of that particular
drug an essential step. This is consistent with iKwaad colleagues who reported that a
pharmacological intervention can only be considefé@dvas “appropriate” for the patient
epilepsy and seizure type and applied “adequatelyterms of strength/ dosage for a
sufficient length of time (Kwan et al., 2009).

Instead of the three levels of cut off points o tecommended daily defined doses of
AEDs, using simple calculations of patients whdefitreatment with the first schedule

due to ongoing seizures (regardless of the dosingjithdrawal of treatment due to side

effects, the remission rate on subsequent schedwss10% (n = 109). This value is

almost identical to Kwan and Brodie who showed huevaof remission rate of 11% on

subsequent regimens in this group of patients(KarahBrodie, 2000a).
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Remission Remission
Percentage of  Type of ) _
_ following one following two
DDD failure _ _ _ _
regimen failure regimens failure
LOE 34% 25%
25%
PT 50% 0%
LOE 31% 19%
50%
PT 45% 25%
LOE 29% 13%
75%
PT 42% 33%

Table 66. Remission rates following the two types o

epilepsy patients on monotherapy.
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Figure 29. Response to the second antiepileptic dru
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Based on findings of this study and other relatedsp longer duration of follow up of
epilepsy patients appears to be associated witto@est improvement in the ultimate
outcome as it will be accompanied by the applicatibmore regimens most of which will
include second generation AEDs. Therefore, it apptaat the availability of wide range
of these agents with variable mechanisms of actiesa contributed to this outcome
improvement. In addition, improvement of patierdg/areness about epilepsy could have

contributed to the improvement of outcome.

The modest improvement in the outcome of epilepay in patients with complete seizure
control. It is also possible that there might beimprovement in patients with ongoing
seizures. This improvement might take the form educed seizure frequency and/or
seizure severity but unfortunately this study was$ able to show this due to lack of
required data. Again, there is a chance that seqdravement might be at least partially
attributable to second generation AEDs.

Failure of two consecutive schedules was associaitid a lower chance to develop
seizure freedom subsequently. Thus, developmergfaictory epilepsy is more likely to
take place following failure of the first two treagnt regimens. Failure of these two

regimens is more likely to be due to lack of effigaather than poor tolerability.
4.6. AEDs response and doses

The response to individual AEDs does not seem tedmstant but varies according to
sequence of prescription e.g. efficacy of carbampiaeewhen applied as a first treatment
schedule differs from when given in any other regis This variability is observed not
only for efficacy of AEDs but also for tolerabilitCompared with variability in efficacy,
differences in tolerability profiles of AEDs betweérst regimen and other regimens were
smaller. This phenomenon was observed for mosh@fAEDs applied in this study as
monotherapy. Bogg and colleagues have linked tHacten in the sensitivity to AEDs
with the prolonged application of these agents (Ba&j al., 2000), perhaps due to
overlapping effects of other previous AEDs alreagplied or prolonged exposure to these
agents that results in brain morphological or phiggjical changes leading to alteration in
the response to these drugs. This has also beemdhoFrey and colleagues who showed
a reduced severity of side effects of AEDs follogvprolonged use of these drugs (Frey et
al., 1986). Based on these observations, it mightdncluded that the response to the first

AED prescribed is the corner stone for determinihg ultimate outcome of epilepsy.
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Consequently, failure to respond to the first AHRerapy is associated with a poor
prognosis of epilepsy in the future while patientth a good response on the first regimen
are more likely to develop complete seizure congnatntually, an observation that was
also reported by other investigators (Kwan and Bro2000a). In this study, patients who
responded to the first AED therapy comprised 50%hef total number who achieved
remission by the end of this investigation in conmgmn to the subsequent treatment
regimens that showed a continuous reduction inrgmeission rate. These findings are
similar to those of Kwan and Brodie who observedealine in the rate of developing
complete seizure control following failure of thest treatment regimen (Figure 30) (Kwan
and Brodie, 2000b). Ma and colleagues also obsettvadmajority of epilepsy patients
achieved seizure freedom while on the first treatmegimen (Ma et al., 2009). Among
patients with partial epilepsy, the rate of complseizure control after failure of the first
regimen was found to be around 14% in patients ematherapy (Kwan and Brodie,
2000a;Schmidt, 1986;Schmidt and Richter, 1986) lagidveen 3% and 11% in case of
combined therapy (Kwan and Brodie, 2000a;Mattson akf 1985). The current
investigation demonstrated a rate of remissionr dftidure of the first regimen of 9% in
patients on monotherapy and 5% in case of comkimexdpy among patients with partial

seizures.

It may be that the response to first drug is imgrartbecause the brain has never been
exposed to these agents before maximising effettsrain targets without the chance to
develop drug tolerance through brain target maodiifims that may alter the brain
response. This might be the reason for variatiomesponse to the same drug in two
different patients according to its sequence o$giption. Individual differences can also
be an important factor in this regard as there mighsome degree of cellular differences

in the brain among patients that control the respda AEDSs.
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Figure 30. Remission rate of epilepsy following fai lure of the first regimen (Kwan and

Brodie, 2000Db).

Based on the results obtained in this study andrdowy to the recommendations of the
World Health Organization (WHO), it was observedttlseizure freedom state was
reached using a relatively moderate dose of theceimmonly prescribed AEDs i.e.
lamotrigine, sodium valproate, carbamazepine, &ovpate, oxcarbazepine and
levetiracetam in majority of the responder patiemithout the need to reach high dose
concentrations (Table 67). Even in case of carbapiag and topiramate, most of the
patients who achieved complete seizure control (82% 97%, respectively) were found
to be taking lower than the daily defined dose mt@nded by WHO (Table 67). A
similar pattern was observed in case of tolerabjibfiles of these six commonly applied
agents. It was observed that the majority of p&ievho discontinued these drugs due to
side effects were receiving doses lower than tbemenended daily defined doses rather
than high doses (Table 67). Therefore, it can Ibelcoled that the response to initial doses
of AEDs can be assumed as an indicator of the bweisponse at least in the commonly
prescribed AEDs.

These findings are in agreement with other reseascivho reported a high proportion of
patients with complete seizure control while on erate doses of AEDs without
developing intolerable side effects (Kwan and Bep@001;Ma et al., 2009;Ryvlin, 2005).
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Adjusting AEDs dose within the low to moderate rangithout reaching the high
concentrations will lower the risk of developinglsieffects. In addition, this will lead to
saving time required in the treatment of patierstshtee opportunity to move to another
treatment regimen (by substitution or combinatiaii) be more rapid. Another advantage
is lowering the cost and various other resourcesiee to provide medical care for patients
with epilepsy. Improvement of the patients’ compda is a likely consequence of
restriction of AEDs dose to low and moderate raragthe patients do not need to persist
on a particular AED treatment without improvemehseizures. In addition, there might
be a risk of developing tolerance to a particul&DPor other future drugs as remaining on
the same agent for a long period of time may resuthorphological and physiological
changes in the brain (Bogg et al., 2000). Howesmme investigators believe that seizures
do not beget seizures except in rare cases witteragty prolonged seizures (Berg and
Shinnar, 1997). It would be appropriate to estabspredefined period of time for the
application of each AED with failure to obtain sagie freedom or at least 50% or 75%
seizures reduction within this period necessitatmgoduction of a new AED treatment

regimen either through substitution or combination.
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Dose required to | Dose required for
AED DDD reach a certain a certain
remission rate withdrawal rate
. < 400 mg/day <300 mg/day
Lamotrigine 300 mg/day
(94%) (94%)
Sodium < 2000 mg/day <1500 mg/day
1500 mg/day
valproate (95%) (92%)
_ < 800 mg/day <600 mg/day
Carbamazeping 1000 mg/day
(92%) (97%)
_ < 200 mg/day < 200 mg/day
Topiramate 300 mg/day
(97%) (100%)
_ <1200 mg/day <900 mg/day
Oxcarbazeping 1000 mg/day
(96%) (91%)
_ < 2000 mg/day <1000 mg/day
Levetiracetam 1500 mg/day
(91%) (86%)

Table 67. Remission and withdrawal rates due to sid e effects among certain dose ranges.

As it has been discussed earlier, three differattems of response were observed in the
patients recruited to this study. These includetiepts who developed complete seizure
freedom after a period of ongoing seizures (66¥)se with intractable seizures despite
various AED treatment regimens either as monothyeoaombined therapy (25%). The
last group of patients consisted of those who h#ldcauation in response to AEDs with
periods of remission and relapse (9%). With theeption of the third category of this
study (patients with fluctuating response to AEDRE other two groups (patients with
remission and those with intractable seizures) vgarelar to those studied by Kwan and
Sander who categorised the prognosis of epilefsytimee groups i.e. excellent prognosis
with or without treatment (around 30%), good praogisoonly with treatment (30%
approximately) and poor prognosis with continuoe&zwwes despite AEDs treatment
(around 40%) (Kwan and Sander, 2004). When addiegpercentages of the first two
remission groups of Kwan and Sander together Q& &pproximately, these findings are
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similar to those of the first group of this curremgestigation (remission after a period of
ongoing seizures) i.e. 66% (Figure 31).

OA
BB

Intractable

Remission seizures
Remission only on despite
with or without  treatment treatment
treatment

Figure 31. A comparison regarding the natural histo ry of epilepsy between A: (Kwan and
Sander, 2004) and B: this study.

Reanalysis of these three groups by splitting ptgién the first category (patients with
complete seizure control) into two groups basedhentiming of starting seizure freedom
in relation to the beginning of AEDs treatment te=iiin four categories:

1. Patients with excellent prognosis who developmminplete seizure control
immediately after starting treatment with AEDs. 2@atients in this group
constituted 24% of the total study population.dtassumed that this group of
patients included those who would achieve remissien without AED treatment

because spontaneous remission of the underlyingptpgenic process has taken
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place (Sander, 1993). The issue of spontaneouss&mihas not attracted a lot of
attention because of the ethical difficulty in canting a study without supplying

essential treatment to these patients (Kwan andesa@004).

2. Patients with good prognosis of epilepsy whodeeetime to achieve seizure
freedom using either single or multiple treatmesgimens with AEDs. Some of
these regimens may be in the form of monotherapylewbthers might be
combined therapy. This group was represented by pHients (43%). Other
studies have observed a remission range of 65-80%iis group of patients in
whom it is believed the epileptogenic process doasremit and seizures will
recur after AED withdrawal (Sander, 1995).

3. Patients with intractable seizures who did reteha period of at least 12 months
seizure freedom during their follow up despite gsimultiple AED treatment
regimens. They constituted 25% of the study popriain = 272). This confirms
other hospital based (Sander and Sillanpaa, 198@¢8a1993) and community
based studies (Annegers et al., 1979;Goodridge @hodrvon, 1983) which
demonstrated that around 20-30% of newly diagnas@tkpsy patients do not
enter remission (Kwan and Brodie, 2006). Some e$¢hpatients might have one
of the epilepsy syndromes associated by low respoate to pharmacological
intervention e.g. mesial temporal lobe epilepsgsthpatients will need a surgical
intervention that demonstrated a high remissioe ratmany cases (Engel and
Shewmon, 1993;Hennessy et al., 2001;Holmes e129.7;Wieser et al., 1993). In
patients with these syndromes, the intractableuseszwill be of genetic origin.
Genetic factors can also lead to refractory epyleps a result of recognised
mechanisms i.e. multi-drug transporter hypothélsescher and Potschka, 2002)
and drug target hypothesis (Vreugdenhil and Wadrhff9). Other explanations
for these refractory seizures include epilepsyteeldactors such as early onset of
seizures (Camfield et al., 1993;Casetta et al.9)16Btype of seizures (Aikia et al.,
1999;Mattson et al., 1996) or family history oflepsy (Berg et al., 2001;Elwes et
al., 1984). Intractable seizures might also be ttueeduced responsiveness to
AEDs following prolonged exposure to these ageBtxg et al., 2000;Frey et al.,
1986).

Patients with focal epilepsy are known to have welo remission rate in

comparison to those with idiopathic generalisedepgy (Aikia et al., 1999;Kwan
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and Brodie, 2000a;Mattson et al., 1996;PeruccalRBButens and Berkovic,
1995). The underlying brain lesion may be one ef itain responsible factors in
this regard (Loiseau et al., 1990). In this currenestigation, 82% (n = 222) of
patients with refractory epilepsy had focal epilepsth those with symptomatic
epilepsy in which identified brain pathology wasmarised 48% (n = 130).

4. 98 patients (9%) had fluctuation in responseAEDs between remission and
relapse. Although some patients of this group dgped remission of seizures as
an ultimate outcome, they had some recurrencesinfires during their follow up
course. Berg and colleagues reported up to fivegeiof remission interrupted by
intervals of relapses with a greater risk of redegpafter remissions in patients with
idiopathic epilepsy (Berg et al., 2009). Patientghwidiopathic generalised
epilepsy comprised 26% of patients with a fluctatin AED response in this
study. Instead of being constant, Berg et al., edported the fluctuation in AED
responsiveness that might be due to shifts in #tlegphysiological features on the

underlying cerebral lesion (Berg et al., 2009).

Analysis of AED response among all patients on nfmgr@apy on their last visit to the
Epilepsy Unit demonstrated insignificant differesceith regard to the ultimate outcome
of epilepsy among the two generations of AEDs, atgb among the two primary
mechanisms of action (sodium channels blockage parteintiation of GABA inhibitory
effect) whether analysed in terms of the ultimateeome of epilepsy or rate of response of
a particular regimen following failure of previogshedule acting by the same primary

mechanism of action.

In conclusion, it seems that the first AED appliechewly diagnosed epilepsy patients is

the major predictor of the ultimate outcome of ep#ly probably because it is the first

exposure of the brain to AEDs leading to the higlobserved response. In prolonged drug
exposure, the brain might develop adaptation tedlagents or pathophysiological changes
of the underlying disorder might take place witlhsequent variation in the drug response
among the following treatment regimens. This cduddthe reason for the variation in the

effectiveness of AEDs according to their order ofsgription indicating that the

effectiveness to these agents is a dynamic rathera fixed process.

Complete seizure control was obtained in the migjarf patients with most of the AEDs

in this study using moderate doses of these ag€hessame pattern was observed in case
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of the tolerability. Therefore, it might be usefal restrict the use of these drugs to a
slightly higher than moderate doses without reaghiigher concentrations, while
specifying a certain period of time for the tridlmarticular AEDs. The four patterns of
response to AEDs observed in this study link soinne well known aspects of epilepsy
together such as pathophysiology of seizures, ticéd basis of pharmacoresistance,

prognosis, epileptogenesis process, genetics alepgpsyndromes.

Insignificant differences were noticed among the tenerations of AEDs and also among
the two primary mechanisms of action of AEDs (sadichannels blockage and

potentiation of GABA inhibitory effects) in termg the ultimate outcome of epilepsy.
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Conclusion

This is a large-scale retrospective study thabfedld up newly diagnosed epilepsy patients
for almost 26 years. Patients were referred tdehieepsy Unit of the Western Infirmary in
Glasgow, Scotland between 1982 and 2005. Amongndrds00 patients, 1098 met the
inclusion criteria and were recruited. The ultimatécome of epilepsy and effectiveness
of AEDs applied were identified for the whole stuglgpulation. Consequently, analysis
was conducted in relation to a variety of demogm@phlinical and pharmacological

aspects.

A comparison has been made between the first atmhdegeneration AEDs in terms of
efficacy and tolerability in special populationsdaregarding the ultimate outcome of
epilepsy. Such a comparison has not been addresseidusly in clinical trials as most of
studies have concentrated on comparison betweeavidodl drugs rather than groups of
drugs (generations). The efficacy of first generathEDs were found to be significantly
higher in elderly patients with epilepsy 65 years old) than the second generation drugs.
Other age groups (adolescents and adults) demtaetstirgsignificant difference between
older and modern AEDs. Gender analysis showed mifis@ntly higher efficacy and
tolerability of both generations of AEDs in maldgn females. Insignificant difference
was noticed between the older and newer AEDs imdeof idiopathic generalised and
focal epilepsy. With regard to the ultimate outcoafeepilepsy, there was insignificant

difference between first and second generation AEDs

Analysis of the ultimate outcome of epilepsy by #mal of study was calculated. Among
the various age groups, elderly patients demowestrat higher seizure freedom rate
compared to adolescents and adults. In terms afegemale patients with epilepsy had a
remission rate higher than females. Regarding egjleclassification, patients with

idiopathic generalised epilepsy had a rate of cetepseizure control higher than those

with focal epilepsy.

The ultimate outcome of epilepsy of patients raerito this study demonstrated a modest
improvement over the last two decades; this mayad®imed to be due to the longer
duration of follow up of these patients accomparbgdthe application of wide range of
available second generation AEDs and the varioeatrtrent regimens with different
combination strategies. Therefore, it can be cateduthat the newer AEDs have

contributed to the modest improvement in the pregn®f epilepsy. The correlation
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between the duration of follow up and the ultimatecome of epilepsy was observed in
elderly patients with focal epilepsy. These patesgmonstrated an elevation in the total
remission rate associated with an extension of theiod of follow up following an initial

analysis.

Observations from this study were consistent witidihgs from other studies regarding
the number of AED treatment regimen failures nedaefdre a patient can be considered
as drug resistant. It was observed that failurevof appropriately selected and adequately
tried AED treatment schedule was associated wiimall opportunity to develop complete
seizure control subsequently, keeping in mind thainsidering a patient as
pharmacoresistant does not necessarily mean timiresefreedom state will never be

achieved as AEDs can show fluctuation of respomaeis difficult to predict.

This study also provided an opportunity to analyseresponse to AED therapy based on
the mechanism of action, an issue that was addtésselimited number of studies. Male
patients with idiopathic generalised epilepsy shbadigher response rate to AEDs acting
primarily by sodium channels blockage than femalks: AEDs working mainly by
potentiation of GABA inhibitory effect, males witlGE also had a significantly higher
response rate than females. Among focal epilep$iemia, similar response rates were
detected in males and females with regard to ttvesenechanisms of action. Patients with
idiopathic generalised epilepsy generally had ehdvigremission rate on AEDs acting
mainly by potentiation of GABA inhibitory effect dm those acting by sodium channels
blockage. In contrast, similar response rates weserved for these two mechanisms of
action among all patients with focal epilepsy. Bm# of the ultimate outcome of epilepsy

did not reveal any difference between these twohaeisms of action.

Response to the first ever AED therapy was founddoassociated with the highest
response rate with a gradual decline in the sulesdgschedules. The variability in the
response to AEDs might be explained by changes tdieg place in the brain. In
association with genetic background and other factach as seizures type and epilepsy
syndrome, the variability of AED response has bieemd to follow multiple patterns of
response. Minimizing the application of AEDs used monotherapy to a moderate or
slightly higher than moderate dose range has beewrsto be sufficient to predict the

response to these drugs eventually in terms afafji and tolerability.
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Being a retrospective study, this has lowered thegp of this investigation to detect a true
difference between patient groups and to give arclaterpretation of results and
recommendations because of the information biasceged with the lack of some
required data. Therefore, the application of a pective type of analysis would be a better
alternative in this regard although this may regj@idong follow up of patients. Applying a
retrospective study was the only way to follow bpde recruited patients for such a long
period of time (26 years approximately). Conductamgappropriately designed prospective
study is therefore strongly recommended to obtago@d accuracy of data collection with

accurate results consequently.
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Appendices
AEDs Regimens
o Total | Efficacy
combination 2 3 4 5 6 7 8
0 0
CBZ + FBM - - - - - - 0
1) (1)
1 0 1 2
CBZ + GBP - - - - 15 %
(7 | ) 1) (13)
1 0 1|0 2
CBZ + LEV - - - 18 %
G| 3 | @@ (11)
0 0 0 0
CBZ +LTG - - - - 0
® | @ |© (12)
2 0 2
CBZ + PGB - - - - - 40 %
4 | @ (5)
0 0
CBZ + PHT - - - - - - 0
1) (1)
0 1 0 1
CBZ + TGB - - - - 33 %
@ | @ 1) 3)
1 0 0] o0 1
CBzZ + TPM - - - 11 %
() I ) R I ¢ I )] 9)
1 0 1
CBZ + VGB - - - - - 17 %
@ | @ (6)
1 0 0 1
CBZ + VPA - - - - 13 %
G | @ 1) (8)
0 0
CBZ + ZNS - - - - - - 0
1) (1)
CBZ + AZM + 0 0 o
TPM (1) (1)
CBZ + CLB + 0 0 0
LEV 1) 1)
CBZ + CLB + 0 0 0
VPA 1) 1)
CBZ + GBP + 0 0 0
LEV (1) 1)
CBZ + GBP + 0 0 o
LTG 1) 1)
CBZ + GBP + - 1 o] o - - 1 20 %
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TPM @ | @] Q) (5)
CBZ+LEV + O 0] 0O 0 .
TPM 1 | @ @] @ (4)
CBZ+LTG + 0 0 .
LEV 1) 1)
CBZ+LTG + 0 0 .
PHT (1) 1)
CBZ+LTG + 0 0 .
TPM 1) 1)
CBZ+LTG + 0 0 o
VGB 1) (1)
CBZ + PGB + 0 0 .
TPM (1) (1)
CBZ+ TPM + 0 0 o
PGB 1) 1)
CBZ + AZM + 0 0 .
TPM + ZNS @ | @
CBZ+LEV + 0 0 .
TPM + PGB 1) 1)
0 0
VPA + CLB - - - - - 0
1) 1)
0 0
VPA + FBM - -] - - 0
1) 1)
1 0 1
VPA + GBP - - - - 20 %
3) (2) (5)
2 1 | 1 2
VPA + LEV - - - 31%
®G) | 6 | 3 (13)
27 | 5 | 0| 0 32
VPA + LTG - - 40 %
(58) | (18) | (@) | (3) (81)
0 0
VPA + OXC - -] - - 0
1) 1)
0 | 0 0 0
VPA + PGB - - - 0
1 | @ 1) 3)
0 1 (200 3
VPA + TPM - 25 %
@ |6 |@@| Q] (12)
0 0
VPA + VGB - -] - - 0
(1) 1)
VPA + ZNS - 1 N I R - 1 100 %
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(1)

(1)

VPA + CLB + 0 0 .
LEV (1) (1)
VPA + CLB + 0 0 0 .
LTG 1) 1) (2)
VPA + GBP + 0 0 .
TPM 1) 1)
VPA + LEV + 1 1
- - - -] - 100 %
TPM 1) 1)
VPA + LTG + 0 0 0 .
ZNS 1) 1) (2)
VPA + LTG + 0 0
- o] - -] - 0
GBP 1) )
VPA + LTG + 0 (0] O 0 o
LEV 4 | 2| Q) (7)
VPA + LTG + 0 0 .
PHT (1) (1)
VPA + LTG + 0 | 0] O 0 .
TPM 4) | 1) @) (6)
VPA + PGB + 0 0 .
ZNS 1) 1)
VPA + GBP + 0 0 .
LEV + LTG 1) 1)
VPA + LEV + 0 0 o
LTG + PGB 1) (1)
VPA + LEV + 1 1
- - - - - 50 %
LTG + TPM ) )
VPA + LTG + 0 0 o
PGB + TPM 1) 1)
0 0
LTG + AZM - - -] -] - 0
1) 1)
0 0 |0 0
LTG + GBP - 0
2 | @ | @ (5)
2 1 0 3
LTG + LEV - -] - 11 %
(18) | (8) 1) (27)
0
LTG + OXC o@| - o 0
1)
LTG + PGB - o 1| -] o - 1 33 %
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1 | @) 1) 3)
0 0
LTG + PHT - . . 0
1) (1)
0o 0
LTG + TGB - - - - 0
@ | @ 2
5 0 0| 0] 1 6
LTG + TPM - 26 %
| ® | OO (23)
0 0 0
LTG + VGB - - - - 0
2) (5] 3)
1 0 1
LTG + ZNS - - - - 33%
(2) 1) 3)
LTG + GBP + 0 0 0
LEV (1) (1)
LTG + LEV + 0 0 o
PGB (1) (1)
LTG + LEV + 0 0 0 0
TPM 3 | @ (5)
LTG + LEV + 0 0 o
ZNS (1) (1)
LTG + TGB + 0 0 0
VGB (3) (3)
LTG + TPM + 0 0 o
ZNS (1) (1)
LTG + VGB + 0 0 o
CLB (1) (1)
LTG + VGB + 0 0 o
TPM (1) (1)
LTG + VGB + 0 0 0
ZNS (1) (1)
0 0
FBM + PHT - - - - - 0
1) (1)
1 0 1
GBP + LEV - - - - 50 %
1 | @ (2)
0 0
GBP + OXC - - . 0
1) (1)
0 0
GBP + PHT - - - -] - 0
1) (1)
GBP + TPM - - A ] 1 100 %
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) )
1 1 0 2
LEV + OXC - - - 33%
3G | @ 1) (6)
0 0
LEV + PGB - - - - - 0
1) 1)
1 0 1
LEV + TPM - - - - 33 %
2) 1) 3)
0 0
LEV + ZNS - - - - - 0
1) 1)
LEV + PGB + 0 0 0
ZNS 1) 1)
LEV + PGB + 0 0 0
TPM + ZNS 1) 1)
0 0 0 0
OXC + PGB - - - 0
@2 | @ 1) 4)
0 0
OXC + TPM - - - - - 0
@) 1)
0 0
OXC + ZNS - - - - - 0
2) 2
Total of
responders on 45 15 5 3 1 1 70 -
polypharmacy
Total of Non-
responders on 99 89 46| 26| 12 6 286 -
polypharmacy
Total 144 | 104 | 51| 29| 13 7 356 -

Appendix 1. Efficacy of AEDs combinations in patiets on polypharmacy.
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