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Abstract 

Background 

Better understanding of the demographic d istribution of epi lepsy and the prevalence of 

' more specific forms of epi lepsy' in community-based settings would improve our 

understanding of this d isorder at the population level .  Although we now have good 

estimates of epi lepsy prevalence for most countries, we sti l l  lack knowledge on its 

demographic distribution by age, ethnicity, region, and socioeconomic status. In add ition, 

no studies to date have reported the prevalence of epi lepsy syndromes using patient 

interview outside a hospital setting. This thesis  provides the first community-based 

estimates of the prevalence of the most common cl inical group of epi lepsies presumed to 

have a genetic basis  - The Idiopathic General ised Epi Jepsies ( lGE) - by patient and 

witness interview. 

Methods 

This thesis has involved conducting five pieces of new research: (i) a series of reviews 

and analyses of descriptive data on epi lepsy prevalence, particularly focusing on the 

critical methodological i ssues of ascertainment, d iagnosis and classification of epi lepsy 

for epidemiological purposes; (i i) the val idation of a mod ified diagnostic epi lepsy 

questionnaire adapted for administration in population studies; ( i i i )  recruitment of a 

community-based cohort - The Tasmanian Epi lepsy Register (TER) - through the 

Australian national prescription database; (iv) estimation of the overal l  prevalence and 

distribution of self-reported treated epi l epsy in Tasmania by imputation methods; (v) 



estimation of the prevalence and distribution of IGE in  Tasmania by telephone 

interviewing. 

Results 

My modified diagnostic questionnaire, administered by telephone interviewing and 

interpreted with standardized guidel ines, demonstrated excel lent agreement with an 

epi lepsy special ist 's cl in ical assessment in diagnosing the presence of epi lepsy (K = 0.94), 

seizure-onset types (K = 0.84), simple or complex partial seizures (K=0.87), any 

general ized non-convulsive seizure (K=0.82), and IGE (K = 0.82) .  A lthough stil l  

substantial , agreement was not as close for secondarily general ized seizures (K = 0.74), 

and general ized tonic-clonic seizures (K = 0.79). 

754 1 patients treated with antiepi leptic drugs (AEDs) in the preceding year in Tasman ia 

were e l igible for recruitment through the Austral ian national prescription database. After 

three mai l contacts, 54.0% responded, with 43 .6% who indicated treatment for epi lepsy 

representing 86.0% of total possible epi lepsy cases by imputation (n=2063) in Tasmania. 

1 1 80 agreed to participate in  the TER, 90.0% of participants received thei r  AEDs either 

exclusively from their general practitioner (70.9%) or in combination with a medical 

special i st ( 1 9 . 1  %) in the preceding twelve months. The adjusted treated epi lepsy 

prevalence was 4.36 per 1 000 (95% Cl 4.34, 4 .39); this was: lower in women (prevalence 

ratio 0.92 (95% Cl 0.84, 1 .00); greater with increasing age (p< 0.00 1 ); s imi lar in the three 

main geographical regions; and simi lar by categories of socioeconomic status based on 

postcode of residence. 

i i  



Fol lowing enrolment, 959/ 1 083 (88.6%) el igible TER participants completed the 

diagnostic telephone interviewing, with partial epi lepsy classi fied in two thi rds, and 

general ised epi lepsy in sl ightly more than one-fifth. IGE was observed in 20.3%, with 

tonic-clonic seizures ( 1 7 .03%) and the absence epi lepsies combined ( 1 l .0 1 %) being the 

most common IGE seizure types and syndromes respectively. The estimated prevalence 

of IGE was 0.89 per 1 000; is highest between the ages of 20-39 years and in females, but 

was similar between Tasmanian regions and socio-economic groups. IGE prevalence 

beyond chi ldhood related to refractory chi ldhood or adolescent disease rather than older­

onset cases, and was characterised by the presence of myoclonic and tonic-clonic 

seizures. General i sed seizures, but not IGE, were less prevalent in southern Tasmania. 

Conclusions 

Uti l ising the design approach described in this thesis may provide an alternative to 

neurological assessment, and when coupled with case ascertainment through prescription 

data, can provide a val id estimate of the prevalence of ' more specific forms of epi lepsy' 

in countries with h igh access to health services. The observed pattern of h igh elderly 

epi lepsy prevalence, is s imi lar to patterns in recent studies in other developed countries, 

and has important implications for future planning of health services in these countries. 

IGE represents a considerable proportion of community-treated disease with important 

aetiological and prognostic determinants occurring at the seizure rather than syndrome 

level of classification. 

i i i  
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Chapter One: Introduction 

1 . 1  Background 

Epi lepsy is the most common serious neurological d isorder, and is one of the world ' s  

most prevalent non-communicable diseases, affecting approximately 2-4% of  individuals 

at some time in their l ives (Scott et al . 200 1 ) . Epi lepsy is not a single disease but rather a 

heterogeneous group of d isorders encompassing more than forty cl in ical syndromes, 

consisting of biochemical, anatomic, and physiologic changes that lead to recurrent 

unprovoked seizures. Epi lepsy classification combines information on seizure types, age 

at onset, aetiology, cl inical course, electroencephalography (EEG) (a non invasive test of 

a person' s  brain wave activity) and structural and functional brain imaging to reach a 

diagnosis. This often necessitates a degree of investigation only avai lable in a tertiary 

referral setting. Hence classifying epi lepsy by less resource intense methods, without 

appreciable loss of validity to a tertiary-derived one, would have great benefit in 

population-based research (Everitt and Sander 1 999). 

It i s  now wel l  establi shed that the group of id iopathic epi lepsy syndromes has a major 

genetic contribution (Ottman et al . 1 998a). Evidence for a genetic contribution to the 

epi lepsies is derived from studies demonstrating increased fami l ial aggregation 

(Annegers and Hauser 1 982, Annegers et al . 1 982), higher concordance rates in 

monozygotic versus dizygotic twins (Berkovic et al . 1 996), genetic l inkage and gene 

identification studies in human epi lepsies (Annegers et al .  1 982), and studies of human 

Mendel ian disorders with seizures as part of the phenotype (Berkovic et al. 1 994) . 



Fami l ial aggregation studies suggest a significant genetic contribution with the 

standardized morbidity ratio for epi lepsy in relatives of index cases with epi lepsy with 

onset prior to age 1 6  years being 2.5 in sibl ings (95% C l  1 .3-4.4) and 6.7 in offspring 

(95% C l  1 .8- 1 7 . 1  )(Ottman and Annegers 1 998,  Ottman et al. 1 998b) . 

Id iopathic General ised Epilepsy ( lGE) is a common group of epi lepsies accounting for 

about 20-40% of al l  epi lepsies (Loiseau et al .  1 99 1 ,  Osservatorio Regionale per 

l'Epi lessia (OREp) 1 996) . This syndrome is cl inically characterized by the presence of 

particular generalized seizure types (absence, myoclonic and tonic-clonic seizures) and 

the EEG pattern of bi lateral, synchronous, and symmetrical spike and wave or polyspike 

and wave d ischarges. On the basis of the predominant seizure type, seizure pattern and 

age of onset, the International League Against Epilepsy now recognises seven main IGE 

sub-syndromes: Benign Myoclonic Epi lepsy of Infancy (BMEI), Epi lepsy with 

Myoclonic Absences (EMA), Epi lepsy with Myoclonic Astatic seizures (MAE) 

Chi ldhood Absence Epi lepsy (CAE), Juveni le Absence Epi lepsy (JAE), Juvenile 

Myoclonic Epi lepsy (JME), and Idiopathic General ised Epi lepsy not otherwise specified 

( lGEU) (En gel 200 I, ILAE 1 989) .  Although phenotypic concordance of these IGE sub­

syndromes among first degree relatives is about one third (Group 1 993 , Ottman et al . 

1 998b), these studies all show overlap of sub-syndromes within fam i l ies, suggesting that 

the IGEs are genetical ly closely related, with the absence epi lepsies more closely related 

than the myoclonic epi lepsies (Winawer et al . 2003). This is not surprising, as the 

presence of specific seizure types and their expression drives both the diagnosis of IGE 

and its sub-syndromes and underlines the importance of better genotype-phenotype 
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understanding in d issecting the genetics of IGE (Loiseau et al . 2002, Malafosse et al . 

1 994). 

The prevalence of epi lepsy was chosen as the focus for study in th is thesis as the major 

contribution of epidemiology to the study of chronic d isease has been the focus on the 

population level, including analyses of patterns of d isease prevalence across demographic 

groups and geographic areas and across time (Pearce 1 998). I n  particular, many of the 

epidemiological hypotheses concerning the cause of chronic disease have arisen, at least 

in part, from geographical comparisons. For example, many of the recent discoveries on 

the causes of cancer have their origins, directly or indirectly, in the systematic 

international comparisions of cancer conducted in the 1 950s and 1 960s (Doll  et al 1 966) 

Therefore, although the primary purpose of this thesis was to h ighl ight the burden of 

disease from IGE, by also describing its demographic distribution (age, gender, region 

and socioeconomic status) it was also hoped that new insights into the aetio logy of IGE 

would be gained. 

The modern epidemiologic study of epi lepsy probably dates from 1 923 when Davenport, 

using a variety of sources, compared the frequency of epi lepsy in different countries, 

geographic regions and ethnic groups (Davenport 1 923). This study highl ights some of 

the early problems in epi lepsy epidemiology (Sander and Shorvon 1 987). F irstly, cases 

were ascertained from various settings (army draftees, army sick reports, ' agricultural ' 

areas, American Indian reservations, hospital outpatients, hospital inpatients and private 
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special ists). Secondly, the measurement and comparison of population groups was 

performed by non-validated, non-standardized diagnostic and classification methods. 

The issues which h inder comparisons between different populations in th is study have 

largely been addressed in the studies which fol lowed over the next eighty years (Le et al. 

2007). These have demonstrated that measuring epi lepsy prevalence by household 

survey is time-consuming, resource intensive and, given the relative low prevalence of 

epi lepsy, inevitably insufficiently powered to study the demographic distribution of 

epi lepsy (age, gender, region,  socioeconomic status) or 'more specific forms of epi lepsy' 

e .g. IGE. However, if we are to better understand the major etiological factors of epi lepsy 

at the population level ,  further knowledge needs to be gained about 'more specific forms 

of epilepsy' which wi l l  require newer population-based solutions to be developed for 

these chal lenges (D'Souza 2006). 

1 .2 Objectives 

The main intention of this thesis is to measure how common the idiopathic general ized 

epi lepsies (IGE) are in a community-based population survey. This 'more specific form 

of epi lepsy' was chosen as there are no community-based prevalence estimates of IGE 

outside hospital settings, and this group of epi leps ies is  general ly considered to represent 

the most common epi lepsy syndrome with a genetic basis. Therefore, the measurement 

of the prevalence of IGE in a representative community-based population cohort should 

lead to a better understanding of the contribution of the commonest genetic epi lepsy 

syndrome to the epi lepsies as a whole. However, to effectively measure IGE in a 
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community setting requ ires the development of methods that are val id and practical for 

recruitment, diagnosis and classification of epi lepsy on a large scale. 

1 .3 Thesis Organisation 

This  thesis is presented in two parts. Part One (Chapters Two, Three and Four) provides 

the background information to the thesis  presenting an overview of the prevalence of 

epi lepsy and epi lepsy syndromes, and some of the key methodological issues relating to 

case ascertainment, case diagnosis and case classification. Part Two (Chapters Five, S ix, 

Seven and Eight) presents the new research conducted for this thesis. 

Chapter Two outl ines the issues of epi lepsy case ascertainment. The first part of the 

chapter provides some background to the context of seizures and epi lepsy particularly 

with reference to its profound stigma which dates back to ancient civi l i sation (Manyam 

1 992). The second part of the chapter i l lustrates the problems of epilepsy case 

ascertainment progressing through institutional, medical, community setting and multiple 

recruitment sources, with an analysis of the strengths and l imitations from these various 

settings. 

Chapter Three outl ines the issues of epi lepsy case classification and diagnosis. The first 

part of the chapter deals with the emergence of cl in ical and operational definitions for 

epi lepsy, epi leptic seizures and syndromes and thei r  widespread acceptance and adoption 

(ILAE 1 98 1 ,  I LAE 1 989). The second part of the chapter deals with diagnosis in 

epilepsy prevalence studies from its progression, based on secondary medical records of 
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patients, to primary community sources without disease. Thi s  has involved the use of 

cl in ical impression, screening questionnaires and diagnostic instruments, al l  dependent 

on an epi lepsy special ist 's  interpretation of symptoms. 

Chapter Four provides a summary of our current knowledge of the prevalence and 

distribution of epi lepsy, seizures and ' more specific forms of epilepsy' . The first part of 

the chapter addresses the overal l  prevalence of epilepsy and its d istribution by age, 

gender, region, ethnicity and socioeconomic status. The second part of the chapter deals 

with the prevalence of seizures, seizure-onset types, and 'more specific forms of 

epi lepsy ' ,  with speci fic reference to the IGE syndrome. 

Chapter F ive presents the results of a val idation study of a modified diagnostic epi lepsy 

questionnaire conducted by computer-assisted-telephone-interviewing (CA TI) and 

interpreted with newly developed standardized epi lepsy diagnostic guide l ines val idated 

against an epi lepsy special i st 's  c linical assessment (D'Souza et al .  2007a). Chapter Six 

describes the recruitment methodology used to establ ish a large community-based 

epilepsy cohort in the Austral ian island state of Tasmania from the Austral ian national 

prescription database and discusses its relative strengths and l imitations (D'Souza et al . 

2007c). 

This is  fol lowed by Chapter Seven which uti l ises the recruitment design involved in 

Chapter Six to estimate the prevalence of treated epi lepsy in  Tasmania, and its 

distribution by age-group, gender, region and socio-economic status by imputation 
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methods (D'Souza et al. 2007d). Chapter Eight final ly brings together the community­

based epi lepsy cohort described in Chapter S ix, and the diagnostic epi lepsy questionnaire 

validated in Chapter Five, to estimate the prevalence and distribution of the IGEs and 

their seizures in Tasmania (D'Souza et al. 2007b). 

The thesis concludes with Chapter nine which summaries the major findings and 

discusses the implications of this work in relation to health service provision, broader 

public health considerations and suggestions for future research. 
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Chapter Two: Methodological issues in measuring the 

prevalence of epilepsy I: Case ascertainment 

2 .1  Introduction 

This chapter discusses the problems of epi lepsy case ascertainment and the strengths and 

l imitations of prevalence estimates when recruitment is conducted from these d ifferent 

settings. I start by presenting a brief overview of stigma both as historical background 

but also because it has direct consequences for measuring epi lepsy prevalence, 

irrespective of ascertainment source. 

The systematic review of the epi lepsy prevalence l iterature commences with Davenport's 

original 'modern ' epidemiological study (Davenport 1 923) and discusses subsequent 

research up unti l the end of June 2007 (Noronha et al .  2007). This provides the historical 

development and contemporary critical appraisal of our knowledge relating to the 

methodological problems that have been encountered, and the design solutions that have 

been used, in measuring the prevalence of epi lepsy. The review involved a systematic 

MEDLINE search for all English language publ ished articles, not focusing exclusively on 

particular age groups, for the key words epi lepsy, epidemiology, prevalence, and 

incidence along with any articles cited from these studies. 1 1 5 studies fulfi l led these 

criteria. 
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2.2 Stigma 

The ancient Ind ian medical system, Ayurveda, mean ing science of l i fe, is  the oldest 

system of medicine i n  the world. In th is system, epi lepsy is defined as Apasmara: apa, 

meaning negation or loss of; smara, meaning recol lection or consciousness (Manyam 

1 992). Hence, during the early stages of civi l ization, epilepsy was attributed to the 

temporary loss of the sou l from the body. In most regions th is led to a negative 

connotation, attributing this loss of soul to possession of the body by some demon or 

other mal i gnant spirit. The later concept of epi lepsy as a contagious disease, which was 

common during the middle ages, is thought to have sprung from thi s  ancient bel ief that 

the disorder was due to seizure by demons. Patients were strictly isolated and as late as 

the middle of the fifteenth century, isolation hospitals for victims of epi lepsy were sti l l  in 

existence. 

'Kifafa' , a Swah i l i  word used for seizures, denotes "being half-dead and rigid", and 

signified that a fami ly  is cursed by ancestral spirits for past infringements (Ji lek-Aall 

1 965, J i lek-Aall 1 979). Although it was also said that poisoning, head injuries, and 

spinning around might also lead to this disorder in certain people, it was generally 

accepted that such attacks were due to the wrath of ancestral spirits for past 

infringements, and that later generations had to suffer because of parental conflicts, 

infidel ity, and witchcraft. Furthermore, it was bel ieved that during 'Kifafa' attacks the 

evi l spirit could leap from the patient into bystanders, who would also be at risk of 

contracting the malady through physical contact with the convulsive patient or the 

patient's sal iva, urine or faeces. Such bel iefs explain the crippl ing burns, often seen as 
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the presenting problem in affected individuals, acquired by fal l ing into the open domestic 

fire as everybody ran away in panic rather than risk contagion by trying to pul l  the 

unconscious patient out of the fire. 

The stigma related to 'Kifafa' is more marked than leprosy, because the community 

views the sufferers as contagious and demon-ridden resulting in the afflicted person being 

despised by their commun ity group. Consequently the bridal price for even a healthy girl 

from an affected fami ly was much lower than that from an unaffected group, making the 

prospects of marrying into a healthy family practical ly negl igible. Therefore, the 

condition l im ited intermarriage with neighbouring tribes, and the fami l ies resorted to 

marrying l ikewise stigmatised partners. This intermarriage, together with the isolation of 

the tribe, and a trad itional preference encouraging marital unions within the kin group 

(even between first cousins), might wel l  explain the unusual ly h igh fami l ial prevalence of 

200 persons among a popu lation of 1 0,000 persons described in the Wapogoro tribe in 

Tanzania (Ji lek-Aal l 1 965, li lek-Aall 1 979). Negative marital consequences also affect 

women with the condition in Libya (Sridharan et al .  1 986). In Ethiopia, without curative 

treatments people with epi lepsy soon became outcasts in society, expel led from their 

homes and the community (Giel 1 970). 

In Benin, as elsewhere in West Africa, because epi lepsy is bel ieved to be a supernatural 

happening, patients initial ly consult vi l lage healers in order to receive a trad itional 

treatment and to be exorcised. Late presentation at orthodox medical centres reflects a 

strong belief in evi l  spirits or 'juju '  (black magic) as the cause of epi lepsy. Accord ingly it 
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is usual ly bel ieved that the unorthodox medical practitioners (native doctors) are best able 

to treat epi lepsy. Superstitions and certain taboos are also seen among some Bantu tribes, 

who regard epi lepsy as something supernatural (B ird et at. 1 962). This may result in 

disease non-disclosure, with lodgers in Nigeria ejected from the household and 

completely ostracised because epi lepsy is thought to be infectious (Dad a 1 970). 

In Uganda, epilepsy is thought to be the spoi l ing of the brain ("l ike butter melting in the 

sun") so that the epi leptic becomes fool ish or violent and unable to learn, work, or take 

responsibi l ity. The Baganda considered epi lepsy to be a disease of the brain "sent" 

through an external agency such as witchcraft. A ful l  convulsive epi leptic fit ' ensimbu' 

may be provoked, so it is thought, by the movements within the head of a l izard either 

present since birth or "sent" through the agency of witchcraft (B i l l inghurst et at. 1 973). 

Trad itional treatments may thus be used in  an attempt to induce a l izard to leave the head 

of the victim. The disease is considered indigenous, and therefore one unl ikely to be 

ki l led by Western medicine. 

A lthough maybe now not as extreme, the bel iefs surrounding the causes of epi lepsy, and 

gui lt  surrounding the condition are not restricted to developing countries. Parents in the 

United Kingdom (UK) attributed having caused epilepsy in their chi ld to "the use of oral 

contraceptives and abortifacients, the practice of masturbation in pre-marital l ife, 

intercourse after over- indulgence in alcohol, and past venereal infection" (Cohen 1 958) .  

Even in more modern times, participants of an epi lepsy survey when asked what others 

think of epi lepsy suggested it to be: "a black mark against you", " a bit of a disgrace" "a 
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taboo subject", "terrible, disgusting" with some not even wi l l ing to discuss the topic 

(Lloyd lones 1 980) .  

The diagnosis is potential ly  disastrous for seamen and drivers (de Graaf 1 974), and 

mi l itary recruits have been shown to keep their epi lepsy hidden at induction time 

(Cornaggia et al . 1 990). In a S ic i l ian study, the lower age-specific prevalence among 

women aged 1 5  to 1 9  years was felt to be possibly due to teenage girls concealing their 

epi l epsy by providing misleading and inaccurate statements, or by opting out of the 

survey completely because of concerns that the condition m ight adversely affect their 

marriage prospects (Rocca et at. 200 1 ). Most recently, the authors of the National 

Household Survey in the United States (CDC 1 994) and a study in general practice in the 

United Kingdon (Cockerel l  et al. 1 995) both acknowledge possible reporting bias because 

of social stigma making those surveyed reluctant to report the condition (Jacoby 1 994). 

Therefore, although epi lepsy may be considered a positive condition of religious 

significance (Garcia-Noval et al . 200 1 )  and in the Mariana Is lands authors suggest no 

stigma towards epi lepsy (Lessel l et al . 1 962, Mathai et al . 1 968), the majority of cultures 

report a stigmatising effect of being given the label of epi lepsy (Wang et al. 2003). This 

may have considerable negative social and economic consequences leading to disease 

concealment (B irbeck and Kal ichi 2004, Rwiza et al .  1 992), refusal to participate in 

surveys because of a fear of exposure to modern medical practice (Debrock et at .  2000). 

A lthough the negative occupational consequences of epi lepsy have been known to result 

in fal se disease disc losure to avoid mi l itary recruitment (Sridharan et al . 1 986), stigma is 
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most l ikely to lead to active denial of diagnosis with underreporting of epi lepsy in about a 

quarter of cases (Beran et al .  ] 985b, Rowan and Hyman ] 976), leading to 

underestimation rather than overestimation of epi lepsy prevalence when d isease 

ascertainment is based on patient or fam ily experience reports. 

2.3 Institutionalised residents 

Most of the first studies of epi lepsy prevalence focused on chronical ly intel lectual ly, 

physically, psychiatrically and criminally institutionalised persons (see Table 2 . 1 and 

Figure 2 . 1 )  (Anderson CL 1 936, Brewis et al. 1 966, Epi leptics 1 928, Tylor Fox 1 937, 

Tylor Fox 1 939) to include the 'epi leptic, spastic and educational ly subnormal ' (Brewis 

et al. 1 966). The language and focus of this earl ier period reflects the stigmatised image 

of epi lepsy and its care in society at the time which has often lead to non-disclosure and 

denial of the condition, affecting its complete enumeration (Beran et al .  1 985b). 

However, with an increasing proportion of elderly in developed countries, 

' institutionali sed ' nursing home residents should not be discounted as an important 

source population for epi lepsy case ascertainment (Forsgren and Nystrom 1 990, Keranen 

et al. ] 989, Rocca et al. 200 1 ) . 
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Table 2.1 : Case ascertainment methods in epilepsy prevalence studies from English-language publications 
from 1923-2007 (n=1 15) 

Region Country 
Ascertainment method 

1 2 3 4 5 6 7 8 9 
Africa 
(R wiza et al . 1 992) Tanzania -1 
(Osuntokun et al .  1 982) Nigeria -1 
(Tekle-Haimanot et al .  1 990b) Ethiopia -1 
(Giel 1 970) Ethiopia -1 
(Tekle-Haimanot et al .  1 990a) Ethiopia -1 
(Orley 1 970) Uganda -1 -1 -1 
( Kaamugisha and Feksi 1 988) Kenya -1 -1 
(Goudsmit et al . 1 983) Liberia -1 
(Birbeck and Kalichi 2004) Zambia -1 
(Sridharan et al . 1 986) Libya -1 -1 -1 
( Levy 1 970) Rhodesia -1 
(Coleman et al .  2002) Gambia -1 
(Debrock et al . 2000) Republ ic of Benin -1 -1 -1 -1 -1 
(Haddock 1 967) Ghana -1 -1 
(Bird et al .  1 962) Southern Africa -1 
(Osuntokun et al .  1 987) Nigeria -1 
(Dada 1 970) Nigeria -1 
(Snow and al 1 994) Kenya -.J 
(Bondestam et al .  1 990) United Republic of Tanzania -.J 
(Jilek and Ji lek-Aall  1 970) Tanzania -1 -.J 
(Gerrits 1 983) Liberia -.J 
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Region Country 
Ascertainment method 

1 2 3 4 5 6 7 8 9 10  1 1  

(Hurst et al .  1 961 ) South Africa .,; 

Asia & Oceania 

(Li et al. 1985) People's republ ic of China .,; 

(Wang et al. 2003) People's republic of China .,; 

(Bharucha et al. 1988) India .,; 

(Kaoul  et al 1988) India .,; 

(Mani et al. 1998) India .,; 

(Pal et al. 1998) India .,; .,; 

(Fong et al. 2003) Hong Kong .,; 

(Loh et al .  1997) S ingapore .,; 

(Asawavichienj i nda et al. 2002) Thai land .,; 

(Puvanendran 1997) S ingapore .,; .,; .,; 

(Rajbhandari 2003) Nepal .,; 

(Tran et al .  2006) PDR .,; .,; 

(Beran et al. 1982) Austra l ia  .,; 

(Lambie et al. 1981) New Zealand .,; 

(Crombie et al .  1960) Austral ia .,; 

(Mathai et al. 1968) Mariana, Islands .,; 

(Chen et al. 1968) Mariana, Islands .,; .,; 

(Lesse l l  et al .  1962) Mariana, Islands .,; 

(Stanhope et al. 1972) Mariana, Islands .,; .,; .,; .,; 

Eastern Mediterranean 

(Attia-Romdhane et al. 1993) Tunisia .,; 

(Onal et al. 2002) Turkey .,; 

(Aziz et al. 1994) Pakistan .,; 
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Region Country 
1 2 3 

Ascertainment method 

4 5 6 7 8 9 10 1 1  

(Rajeh et al .  200 1 )  Saudi Arabia ..J 
(Rajeh et al. 1 990) Saudi Arabia ..J 
(Aziz H et al .  1 997) Pakistan & Turkey ..J 

(Karaagac et al.  1 999) Turkey ..J 

(Cal isir et al. 2006) Turkey ..J 

(Ozdemir 1 995) Turkey ..J 

Latin America 

(Placencia et al. 1 992c) Ecuador ..J 

(Marino Jr. et al. 1 987) Brazi l ..J 

(Gomez et al.  1 978) Columbia ..J 

(Olivares 1 972) Mexico ..J ..J ..J 
(Garcia-Noval et al .  200 1 )  Guatemala ..J 

(Gracia et al .  1 990) Republic of Panama ..J 

(Femandes et a l .  1 992) Brazil  ..J 

(Lavados et al. 1 992) Chile ..J 
(da Mota Gomes et al .  2002) Brazil  ..J 

(Melcon et al .  1 997) Argenti na ..J 

(Noronha et al .  2007) Brazil  ..J 

(Nicoletti et al . 1 999) Bol ivia ..J 

(Mendizabal and Salguero 1 996) Guatemala ..J 

North America 

(Pollock 1 930) United States 

(Kurland 1 959) United States ..J ..J ..J ..J ..J 

(Hauser et al .  1 99 1 )  United States ..J ..J ..J ..J ..J 

(Haerer et al .  1 986) United States ..J ..J ..J 
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Region Country 
Ascertain ment method 

1 2 3 4 5 6 7 8 9 1 0  1 1  

(Rowan and Hyman 1 976) United States � 
(Baumann et al .  1 977) United States � � 
(Hauser and Kurland 1 975)  United States � � � ...j ...j 

(CDC 1 994) United States � 
(Anderson C L  \ 936) United States ...j ...j 

Europe 

(Wajsbort et al. 1 967) Israel � 
(Leibowitz and A lter 1 968) Israel ...j ...j ...j ...j ...j ...j ...j 

(Lammers et al.  1 996) Netherlands ...j 
(Giul iani et al .  1 992) Italy ...j 

(Rutgers 1 986) Netherlands ...j 
(Brewi s  et al .  1 966) England � ...j ...j ...j � 
(Wal lace H et al. 1 998a) England & Wales � 
(Goodridge and Shorvon 1 983) England � 

(Cockerell et al . 1 995) England � � 
(MacDonald et al .  2000) England ...j 

(Crombie et al. 1 960) England, Wales & Scotland ...j 

(Wright et al .  2000) England � � 
(Pond et al . 1 960) England � 

(Maremmani et al.  1 99 1 )  Italy � ...j � ...j ...j ...j 
(Granieri et al. 1 983) Italy ...j ...j ...j � ...j ...j � 

(Comaggia et al.  1 990) Italy ...j 
(Rocca et al .  200 I )  Italy ...j ...j 

(Zei l inski 1 974b) Poland ...j ...j � ...j ...j 

(Qun et al .  2003) Estonia ...j ...j � ...j ...j ...j ...j � 
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Region Country 
Ascertai nment method 

1 2 3 4 5 6 7 8 9 1 0  1 1  

(Olafsson and Hauser 1 999) Iceland ..J ..J 
(Keranen et al. 1 989) Finland ..J ..J ..J ..J ..J ..J ..J ..J 
(de Graaf 1 974) Norway ..J ..J ..J ..J 
(Joensen 1 986) Faroe Is lands ..J ..J ..J ..J 
(Krohn 1 96 1 )  Norway ..J ..J ..J 
(Juul-Jensen 1 964) Denmark ..J ..J 
(Gudmundsson 1 966) Iceland ..J ..J ..J ..J ..J 
( Forsgren 1 992) Sweden ..J ..J ..J ..J ..J ..J 
(McCluggage et al. 1 986) Northern Ireland ..J 
(Lloyd Jones 1 980) Wales ..J 
(Zander et al .  1 979) England ..J 
( Wh ite and B uckley 1 98 1 ) England ..J 
(Taylor 1 9 80) England ..J 
(Logan and Cushion 1 95 8) England ..J 
(Fry 1 982) England ..J 
(Tylor Fox 1 939) England ..J ..J ..J ..J ..J 
(Epi leptics 1 928) England ..J ..J 
(Tylor Fox 1 937) England ..J ..J 
(Reggio et al . 1 996) Italy ..J 
(Luengo et al .  200 1 )  Spain ..J 
(Guekkht et al .  1 999) Russia ..J ..J ..J 
(Boon et a l .  1 995) Belgium ..J ..J ..J 

J; household; 2; key informant; 3; institutional; 4; occupational; 5; insurance; 6; general practice; 7; hospital inpatients; 8; hospital outpatients; 9; EEG; JO;specialists; 1 1 ;  prescription 
Key informants ; traditional practitioners, teachers, vii/age leaders, public health nurses and religious representative 
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Figure 2 .1 :  Case ascertainment methods* in  epilepsy prevalence studies 

from 1 923-2007 (n=1 1 5) 
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2.4 Medical sources 

Methodological issues from medical sources 

A common methodological issue in epilepsy case ascertainment from any medical source 

is under-treatment of epilepsy and therefore under-enumeration. Thi s  was high l ighted by 

a series of studies in Warsaw, Poland comparing the prevalence in a field survey with that 

to a hospital-treated group (Dowzenko and Zielinski 1 97 1 ,  Zeilinski 1 974a, Zei l inski 

1 974b, Zielinski 1 976). At the time of survey examination, nearly two thirds of patients 

were not on treatment and more than one third had never received any medication. In 

Iceland, a survey identifying patients with epilepsy found that a quarter had never 

consulted a doctor (Gudmundsson 1 966). However, access to epi lepsy treatment has 

improved over time in most developed countries, with only 7% of cases in the USA 

(Haerer et al. 1 986) and 1 1  % in a UK sample (Goodridge and Shorvon 1 983) not 

evaluated medically for their seizure disorders. 

One explanation for non presentation to medical services is under recognition of 

symptoms, with many untreated patents with non-convulsive seizures not recognizing 

symptom manifestations that required medical treatment, even if they also had associated 

sporadic convulsive seizures. In addition, only 25% of them had consulted a physician 

and been diagnosed with epilepsy, with many others not suspecting that their transient 

symptoms could be of an epileptic nature. 

Even when medical presentation does occur, it may be delayed, with about a third of 

hospital patients with new onset non-convulsive partial seizures having a h istory of 
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seizures for more than 1 2  months (Cockerel l  et at .  1 997) . Although also delayed, 

convulsive seizures present earl ier compared to non-convulsive seizures with a median of 

three compared to 44 seizures in the preceding six months before treatment. S imi larly, in 

the Rochester cohort, among the diagnosed cases, half occurred at an interval of more 

than six months, in 30% this  was longer than two years, and in 1 5% it was longer than 

five years from the onset of symptoms (Hauser and Kurland 1 975, Hauser et at . 1 99 1 ). 

These studies suggested that under-representation of patients, particularly those who are 

off treatment, more often with non-convulsive seizures, may occur in medical samples of 

the condition. 

Hospital 

Early studies (B i l l inghurst et at .  1 973,  Cardozo and Patel 1 976, Dada 1 970, Dowzenko 

and Ziel inski 1 97 1 ,  Gudmundsson 1 966, Haddock 1 967, Joensen 1 986, Juul-Jensen 1 964, 

Krohn 1 96 1 ,  Levy 1 970, Levy and Forbes 1 964, Ol ivares 1 972, Osuntokun and Odeku 

1 970, Stanhope et at. 1 972, Tekle-Haimanot 1 984, Zei l inski 1 974b), and to a lesser extent 

some more recent ones (Lavados et at . 1 992, Rajeh et at .  1 990, Ruberti and al 1 985), 

have rel ied heavi ly on hospital-based records (outpatients, inpatients, EEG records, and 

specialists) to measure the frequency, distribution and prognosis of epilepsy (see Table 

2 . 1 and Figure 2 . 1 ) . 

Access and presentation to hospital by patients with epi lepsy may be delayed, and 

dependent on age, gender, and disease factors (severe disease disproportionately 

represented) affecting measures of demographic disease distribution. In a Zambian 
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study, almost two-thi rds of patients were male (Cardozo and Patel 1 976). Th is was 

common in the early studies in African hospitals, which are dominated by samples of 

males and a lack of chi ldren, probably concerned about ongoing employment in the 

mines, and a tolerance for not reporting minor seizures amongst chi ldren (Levy 1 970, 

Levy and Forbes 1 964). In add ition, s imi lar to studies in other developed countries, 

hospital cases most often present with the more prominent convulsive and less frequently 

with the non-convuls ive forms of epi lepsy (B i l l inghurst et al . 1 973,  Cardozo and Patel 

1 976, Dada 1 970, Hauser et al .  1 99 1 ,  Osuntokun and Odeku 1 970, Tekle-Haimanot 

1 984). 

However, diagnosis and management by hospital-based doctors can include community 

forms of epi lepsy ( i .e. cases that are general ly less severe), when access to hospital 

special ists is h igh, as seen in some countries. This has shown improvement over time. In  

1 936, only 62% were under any medical care in the USA (Anderson 1 936). Half a 

century later, only 7% had not seen a special ist physician for their  seizure problems, most 

seeing a neurologist (43.9%), neurosurgeon ( 1 3 .4%) or other physician (33 . 7%) (Haerer 

et al. 1 986). In the UK in 1 960, between a quarter and a thi rd of chronic cases, and about 

half of first seizures had never seen a consultant (Crombie et a l .  1 960). However, by 

1 980 patients had been referred for second opinion by a special ist before epi lepsy was 

confirmed in 87% of diagnosed cases in Wales (Lloyd lones 1 980). In a study in 

Norway, the percentage of patients fol lowed by special ists was found to have increased 

from about 1 0% in 1 968 to 64% in 1 972, i l lustrating how rapidly changes in referral 
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practices may affect disease frequency i f  measured exclusively from hospital sources (de 

Graaf 1 974). 

General practice 

With 80% free of seizures and not having i l l  effects of treatment (Zander et al . 1 979), 

cases ascertained from general practice are more l i kely to be better control led and 

tolerant of treatment than those derived from hospitals, h ighl ighting the disease severity 

bias in hospital-based samples (see Table 2 . 1 and Figure 2 . 1 ). However, studies suggest 

that patients with epi lepsy may not seek medical help or the seizures may remain 

undiagnosed (Gudmundsson 1 966, Zei l inski 1 974a), with patient access and uptake of 

medical help being low in some developed countries (Haerer et al. 1 986, Keranen et al. 

1 989). 

Healthcare has been free at the point of access in the United Kingdom (UK) since the 

introduction of the National Health Service (NHS) in 1 948,  with general practitioners 

being the first point of contact for patient care and subsequent special i st referral 

(MacDonald et al. 2000). When patients change general practitioners, their health care 

records are sent automatical ly via the NHS Central Register (NHSCR) to their new 

doctor and all deaths and their causes are sent to this  database. This ensures that for 

every individual in the system, there i s  a traceable, unique record. Over 99% of people in 

the UK are registered with a general practitioner, and comprehensive general practice 

disease databases have provided important patient population morbidity studies in 

epi lepsy as all individuals registered can be traced efficiently (Crombie et al .  1 960, 

Goodridge and Shorvon 1 983,  Logan and Cushion 1 958,  Olafsson and Hauser 1 999). 
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Although more representative than special ist sources, routine statistics generated from 

general practice are less l ikely to be accurate without prior referral for special ist 

assessment, with general practitioners reporting diagnostic uncertainty especially in  

neurological disease (MacDonald et aL 2000). Special ist assessment improves diagnostic 

accuracy of cases. Hence, health systems with high referral practice and early access to 

special ist services are l i kely to have less d iagnostic false positives and false negatives in  

epidemiological research, even when sampling is taken from general practice sources. 

A lthough general practitioners and their  recording systems are not designed specifical ly 

for epidemiology, and are said to often fal l  short of the necessary standards for data 

col lection due to poor val id ity and completeness, in countries with h igh access and 

uptake of special i st services fal se negative rates of diagnosis once attending general 

practitioner sources appear to be less than 1 % particularly for active d isease (MacDonald 

et at. 2000) . 

I n  ear l ier studies, for example 'The Col lege of General Practitioners Survey' ,  three 

quarters of patients were seen only by the general practitioner (Practitioners 1 962), in  

contrast to a survey in Carlisle where a s imi lar proportion had been referred and 

diagnosed by special ist assessment (Brewis et al. 1 966). More recently, studies 

consistently suggest high access to tertiary health services in the UK, with 76.2% of 

persons seen at some time by a neurologist or paediatric ian, 1 5 .6% seen by another 

hospital special ist and only 8 .2% not being referred to hospital(Goodridge and Shorvon 

1 983). This h igh referral to specialists appears to have further improved a decade later, 
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with over 96% of patients referred to a neurologist or other physician (Cockerel l  et al. 

1 995). However, half of these referred patients attend only for a short period (one to 

three visits), mainly for diagnostic purposes (Goodridge and Shorvon 1 983).  

Other developed countries share a simi lar experience. In an Ital ian study, a simi lar 

proportion of patients had their diagnosis of epi lepsy confirmed (76.2%) and managed 

(70.7%) by a specialist, although less than half had seen a consultant neuro logist 

(Giuliani et al . 1 992). In an urban Dutch study, around two thirds of the fol low-up of 

patients were supervised by a neurologist (solely or shared in part with the general 

practitioner), who was also responsible for changes in treatment (8 1 %), and prescription 

writing (64%), i rrespective of seizure freedom (Rutgers 1 986). 

Therefore, h igh levels of diagnostical ly accurate cases from primary care sources are 

dependent on ready access to both primary and tertiary care for epi lepsy, faci l itating 

presentation, correct diagnosis and appropriate management of seizures/epi lepsy from the 

community. 

Linked medical sources 

I n  1 907 a young cl inic associate, Henry S .  P lummer introduced an indexed record fi l ing 

system at the Mayo Cl inic in Olmstead County, Rochester, whereby al l of a patient 's  

records could be kept in one fi le  (Kurland and Molgaard 1 98 1 ) . This file included 

medical records, laboratory results, physician notes and correspondence, and birth and 

death records for local residents. It was eventual ly expanded to also include disease 
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classification, d iagnoses and surgical procedures from al l  independent community and 

hospital-based sources. These l inked records allowed the identification of 90% of 

patients with epi lepsy from visits to physicians in the city and surrounding areas with a 

false negative rate of less than 1 .5 percent, and faci l i tated a series of landmark studies on 

the incidence and prevalence of convulsive d isorders (Hauser and Kurland 1 975, Hauser 

et al. 1 99 1 ,  Hauser et al. 1 993,  Kurland 1 959). 

Although not using an ongoing system as in the Mayo records, The National Hospital for 

Neurology and Neurosurgery General Practice Linkage Scheme (NHNN-GPLS) 

ascertained cases from searching databases or correspondence (general practitioner 

letters, tests, prescriptions and handwritten notes) from hospital and general practice 

referral in an urban population of 1 00,230 persons (Cockerel l  et a l .  1 996, MacDonald et 

al. 2000). Checks for false negatives uncovered only three missed cases amongst 1 655 

notes searched, giving a false-negative rate of 0 .2% for active prevalence and only 0.8% 

for l ifetime prevalence estimates (MacDonald et al .  2000). With all patients identified 

from general practice record review, and no extra cases ascertained from other methods 

alone, this  study highl ights that although record l inkage between primary and tertiary is 

desirable for epidemiological research ,  general practitioner sources can be a virtually 

complete case ascertainment source for epi lepsy that presents for medical assessment in 

countries with high access to health services. 
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Antiepileptic drug prescriptions 

Antiepi leptic drugs (AED) have been said to have h igh preference and widespread use in  

treating d iagnosed cases of epi lepsy, making them a good target drug for epidemiological 

research (Pedro and Rosenqvist 1 984). This has resulted in  a number of studies ( 1 2 .2% 

in our review of the l iterature, see Table 2 . 1 and Figure 2 . 1 )  uti l is ing th is source to 

identify possible cases of epi lepsy to investigate features of the d isorder, including 

estimating prevalence. Although in itial ly  more treatment specific (Pedro and Rosenqvist 

1 984), their indications have now expanded to include m igraine, neuropathic pain, 

anx iety, depression, bipolar affective disorder, sedation, and impulse control .  

General practice and AED prescription data patient identification are often l inked in  

studies of  epi lepsy prevalence. This i s  not surprising considering that general 

practitioners are often the first point of contact, as wel l  as the ' gatekeepers' for further 

access of health services, including prescriptions, and special ist referral (Cockere l l  et al .  

1 996, MacDonald et al . 2000, Rutgers 1 986, Wal lace et al . 1 998a, Wright et al . 2000). 

'The General Practice Research Database' (GPRD) (Wal lace et al . 1 998a), which was 

primari ly  establ ished to prospectively track prescribing data, i s  a good example of th is. 

General practi ces that contribute to this database enter a l l  drugs prescribed, a diagnosis or 

indication of each acute prescription, the in itial indication for any repeat prescription, l ive 

births, and al l instances of significant morbidity. These entries are recorded directly onto 

the computer system, by the general practitioner and the surgery, each t ime a pat ient is  

seen. Although the GPRD does not including al l general practices, i t  is  large, with the 
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office for National Statistics holding anonymous records of 3 .6 mi l l ion patients for more 

than 500 general practices in England and Wales, representing over 6% of the total 

population of England and Wales (Wal lace et al . 1 998a). In addition, it is representative, 

showing almost identical age and sex distribution of the database population with that of 

the general UK population. 

The most rel iable information provided by the database relates to medication, because the 

database was original ly set out to a record drug prescribing practice and adverse events 

(Wal lace et at. 1 998a). Extensive val idation in such diseases as diabetes, asthma, and 

schizophrenia al l  have shown over 90% diagnostic completeness between the GPRD and 

the Prescription Pricing Authority prescribing data, but there have been no comparable 

analyses for AED and epi lepsy (Hol lowell 1 994, l ick et al. 1 99 1 ). 

However, AED prescriptions are dependent on health service access to doctor d iagnosis 

and uptake and maintenance of medication. In a rural community study in  Guatemala, 

almost 87.5% had sought medical care and been treated for their epi lepsy at some time in 

their l ifetime, although only about one third were currently on treatment (Mendizabal and 

Salguero 1 996). S l ightly less (78%), were known to be taking AEDs on the day of the 

survey with non-compl iance considered to be the reason in around 40% of the remaining 

persons not taking AEDs despite having seizures in the last five years (Oun et at .  2003) .  

In contrast only 9% of al l  cases in  a Swedish and Icelandic study were not on AEDs on 

the day they were surveyed (Forsgren 1 992, Olafsson and Hauser 1 999), whi le a 
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Brazi lian household survey reported universal treatment with AEDs suggesting h igh 

access to health services in the region (da Mota Gomes et al .  2002). 

In Australia, all those identified as having epi lepsy in a community survey sample had 

been prescribed anticonvulsive medication at some time, with around two-thirds on 

med ication on survey day, and the 9 1  % currently off medication seizure free in the last 

year (Beran et al . 1 985a), suggesting health care access was not an important 

consideration in this sample (Beran et al . 1 982). However, h igh treatment coverage is 

not unique to Australia, with only seven percent (Rocca et al .  200 1 ), six percent 

(Bharucha et al . 1 988), fourteen percent (Haerer et al .  1 986) and eleven percent 

(Goodridge and Shorvon 1 983) of people with epi lepsy not treated with an AED before 

being surveyed . Therefore, use of prescribing information may provide an accurate 

prevalence estimate for treated epi lepsy in countries with h igh access to primary care 

services. F igure 2 .2  displays how a person with seizures may be obtain an AED in an 

Australian context (see Chapter 6). 
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Figure 2.2 : Studying people with seizures (disease) versus patients with diagnosed epilepsy (illness) 
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The lowest reported rates of AED treatment consistently arise from developing countries, 

meaning that surveys that involve ascertainment from medical services (including AED 

prescriptions) are unl ikely to reflect the true prevalence of epi lepsy. A widely held bel ief 

in some of these countries is that the unorthodox medical practitioners (native doctors) 

are best able to treat epi lepsy, due to a persisting bel ief that epi lepsy has a supernatural 

qual ity (Bondestam et al .  1 990, Dada 1 970, Levy 1 970, Levy and Forbes 1 964, 

Osuntokun et al. 1 982). With these medicine men specialising in the prevention and 

treatment of this disorder by herbal remedies and ritual procedures, AED medications are 

used infrequently (Kaoul et al. 1 988,  Tekle-Haimanot et at .  1 997, Tekle-Haimanot et al . 

1 990b), with few people with active epi lepsy having the knowledge to seek out these 

treatment options (Bondestam et al . 1 990) or being wi l l ing to take them even if avai lable 

(Coleman et al .  2002). 

Even with appropriate knowledge, attempts to obtain treatments are difficult  because of 

lack of finances and/or drug suppl ies with only those able to buy medications from 

private pharmacies being on regular treatment (Coleman et al. 2002). In Pakistan, 

patients rarely bel ieved (3%) epi lepsy to be due to supernatural causes such as evi l  eye, 

curse, sin, evi l spirit, magic, poverty, wrong food, or "God 's  wi l l", with only a few 

( 1 1 . 5%) visiting a traditional healer who prescribed herbal remedies. S imi larly, in 

another study in the same country, wh i le most individuals believed epi lepsy to be a 

physical disorder, only about a quarter (27.5%) in an urban and J .9% in rural areas, were 

treated with AED medication (Aziz et al . 1 994). This treatment gap impacts on the 
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management of epi lepsy (and use of AED for ascertainment) in developing countries 

(Coleman et al. 2002, J i lek-Aall 1 965, J i lek-Aall 1 979, J i lek and J i lek-Aal l 1 970). 

AEDs are not exclusively prescribed for epi lepsy. This makes it necessary to be able to 

define and exclude other conditions (false positives) prior to counting AED cases as 

epi lepsy cases (true positives). In a study in Wel l ington, New Zealand, n ine percent of 

1 ,479 patients who received AEDs were suspected of receiving medication for conditions 

other than epi lepsy. This ' false positive' group was identified when : (i) another 

indication was stated on thei r  prescription; ( i i)  it was assumed it was taken as a sedative 

(adult patients receiving low dose of phenobarbitone at night), and ( i i i )  it was assumed to 

be taken for neuropathic pain ( if received carbamazepine only on l imited supply) 

(Lambie et al. 1 98 1 ). 

Epi lepsy prevalence was estimated using the PHARMO database which contains histories 

obtained from 27 pharmacies covering al l  prescription drugs dispensed in six Dutch cities 

of approximately 300,000 total inhabitants (Lammers et al. 1 996). They identified 

patients by their prescription of one of more of the AED drugs for a period longer than 

1 80 days and excluded drugs not usual ly  prescribed as sole agents for epi lepsy 

(diazepam, oxazepam, nitrazepam, c1obazam, flunarizine, and acetazolam ide). 1 80 days 

was considered sufficient for the el imination of those patients using AEDs incidentally 

for indications other than epi lepsy. However, they acknowledge that long-term use of 

AED drugs could also occur in certain psychiatric disorders and neuralgia, but incorrectly 

assume, this only occurs in middle aged patients and older. The authors compared their 
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estimated prevalence with that from the study in  Rochester (Hauser et al . ) 99 1 ), 

suggesting that the observed differences were due to 20% over-reporting by AEDs in the 

older age groups, although even with their  proposed correction factor the prevalence of 

epi lepsy remains h igher in  those aged greater than 45 years compared to Rochester. (de la 

Court et at . 1 996). 

A study in Mexico City uti l i sed a population served by a government-sponsored health 

care programme with data from most of four neuropsychiatric referral cl inics (general 

outpatients & emergency department) and hospital neurology admiss ions to compare the 

prevalence of epi lepsy with that estimated by AED medication consumption. The two 

prevalence estimates were found to be simi lar, but sl ightly h igher for AEDs, with the 

discrepancy between these sources probably relating to the inclusion of conditions other 

than epilepsy treated with AEDs rather than incomplete cl in ic coverage (Ol ivares 1 972). 

The Ital ian National Health Service (NHS) col lects prescription data through local health 

units LHU covering populations of 50,000-200,000 people. Uti l ising this AED 

prescription data, two different Ital ian populations found the prevalence of epi lepsy to be 

5 .2/ 1 000 (Giu l ian i  et al. 1 986) and 5 .71 1 000 (Zolo et al. 1 986). The authors suggest that 

prevalence rates establ ished using screening of AED drugs may be relatively more val id 

simply because these studies simultaneously both overestimate and underestimate the 

number of patients by simi lar amounts. Prescriptions may underestimate the number of 

epi lepsy cases when patients purposeful ly obtain medications from pharmacies far from 

their  own area to conceal thei r  i l lness or in  some patients not receiving medications. At 
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the same time, this indirect method may overestimate the number of epilepsy cases 

because prescriptions are sometimes prescribed for misdiagnosed epilepsy or for other 

diseases (Giuliani et at . 1 986, Zolo et at . 1 986), with one study estimating about 7% of 

patients receiving AEDs due to misdiagnosis (Maremmani et at .  1 99 1 ) . 

Almost certainly, AED recruitment i s  a more efficient method for generating cases, or 

when greater study power considerations are required to understand epilepsy' s  

demographic distribution, co-morbid conditions o r  h igher level syndrome prevalence. I n  

Zambia, a door-to-door survey required 55 ,000 individuals to be  screened to  yield around 

800 cases to develop a population-based registry for ongoing health programmes 

(Birbeck and Kalichi 2004), and an Ecuadorian survey employed more than 275 people to 

screen a popUlation of 75 ,000 over three years to recruit about 1 200 lifetime cases 

(Placencia et at . 1 992b) . If a single medical source is used, AED or general practitioner 

may be the most effective compared to other medical sources (hospital, specialist, EEG), 

with one study identifying most cases (82%) equally from either AED or family doctors 

compared to all other sources (Maremmani et at. 1 99 1 ) . 

Every person identified as having epi lepsy in a door-to-door community survey in 

Australia had been prescribed AED medications at some time in their lifetime with 

treated prevalence on survey day 5 . 1 5  per 1 000 compared to lifetime treated prevalence 

of 7 .5  per thousand, a d ifference of about thirty percent (Beran et al. 1 982), similar to the 

percentage difference found in the Parsi community in Bombay (4 .7 vs. 3 . 3  per 1 000) 

(Bharucha et at . 1 988) .  Although the lifetime prevalence estimates are inflated to 
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include patients not usual ly defined as having epi lepsy (i .e .  acute symptomatic seizures 

such as febri le convulsions), the l i fetime treated prevalence of epilepsy was only a 

quarter lower than the l i fetime prevalence estimate in the UK between 1 983  and 1 993 

(Cockerel l et a l .  1 995). With 92% receiving AED treatment on prevalence day, even 

h igher penetration of AED treatment was seen in Sweden from cases identified from 

medical and insurance sources (Forsgren 1 992). 

However, d ifferences between prevalence and treated prevalence are greatest in 

communities with inadequate access to medical services, and may not be uniform even 

between regions in the same country, particularly in developing countries. A study in 

five regions in the People's Republic of China (Hei longj iang, N ingxia, Henan, Shanxi ,  

J iangsu) showed an almost two fold difference in l i fetime prevalence and around two and 

a half fold d ifference in treated prevalence in the last week between different regions in 

the People 's  Republic of China (Wang et al. 2003).  

Ascertainment by AED medications, although secondary to medical practitioner 

diagnosis and treatment, has the advantage that it does not rely  on medical practitioner 

contact for enumeration, invitation, or patient participation. In a study in Wales, although 

ninety percent of repeat prescription cases had special ist diagnostic confirmation before a 

diagnosis of epi lepsy was appl ied, about sixty percent had not consulted a doctor over the 

preceding year (Lloyd Jones 1 980). S imi larly, a study using repeat prescription data to 

ascertain cases over six months in nine general practices in Belfast, found that one in four 

cases had not attended their general practitioner or hospital outpatient department despite 
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repeat prescriptions for AEDs. Despite their non-attendance for doctor consultations (but 

not for prescription uptake) half these patients had one or more fits in the preceding 

twelve months suggesting that some cases of important active disease wou ld not have 

been detected if recruitment had been only rel iant on direct doctor contact (McCluggage 

et al . 1 986). These studies suggest that AED ascertainment may have advantages over 

medical practitioner fol low-up which may underestimate prevalence estimates even in 

regions with seemingly h igh access to health services. 

With a quarter of the cases experiencing no seizures in the last five years, case 

ascertainment through AED prescriptions were found to also include mi ld cases often not 

generated in tertiary-based recruitment (Giul iani et al .  1 992). Using the expected 

prescription numbers as an indicator, s imi lar compliance was found between those 

patients with frequent (93%) compared to no seizures (89%) (White and Buckley 1 98 1 ). 

Conversely, it has also been shown that active disease does not inevitably result in AED 

treatment, with 22% of al l cases not taking AEDs on the day of a prevalence survey 

despite having had seizures in the previous five years (Qun et al .  2003). 

Management practices and culture among local physicians and patients may affect 

prevalence estimates from AED prescriptions. For example, the typical practice in most 

countries is to commence AED treatment after the second unprovoked seizure. With only 

1% (717 1 3) of people treated after a single seizure in Sweden (Forsgren 1 992), patient 

recruitment by AED prescription is l ikely to yield few false positive cases due to ' early'  

treatment. In contrast, although conventional drugs are free of charge in Estonia and 
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doctor almost always prescribe AED at initial diagnosis, patients tend to withdraw from 

therapy more often than patients in developed countries (Qun et al. 2003) .  

2.5 Community sources 

Insurance, 'sickness ' funds '  and occupational groups 

Insurance and ' sickness' funds' ,  often in occupational groups, have been used to measure 

disease prevalence (see Table 2 . 1 and Figure 2 . 1 )  (Davenport 1 923,  Leibowitz and Alter 

1 968, Wajsbort et al. 1 967). In fact, the modern epidemiologic study of epi lepsy 

probably dates from 1 923 ,  when Davenport measured the frequency of draft rejection and 

medical discharges from the US Army because of epi lepsy, and estimated it to be 5 . 1 5  

per 1 000 (Davenport 1 923).  H e  compared this figure with the frequency o f  epi lepsy 

found primari ly in other armed service sources (army draftees, army sick reports), and 

also in a wide variety of other sources ('agricultural ' areas, American Indian reservations, 

hospital outpatients, hospital inpatients and private special ists) in many countries (United 

States, Hawaii, Italy, Germany, France, Scotland, Britain, Germany, Denmark, 

Switzerland, Philippines, India, Japan, Korea, China, and New Zealand), geographic 

regions (urban versus country), and ethnic groups ('Negroes' ,  ' Jews', American Indians, 

Maori, and Hawaiian Islanders). He found that the prevalence varied from 0.0 per 1 000 

in indigenous Maori New-Zealanders in an outpatient setting to 23 .8  per 1 000 in Korean 

outpatients of a missionary hospital (see Figure 2.3) .  
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Figure 2.3: Prevalence of epilepsy by country, region, and ethnic groups from 
various sources (Davenport 1923) 
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Although probably not as pronounced today, 'worker' surveys' in previous eras often 

restricted their coverage to young adult men, surveying those not able to work by 

disabi l ity pensions (Forsgren 1 992) tending to capture on ly the severe end of the disease 

spectrum.  In addition, e l igibil ity for pensions varies by d isease category as it is assigned 

by government agencies, and is potential ly subject to the current local economic and 

pol itical cl imate. Disease disclosure in working populations may also have a bias, with 

participants either denying or feigning i l lness, depending on the advantage sought. In a 

study of males aged 1 7- 1 8  years selected for mi l itary service in Lombardy, Italy 

(Cornaggia et al. 1 990), a number were discovered to have epi lepsy in the year after 

examination, suggesting that candidates were more l ikely to hide their epi lepsy at 

induction in order to be al lowed entry. 

Household survey 

With more than half of the publ ications uti l i zing this technique, the household survey is 

now the cornerstone of epidemiological epi lepsy research (see Table 2 . 1 and Figure 2 . 1 ) . 

The main advantage of household surveys versus ascertainment by other methods is their 

independence from medical treatment. This is an important advantage in developing 

countries, rural and remote communities (Gudmundsson 1 966) and indigenous 

populations (Haerer et al. 1 986), where access to health care is more l i kely to be 

inadequate. In an attempt to be independent of c l inician diagnosis, Rose et al (Rose et a l .  

1 973) appear to have been the first investigators to have critical ly  appl ied household 

survey questionnaire methods to study the prevalence of epi lepsy. Their instrument was 
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administered by mail to al l  fami l ies with a grade three chi ld (8-9 years) in the suburban 

area of Washington County, Maryland. 

It was the early pioneer neuro-epidemiologist Bruce Schoenberg, who developed the 

research design protocol employed by the majority of subsequent epi lepsy epidemiology 

studies (Osuntokun et al. 1 982). Thi s  strategy, was developed as a design method to 

address the research conditions felt to be universal to al l developing countries with very 

few trained personnel for health care del ivery and most of these concentrated in a few 

university teaching hospitals (Schoenberg 1 982, Schoenberg 1 983).  It involved a staged 

design, involving a screening questionnaire administered by trained non-medical 

personnel ,  fol lowed by a detai led neurological assessment of test positive cases either by 

a medical practitioner, specia l ist physician and/or neurologist. 

Although a relative problem, the scarcity of sufficient specialised epilepsy medical 

personnel and diagnostic services is not only an issue in developing countries (Baumann 

et al. 1 977). For example, in Clay County in the USA, there was a smal l community 

hospital of four general practitioners, no electroencephalogram (brain wave test for 

epi lepsy) or other newer diagnostic faci l ities, and was serviced by a travel l ing chi ld 

neurology cl inic (surgeon and paediatrician) five times a year l inking the county with the 

University of Kentucky Medical Centre, one hundred mi les to the north-west. 

Using their rigorously constructed and val idated diagnostic questionnaire this concept of 

cascading speciaJty diagnosis was further refined in Ecuador (Placencia et al .  1 992a, 
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Placencia et al . 1 992b, Placencia et al . 1 992c). Case ascertainment was conducted by a 

house-to-house census of the population with a standardized val idated household survey 

by screening personnel ,  overseen by a team of rural doctors, checked by a team of 

special ist neurologists, with the final diagnosis agreed by consensus from an international 

neurological panel .  This study exemplifies the most meticulous, r igorous, 

methodological approach to measuring the incidence and prevalence of epi lepsy in 

developing country conditions. Although it almost certainly represents best practice for 

measuring the prevalence of epi lepsy in  developing countries by household survey, it 

high l ights the considerable resources necessary with this approach, and it would be 

difficult to repl icate logistical ly in most developing or developed countries. The cost of 

finding and verifying one case by survey in India with confirmation by a neurologist has 

been estimated to be US$ 1 4, requiring 55 person-days using eight survey workers (Pal et 

al. 1 998). 

In the past, one of the difficulties in conducting prevalence surveys in developing 

countries was that demographic or census data were often unavai lable or out of date 

(Osuntokun et al . 1 982) making it difficult to identify all the available source population 

for the survey. This d ifficulty is h ighl ighted in a study in Uganda where on ly an i l l­

defined denominator was avai lable based on three different estimates yielding prevalence 

of 2 .9,  2 . 1 and 3 . 7  per 1 000 respectively (B i l l inghurst et al. 1 973) .  Due to these sorts of 

difficulties with census data, and to enhance cooperation, a novel approach using the 

revolutionary party household cel l  structure was uti l ised where accurate l ists of persons 

were available (Bondestam et al: 1 990). Another problem in developing countries is  
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patient movement in nomadic communities, requiring survey administration on different 

days for complete data capture or exclusion of potential participants classified as non­

permanent town residents (Tekle-Haimanot et al. 1 990b). 

Key informants 

As questionnaires were l ikely to produce lower and incorrect figures, col laboration with 

the "medicine man" was advocated in Nigeria to produce more val id figures as a key 

informant seeing a large number of people with epi lepsy (Dada 1 970). This method is 

used especially in countries where traditional practitioners and rel igious representatives 

are the preferred treatment option (Debrock et al. 2000) and 'western' medical 

presentation is withheld or seizure observation is more rel iably disc losed outside the 

fami ly, such as from vi l lage leaders, due to social stigma (see Table 2 . 1 and Figure 2 . 1 )  

(Debrock et al. 2000, Kaamugisha and Feksi 1 988,  Pal et al .  1 998,  van der Waals et al. 

1 983) .  Other countries have also used non-medical, non-household sources to assist in 

ascertainment of cases, including social workers (Maremmani et al . 1 99 1 ), pub l ic 

authorities (Epi leptics 1 928), health workers, schoolchi ldren (pal et a l .  1 998), and 

teachers who may witness seizures in the classroom setting (Debrock et al . 2000, Pal et 

al. 1 998). 

The main criticisms of th is method is its lack of sensitivity, found to be three to eight 

times less than with other methods (Debrock et al. 2000, Pal et al .  1 998 ,  Thorburn et a l .  

1 99 1 ,  Kaamugisha and Feksi 1 988), and uniformity in standards of diagnosis (Pol lock 

1 930) with teachers and school chi ldren unable to detect cases due to school non-
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attendance. Thus although one study suggests that general ised absence seizures, 

frequently missed in surveys, may be better identified from teachers (Debrock et al . 

2000). However, th is was not confirmed in  another study using s imi lar methods, with 

key informants tending to primari ly detect more visible cases, but being more efficient 

than a survey at detecting cases relative to cost and time (Pal et al. 1 998). 

2.6 Multiple sources 

Several studies have used a number of different sources to ascertain cases (Brewis et al. 

1 966, Forsgren 1 992, Granieri et al. 1 983 ,  Keranen et al. 1 989, Oun et al. 2003, Rocca et 

al . 200 1 ), but in only a few instances have these included community sources (Brewis et 

al . 1 966, Granieri et al . 1 983) in addition to medical sources. Using the blunt question of 

"loss of consciousness" to screen households, half the household survey case were found 

not to have been previously diagnosed in medical sources (Brewis et al. 1 966), whi le a 

study in  Estonia found that no single source was substantially more complete than any 

other (Oun et al .  2003) . 

2.7 The capture-recapture method 

The principle of th i s  method, used by some of the most recent prevalence studies (Bobo 

et al. 1 994, Boon et al. 1 995,  Murphy et al. 1 995, Pal et al . 1 998), is  to cross-reference 

information from d ifferent sources, and to estimate from the "overlap" of cases between 

the various sources, the number of cases not identified by any of the sources (Sekar and 

Deming 1 949). The capture-recapture method requ ires all sources to be independent of 

each other so that the probabi l ity of a case being reported by one source is not dependent 
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on the probabil ity of it being reported by another source (for example AED prescription 

use is probably independent of teacher reporting, whereas it is l ikely to be dependent on 

treatment by general practitioners who may supply prescriptions). 

This  method was used with a door-to-door survey, hospital pharmacies and key 

informants in Benin Africa (Debrock et at .  2000). Combining al l  sources produces an 

estimate of prevalence of 2 1 . 1  per 1 000, while the prevalence is estimated to be 33 .3 per 

1 000 (2 sources) and 35 . 1  per 1 000 (3 sources) by capture-recapture methods (Chapman 

1 95 1 ,  Seber 1 970). With only six percent of cases from medical sources compared to the 

approximately 75% found by survey, this  study shows major problems in using health 

service data to estimate prevalence in groups with poor access to health care. 

2.8 Comparative studies 

There is a l imited number of comparative studies on efficacy (Debrock et a l .  2000, 

Maremmani et al . 1 99 1 ,  Stanhope et at . 1 972). Defining efficacy as the number of cases 

detected by a given method divided by the number of cases known from al l c l inical and 

field sources (Stanhope et a t .  1 972), investigators found that survey techniques were 

sl ightly more effective for detecting total known cases (0.88 and 0 .87 vs. 0 .82) and 

id iopathic cases (0.89 and 0.96 vs. 0.76), while hospital sources were more effective for 

detecting symptomatic cases (0.92and 0 .75 vs. 0.96). When hospital records were used 

alone they found under-reporting of id iopathic cases by more than a half, whi le 

ascertainment of symptomatic seizure d isorders was nearly complete from these sources 
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(Stanhope et al .  1 972). This suggests that under-reporting of idiopathic  epi lepsy 

prevalence is l ikely when determined only from hospital rather than community sources. 

However, at the time Mariana Is lands neurological services were provided solely from 

hospital inpatient and outpatient services with no intermediate medical practitioners 

(general practitioner or non-hospital-based specialists) avai lable for treatment or referral .  

Other studies have found that a large number o f  patients with epi leptic seizures, in itial ly 

seen in hospital , become seizure free and do not remain in contact with the hospital and 

hence would typically escape detection in hospital-based prevalence stud ies (Juul-Jensen 

and Foldspang 1 983) .  Generalized seizures and syndromes, in particular absence seizures 

and epi lepsy, are not often seen or diagnosed in hospital but are seen and diagnosed more 

often in a community setting (Cardozo and Patel 1 976, Gudmundsson 1 966, Osuntokun 

and Odeku 1 970). However, although a more recent study in France found greater case 

ascertainment in community-based sources, they found that uptake could also be twice as 

h igh when "community-based" special ist private practitioners were avai lable compared to 

hospital-based neurological services for generalized epi lepsy (42 . 1 % vs. 20. 1 %), IGE 

(35 .8% vs. 1 6 .2%) and al l  IGE sub-syndromes especial ly chi ldhood absence but not 

local ization-related epi lepsy (Loiseau et al .  1 99 1 ). 

These findings are l ikely to partly reflect disease severity, with id iopathic epi lepsy 

generally being easier to control than symptomatic epi lepsy, particu larly when not 

characterized by convulsive episodes, and therefore less l ikely to present to hospital . 

However, a study of cases aged 5- 1 4  years found newly diagnosed clinic patients to have 

a similar frequency of idiopathic generalized epi lepsy as a school age community 
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population (27 .8% vs. 30.8%). This was not the case for symptomatic general ized 

epilepsy (2 1 . 1  vs. 3 .2%) (Cavazzuti 1 980), suggesting that the distribution of IGE 

syndromes in newly diagnosed patients may be representative of community-based 

disease. It also suggests that countries with better access to special ist epi lepsy services 

are more l ikely to ascertain and manage community cases of id iopathic epi lepsy (Cardozo 

and Patel 1 976, Gudmundsson 1 966, Osuntokun and Odeku 1 970). Thus, in addition to 

treating severe disease, hospital services often reflect issues of health care access 

(Cardozo and Patel 1 976, Osuntokun and Odeku 1 970) with incomplete disease 

enumeration being especial ly problematic when disease referral is low (Abo Melha and 

AI-Raj eh 1 987), with referral practices sometimes influenced by practitioner' s attitudes 

about the appropriate therapeutic approach towards various forms of epilepsy (Granieri et 

al. 1 983) .  

Using a variety of medical sources, an Ital ian study observed considerable overlap in case 

identification, with most of the 5 1  total cases identified (82%) equal ly from either AED 

or fam ily doctors and almost al l  (50 of 5 1 ) by these sources combined. In addition, only 

1 6% were found by a single source and AEDs make up almost two thirds of this 

(Maremmani et al . 1 99 1 ) . The authors contrast this study to one conducted earlier in the 

same district, finding an additional 1 4  cases not found previously, and attribute the 

differences to inferior survey methods and disease denial (Lamorgese et al .  1 979, Reggio 

et al. 1 996). 
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2.9 Summary 

Epilepsy is rarely considered a positive condition of rel igious significance and the 

majority of cultures report a stigmatising effect of being given the label of epi lepsy, 

leading to underestimation rather than overestimation of epi lepsy prevalence, irrespective 

of the method of ascertainment (see Figure 2 .2). Earl ier epidemiological studies rel ied 

heavi ly on hospital-based records to measure the frequency, distribution and prognosis of 

epilepsy. However, as access and presentation to hospital may be delayed, and dependent 

on age, gender, and disease factors, ascertaining prevalent cases from this source can be 

affected. 

With a large proportion of patients free of seizures and tolerant of treatment, in some 

communities cases ascertained from general practice can be a virtual ly complete case 

source for epi lepsy that presents for medical assessment. However, diagnostic accuracy 

from primary care sources is dependent on ready access to tertiary care to l imit false 

positives. Although secondary to medical practitioner input, AED prescription data has 

the advantage that it does not rely on medical practitioner contact for enumeration, 

invitation, or patient participation. Compared to other medical sources, when available, 

use of prescribing AED data may provide an accurate, effective and efficient method for 

estimating epi lepsy prevalence in countries with high access to doctor diagnosis and 

uptake and maintenance of medication. As AED disease indications are not specific it is 

essential to define and exclude fal se positives prior to counting cases as true positives. 
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The household survey is now the cornerstone for case ascertainment in measuring the 

incidence and prevalence in epi lepsy epidemiological research. Its main advantage 

compared to other methods is its independence from medical treatment, and therefore it is 

the only method able to potentially capture cases with unrecognised symptoms. 

Household surveys also have advantages in developing countries, rural and remote 

communities and indigenous populations, where access to health care is more l ikely 

inadequate. Typical ly surveys, form part of a staged design , involving a screening 

questionnaire administered by trained non-medical personnel ,  fol lowed by a detai led 

neurological assessment of test positive cases either by a medical practitioner, specialist 

physician and/or neurologist. Although only util ised by a few recent studies, capture­

recapture methods including survey techniques almost certainly now represent best 

practice for measuring the prevalence of epi lepsy. 
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Chapter Three: Methodological issues in measuring the 
prevalence of epilepsy 11:  Classification and diagnosis 

3. 1 Introduction 

The first part of this chapter discusses the emergence and widespread adoption of the 

cl in ical and operational definitions for epi lepsy, epi leptic seizures and syndromes 

proposed by The International League Against Epi lepsy ( ILAE) ( ILAE 1 98 1 ,  ILAE 

1 989). The second part of the chapter considers epi lepsy diagnosis in prevalence studies, 

progressing from secondary patient records, to primary community sources without 

disease, requiring symptom questionnaires and expert interpretation by specialists. 

3.2 Methodological issues in classification 

The word ' epi lepsy' derives from the Greek verb 'epi lambanein' , meaning to be seized, 

to be overwhelmed by surprise (Annonymous 2003). In more recent times, epi lepsy 's  

modern clin ical architects have proposed the view that "convulsion is but a 

symptom" (Jackson 1 93 1 ,  Penfield and Jasper 1 954), reinforcing the idea that epi lepsy 

should be considered merely a descriptive term and not a disease. 

'Global' classifications for epilepsy 

Epi lepsy is a tendency to have recurrent seizures, with a diagnosis being made after two 

' unprovoked' seizures. The accepted cl in ical process for reaching such a conclusion is 

outl ined below (see Figure 1) (Hauser et al. ] 99 1 ) . 
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Figure 3. 1 :  Flow diagram for classification of seizures and epilepsy in 
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Seizures are classified as unprovoked in the absence of an immediate structural or 

metabolic insult to the central nervous system - in which case they are cal led acute 

symptomatic seizures ( lLAE 1 989). However, acute symptomatic seizures have 

sometimes been included as epi lepsy cases, leading to elevation of prevalence estimates 

(Cockerel l  et al . 1 995,  Goodridge and Shorvon 1 983 ,  Placencia et al . 1 992b, Placencia et 

al. 1 992c, van der Waals et al. 1 983 ,  Wallace et al . 1 998a) . This initially came about 

because historical ly acute symptomatic seizures were not separated from unprovoked 

seizures, but now occurs more because of difficulties in differentiating the temporal 

nature of any proximate insult. 
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In add ition, the acute period has been variously defined as: 48 hours (Hauser et al .  1 99 1 ), 

seven days (Hauser et al .  1 99 1 ), two weeks (Haerer et al . 1 986), one month (Rocca et al. 

200 1 ), two months (Aziz et al . 1 994), and up to 3 months of an acute process (Hauser and 

Kurland 1 975,  Hauser et al. 1 99 1 ) . Sometimes even with in  the same study the period has 

varied depending on the aetiology of the process: seven to 1 4  days after head inj ury; 

seven days after a stroke; with in  48 hours of alcohol withdrawal or in association with 

brain tumours, metabol ic disturbance, toxins; and a presentation of tumour or 

postoperative period "up to the time of stabi l isation" (Hauser et al. 1 99 1 ). 

Febri le seizures, the most common form of acute symptomatic seizure, have sometimes 

also been categorized as epi lepsy in prevalence studies. Ascertaining the febri le nature of 

the convuls ion may be d ifficult and there is variation in its lower age l imit from one 

month ( ILAE 1 993) to three months (Freeman 1 980). I n  contrast, epi lepsy can be the 

result of a ' remote' symptomatic insult, when an event results in cerebral damage that 

subsequently leads to epi lepsy. Thi s  distinction between ' acute' versus ' remote' insult i s  

also not always clear, as  in  the case of  a evolving neurological condition e.g. a cerebral 

tumour (Baumann et al .  1 977, Haerer et al . 1 986, Keranen et al .  1 989). Some stud ies 

have also included cases after a single seizure (Goodridge and Shorvon 1 983 ,  Lessel l  et 

al. 1 962, Placencia et aI. 1 992b, Placencia et al. 1 992c, Zander et al . 1 979) l i kely leading 

to elevated est imates, whi le an Australian study defined the d isorder only after at least 

three seizures had occurred (Beran et at .  1 982). 
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This l ack of uniformity in  the definition used for the classification of epi lepsy makes it 

difficult to compare the findings of different epidemiological studies. Although epi lepsy 

is primari ly a cl inical diagnosis, some reports only include those who also had an 

abnormal EEG. In contrast, other investigators have only included as cases those with 

' idiopathic'  or 'symptomatic ' epilepsy, or those with a history of a seizures and a normal 

EEG. In earl ier studies, c lassification often involved a cl in ical ' black box ' ,  e.g. ' standard 

cl in ical definitions for diseases and syndromes' were used in a study in the UK to include 

cases (Brewis et al. 1 966) or label led by a neurologist without specifying a definition 

(Bondestam et al . 1 990, de Graaf 1 974, Epileptics 1 928,  Joensen 1 986, Krohn 1 96 1 ,  

Ol ivares 1 972). I n  fact, twenty definitions have been used in the studies reviewed, with 

on ly half of the studies having used the current 'global ' definition for epi lepsy of two or 

more afebri le non-acute symptomatic seizures (see Table 3 . 1 ) . 

Along with the ' global ' definition for epi lepsy, a number of operational definitions are 

also reported in studies as defined by the International League Against Epi lepsy ( lLAE) 

(JLAE 1 993). The most commonly reported operational definition is ' active epi lepsy' 

defined as, 'a seizure in the preceding five years or receiving anti-epi leptic drugs in the 

preceding five years ' .  This definition is particularly useful in a condition which has a 

tendency to sometimes remit in  adulthood, and should reduce recal l b ias compared to 

l ifetime prevalence estimates. However, the majority of later studies that have included 

an 'active epi lepsy' category have also used a wide range of id iosyncratic interpretations 

(see 
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Table 3 .2). 

Table 3. 1 :  Definitions for epilepsy used i n  prevalence studies: 1923-2007 (n=1 15) 

Definition 
Studies 

(n) 0/0 
Epi leptic' 3 2 .6% 
2 or more afebrile, non acute symptomatic seizures 57 49.6% 
Not specified 22 1 9. 1 % 
2 or more afebri le seizures 6 5 .2% 
2 or more seizures 4 3 .5% 
2 or more afebri le seizures including acute symptomatic seizures 3 2 .6% 
3 or more doctor-diagnosed seizures 1 0.9% 
3 or more, afebrile non-acute symptomatic 2 1 .7% 
Afebrile seizures 2 1 .7% 
1 or more afebrile, non acute symptomatic seizures 1 0.9% 
1 or more seizures including febri le & provoked 5 4 .3% 
1 or more seizures, excluding febrile but including acute symptomatic 
seizures 1 0.9% 
2 or more seizures and a positive EEG 1 0.9% 
AEDs prescribed for epi lepsy 1 0 .9% 
Doctor diagnosed epilepsy 1 0.9% 
Epi leptic fits' or on AEDs in last 2 years I 0 .9% 
Grand mal' attack excluding infantile convulsions 1 0.9% 
AEDs prescribed for > 1 80 days in last year 1 0.9% 
AEDs prescribed for epi lepsy/seizures including symptomatic seizures 1 0.9% 
Self-reported "epi lepsy, repeated seizures, convulsions or blackouts 1 0.9% 

EEG = electroencephalogram, AEDs = Anllepliepllc drugs 
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Table 3.2: Definitions of 'active' epilepsy used in prevalence studies: 1923-2007 
(n=1 15) 

Definition Studies 
(n) 

1 f not on an AED, at least one seizure in last 2 yrs; or i f  
on  an AED, two seizures in last 5 years with at least 
one seizure in last 3 yrs 1 
On an AED, or 2 or more seizures with a seizure in the 
last 1 2  months 1 
One seizure in the last 5 years if on an AED or one 
seizure in the last 1 2  months if not on a AED 3 
One seizure occurring in the last 5 years, and/or on an 
AED at time of survey 6 
One seizure in the preced ing 24 months, on an AED or 
both 1 
One seizure in the last 2 years 3 
Two or more seizures in the last 1 2  months 1 
One seizure in the last 5 years 9 
On an AED or seizure in the last 6 months 1 
Two seizures or one episode of status in the last 1 2  
months 1 
One seizure in the last 3 years, or on an AED 1 
On an AED and one seizure in the last 5 years I 
On an AED or a seizure in the last 6 months 1 
On an AED or a seizure in the last 5 years 1 7  
One or more seizures or on an AED in last 2 years 4 
Seizure in the last 1 2  months or on an AED at time of 
survey 2 
Two or more seizures in the last 2 years 1 
On an AED, one seizure in last 3 years; not on an AED 1 
one seizure in the preceding 1 2  months 
Epi lepsy, repeated seizures, convulsions, or blackouts 
in the preceding 1 2  months 1 
Two or more seizures in the last 2 years or on an AED 1 
seizure or on an AED in the last 1 2  months 1 
Seizure in the last five years or treated with an AED for 
eRi lepsy in last 1 2  months 1 

AED ; antI-epileptIc drug 
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The classification of 'more specific forms of epilepsy ' 

As outlined in Figure 3 . 1 ,  after confirmation of two or more unprovoked seizures and a 

'global ' diagnosis of epi lepsy, a person is then further sub-classified with a ' more 

specific forms of epi lepsy ' (see Appendix 1 )(ILAE 1 989). However, classification 

systems for ' more specific forms of epi lepsy' have changed over the years and this has 

led to d ifficulties when comparing studies. 

Changes in classification of 'more specific forms of epilepsy ' 

Penfield and Jasper (Penfield and Jasper 1 954) first attempted to classify epilepsy by 

relating the type of seizure to the cause using a system based on clin ical and EEG 

findings, pathology and therapeutic considerations (McNaughton 1 952, Penfield 1 948). 

In contrast, Lennox used a purely seizure-based approach classifying epi lepsy into five 

major categories: petit mal triad, convulsive triad, autonomic, unclassified, or combined 

seizures (Lennox and Lennox 1 960). Uti l i sed in a Nigerian study (Osuntokun and Odeku 

1 970) and although sti l l  semiologic, Wi l l iams divided general ised epilepsy to include: 

grand mal attacks without aura, petit mal and variants, myoclonic seizures and akinetic 

attacks with al l other forms regarded as focal (Wi l l iams  1 958) .  

In the late 1 950s, a United Kingdom general-practice-based study involved surveying 

consultations for epilepsy and their subtypes and classified 'petit mal ' ,  ' grand mal ' ,  status 

epi lepticus, and other epi lepsy types (Logan and Cushion 1 95 8), ' grand mal ' ,  

encompassed all convulsive events, and 'petit mal '  included 'absence' and ' psychomotor' 

events. Psychomotor epilepsy was originally confined to seizures of temporal lobe 
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origin, but has now evolved to mean complex partial seizures involving any lobe (Brewis 

et al . 1 966). In the older terminology, convu lsive seizures were synonymously diagnosed 

as ' grand mal' encompassing seizure both or partial and general ised onset. S imi larly, 

non-convulsive seizures diagnosed as 'petit mal ' l ikely included the current absence 

seizure and complex partial seizure phenomenology. 

A study in Norway divided patients into : temporal, extra-temporal and centre-encephalic 

epi lepsy types (Krohn 1 96 1 ), whi le an early Dan ish study used four main groups: petit 

mal, focal symptomatic, non-focal symptomatic, epi lepsy of unknown cause and the 

additional ' l ipothymia group' consisting of patients in whom seizures were of a postural 

nature (Juul-Jensen 1 964), synonymous to 'akinetic' attacks. Two Kenyan studies further 

h igh l ight the idiosyncratic nature of classification, with one using the 1 973 WHO criteria 

(Merl is 1 970) to include events termed as ' Salaam attacks' (Ruberti et al 1 985), whi le the 

second uses: d iffuse, awakening, and sleeping for ' grand mal ' syndromes (Telang and 

Hettiaratchi 1 98 1 ). 

These changes highl ight the potential improved precision in classification by the use of 

standardized terminology, and its l i kely effect on -comparisons between stud ies and time 

trend data (da Mota Gomes et al .  2002, Hauser and Kurland 1 975). In the Rochester 

study, incidence rates for partial seizures more than doubled from the first to the second 

interval (from 1 4 .2 t030.4), whereas absence seizures decreased (from 5 .7 to 3 .4) (Hauser 

and Kurland 1 975) .  This may also be the reason for the prevalence of each seizure type 
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(except for epi lepsy characterised primari ly by myoclonic seizures) increasing by a factor 

of two or more between 1 940 and 1 980 (Hauser et al .  1 99 1 ). 

Standardising seizure and syndrome classification 

With the involvement of the International League Against Epi lepsy ( ILAE) in the early 

1 960s a more standardised approach to seizure and syndrome classification emerged 

(Gastaut I 969a, Gastaut 1 969b, Gastaut 1 970, Gastaut et al . 1 964). Prior to this the 

classification of epilepsy in prevalence studies involved cl in ical data alone (Kurland 

1 959), which was later modified to also include EEG findings (Wajsbort et a t .  1 967). 

However, the main distinction this new approach provided was an essential ly 

dichotomous ' second level '  category of generalised-onset seizures, which were presumed 

to involve the entire brain from the outset, or partial-onset seizures, in which seizures 

begin in a local ized brain region (Lavy et al. 1 972). The ILAE classification of seizures 

and epi lepsy syndromes was generally used to classify epi lepsy in prevalence studies 

after their further revision in 1 98 1  to also involve the ' third level '  ' idiopathic ' ,  

'cryptogenic' and ' symptomatic' categories, along with some more detai led ' fourth leve l '  

h igher sub-syndromes e .g .  Juvenile Myoclonic Epilepsy ( lLAE 1 98 1 ,  ILAE 1 989) 

combining information on seizure types, age at onset, aetiology, cl in ical course, and 

electroencephalography (see Appendix 1 7  and Appendix 1 8) .  

However, the uses of these ' th ird-leve l '  syndrome categories "id iopathic", "cryptogenic" 

and "symptomatic" have also changed over time. "Idiopathic" used in an earl ier context 

meant epi lepsy without a definite cause (Kurland 1 959), but is currently used for 
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epi lepsies presumed to have a genetic aetiology. "Cryptogenic", previously used as a 

presumption of a non-genetic aetiology, but with insufficient evidence to assign a specific 

aetio logy, now is used for epi lepsies without an identifiable structural lesion but with a 

presumption of one, whi le  the "symptomatic" epi lepsies remain the only testable term, as 

they are due to a rad iological ly  visible brain injury, e.g. brain infection, stroke, head 

injury, brain tumour etc. (Hauser et al .  1 99 1 ). 

Even using a h igh level of expertise to diagnose cases from general practice records, up 

to two-thirds of diagnoses fal l  into non-specific ILAE categories such as partial 

cryptogenic (Kel l inghaus et al. 2004, Manford et al. 1 997). Although some of the 

diagnostic imprecision which was found in this study relates to its use of medical records 

to diagnose syndromes (Bodensteiner et a l .  1 988), other studies have also found few 

cases in the general popu lation for some of the specific syndromes and categories 

described by the I LAE (Oka et al. 2006, Olafsson and Hauser 1 999, Osservatorio 

Regionale per l 'Epi lessia (OREp) 1 996). This has led some authors to suggest that the 

current ILAE system lacks diagnostic precision and does not identify internally 

aetiological ly homogeneous or mutually exclusive groups (Manford et al .  1 997). 

A major reason for the imprecision in the ILAE system in diagnosing partial syndromes 

is due to the recent significant advances in neuro-imaging techniques. Sku l l  x-rays and 

CT brain scans were an appropriate part of epi lepsy assessment in earlier studies, but are 

no longer routinely used today in tertiary hospital epi lepsy centres (Cardozo and Patel 

1 976, Sridharan et a l .  1 986, Young et al .  1 982) . Increasingly sensitive magnetic 
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resonance imaging of the brain (MRIB) is able to identify previously undetectable partial 

epi lepsy etiologies (Jack et al. 1 995,  lackson et al. 1 990) and along with newer functional 

neuro-imaging techniques (Stevens et al. 1 996) now play a central role in syndrome 

diagnosis of the partial epilepsies (Awada et al. 1 99 1 ), yet these investigational 

modalities have not been integrated into the current revised ILAE classification systems 

(EngeI 200 1 ) . 

A hospital-based study in Austria classified patients according to the ILAE 1 98 1  and 

1 989 classification systems, and found that with MRI the most frequent local ization­

related epi lepsies were those caused by a structural abnormal ity 1 25 8/ 1 609 (78.2%). The 

cryptogenic group (n=335), those only ' thought' to have a structural lesion, were often 

re-classified as clearly having a structural aetiology when MRI was performed (Bauer 

1 994). Lack of expert MRI assessment makes measures of the "cryptogenic category" in 

previous studies rather arbitrary as neuro-imaging frequently can reclassify this group 

into "symptomatic" epi lepsy (Ohtsuka et al .  1 993). Therefore, it becomes difficult to 

define partial epi lepsies on the basis of cortical local ization and cryptogenic, 

symptomatic or idiopathic categories (Berg et al . 1 999) without more extensive video­

EEG monitoring and neuro-imaging investigations, which is often impractical in 

community-based epidemiological studies. Taken together, these studies suggest that the 

faci l ity to classify epi lepsy by less resource intense methods without a loss in val idity 

would have great benefits in cl inical practice and population-based research (Everitt and 

Sander 1 999). 
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It is now well establ ished that the id iopathic group of epi lepsy syndromes have a major 

genetic contribution (Ottman et al . 1 998a). This evidence is derived from studies 

demonstrating increased fam i lial aggregation (Annegers and Hauser 1 982, Annegers et 

aJ . 1 982), h igher concordance rates in monozygotic versus dizygotic twins (Berkovic et 

al. 1 994, Lennox and Lennox 1 960), genetic l inkage and gene identification studies in 

human epi lepsies (Gardiner and Lehesjoki 2000), and studies of human Mendel ian 

disorders with seizures as part of the phenotype (Anderson et al. 1 999). Fami l ial 

aggregation studies suggest a significant genetic contribution with the standardized 

morbidity ratio for epi lepsy in relatives of index cases with epi lepsy with onset prior to 

age 1 6  years being 2 .5 in sibl ings (95% C l  1 .3-4 .4) and 6.7 in offspring (95% C l  1 .8-

1 7 . 1 )  (Annegers and Hauser 1 982, Annegers et al. 1 982). 

IGE is cl inical ly characterized by absence, myoclonic, tonic-clonic, astatic, atonic and 

occasionally tonic seizures ( ILAE 1 98 1 )  with the EEG pattern of b i lateral ,  synchronous 

and symmetrical spike and wave or polyspike and wave discharges. On the basis of the 

predominant seizure type, seizure pattern and age of onset, the international classification 

now recognises seven main sub-syndromes: benign myoclonic epi lepsy of infancy, 

epi lepsy with myoclonic absences, epi lepsy with myoclonic astatic seizures, chi ldhood 

absence epi lepsy, juveni le absence epi lepsy, juven i le myoclonic epi lepsy, and id iopathic 

generalised epi lepsy not otherwise specified (Engel 200 1 ). 

Although phenotypic concordance of these sub syndromes among first degree relatives of 

juvenile myoclonic epi lepsy, and the absence epi lepsies (chi ldhood absence and juven i le 
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absence) is about one third (Beck-Mannagetta et al 1 99 1 ,  Garcia et al . 1 993,  Marini  et al . 

2004), these stud ies all show overlap of sub-syndromes within fami l ies suggesting that 

these epi lepsies are genetical ly closely related, with chi ldhood absence and juveni le 

absence being somewhat more distinct entities than j uveni le myoclonic epi lepsy. In 

addition there i s  emerging evidence of distinct genetic effects on absence and myoclonic 

seizures rather than their sub-syndrome phenotypes (Winawer et al. 2003), which is not 

surprising, as the presence of specific seizure types and their expression drives both the 

diagnosis of I GE and its sub-syndromes and underl ines the importance of better 

genotype-phenotype understanding if we are to ultimately dissect the genetics of IGE. 

Idiopathic General ised Epi lepsy ( IGE) is said to be a common group of epi lepsies 

accounting for about 20-40% of all epi lepsies (Gastaut et al . 1 975,  Janz et al. 1 992;) and 

there are considerable increasing worldwide attempts to discover the suspected large 

genetic contributions to their aetiology (Mul l ey et al 2004 .). However, their prevalence 

estimates have been derived solely from hospital-based observations with no community­

based studies been performed, making it difficult to judge there relative importance from 

a public health perspective to the epi lepsies as a whole. 

3.3 Methodological issues in diagnosis 

Difficulties in diagnosis 

Only a few studies draw attention to the group of conditions often masquerading as 

seizures. Although not well documented, alternative diagnoses for events that mimic 

seizures such as syncope, psychogenic events, migraine and vertigo can be present in up 
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to one-fifth of samples (Keranen 1 987, Leibowitz and Alter 1 968). In  a US study, spel\s 

fol lowing pain or emotional upset and consisting of the subject becoming l imp were 

considered fainting episodes and were not counted as seizures, wh i le  spel \ s  in chi ldren 

under five years which occurred fol lowed pain, crying and which consisted of apnoea and 

l impness were considered as breath-holding attacks and were also not counted as seizures 

(Baumann et al .  1 977). 

The ILAE classification system used since 1 98 1  denotes impairment of consciousness by 

a person 's  "degree of awareness and/or responsiveness to external stimul i" to define 

simple partial and complex partial seizures ( lLAE 1 98 1 ) .  This can be difficult, especial\y 

for the patient and sometime even the witness. Absence seizures ( l ike complex partial 

seizures) may only manifest as brief periods of inattention which may be d ifficult to 

detect without close observation and interaction with the patient. These seizures have 

been found to be often missed with written screening questionnaires (Raj eh et aJ. 200 1 ,  

Rajeh et al . 1 993) or when concealed by the patient (Rocca et al . 200 1 ). I n  a study in 

Israel ,  almost one-third of patients were unable to be classified, with misdiagnosis being 

more l ikely between 'petit mal' and 'temporal lobe' epi lepsy (Leibowitz and Alter 1 968). 

Hence, patients with absence or temporal lobe onset epilepsy have a longer interval 

between onset and diagnosis from those with other types (Hauser et al . 1 99 1 ), particularly 

if characteristic abnormal ities on the patient' s  EEG record are considered diagnostical ly 

necessary (Loiseau et al . 1 99 1 ). In a study in Bol ivia, absence or complex partial 

seizures were not separated in 1 0% of patients (Nicoletti et al . 1 999) with inter-ictal EEG 
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recordings. There was a tendency to reclassify generalised seizures as partial, mostly 

when seizures were convulsive rather than non-convulsive (i .e. absence only from 1 0  to 

9, myoclonic only from 1 0  to 9, but tonic clonic from 63 to 43,  and secondarily 

general ised from 33 to 56, tonic also altered with EEG from 5 to 2 but was rare). 

In an adult outpatient setting in Lagos University teaching hospital in Nigeria, about 1 0% 

of epi lepsy patients (80/796) were unclassifiable (Danesi 1 985), while a Pakistani study 

found that in 5 .6% of cases, the seizures could not be classified into any categories (Aziz 

et al. 1 994). Using clin ical EEG and CTB data, a study in Saudi Arabia found that in 

about a half of patients it was impossible to determine if seizures were partial or 

generalized in onset because patients were unable to give clear details of thei r  symptoms 

or the EEG fai led to show definitive diagnostic changes. As in most studies, the authors 

conceded that the diagnostic questionnaire they used probably had lower sensitivity for 

detecting non-convulsive seizures, particularly absence seizures (Raj eh et al. 200 1 ,  Rajeh 

et al. 1 993). A Finnish study managed to solely c lassify 82.5% of 1 220 patients 

(Keranen et al . 1 988) a figure simi lar to that obtained in several other studies (Gastaut et 

al. 1 975, Oka et al. 1 995,  Osservatorio Regionale per l'Epilessia (OREp) 1 996, Oun et al. 

2003), but less than the figure of greater than ninety percent seen in some other studies 

(Granieri et al. 1 983 ,  Joensen 1 986, Juul-Jensen and Foldspang 1 983,  Oka et al. 2006, 

Senanayake 1 993,  Viani et al. 1 988). It is not readi ly explained by the level of 

investigational complexity used (see Table 3 .3) .  
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Table 3.3: Proportion of unclassifiable seizures in epilepsy prevalence studies 
from 1923-2007 (n=1 15) 

Study Country 
Cases ILAE Unclassified 

n 1981 0/0 
Africa 
(Rwiza et al . 1 992) Tanzania 20 1 yes 1 0. 1  
(Tekle-Haimanot et al . 1 990b) Ethiopia 3 1 6  yes 5 .0 
(Goudsmit et al .  1 983) Liberia 1 23 yes ns 
(Levy 1 970) Rhodesia 1 30 no 4 .5  
(Coleman et  a l .  2002) Gambia 80 yes ns 
(Debrock et al. 2000) Benin 66 yes 6. 1 
(Osuntokun et al . 1 987) Nigeria 1 0 1  no 1 8 .8  
(Danesi 1 985) Nigeria 945 no 3 .0 
(Danesi and Oni 1 983) Nigeria 396 yes ns 
(Ruberti and al 1 985) Kenya 9 1 2  ns 3.3 
(Tekle-Haimanot 1 984) Ethiopia 468 ns 6 .9 
(Osuntokun and Odeku 1 970) Nigeria 522 no ns 

South 
(Hurst et al . 1 96 1 )  Africa 5 1  no ns 
(Snow et al 1 994) Kenya 30 yes 20.0 
Asia, India & The Middle East 
(Bharucha et al. 1 988) India 66 yes ns 
(Kaoul et al. 1 988) India 1 57 yes 9.6 
(Pal et al. 1 998) India 1 32 yes 20.0 
(Attia-Romdhane et al .  1 993) Tunisia 1 4 1  yes ns 
(Sridharan et al. 1 986) Libya 568 yes ns 
(Onal et al. 2002) Turkey 1 7  yes 1 1 . 8 
(Aziz et al . 1 994) Pakistan 24 1 yes 5 .6 

Saudi 
(Raj eh et al .  200 1 )  Arabia 1 36 yes 5 1 .0 

Saudia 
(Raj eh et al . 1 990) Arabia 

74 1 yes ns 

(Loh et al. 1 997) S ingapore 1 2 1  yes 9.0 
Mariana 

(Lessel l  et al. 1 962) Islands 1 1 1 no ns 
(Marino Jr. et al .  1 987) Brazi l  9 1  no ns 
(Garcia-Noval et al. 200 1 )  Guatemala 46 yes 2.0 
(Gomez et al .  1 978) Columbia 1 68 no ns 

Republ ic of 1 9  yes 5 .0 
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Study Country 
Cases ILAE Unclassified 

n 1981  0/0 
(Gracia et al . 1 990) Panama 
(Fernandes et al . 1 992) Brazi l 1 1 3 ns 2 1 .6 
(Lavados et a l .  1 992) Chi le 297 yes ns 
(da Mota Gomes et a l .  2002) Brazi l 20 yes 25.0 
(Nicoletti et al .  1 999) Bolivia 1 24 yes ns 
(Mendizabal and Salguero 1 996) Guatemala 1 6  yes ns 
(Placencia et al. 1 992c) Ecuador 88 1 yes 2.0 
North America 
(Kurland 1 959) USA 295 no 1 . 5 
(Hauser et al . 1 99 1 )  USA 66 yes ns 
(Hauser et at. 1 99 1 )  USA 1 24 yes ns 
(Hauser et al .  1 99 1 )  USA 1 98 yes ns 
(Hauser et at. 1 99 1 )  USA 285 yes ns 
(Hauser et at. 1 99 1 )  USA 383 yes ns 
(Haerer et a t .  1 986) USA 246 yes 1 3 .8 
(Hauser and Kurland 1 975) USA 242 no 2 .5  
Europe 
(Giu l iani et al. 1 992) Italy 256 no 7.4 
(Rutgers 1 986) Netherlands 88  yes 2 .0 
(Brewis et a t .  1 966) England 360 no ns 
(Goodridge and Shorvon 1 983) England 1 22 yes 1 7 .0 
(Cockerel l  et at .  1 995) England 1 26 yes 1 4 .0 
(Wright et al .  2000) England 1 56 1  yes ns 
(Maremmani et a t .  1 99 1 )  Italy 5 1  yes ns 
(Granieri et at . 1 983) Italy 278 yes 7.2 
(Cornaggia et al . 1 990) Italy 258 yes 5 .7 
(Rocca et a l .  200 1 )  Italy 8 1  yes 3 .0 
(Oun et al .  2003) Estonia 3 1 7  yes 1 9 .9 
(Olafsson and Hauser 1 999) Iceland 428 yes 2.0 
(Keranen et al . 1 989) Finland 1 220 yes 1 7 .6 
(Krohn 1 96 1 )  Norway 9 1 9  no ns 
(Gudmundsson 1 966) Iceland 987 no 2.2 
(Forsgren 1 992) Sweden 7 1 3  yes 7.6 

Northern 
(McCluggage et at .  1 986) Ireland 242 no 5 .0 
(Zander et al .  1 979) England 52 no 23 . 1  
(Wh ite and Buckley 1 98 1 )  England 64 no ns 

ns = nOI specified. ILAE 1981 (ILAE 1 981) 
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Uncertain epi leptic syndromes were found in 1 1 .6% (995/8750) of patients in a study in 

Lombardy, France (Osservatorio Regionale per l 'Epi lessia (OREp) 1 996) in which 

diagnostic uncertainty was influenced more often by atypical seizure features (e.g. 

excessive amount of myoclonias resulting in a reluctance by the authors to diagnose 

absence epi lepsy in patients with concomitant absence seizures) rather than atypical age 

of seizure onset (i .e. 23 . 1  % due to atypical features vs. 3 .3% atypical age of onset) or 

later timing of data col lection ( i .e .  syndrome diagnosis simi lar for data col lected within 

one year vs .  one to five years). 

Therefore, although age of onset is one of the most useful discrim inating factor in 

diagnosing the l i kely IGE seizure type, it is a continuous rather than d ichotomous 

re lationship. This is i l lustrated by the study of Senanayake (Senanayake 1 993) where, 

seizure onset was before 40 years of age for all IGE seizure types with : absence seizures 

greatest up to 20 years of age; myoclonic greatest between 1 1 -30  years of age; and tonic 

clonic seizures greatest between 1 1 -30 years (see F igure 3 .2). 
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Figure 3.2: Frequency of generalised seizure types by age of onset (absence = 1 6, 
myoclonic = 1 82, tonic clonic = 93) (Senanayake 1993) 
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This same hospital-based study in Sri Lanka classified 1 250 patients using seizure 

symptomatology alone. The diagnosis  was confirmed by EEG in a number of cases, 

particularly absence seizures (absence 8 1 .3%, myoclonic 45 .6%, and GTCS 30.9%) but 

changed the diagnosis in only a few (less than 3%), therefore confirming that a good 

standardized questionnaire is the key instrument in classifying epi leptic seizures and is of 

particular relevance for epidemiologic studies in developing countries. The investigators 

found that the most important factor in making a diagnosis, in particular for specific 

seizure types, is an eye-witness account of the patient 's  seizures (Senanayake 1 993). 

An Australian study retrospectively classified 1 902 consecutive patients from a single 

neurological consultant practice over 30 years and identified 1 637 patients with epi lepsy. 

Patients were seen three times on average although 42.3% were seen only once and most 

(89.3%) had an EEG performed. The proportion of undetermined epi lepsy (22.4%) 
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decreased with increasing number of occasion on which patients were seen, with 

generalized epi lepsies tending to be increasingly diagnosed when seen more than once. 

The author diagnosed syndromes to the second level (i .e. idiopathic general ized), but 

suggested that th is could have been performed to the third level for generalized 

syndromes, as this is primari ly dependent on age of onset information. However, it was 

d ifficult to classify partial epi lepsies to the same third level ( i .e .  cortical region) with 

confidence as brain imaging was not routinely avai lable (Eadie 1 996) . 

Although one study found the d iagnosis of epi lepsy syndromes to be easier in paediatric 

compared to adult patients (2 1 % vs. 5%) (Kel l inghaus et al. 2004), most studies find 

adult  cases to be more readi ly classifiable than chi ldhood cases (Gastaut et al. 1 975, Joshi 

et al . 1 977), when attempting to discern whether seizures are partial in  onset, the presence 

of absence or myoclonic seizures (Mendizabal and Salguero 1 996, Pal et al . 1 998) and 

particularly severe epilepsies in chi ldhood (Farre l l  1 993). In a study involving children 

less than 6 years of age, many patients lacked specific c l in ical or EEG features making 

sub-classification i nto epi leptic syndromes difficult (Ohtsuka et al .  1 993). These 

diagnostic problems in chi ldhood epi lepsy may relate to greater syndrome complex ity, 

e.g. the complex secondary generalized epi lepsies emerge during this period ( 1 7 .5% vs. 

1 .9%), a more delayed period of complete syndrome evolution, or the diagnostic 

d ifficulties when relying solely on witnessed seizure information through a parent 

(Gastaut et al .  1 975) 
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Thus, diagnosis of seizures and syndrome can be difficult depending on the quality of the 

information obtained. Diagnostic precision improves over time, with an eye-witness 

account of seizures, increased diagnostic expertise, and the level of investigation 

undertaken (only in partial seizure types), but there remains some residual uncertainty. 

Although some case series (Bauer 1 994, Danesi 1 985 ,  Eslava-Cobos 1 989, Loiseau et al . 

1 99 1 ,  Viani et al . 1 988) have reported a low rate of unclassified seizures, a high 

proportion of unclassi fied seizures may be seen especial ly in retrospective analyses of 

c l inical data (Olafsson and Hauser 1 999). The lower diagnostic rates between studies 

may partly relate to the qual ity of historical data obtained from patients and relatives, due 

to incomplete medical records in those without history, and difficulties obtaining good 

seizure history from patients and relatives. 

Expertise of interview and interpretation 

Although primari ly  intended to test the abi l ity and use of the recently devised ILAE 

classification system, a hospital-based study involving the EEG laboratories in Marsei l le 

also reports the prevalence of seizures and syndromes (Gastaut et al .  1 975) .  It was based 

on one the largest group of patients to date and compares the diagnoses obtained by two 

teams of doctors in 6000 (team A) and 562 (team B) cases. Team A comprised 

neurologists and paediatricians who based their diagnoses on personal h istory and 

interpretation of EEGs, whi le  team B comprised various physicians, most not special ized 

in either neurology or paediatrics based solely on histories. Team A was able to classify 

76.5% of patients, whereas team B managed on ly 54.4%. However, simi lar results were 

obtained at the general ized (37.7 vs. 40.2) and partial (62 .3 vs. 59 .8) level of diagnostic 
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differentiation by both groups, suggesting that specific syndrome classification rather 

than broad epi lepsy-onset type may be more dependent on a h igher level of expertise. 

Only diagnose predominant seizure 

Another problem in seizure prevalence studies is the tendency to diagnose only the 

predominant seizure type rather than all seizure types independently (Keranen et al. 1 989, 

Olafsson and Hauser 1 999). This has meant that when a patient had a combination of 

seizures e.g. absence and tonic-clonic seizures, patients were often classified only with 

tonic-clonic seizures (Brewis et a l .  1 966, Forsgren 1 992). This approach may not be as 

usefu l  in an evolving classification system, particularly for future genotype-phenotype 

associations, since most patients experience multiple seizure symptoms, and it is unclear 

which symptoms may be most pred ictive of genotype (Choi et al . 2006, Winawer et al. 

2003). 

3.4 Questionnaires 

The very earliest studies attempting to measure the population prevalence of epilepsy 

lacked uniformity and standards of diagnosis (Pol lock 1 930). In the Rochester epi lepsy 

epidemiological studies, all avai lable medical records of residents with a diagnosis of 

epi lepsy or seizures were reviewed, and diagnoses were based on the impression of the 

study neurologist from these secondary sources (Hauser et a l .  1 99 1 ). In their series of 

studies, the diagnosis of epi lepsy type was based solely upon the cl in ical description of 

the seizure patterns, augmented in some cases by interviews with patients, without regard 

to the EEG patterns (Hauser and Kurland 1 975). 
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Screening Questionnaires 

Rose and collaborators appear to have been the first investigators to have critical ly 

appl ied household survey questionnaire technology to study the prevalence of epi lepsy in 

children, by administering a mail questionnaire to all fami l ies in County Maryland and 

val idating ten percent of their sample with examination by health-care personnel (Rose et 

at .  1 973). As in most early studies they used a screening questionnaire, as distinct from a 

diagnostic questionnaire (discussed later), designed to select the subgroup of the 

population containing the majority of people with epi lepsy (i .e .  high sensitivity). As they 

have a low degree of specificity, epi lepsy screening instruments u ltimately requ ire 

diagnostic confirmation, usually by expert neurological opinion (Debrock et at .  2000, 

Meneghini et at. 1 99 1 ,  Osuntokun et at. 1 982, Placencia et al. 1 992b, Tekle-Haimanot et 

al. 1 990a) (see Table 3 .5). 

Screening questionnaires are most commonly conducted with personal face-to-face 

interviews (Attia-Romdhane et al. 1 993, Aziz et at . 1 99 1 ,  Aziz et al . 1 994, Baumann et 

al. 1 977, Bharucha et al .  1 988 ,  B irbeck and Kal ichi 2004, Coleman et at .  2002, Gomez et 

at .  1 978,  Lessel l  et at .  1 962, Mani et at .  1 998,  Mathai et al . 1 968, Nicoletti et al .  1 999, 

Rajeh et al. 200 I ,  Rajeh et at. 1 993, Rocca et al .  200 1 ,  Rwiza et al . 1 992, Tran et at. 

2006), but have also been conducted by mai l (Rose et at . 1 973) and they can involve a 

sample of households or a census (CDC 1 994, Gomez et at . 1 978, Haerer et at .  1 986, 

Mathai et at .  1 968, NCHS 1 990). However, completion rates have been shown to be 

h ighest in telephone mode (66%), intermediate in personal interview mode (37%) and 
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poorest in mai l mode (24%) with simi lar results obtained from the telephone and personal 

interview modes, suggesting that the telephone moded is more cost-effective (Rowan and 

Hyman 1 976). 

Screening surveys are usual ly  administered door-to-door to households (CDC 1 994, 

Nicoletti et at. 1 999, Reggio et at. 1 996, Rocca et at. 200 1 ,  Tran et a\. 2006), institutions 

or key informants (Baumann et at. 1 977), typical ly by direct self-report (CDC 1 994), or 

alternatively by indirect case reports from a parent, guardian or spouse (Baumann et at .  

1 977, Pal et a l .  1 998 ,  Rocca et at . 200 1 ) . When interv iewing a witness to ascertain the 

past presence of seizure symptoms or diagnosis for an individual fami ly member of a 

household, most surveys have interviewed the mothers (Garcia-Noval et a\ . 200 1 ,  Tekle-

Haimanot et at. 1 990b) , who may be the most rel iable keeper of d isease information for 

the fami ly especial ly for disease fami ly history and early l ife events (Baumann et al . 

1 977, Pal et at .  1 998) .  

Screening questionnaires have typical ly  been performed as part of a validated diagnostic 

process (see Table 3 .4). 

Table 3.4: Main validated epidemiological protocols for epilepsy prevalence 
studies 

• The WHO Neuroepidemiology Protocol 

• The International Community-based Research Group ( ICEBERG) Protocol 

• The Sici l ian Neuroepidemiology Study (SNES) 

• The Institute of Neurological Epidemiology and Tropical Neurology Protocol 
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The WHO Neuroepidemiology Protocol 

In cooperation with the US National Institute of Health, the World Health Organisation 

(WHO) developed a protocol to measure the prevalence of major neurological diseases, 

including epi lepsy, in countries with l imited neurologists, hospitals and investigations 

(WHO 1 9 8 1 ) .  This protocol has been used in a number of developing countries as wel l  

as the United States (Attia-Romdhane et al .  1 993, B irbeck and Kalichi 2004, Coleman et 

al. 2002, Kaoul et al. 1 988 , 1 988  #37, Li et al. 1 985 ,  Rajeh et al. 200 1 ,  Rajeh et a! .  1 993) 

and involves a door-to-door screening survey by lay interviewers, fol lowed by diagnostic 

confirmation from a neurologist. 

The screening questionnaire (see Appendix 1 )  and examination was designed to select 

individuals with completed stroke, epi lepsy, peripheral neuropathy, movement disorders 

and migraine headache, as wel l  as those with persistent dysfunction of strength, 

ordination, sensation, vision, and hearing, rather than epi lepsy specifical ly (Osuntokun et 

al .  1 982). The trained health workers carry out a simple neurologic evaluation for 

subjects above the age of six years, with those identified by the screening interview and 

examination as possibly having epi lepsy then being examined by a neurologist; a review 

of avai lable medical records and tests is also sometimes performed (Li et al. 1 985). 

With in these broad diagnostic categories, the screening instrument has 95% sensitivity 

and 80% specificity (see Table 3 .5) .  Its cross-cultural val idity appears relatively robust 

with an Arabic translation of a modified version of the WHO protocol showing sensitivity 

of 98% and specificity of 89% for neurological disease or deficit and questionnaire re­

administration by a neurologist/supervisor for qual ity control demonstrating negl igible 
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errors or omissions (Rajeh et al .  200 1 ,  Rajeh et at . 1 993). A further study in Tanzania 

used this  WHO screening questionnaire for seizures, with the additional question : "Have 

you ever had any episodes of fal l ing or dropping down without any obvious cause or 

which you could not recal l?", to increase seizure sensitivity (Rwiza et al . 1 992) . 

Modelled with modifications on the WHO questionnaire and translated into Amharic, the 

official Ethiopian language, a screening questionnaire aimed at separating those with 

neurological d isorders was developed and tested in Eth iopia (see Appendix 9), and 

followed by a questionnaire containing more detai led neurological inquiry (see Appendix 

1 0) (Tekle-Haimanot et a l .  1 990a). Only two questions in the screening questionnaire 

related to epi lepsy: "unconscious fit, especially with frothing, biting of tongue or 

incontinence of urine" and "sudden jerking movements". For those with epi lepsy, an 

additional questionnaire was adm inistered to obtain more detai led information on the 

characteristics of seizures in the affected person. The sensitivity and specificity of the 

screening instrument was found to be 9 1  % and 85% respectively for the common 

neurological conditions (epi lepsy, mental retardation and pol iomyelitis) and 93% and 

90% for epi lepsy (Tekle-Haimanot et al. 1 990a, Tekle-Haimanot et at. 1 990b) (see Table 

3 . 5). 

The International Community-based Research Group (ICEBERG) Protocol 

The International community-based research group (ICEBERG) subsequently developed 

the ICEBERG protocol (Placencia et al. 1 992b, Placencia et al. I 992c) which probably 

represents the most meticulous, standardized and validated household survey performed. 

In addition to the screen ing questionnaire they were the only study to develop and publish 
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strict operational definitions that they used in aIJ phases of the study, making it l ikely that 

seizure diagnoses were more rel iable and reproducible (see Appendix 2 and 3 ), with al l  

personnel involved being trained to achieve a high degree of uniformity. Epi leptic 

seizures were classified in accordance with the seizure type classification of the ILAE, 

without the use of EEG data ( ILAE 1 98 1 ). In addition, the question wording was 

eventual ly changed as a result of a l ingu istic workshop, held by the principal investigator 

in the study area, to ascertain whether the terminology used in the screening 

questionnaire and the other instruments would be easi ly understood by the local 

population. In itial ly, a screening questionnaire was developed and pi loted (see Appendix 

5) comprising nine questions derived from an original l ist of 20 questions (see Appendix 

4) considered a priori to be the most l i kely to uncover possible cases of epi lepsy. The 20 

questions were validated on 227 healthy and epi leptic patients and showed 1 00% 

sensitivity and 50.8% specificity. Fol lowing a cluster analysis of response rates, nine 

questions were chosen which improved specificity but sti l l  maintained excel lent 

sensitivity giving the screening instrument specificity of 92.9%, sensitivity of 79.3%, 

positive predictive value of 1 8.3%, negative predictive value of 99.6% and a Youden ' s  

index of  0.72 (see Table 3 .5). 
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Table 3.5 : Validity of screening questionnaires used in epilepsy prevalence study 

Sensitivity Specificity PPV NPV Y ouden 's Index 
Country 0/0 0/0 0/0 0/0 

Neurological Diseases 
(Li et al . 1 985) China 95 80 
(Rajeh et al. 1 993) Saudi Arabia 98 89  
(Tekle-Haimanot et a l .  1 990a) Ethiopia 9 1  85  
Epilepsy 
(Rowan and Hyman 1 976) USA 77 
(Zei l inski 1 974b) Poland 86 84  
(Osuntokun et a t .  1 982) Nigeria 95 80 57  i 
(Osuntokun et at . 1 987) Nigeria 95 80 .0 
(Tekle-Haimanot et  at .  1 990a) Ethiopia 93 90 
(Placencia et at. 1 992c) - 20 item Ecuador 1 00 5 1  
(Placencia et at . 1 992c)- 9 item (cl inic) Ecuador 98  92  94 97 0.90 
(Placencia et at. 1 992c)- 9 item (field) Ecuador 79 93 1 8  1 00 0 .72 
(Birbeck and Kal ichi 2004) Zambia 86 92 
(Wang W Z et at. 2003) China 1 00 79 
(Bharucha et at. 1 988) India 1 00 
(Mani et at .  1 998) India 72 
(da Mota Gomes et at. 2002) Brazi l 93 73 
(Pal et at. 1 998) India 5 8  3 9  
(Meneghini et at. 1 992) Italy 96 86 
(Preux and Druet-Cabanac 2005) France 85-95 50-65 

PPV = positive predictive value, NPV = negative predictive value 
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The screening questionnaire was found to have a false positive rate of 1 5 .5%, so inter­

observer rel iabi l ity of the neurological diagnosis was assessed and in 1 1 .5% of the 349 

cases selected the diagnosis of epi leptic seizures was questioned (Placencia et al . 1 992b, 

Placencia et al . 1 992c). The assessment of the unrel iabi l ity of their instrument enabled 

subsequent prevalence estimates to account for this diagnostic uncertainty, giving three 

d ifferent values with a minimum, maximum and range for prevalence rather than a single 

estimate. In addition, the investigators used an even more detai led cascade system of 

diagnostic confirmation than the WHO protocol with : screening by non-medical 

personnel ;  examination by rural doctors; examination by senior neurologists; and final ly 

review and consensus diagnosis by an international panel .  This system al lowed the input 

of special ists to be more focused and enable their time to be used more efficiently. 

A study in Zambia adapted the Ecuador screening instrument translated forward and 

backwards and reconci l ing discrepancies before testing it in general medical and epi lepsy 

cl in ics (Birbeck and Kal ichi 2004). Comprehension of the questionnaire was 

satisfactory, but h igh false positive rates were found, primari ly  among chi ldren with 

seizures related to malaria, i .e. acute symptomatic seizures. Given the few physicians in 

this region during the time of the survey (3 .5 ful l -time positions for the entire population 

of 55,000), the authors wanted an instrument with a h igh positive predictive value. 

Therefore, three questions were added to e l iminate acute symptomatic febrile and malaria 

associated seizures and prefaced each question with "In the past year, have you or anyone 

in this household" to estimate the active prevalence in the last 1 2  months (see Appendix 

6). 
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This adapted questionnaire exhibited 86% specificity, with the positive predictive value 

improving to 92% (see Table 3 .5), with all those screening negative judged not to have 

epi l epsy by a neurologist (i .e. fal se negatives were zero). False positive screens occurred 

primarily among chi ldren who have experienced more than one acute symptomatic 

seizure during recurrent malaria infections. However, the more probable explanation, as 

suggested by the researchers, is that the false negative rate is an underestimate, since the 

instrument is best able to detect convulsive seizures, and individuals with non-convulsive 

seizures who do not also experience other convulsive seizures may go under-recognised. 

This lack of sensitivity for absence and myoclonic seizures with this instrument is an 

important deficiency as these seizures may be the sole manifestation of epi lepsy (e.g. 

Chi ldhood Absence Epi lepsy) or critical syndrome discriminator (e.g. Juveni le 

Myoclonic Epi lepsy, Juveni le  Absence Epi lepsy) (Bharucha et al .  1 988); in contrast, the 

other non-convulsive seizures (atypical absence and tonic) seldom occur without other 

seizure types (Mani et al . 1 998) meaning that their individual insensitivity would have 

less impact on the false negative rate for diagnosing their associated higher level epi lepsy 

syndrome (e.g. Symptomatic General ised Epilepsies). 

Modified versions of the ICEBERG screening instrument have also been used in a 

number of other studies (da Mota Gomes et al . 2002, Mani et al .  1 998, Pal et al .  1 998,  

Wang et al . 2003)(see Appendix 7 and Table 3 .5). 
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The Sic i l ian Neuroepidemiology Study (SNES) 

The Sici l ian Neuroepidemiology Study (SNES) also used a simi lar methodological 

approach as in the ICEBERG tiered design with a validated screening instrument, 

including a symptom questionnaire and a set of seven physical tasks in adu lts to measure 

the prevalence of neurological disease (see Appendix 1 1 ) (Rocca et al . 200 1 ). The 

questionnaire was des igned for structured, face-to-face interviews about neurological 

symptoms and has also been translated into Spanish and used with modification, 

combining EEG recordings in Bolivia (Nicoletti et al. 1 998,  Nicoletti et al. 1 999). 

However, the adult survey was administered by physicians rather than non-medical 

personnel and involved four questions concerning epi lepsy, with one question relating to 

previous diagnoses and three to symptoms; subjects less than 1 2  years were screened 

through a parent. The symptom questions addressed episodes of impaired consciousness, 

episodes of uncontrol led movements of arms or legs, and short periods of staring into 

space (with eyes b l inking and rol led back). The question on "staring into space" was 

intended only for the subjects aged 1 2  years or younger with screened positive cases 

invited for further evaluation in phase 2 .  

The survey instrument, validated for epi lepsy in a hospital setting, demonstrated a 

sensitivity of 96% and a specificity 86% using hospital visitors free of any of the study 

neurological diseases as negatives (Meneghini et al. 1 99 1 ,  Meneghini et a l .  1 992) (see 

Table 3 .5). The small numbers (about 20 disease positives and 20 disease negatives) 

used to val idate the instruments meant that they were unable to test the questionnaire 's 

abi l ity to detect specific subtypes of epi lepsy, such as complex partial or absence 
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seizures. However, an item analysis of the screening instrument showed: impaired 

consciousness sensitivity of 8 1 .8% and specificity of 90.5%; uncontrolled movements of 

l imbs sensitivity 1 00% and specificity of 54.5%; and absence spel ls a sensitivity of 50% 

with specificity not reported. The authors acknowledge that val idation of the instrument 

was based on a smal l number of observations in a hospital setting, and may not reflect the 

actual performance of the instrument in a community setting; epi lepsy requiring 

hospital isation can have severe symptoms or long disease duration, and may not represent 

the complete spectrum of severity in the general population. 

The Institute of Neurological Epidemiology and Tropical Neurology Protocol 

More recently a French questionnaire for investigation of epi lepsy in tropical countries 

has been developed and tested (Appendix 1 2) (Debrock et al. 2000). It was developed 

through col laborative work involving the Institute of Neurological Epidemiology and 

Tropical Neurology of Limoges in France, the Pan-African Association of Neurological 

Sciences and the ILAE Commission on Tropical Diseases, 1 993- 1 997. Patients who gave 

at least one positive response to the screening part of the questionnaire were further 

investigated by a physician to confirm or reject the diagnosis of epi lepsy. The sensitivity 

of the screening questionnaire ranged between 85-95% and the specificity between 50-

65% (Preux and Druet-Cabanac 2005). This questionnaire has been used in a number of 

French-speaking tropical countries, and with a few exceptions (Le et al . 2007, Tran et al. 

2006). The findings have been publ ished mostly in French language publ ications 

(Diagana et al. 2006). 
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Other screening questionnaires 

A study in the Mariana Islands uti l i sed a neurological disease screening questionnaire and 

neurological exam as part of a prevalence study on neurological conditions (Mathai et al .  

1 968). S imilar to best c l in ical practice today, the seizure description questionnaire 

involves both the subject and witness recal l ing the ictus or seizure, any aura or warning 

and the post ictal period. Descriptions of symptoms of convuls ive d isorders, ' petit mal' 

psychomotor phenomena and focal seizures involved questions relating to "momentary 

loss of consciousness, staring look, dreamy state, paroxysmal abnormal behaviour, 

local ized twitching, or sensory phenomena" and included important direct questioning, 

sti l l  used today, regarding "d irection of turning of head and eyes, and the site of onset of 

convulsions" to diagnose the partial-onset nature of symptoms. 

A study in Copiah County, in the United States used a screening neurological 

questionnaire with el igible cases then being examined by the principal investigator 

(Appendix 1 3) (Anderson et al .  1 982, Haerer et al . 1 986) with non-neurologist diagnosis 

only accepted with a confirmatory EEG by an expert. They categorised defin ite 

independent of EEG tracings, along with probable or possible for diagnoses. "Probable" 

and "possible" were defined by two ictal events where the most l i kely explanation was 

epi lepsy. Screening questions were "pre-tested to assure high level of sensitivity in 

detecting persons with epi lepsy", although the authors did not state specifical ly  what the 

results showed. Another US study mainly used a screening questionnaire for finding 

potential cases, but supplemented this with the responses from other major neurologic 

8 1  



screened disorders which could also manifest with seizures e.g. stroke, dementia, and 

Parkinson ' s  disease (Rowan and Hyman 1 976). 

A study in Clay County, Kentucky used the affirmative response to the question 

"epi leptic fits, spel ls, convulsions, blackouts, seizures, fever fits, worm fits, or other types 

of passing out spel ls" (Baumann et al. 1 977). Those answering ' yes' were examined by a 

neurologist and cl in ical ly assessed as to whether a seizure had occurred. A number of the 

uncertain responses were also examined by the neurologist to ascertain the nature of the 

suspected event. A family member, usual ly the mother, was asked to describe the spel l  in 

detai l with specific reference to the subject activities prior to the episode, the presence of 

warning or aura, the subject 's  activities during the spel l ,  and the presence of sleepiness, 

confusion or other changes after termination of the spel l .  Special weight was given to 

spel ls which were unrelated to environmental stimul i ,  which interrupted ongoing activity, 

and which were associated with rol l ing back of the eyes and tonic-clonic movements and 

which were fol lowed by sleepiness or confusion. 

An Australian survey used a self-reported mai l questionnaire to assess the prevalence of 

epi lepsy by identifying patients using the three previous doctor-diagnosed seizures (see 

Appendix I S), and also estimated that a quarter of patients may conceal this diagnosis 

during surveys (Beran et al. 1 985a, Beran et al. 1 982). In a study in Pakistan, a six-item 

screening questionnaire was used and any positive results were confirmed by a 

neurologist (see Appendix 1 6). Diagnosis was primari ly cl inical and determined mainly 

on the basis of witness descriptions of seizure manifestations, with a person classified as 
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having epi leptic seizures sufficient to cause cl in ical ly detectable events apparent either to 

the subject or an observer (Aziz et at .  1 994). 

Final ly, unpubl ished questionnaires have been used in: Poland (Zei l inski 1 974b); two 

regions in Guatemala, using an unspecified 20 item questionnaire, fol lowed by 

neurological assessment, EEG and neuroimaging (Garcia-Noval et at .  200 1 ) ;  and in the 

USA using "self-reported epi lepsy, repeated seizures, convulsions, or blackouts" data 

during the preceding 1 2  months averaged over the period to give annual rates from the 

National Health Interview Survey (NHIS) (CDC 1 994, NCHS 1 990). 

Diagnostic questionnaires 

Although diagnostic questionnaires have been proposed for use in large scale 

epidemiological studies (Ottman et at . 1 990, Reutens et at. 1 992) they have sti l l  primari ly 

been used in fami ly-based genetic studies. 

Chi ldren 

No diagnostic questionnaire stud ies have been performed in children. The reliabil ity of 

diagnoses based on 1 98 1  I LAE criteria ( ILAE 1 98 1 ), was tested by analysis of agreement 

among doctors who classified chi ldren' s  seizures based on descriptions in the medical 

records (Bodensteiner et al . 1 988). Diagnoses were performed by an epi lepsy specialist 

and three training neurologists, and agreement was assessed using weighted kappa's to 

reward close but less than complete agreement, e.g. simple partial seizures and complex 
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partial seizure categories only differ by the presence or absence of subject awareness 

compared with no agreement (i .e .  partial and general ised seizure types). 

\ 

Although they tried to use verbatim responses recorded in the medical notes to c lassify 

seizures, these were found to be h igh ly variable. Depending on the level of observer 

training, 22-5 1 % of descriptions were considered unclassifiable. Inter-rater agreement, 

assessed by the kappa statistic, was low (k == 0.26, 95% Cl 0.24-0.38) when al l  the 

descriptions were included and increased after descriptions that lacked specific detai l or 

were otherwise unclassifiable were excluded (k == 0.47, 95% Cl 0.34-0.5 1 ). When 

specific seizure types were considered, and only detai led descriptions were included, 

kappa ranged from fair to excel lent for most types (k == 0.45-0.90) for the best observer 

pair. Agreement was less for atypical absences (k == 0. 1 1 -0.28), partial seizures with 

secondary general ization (k == 0.26-0.40) and generalized motor seizures (k ==0.29-0.32). 

Th is study h ighl ights the poor diagnostic information obtained from medical data and 

interpretation of EEGs (Demlo et al . 1 978, Houfek and El l ingson 1 959), and the 

importance of using specific criteria when making diagnoses (Boyd et al. 1 979). The use 

of diagnostic criteria and mutual discussion have been demonstrated to provide better 

agreement (kappa 0.96) than a neurologist using cl inical judgement working alone (kappa 

0.58) (Rinaldi et al . 2000, van Donselaar et al .  1 989). However, investigator attempts at 

c lassifying too many diagnostic categories should probably be d iscouraged as it is l ikely 

to lead to greater opportunity for disagreement and unrel iable estimates (Dorsey et al. 

1 986). 

84 



In another paediatric study of 6 1 3  chi ldren with a median age of about five years, 

diagnostic inter-rater reliability between three paediatric neurologists was assessed using 

an unspecified seizure h istory interview, as wel l  as the paediatric neurologist 's  medical 

records and EEG data (Berg et al .  1 999). The authors measured diagnostic agreement for 

patients at different levels of syndrome complexity, once again allowing for partial 

di sagreements by using weighted kappas at the second and ful ly  specified syndrome 

level .  The first level corresponded to the epi lepsy onset-type (e.g. local ized vs. 

generalised), while the second level corresponded to the broad syndrome group (e.g. 

id iopathic vs. symptomatic vs. cryptogenic epi lepsy), and the h ighest level corresponding 

to the specific epi lepsy syndrome (e.g. chi ldhood absence epi l epsy vs. juveni le absence 

epi lepsy). 

A lthough there was diminishing agreement with increasing level of syndrome complexity 

(90.0% complete agreement at first level ,  83 .7% complete agreement on first and second 

level combined, and 80.7% agreement on ful l  syndrome) they sti l l  demonstrated excel lent 

agreement (k>0.8 1 )  even for un-weighted kappa' s  at all levels. Idiopathic generalized 

epi lepsy had h igher overal l  agreement compared to symptomatic/cryptogenic generalized 

epi lepsy (92% vs. 75% all agreed) with closer agreement found for the commoner 

id iopathic generalised epi lepsy syndromes (chi ldhood absence, j uveni le myoclonic, 

epi lepsy with myoclonic absences) compared to the rarer ones Guvenile absence, 

generalised tonic-clonic seizures on awakening, epi lepsy with myoclonic astatic seizures 

and Lennox-Gastaux Syndrome). Above age two years, the most common d iscrepancy 
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was determining whether partial epi lepsy was id iopathic, cryptogenic or symptomatic 

(Berg et al. 1 999). 

Adults 

There have been only two diagnostic seizure classification questionnaires used in adults. 

The Semi-Structured Seizure Classification Interview 

Ottman et al developed the semi-structured seizure classification interview (SSeI) 

because diagnoses from medical records had shown poor accuracy and rel iabi l ity 

(Bodensteiner et al. 1 988) (see Appendix 1 8). Although this questionnaire was initial ly 

developed for large epidemiological field surveys, fol lowing its initial testing it has 

primari ly been used in fami ly-based genetic studies (Ottman Ruth et al. 1 990, Ottman R 

et al . 1 993). It contains both structured and semi-structured questions answered in 

discrete categories (e.g. yes, no, or don't  know) along with open-ended questions 

answered in the patients' own words. Open-ended questions precede structured 

questions, e.g. "in your own words, can you describe how you feel before a big seizure 

starts?" with verbatim responses recorded. 

The second part provides semi-structured questions asking "Do you have any warning (or 

aura) that a big seizure is about to happen?" I f the answer to the second question is 

"yes", a description of the types of auras usual ly  experienced is requested again. Finally, 

detai led direct questions are asked on the nature and pattern of seizure symptoms 

requiring a "yes" or "no" response. Fol lowing administration, the questionnaire is 
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interpreted by a research assistant using a set of unpubl ished guidelines to c lassify 

seizures with reference to specific questions in the interview and consulted the study 

neurologist in ambiguous cases. 

The questionnaire has been val idated against the seizure diagnoses obtained from a 

neurologist 's  medical records involving 50 adu lt patients with epi lepsy (Ottman et al .  

1 990). The sample did not contain any patients with alternative diagnoses (i .e. no false 

positive cases or non-epi leptic seizures) and did not attempt to validate seizure types with 

a prevalence of less than 1 0% in their sample (i .e. all non-convulsive idiopathic 

general ised seizures such as myoclonic and absence seizure types). 

Interview diagnoses agreed with those of physicians for broad partial-onset and 

generalised-onset seizure-type classifications in 88% of patients, and with detai led 

combinations of seizures in 64% of patients. Non-chance agreement between the two 

sources, assessed by the k statistic, was excel lent for any partial-onset seizure (kappa 

=0.83), secondari ly general ised (kappa =0.8 1 ), and primary generalised tonic-clonic 

seizures (kappa =0.76), fair to good for any generalised-onset (kappa =70), simple partial 

(kappa =0.56), complex partial (kappa =0.54), and general ised non-convulsive seizures 

(kappa =0.56). Although sensitivity was greater for partial onset seizures (0.60 to 1 .0) 

than general ised onset seizures (0.43 to 0.67), specificity was perfect for generalised 

onset seizures and ranged from 0.60 to 0.87 for partial onset seizures. These findings 

suggest that the SSCI can produce accurate diagnoses for most major seizure categories 

but i s  more l ikely to misclassify a general ized-onset seizure as partial-onset than to make 
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an error in the opposite direction. This may relate to the more direct questioning 

approach, resulting in a h igher sensitivity and lower speci ficity for partial-onset seizures, 

al lowing patients and doctors to consider relatively non-specific symptoms as an aura, 

coupled with a lower sensitivity for detecting the presence of non convulsive generalized 

seizures (Sensitivity 43 %, Specificity 1 00%), the presence of which is often critical in 

making the diagnosis of a generalized-onset epi lepsy, the IGE syndrome and its sub­

syndromes (chi ldhood absence, juveni le absence and juveni le myoclonic). 

These findings are the opposite of those in most prevalence studies which have reported 

seizure as wel l  as global epi lepsy prevalence (see fol lowing chapter). These have tended 

to lump partial onset secondari ly general ised seizures as generalised-onset tonic clonic 

seizures, and complex partial seizures as absence seizures, probably leading to over­

estimation of generalized onset seizures (Kurland 1 959, Zander et a1 . 1 979). This may 

relate to studies predominantly diagnosing seizures from the recorded descriptions in 

medical records, which seldom al low greater distinction than a broad category of 

convulsive seizure, with a danger of greater l ikel ihood of classifying a general ised tonic 

clonic seizure (Hauser and Kurland 1 975, Hauser et al .  1 99 1 ,  Osuntokun and Odeku 

1 970). 

In a second study, agreement between various lay reviewer pairs, and between each non­

medical reviewer and the neurologist, was assessed to make seizure interpretation 

fol lowing patient interview and medical record review, less dependent on expert 

neurological assessment. The authors used operational diagnostic criteria to enable lay 
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reviewers to assess this information and reach seizure diagnoses finding this approach to 

have moderate to almost perfect agreement (kappa 0.46 to 1 .0) for the broad seizure 

categories general ized-onset and partial-onset. With in partial-onset seizures, agreement 

for al l  three pairs was substantial for secondari ly generalised seizures kappa 0.66 to 0.69), 

and substantial to almost perfect for complex partial seizures (kappa 0.68 to 0.87). 

With in generalised-onset seizures, agreement was moderate to substantial for general ised 

tonic clonic (kappa 0.63 to 0.73), absence (kappa 0.55 to 0 . 79), and atonic (kappa 0.59 to 

0.66) and almost perfect (kappa>0.87) for myoclonic seizures (Ottman et al .  1 993). 

A French study translated and further val idated a French version of this questionnaire 

(Picot et al. 1 999) against the diagnoses obtained from an epi lepsy specialist's assessment 

including cl in ical, EEG and neuroimaging data. Once again, chi ldren less than 1 5  years 

of age were excluded, but importantly patients with non-epi leptic conditions mimicking 

epi lepsy were included in the sample ( 1 7/67). The sensitivity of the French questionnaire 

in diagnosing an epi leptic seizure was 1 00%, with a specificity of 94%, an important 

consideration with regards to using the questionnaire in community-based samples where 

seizure mimickers are l ikely to be present (Keranen 1 987). The authors obtained 

virtually identical findings and encountered simi lar problems to the earl ier Engl ish­

language study (Ottman et al . 1 990), with interview-based diagnoses showing very good 

agreement to those of physicians in 90% of patients for broad seizure categories (i .e. 

general ized or focal in origin, k =0 .74). When diagnoses agreed on a partial origin, the 

agreement of seizure types was almost perfect for simple or complex partial seizures (k 

=0.84) with agreement less but also good for general ized-onset seizures (k=0.60). 
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Disagreement for general ized seizures involved patients who presented several non­

convulsive seizure types in combination with generalised convulsive seizures (e.g. GTCS 

and absence or GTC and myoclonic) with the main problem being differentiating 

absences and partial seizures with isolated impairment of consciousness. The SSCI  lacks 

questions relating to myoclonic seizures, and these seizures may go un-noticed, 

sometimes for many years, without specific direct questioning (Gram et al. 1 988). 

Although, this is l ikely to have affected identification of the id iopathic epi lepsy 

syndromes, the agreement for these was sti l l  moderate (k = 0.73, 95% Cl 0 .39- 1 .0) using 

only anamnestic data without EEG. Although involving low numbers for general ized 

epilepsies, the level of agreement for the idiopathic/cryptogenic (n=9) and symptomatic 

(n= 1 )  categories was 1 00% whi le for partial epi lepsies, the level of agreement was only 

7 1  % for these h igher categories (k=0.44) (Picot et al. 1 999). 

More recently Choi et al (Choi et al . 2006) attempted to improve the classification of 

partial seizures from the seizure classification proposed by Luders (Luders et al .  1 998), 

for use in genetic research on the epi lepsies, by expanding the inventory of partial seizure 

categories and improving the consistency of their interpretation without the use of EEG 

data. Their classification attempts to document al l symptom experiences of the patient 

occurring immediately preceding and during a partial seizure, rather than only the 

predominant experience, as it remains unclear which symptoms may be most predictive 

of genotype (Ottman et a l .  1 995,  Winawer et al . 2000). 
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The Unstructured Seizure Classification Interview 

Reutens et al developed a diagnostic interview predominantly comprising open-ended 

questions, in a structure simi lar to cl inical h istory taking (see Appendix 20) (Reutens et 

al. 1 992). Although it was developed for use in population stud ies, its format and design 

makes it less suitable with respect to administration and interpretation for large-scale 

epidemiological research, as it is constructed to obtain predominantly verbatim recording 

from the patient and witness on seizure descriptions. Direct questions are also used to 

determine mostly the number and any order of progression of different seizure types, but 

its strength l ies in having more questions on specific generalised non-convulsive seizures. 

However, th is only differed with respect to the SSCI  with respect to, a question for rare 

tonic seizures, a more col loquial description for absence seizures, five more specific 

questions relating to the body parts affected for the rare atonic seizures, as wel l  as 

predominantly formatting changes related to myoclonic seizures (see Appendix 20). 

The authors tested its val idity by adm inistering it directly by telephone, or by face-to-face 

interviews, and supplementing the information with interictal EEG findings. It showed 

good overall k value for al l  seizures (k=0.74), almost perfect agreement in classification 

of patients into those with seizures of either generalized (k=0.87) or focal origin 

(k=0.87), with substantial to almost perfect agreement reached in diagnosis  of patients 

with most individual seizure types (simple or complex partial , k=O.78,  simple partial k 

=0.50, complex partial k=0.63, and secondari ly generalised k=0.85), even for non­

convulsive general ized seizure types (GTCS k= 0.86, absence k = 0.78, myoclonic k 

=0.70, atonic k= 1 .0). 
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For most seizure types, the sensitivity, specificity and PPY of the questionnaire was 

greater than 0 .8 .  Despite on ly formatting changes between questions asked on myoclonic 

seizures, compared to the SSCI,  the questionnaire showed substantial agreement in 

diagnosis of this seizure type, which suggests that their detection is even superior to the 

physician ' gold standard ' which may have missed their occurrence in four patients. 

Agreement in the diagnosis of absence seizures was also substantial, once again despite 

only minor col loquial differences between these questionnaires. The authors emphasize 

that convulsive seizures are difficult to d ifferentiate into general ised-onset or partial­

onset unless co-existent partial or general ized non-convulsive seizures are taken into 

account, suggesting that h igh valid ity is needed for individual minor complex partial or 

non-convulsive generalised seizure types for high diagnostic accuracy (van Donselaar et 

al .  1 990). 

A history of myoclonic seizures is often difficult in adu lts and chi ldren, without a 

systematic diagnostic seizure interview, even when patients are seen by a special ist 

(Cockerel l  et al .  1 995,  Reutens et al . 1 992), whi le  the presence of an aura i s  an important 

point of distinction between general ized-onset seizures and focal onset seizures, it may 

not definitely distinguish between these two types of seizures (van Donselaar et al . 1 990) 

or provide specific local ising power. This is not surprising, as few cl inical features have 

a wel l  circumscribed anatomic correlate to a single cortical region, with many distant 

cortical areas having close interconnections which therefore may result in fal sely 

local ising value (Pribram 1 987), whi le other areas where seizures may arise may be 
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difficult to perceive for the patient, or not have many outward manifestations for a 

witness. 

Given these relatively minor changes between questionnaires, an alternative explanation 

for the Reutens questionnaire improved overal l abi l ity to correctly classify generalized­

onset type seizures and partial onset type seizures may relate to a h igh rate of informant 

administrat ion in add ition to the person with epi lepsy (Senanayake 1 993). This is 

demonstrated by the h ighest level of overal l agreement between physician and 

questionnaire-based diagnoses being achieved when an informant was avai lable for 

interview (informant only k = 0.76, both patient and informant k = 0.75), rather than 

when a subject was the only source of diagnostic information avai lable for interview (k = 

0.4 1 ) . As seizures can affect memory, it is not surprising that cl inical diagnosis ideal ly 

should involve interviews with a person who has 'witnessed ' the patient's seizure(s). 

Other possible explanations for these differences are the improved col lection of verbatim 

symptom responses or the expertise of questionnaire interpretation by the neurologist 

assessing these responses (Bodensteiner et al . 1 988,  Boyd et al . 1 979, Bodensteiner et al. 

1 988) .  Then the most important means of ensuring diagnostic val idity is having the 

questionnaire analysed and interpreted by a neuro logist with expertise in epi lepsy (Berg 

et al .  1 999, Ottman et al. 1 998b, Placencia et al .  1 992b, Reutens et al . 1 992). In addition, 

few stud ies expl icitly state the rationales on which each syndrome classification is based 

(Placencia et al . 1 992b, Sander and Shorvon 1 987) and standardized specific diagnostic 

guide l ines/criteria for seizures and epi lepsy syndromes would improve accuracy in 
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diagnosis (van Donselaar et al . 1 989) and reproducibi l ity between studies (Eadie 1 996, 

Oka et al . 1 995). 

3.5 Summary 

Epi lepsy is  not a single d isease, but rather a descriptive term for a tendency to have 

recurrent seizures. Prior to the development of an accepted classification for epi lepsy, 

seizures and epi lepsy syndromes, there was a lack of uniformity in its definition. The 

very earliest studies to measure the population prevalence of epi lepsy were often based 

solely upon the cl inical description of the seizure patterns in the medical notes, 

augmented very rarely by interviews with patients. Most of these early studies involve a 

screening questionnaire fol lowed by diagnostic confirmation, usual ly by expert 

neurological opinion. However, poor diagnostic information obtained from medical data 

and interpretation of EEGs has led to the development of diagnostic seizure 

questionnaires that can rel iably produce accurate d iagnoses for the presence of epi lepsy, 

most major seizure categories and ' more specific forms of epi lepsy' ,  including id iopathic 

generalised epi lepsy. Th is potential ly provides an alternative less resource intense 

method, without loss in val idity, for classifying ' more specific forms of epi lepsy' in 

population-based epi lepsy stud ies, particularly if coupled with written diagnostic criteria. 
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Chapter Four: The prevalence of epilepsy, seizures and 

idiopathic generalized epilepsy - A summary of the literature 

4. 1 Introduction 

As discussed in the previous two chapters, it was not unti l after the widespread adoption 

of more uniform standards in case ascertainment, diagnosis and classification that we 

were better able to address major methodological problems hindering the accurate 

estimation of the prevalence of epi lepsy. In the first half of this chapter, I wi l l  now 

briefly outl ine our current knowledge of the overal l prevalence of epilepsy and its 

distribution by age, gender, region, ethnicity and socioeconomic status, before 

summarizing in the second half of this chapter, the prevalence of seizures and ' more 

specific forms of epi lepsy' , with particular emphasis on the id iopathic generalized 

epilepsy syndrome ( IGE). 

4.2 The prevalence of epilepsy 

The International League Against Epilepsy ( lLAE) divides the world into six regions 

comprising: Africa, Asia-Oceania, Eastern Mediterranean, European, Latin America and 

North America. F igures 4 . 1 a-e show estimates of the l i fetime prevalence of epi lepsy from 

al l  identified Engl ish-language publ ished studies conducted which have not focused on a 

particular age-group. With a few exceptions, in developed countries, the l i fetime 

prevalence of epi lepsy is between 5 and 9 per 1 000, whi le in developing countries 

l i fetime prevalence can be h igher than 1 0  per 1 000. Therefore, with three quarters of the 

world 's  population currently l iving in developing countries, epi lepsy in the developing 

world contributes the major proportion of total world morbidity for this disorder. 
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Figure 4 .1a :  The lifetime prevalence of epilepsy from studies in Africa (n=19) 
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Figure 4. 1b: The lifetime prevalence of epilepsy from studies in Latin America 
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Figure 4. 1c :  The lifetime prevalence of epilepsy from studies in Eastern 
Mediterranean (n=4) 
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Figure 4 .1d :  The lifetime prevalence of epilepsy from studies in Europe (n=23) 
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Figure 4. 1e :  The lifetime prevalence of epilepsy from studies in North America 
(n=13) 
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The Asia-Oceania region, which includes Austral ia and New Zealand, extends from 

Ind ia, in the west, to the Pacific Islands in the east, and has a shorter h istory of epi lepsy 

prevalence research commencing in 1 962 and accounting for 20 ( 1 7.4%) publ ished 

studies. Despite its great geographic and cultural diversity, the overall prevalence in this 

region is between 3 and 8 per 1 000, a simi lar range to that seen in the developed world 

(see Figure 4 . 1 e) .  

4.3 The demographic distribution of epilepsy 

Age 

Probably due to wide variabi l ity in definitions and study methods no general conclusions 

on age-specific patterns can be drawn. A bimodal age-specific pattern with h igh 

prevalence in chi ldhood and the elderly has been observed (Birbeck and Kalichi 2004, 

Dowzenko and Ziel inski 1 97 1 ,  Hauser et al. 1 99 ] ,  Osuntokun et al . 1 982, Wajsbort et al . 

1 967, Zei l inski 1 974b). This pattern is consistent with what might be expected of a 

chronic i l lness with low mortal ity that affects al l age groups but has its highest incidence 

in the very young and in the elderly. Although not often emphasized, an institutional 

study noted that people in early middle l ife have h igh relative epi lepsy prevalence 

(Epi leptics 1 928). This finding was repl icated in the US household survey of 1 . 1  mi l l ion 

persons which found that the age specific prevalence ratio was h ighest amongst the group 

aged 1 5-64 CCDC 1 994) . More specifical ly, age specific prevalence rates have been 

found to be h ighest in those aged 20 to 29 years (Aziz et at . 1 994, Bharucha et at . 1 988 ,  

Cockerel l  et  al .  1 995), 20 to 3 9  (Bharucha et  a l .  ] 988), and 3 ]  -40 years (Cockerel l  et  a t .  

1 995). 
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The h ighest age specific prevalence rates occur in chi ldren in a number of developing 

countries (Attia-Romdhane et al .  1 993,  Bondestam et al. 1 990, Rajeh et al . 1 990), with 

almost one-third of first seizures occurring before the age of 20 years (Garcia-Noval et al. 

200 I ,  Osuntokun et al .  1 987). More detailed age-specific analyses have suggested that 

th is pattern is seen particularly in those under five years of age (Brewis et al .  1 966, 

Haerer et al. 1 986, Kurland 1 959); ten years of age (Gudmundsson 1 966, Leibowitz and 

Alter 1 968), between 1 0- 1 9  years of age (Epi leptics 1 928,  Granieri et al. 1 983,  

Osuntokun and Odeku 1 970), and between the ages of 1 5  and 24 (Crombie et al . 1 960). 

Therefore, with a larger proportion of the population under 20 years of age (India 1 98 1 ,  

Rajeh et al .  200 I ,  Rajeh et al .  1 993, Rwiza et al .  1 992), epi lepsy continues to be an 

important chi ldhood neurological disease in developing countries. 

In earlier studies, th is high prevalence in chi ldhood was also seen in developed countries 

(Brewis et al. 1 966, Crombie et al. 1 960, Epi leptics 1 928,  Gudmundsson 1 966, Haerer et 

al. 1 986, Krohn 1 96 1 ,  Kurland 1 959, Leibowitz and Alter 1 968), leading to the not 

unreasonable general belief that epi lepsy is primari ly a disease of younger age. However, 

more recently, there is a suggestion that this pattern has reversed with prevalence lowest 

in chi ldren less than 1 4  years in some developed countries (Aziz et al. 1 994, Cockerel l  et 

al .  1 995,  Hauser et al .  1 99 1 ,  Lammers et al. 1 996, Wal lace et al .  1 998a). 

In contrast, in a study in the United States, the prevalence ratios increased steadi ly and 

then decl ined in the 60-years-and-over category (Haerer et aI. 1 986). S imi larly, in the 
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United States household survey, the prevalence was found to be lowest for those aged 

more than 65 years (eDe 1 994) . In Estonia, prevalence rates were also lower in those 

greater than 70 years of age (Qun et al. 2003). However, when l i fetime prevalence is 

estimated, some ofthis decreased epi lepsy prevalence in the e lderly may be explained by 

recal l  bias, with some adu lts, especial ly e lderly persons, having difficu lty recal l ing spe l l s  

that occurred years before (perhaps during chi ldhood) . 

In contrast, 'active' epi lepsy prevalence, as it is typical ly calculated for the preceding five 

years, estimates may be less l i kely to be affected to the same extent by these recal l  issues. 

This is demonstrated in the Rochester stud ies which found that between 1 940 and 1 980 

the age-adjusted prevalence of active epi lepsy increased from 2 .7  to 6.8 per thousand in 

Rochester, in the United States (Hauser et al. 1 99 1 ) .  In 1 940 prevalence was h ighest 

amongst residents aged less than ten years, but by 1 950 the prevalence rates were lowest 

amongst these residents. The most dramatic change in active prevalence was noted in 

persons aged greater than 75 years, increasing from 1 .9 per 1 000 in 1 940, to 1 4. 8  per 

1 000 in 1 980. With each decenn ial prevalence estimate, there was a general tendency for 

prevalence to be relatively lower in the first five years of l ife and to be relatively higher 

in the e lderly. 

The h igher prevalence recently observed in the e lderly is perhaps a reflection of the 

accumulation of chronic cases of chi ldhood and adult-onset with improved survivorship, 

combined with a more rapid accumulation of new cases of epi lepsy because of the h igh 

incidence of the oldest age groups and longer duration of treatment (Hauser et a l .  1 99 1 ). 
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Alternatively, h igh incidence in older age groups may reflect better access to health 

services in this group due to d ifferences in people' s  attitudes toward seeking expert 

medical advice, along with improved recognition and diagnosis of seizures and epi lepsy 

(Granieri et al. 1 983 ,  Hauser et al. 1 99 1 ) .  However, case ascertainment cannot be the 

only cause of this d ifference as, even in surveys based on extensive case ascertainment 

methods, the age-adjusted prevalence figures have remained consistent (Forsgren 1 992, 

Forsgren and Nystrom 1 990). 

Gender 

While a few studies have found a higher prevalence in females than males (Gomez et al .  

1 978, Goodridge and Shorvon 1 983,  Osuntokun et aJ . 1 982, Rwiza et al .  1 992), and some 

have found no gender d ifferences (Attia-Romdhane et al . 1 993,  Bondestam et al . 1 990, 

CDC 1 994, Epi leptics 1 928,  Gudmundsson 1 966, Lammers et al .  1 996), the majority 

have found greater prevalence in males compared to females (Bharucha et al .  1 988,  

Dowzenko and Ziel inski 1 97 1 ,  Granieri et al .  1 983 ,  Haerer et al .  1 986, Hauser et a l .  

1 99 1 ,  Krohn 1 96 1 ,  Kurland 1 959, Osuntokun and Odeku 1 970, Oun et al . 2003,  Rajeh et 

al .  200 1 ,  Rajeh et at .  1 993 ,  Tekle-Haimanot 1 984, Zei l inski 1 974b, Ziel inski 1 972) at all 

age groups (Haerer et al . 1 986, Oun et al .  2003) .  

The high prevalence in men has been suggested to be caused by head trauma, or a poorer 

prognosis (Keranen et al .  1 989). However the incidence of post traumatic epi lepsy is too 

smal l to explain these sex differences (Raj eh et al .  200 1 ,  Rajeh et al . 1 993,  Sander and 

Shorvon 1 987). The greater proportion of female subjects compared to males is an 
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observation almost exclusively observed in developed countries (Rwiza et al .  1 992). One 

possible explanation, is that this may be due to higher mortal ity among male patients, 

involved in dangerous occupations such as fishing and cl imbing after the second decade 

of l ife (at which time the difference begins to appear) or that the negative social stigma 

attached to epi lepsy with males makes them more l ikely to deny its presence (Osuntokun 

et al. 1 982). However, the impact of social stigma also affects women with epi lepsy, for 

example in their marital prospects, so is unl ikely to be a major factor for these gender 

differences (Raj eh et al. 200 1 ,  Rajeh et al . 1 993) which sti l l  remain largely unexplained. 

Region 

It i s  d ifficult to compare regional prevalence rates as few studies with val idated, 

standardized methods and sufficient power have been performed. A simi lar prevalence 

was observed in d ifferent regions in the United States in the household survey study 

(CDC 1 994) and in Copparo, Italy (Granieri et al .  1 983) .  Higher urban prevalence has 

been noted in two studies (Gudmundsson 1 966, Olafsson and Hauser 1 999). In the latter 

study in Iceland, the highest prevalence was seen in the capital c ity of Reykjavik, with 

the authors suggesting that this may be due to greater access to doctor diagnosis (Granieri 

et al. 1 983,  Gudmundsson 1 966) or due to relocation of people with chronic i l lness from 

rural to urban settings (Olafsson and Hauser 1 999). 

More commonly, a number of studies have found h igher prevalence in rural compared to 

urban settings, but once again most have involved relatively small numbers (Aziz et al . 

1 994, Bondestam et al .  1 990, Giel 1 970, Rwiza et al .  1 992, White and Buckley 1 98 1 ). It 
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has been speculated that these lower urban prevalence rates may be due to effective 

primary health care with emphasis on prevention of chi ld infectious diseases, improved 

antenatal care, and systems of health education in urban settings (Osuntokun et al . 1 987, 

Rwiza et al . 1 992). 

One study with identical methods and reasonable statistical power compared regional 

differences between Pakistan and Turkey (Aziz et al. 1 997). They observed active 

epi lepsy to be twice as prevalent in rural vs. urban regions within these countries ( 1 4 .8  

per 1 000 vs. 7 .4 per 1 000 in Pakistan versus 8 .8  per 1 000 and 4.5 per 1 000 in Turkey). 

Using the same rigorous design and having sufficient power, an Ecuadorian study found 

large d ifferences in prevalence in two sub-regions of their survey area ( l ifetime 

prevalence of 1 1 .21 1 000 vs. 24.8/1 000). A lthough the prevalence of epi lepsy was higher 

in rural than in urban surroundings in both regions ( 1 5 .41 1 000 vs. 9 . 1 1 1 000), the 

d ifference was not sufficient to account for the regional variation and no clear 

aetiological reasons for these d ifferences were identified (Placencia et al . 1 992b, 

Placencia et al. 1 992c) . One dist inct possibi l ity is that these regional differences relate to 

a h igh level of intermarriage among people with a strong fami ly history of epi lepsy, as 

seen in other isolated communities (Goudsmit et al .  1 983 ,  Osuntokun 1 978 ,  van der 

Waals et al . 1 983),  alternatively it may reflect socio-economic d ifferences between low 

(rural) and h igh (urban) populations (Aziz et al. 1 997). 

Another study in Nigeria observed a difference in the prevalence ratio of epi lepsy 

between Aiyete, a rural v i l lage, and Igbo-Ora, a town inhabited by the same ethnic group 
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of Nigerians and only 20 km away (Osuntokun et at .  1 987), with the authors suggesting 

that the residents of Ayiete might have felt less embarrassed to disclose their i l lness, as 

they are a smal l i solated community. 

Epi lepsy prevalence and treated epi lepsy prevalence do not necessar i ly have a strong 

correlation. A study comparing the prevalence and treatment gap in five regions in the 

People's Republ ic of China (Hei longj iang, Ningxia, Henan, Shanxi, J iangsu) allowed the 

prevalence of treated epi lepsy to be indirectly estimated (Wang et at. 2003) .  This study 

showed an almost two fold d ifference in prevalence which was unrelated to the two and a 

half fold difference in current treated prevalence between different regions in the 

People's Republ ic of China. It suggests that comparing treated prevalence between 

populations may not always reflect true prevalence differences if the comparative 

populations have inadequate and variable access to health care (Haerer et at . 1 986) . 

Ethnicity 

Only five studies have examined ethnic differences in prevalence. The first study, 

performed early in the nineteenth century, expressed the opinion that "increasing insanity 

and epi lepsy among negroes" was due to the "removal of the beneficial physical effect of 

slavery; and equally explained on the grounds of increasing hybridization with whites" 

(Spratl ing 1 904). The theme of racial purity is later continued in the col lection and 

interpretation of statistics concerning epi lepsy of ' negroes' and ' mulattoes' (white and 

black admixed) in the United States. "In areas where a large proportion of ful l-blooded 

' negroes' was high; so, on the contrary, the 'negroes' from other parts of the country, 
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who are real ly for the most part mulattoes, show a great predominance of epi lepsy over 

the whites". As an argument against inbreeding, th is view attempted to support the socio­

pol it ical theory at the time that human hybrids in general are disharmonious, and show a 

preponderance of nervous defects over "purer" races (Davenport 1 923) .  

More contemporary studies have estimated the epi lepsy prevalence in  specific ethnic 

groups in community surveys (Bharucha et al .  1 988), but there have been few good 

comparative studies .  A study of a mi l itary cohort in S ingapore, with smal l numbers, 

showed non-significant differences between Chinese (941 1 66 1 3  = 5 .7 per 1 000), Indians 

(5/ 1 046 = 4 .8  per 1 000) and Malay (712407 = 2.9 per 1 000) (Loh et al. 1 997). Another 

study undertaken in an urban primary care setting in Bradford, England, compared the 

prevalence of patients of South Asian origin with other ethnic groups. Ethnicity was 

identified using a val idated software program used to identify South Asian names and 

rel igious and l inguistic origin, with manual checks of patient names (Wright et a l .  2000) . 

The study involved a population of 360,000 with the South Asian population comprised 

almost a quarter of which 80% were of Pakistani origin and found that the age­

standardized rate for patients of South Asian origin was 3 .7 per 1 000 compared to 7 .8  per 

1 000 for the rest of the popUlation (OR 0.46; 95% Cl 0.38, 0 .57) .  

In  a US study, the age-adjusted estimates were lower for "whites" than "blacks" for the 

l ifetime prevalence of epi lepsy ( 1 .0% overal l ,  0.9% whites and 1 .2% blacks), with a 

simi lar pattern being seen for active epi lepsy (0.7% overal l ;  0.5% whites and 0.8% 

blacks). These d ifferences were attributed to inadequate access to health care for black 
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compared to whites, with a h igher percentage of blacks never having been medically 

evaluated (black male 1 0%, black female 1 0%, white male 3%, white female 5%) or 

having seen a neurosurgeon (black male 8%, black female 6%, white male 20%, white 

female 23%) (Haerer et al. 1 986). These ethnic differences were confirmed in the later 

US household survey, with a h igher age-adjusted prevalence of epi lepsy among blacks 

compared to whites (6.7 vs. 4 .5) especially for persons aged 35-54 years where the 

prevalence rate was two to three times h igher in blacks (CDC 1 994). 

Social class 

Only a few studies have attempted to investigate social class differences in  epi lepsy 

prevalence (Beran et al. 1 985b, Cornaggia et al. 1 990, Noronha et al. 2007, Pond et al . 

1 960). In  a study in England, in which social c lass was classified according to the 

Registrar General ' s  c lass ification of occupations, there was a significant excess of 

epi lepsy in young single men of low social class (Pond et al . 1 960). In contrast, when 

considering the fami ly 's  real estate, room size for each family member and family salary 

as a measure of social class, no significant associations between epi lepsy and social c lass 

were found in an Italian study (Cornaggia et al .  1 990). Using occupation as a measure of 

social class is problematic as patients often choose and restrict their work options when 

exposed to the risk of seizures, wh ich may partly explain the h igher prevalence of 

epi lepsy in persons engaged in l ight office activities in an Ital ian study (Granieri et al . 

1 983). An Australian study, uti l izing address of home dwell ing to identify social c lass, 

found a simi lar prevalence of epi lepsy with increasing social class (Beran et al. 1 985b) 

but this  was based on only 35  doctor-diagnosed cases. More recently, a study in Brazi l  
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using validated instruments and adequate statistical power observed active epi lepsy (5.4 

per 1 000 overall) was h igher in  people of lower compared to h igher socio-economic 

status (7.5 per 1 000 compared with 1 .6 per 1 000) (Noronha et al . 2007). 

4.4 The prevalence of seizures, epilepsy-onset type and epilepsy syndromes 

Few studies have reported the more detai led prevalences of seizures, epi lepsy onset-types 

or epi lepsy syndromes. Convulsive tonic clonic seizures, without specification into 

partial onset or generalized onset, are often the most common type of seizure across al l 

studies (Bharucha et al .  1 988,  Forsgren 1 992, Lavados et al . 1 992, Leibowitz and Alter 

1 968, McCluggage et al . 1 986, Oun et al. 2003) with non-convulsive seizure types less 

common (Bharucha et al .  1 988,  Osuntokun and Odeku 1 970). 

The frequency of partial-onset seizures versus generalized-onset seizures 

There is  conflicting information on the relative frequency of partial versus generalised 

seizures and epi lepsy (see Table 4. 1 ) .  Earl ier stud ies tended to classify al l  general ized 

convulsive seizures as general ized-onset epi lepsy, thus tending to elevate these estimates 

and consequently deflate estimates of partial-onset epi lepsy. This is i l lustrated in a US 

study where three-quarters had general ised convulsive seizures and no  other seizure type, 

making it highly l i kely that seizures with a focal onset with secondary general ization 

were misclass ified as generalized (Haerer et al. 1 986). Thi s  is also the l ikely reason for 

the relatively h igh estimates noted in  other studies that found that the most frequent type 

of seizures and syndrome was generalised (Granieri et al .  1 983,  Li et al .  1 985, Wang et 

al .  1 983) .  Although two studies suggest that mis interpretation of focal abnormal ities on 
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EEG may partially explain observations of lower partial-onset epi lepsy (Olafsson El ias 

and Hauser 1 999, Tekle-Haimanot 1 984), diagnostic uncertainty is the more l ikely reason 

for d ifficulty in discrim inating between general ised or partial onset of convulsive seizures 

(Aziz et al. 1 994). 
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Table 4. 1 :  Frequency of seizure onset-types i n  epilepsy prevalence studies from 1923-2007 (n=61) 

Cases ILAE 
Seizure onset types 

Country Generalised Partial Unclassified Multiple 
n 1981 0/0 0/0 % % 

Africa 
(Rwiza et al. ( 992) Tanzania 20 1 yes 58 .0 3 1 .9 1 0. 1 ns 
(Tekle-Haimanot et al . 1 990b) Eth iopia 3 1 6  yes 75 .0 20.0 5 .0  ns  
(Goudsmit et al . 1 983) Liberia 1 23 yes 37.4 62.6 ns ns 
(Levy ( 970) Rhodesia 1 30 no 9 1 .0 ns 4 .5  ns 
(Coleman et al . 2002) Gambia 80  yes 48 .0 44.0 ns ns 
(Debrock et al .  2000) Benin 66 yes 68 . 1 1 9.7 6 . 1 ns 
(Osuntokun et al .  1 987) Nigeria 1 0 1  no 25 .7 55 .4 1 8 . 8  n s  
(Danesi ( 985) Nigeria 945 no 23 .4 76.6 3 .0 ns 
(Danesi and Oni ( 983) Nigeria 396 yes 25 .4 74.6 ns ns 
(Ruberti and al ( 98 5) Kenya 9 1 2  ns 58 .3  3 1 .0 3 . 3  ns  
(Tekle-Haimanot 1 984) Ethiopia  468 ns 60. 1 30 .9 6.9 ns 
(Osuntokun and Odeku 1 970) Nigeria 522 no 52 .3 45.2 ns ns  
(Hurst et a l .  1 96 1 )  South Africa 5 1  no 80.4 1 5 .7  ns  ns 
(Snow and al 1 994) Kenya 30 yes 53 .0 27.0 20.0 ns 
Asia, I ndia & The Middle East 
(Bharucha et al .  1 988) India 66 yes 45 .5  54.5 ns ns 
(Kaoul et al . 1 988) India 1 57 yes 72.6 1 1 . 5  9 .6 ns 
(Pal et al .  1 998) India 1 32 yes 30.0 42.0 20.0 3 . 8  
(Attia-Romdhane et a l .  1 993) Tunisia 1 4 1  yes 93 .0 3 .0  ns ns 
(Sridharan et al .  1 986) Libya 568 yes 55 .6 43 .8  ns  ns  
(Onal et a l .  2002) Turkey 1 7  yes 47.0 4 1 .2 1 1 . 8  ns 
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Cases ILAE 
Seizure onset types 

Country Generalised Partial Unclassified Multiple n 1981  
0/0 0/0 % % 

(Aziz et at .  1 994) Pakistan 24 1 yes 55 .6 34 .9 5 .6 ns 
(Raj eh et al . 1 990) Saudi Arabia 74 1 yes 65.0 29.0 ns ns 
(Loh et al .  1 997) Singapore 1 2 1  yes 69.0 22.0 9.0 ns 
Australia, New Zealand & The Pacific Islands 
(Lessel l  et al. ( 962) Mariana Islands I I I  no 9 1 .0 5 .4 ns ns 
South America, Central America & The Caribbean 
(Marino lr. et al. ( 987) Brazi l  9 1  no 57. 1 38 . 5  ns ns 
(Garcia-Noval et al. 200 1 )  Guatemala 46 yes 57.0 42.0 2 .0 ns 
(Gomez et al .  1 978) Columbia 1 68 no 72.8 26.7 ns ns  
(Gracia et  a l .  1 990) Peru 1 9  yes 64.0 3 1 .0  5 .0  n s  
(Femandes et a t .  1 992) Brazi l  1 1 3 ns 32.4 45 .9  2 1 .6 ns 
(da Mota Gomes et at. 2002) Brazi l  20 yes 40.0 3 5.0  25 .0 ns 
(Nicoletti et al . 1 999) Bolivia 1 24 yes 46.8 53 .2 ns ns 
(Mendizabal and Salguero 1 996) Guatemala 1 6  yes 50.0 43 .7  ns ns 
(Placencia et al .  1 992c) Ecuador 88 1 yes 49.0 49.0 2.0 ns 
North America 
(Kurland ( 959) USA 295 no 39.7 46.9 1 .5 ns  
(Hauser et  al .  1 99 1 )  USA 66 yes 40.7 55 .6 ns ns 
(Hauser et al .  1 99 1 )  USA 1 24 yes 3 8.6 5 8. 7  ns ns 
(Hauser et a l .  1 99 1 )  USA 1 98 yes 3 1 .5 66.7 ns ns 
(Hauser et al .  1 99 1 )  USA 285 yes 36 .8  6 1 .4 ns ns 
(Hauser et a t .  ( 99 1 )  USA 383  yes 33 . 8  58 .8  ns ns 
(Haerer et al. 1 986) USA 246 yes 75 .0 1 3 . 8  4 . 5  
(Hauser and Kurland 1 975) USA 242 no 33 . 1 64.5 2.5 ns 

I I I  



E u rope 

(Giul iani et al. 1 992) 

(Rutgers 1 986) 

(Brewis et al. 1 966) 

(Good ridge and Shorvon 1 983) 

(Cockerel l  et  al.  1 995) 

(Wright et al .  2000) 

(Maremmani et al .  1 99 1 )  

(Granieri et al .  1 983) 

(Cornaggia et al. 1 990) 

(Rocca et al .  200 1 )  

(Oun et a l .  2003) 

(Olafsson and Hauser 1 999) 

(Keranen et al .  1 989) 

(Krohn 1 96 1 )  

(Gudmundsson 1 966) 

(Forsgren 1 992) 

(McCluggage et al. 1 986) 

(Zander et al. 1 979) 

(White and B uckley 1 98 1 )  
ILAE 1981(ILAE 1981) 
ns = not specified 

Cases 
Country 

n 

Italy 256 

Netherlands 88 

England 360 

England 1 22 

England 1 26 

England 1 56 1  

Italy 5 1  

Italy 278 

Italy 258 

Italy 8 1  

Estonia 3 1 7  

Iceland 428 

Finland 1 220 

Norway 9 1 9  

Iceland 987 

Sweden 7 1 3  

Northern Ireland 242 

England 52 

England 64 

ILAE 
Seizure onset types 

Generalised Partial Unclassified Multiple 
1 981 

0/0 0/0 % 0/0 

no 6 1 .7 ns 7.4 ns 

yes 20.0 78.0 2.0 ns 

no 88.9 4.4 ns ns 

yes 4 1 .0 ns 1 7.0 ns 

yes 37.0 ns 1 4.0 ns 

yes 59. 1 32.7 ns ns 

yes 35.0 65.0 ns ns 

yes 60. 1 32 .7  7 .2 ns 

yes 44.3 48. 1 5 . 7  n s  

yes 74.0 23.0 3 .0  ns 

yes 5 . 8  74.2 1 9.9 ns 

yes 63.0 35.0 2.0 ns 

yes 26.5 55.9 1 7.6 ns 

no 47.0 53.0 ns ns 

no 6 1 .3 29.2 2.2 1 .6 

yes 3 1 .8 60.3 7.6 ns 

no 40.0 55.0 5.0 ns 

no 6 1 .5 1 5 .4 2 3 . 1 ns 

no 84.4 1 5 .6 ns ns 
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Probably due to variabi l ity in definitions and study methods, of the classifiable epi lepsies, 

partial epi lepsy appears to have a wide range, from 4.4% to 78% of cases (Brewis et al . 

1 966, Rutgers 1 986), with a time trend analysis showing partial epi lepsy accounting for 

about three-quarters of al l cases on al l  prevalence days (Hauser et al .  1 99 1 ). Although 

partial epi lepsy has been found to be the most common in children in a few studies 

(Alving 1 979, Kramer et al . 1 998,  Oka et al. 1 995, Oka et al. 2006, Shah et al. 1 992), 

most studies suggest that it is more common above 1 5  years of age, being present in  

about three-quarters of cases (Danesi 1 985 ,  Gastaut et al .  1 975, Osservatorio Regionale 

per l 'Epi lessia (OREp) 1 996, Senanayake 1 993). 

Although in developing countries partial seizures are usual ly recorded with higher 

frequency, the range is much wider, from one-third (Granieri et al. 1 983) to three-quarters 

CAlving 1 978, de Graaf 1 974, Gastaut et al .  1 975, Zei l inski 1 974b). This relates partly to 

the domination of hospital or special ised neurological c l in ic popu 1ations in these studies 

where a greater proportion of persons aged greater than 40 years and hence more 

prevalent partial epi lepsy is seen (Tekle-Haimanot et al .  1 990b). 

Id iopathic partial epi lepsy is rare, and along with the generalized epi lepsies caused by a 

structural lesion which are also usually uncommon, is almost exclusively confined to 

chi ldren (Alving 1 979, Cavazzuti 1 980, Danesi 1 985,  Osservatorio Regionale per 

l'Epi lessia (OREp)). One exception for this comes from a sample of258 army draftees, 

where id iopathic partial epi lepsy with a prevalence of 29. 1 % was the most prevalent type 

of epi lepsy (Cornaggia et al. 1 990). Although, there is a progressive rise with age in the 
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percentage of epi lepsy cases caused by a structural lesion, this form of epilepsy is also 

common in the first decade of l i fe (Osuntokun and Odeku 1 970) with partial cryptogenic 

or symptomatic epi lepsies accounting for more than half of the adult patients and about 

one third of paediatric patients (Osservatorio Regionale per l 'Epilessia (OREp) 1 996). 

However, a single anatomic ILAE site is not often able to be defined in these cases, 

almost certainly due to the lack of neuroimaging performed in these stud ies (Eadie 1 996, 

Oka E et at .  1 995,  Osservatorio Regionale per l 'Epi lessia (OREp» . 

The frequency of generalised seizures and the idiopathic generalized epilepsy syndrome 
(IGE) 

Most studies typically indicate that the prevalence of generalized-onset seizures decl ines 

with advancing age. This is l ikely to relate to a h igher incidence of generalized seizures 

with a good prognosis in chi ldhood and early adolescence (Kurland 1 959, Stanhope et al .  

1 972). Therefore, although in developing countries the majority of patients with either 

generalised or partial epi lepsy have their first seizure before the age of 20 years, two-

thirds of patients with general ised epi lepsy have their first seizure before the age often 

years and a significantly h igher percentage of patients with partial epi lepsy had thei r  first 

seizure between the ages I I  and 20 and after the age of 2 1  years (Danesi 1 985). 

Although generalized epi lepsy has been seen with a similar frequency in those above and 

below 20 years of age (Joshi et at .  1 977), most studies suggest that it is h igher below 1 5  

years of age (Danesi 1 985 ,  Gastaut et at .  1 975, Joshi et at .  1 977). With more participants 

less than 1 9  years of age, this has been put forward as the explanation as to why a 
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relatively h igh proportion of primary general ized seizures was observed in  an African 

study compared to other studies (Tekle-Haimanot et al. 1 990b). Frequencies in chi ldhood 

of 2% to 40% have been noted (Eslava-Cobos 1 989, Joshi et al . 1 977, Ohtsuka et al .  

1 993, Oka et al . 1 995,  Oka et al .  2006, Shah et al. 1 992, Viani et al .  1 988) but are 

typicaI Jy about 30% (Alving 1 979, Danesi 1 985 ,  Eadie 1 996, Kramer et at .  1 998,  Oka E 

et a t .  1 995).  Above 1 5  years of age, sl ightly less than a quarter of cases typicaIJy have a 

generalized epi lepsy (Alving 1 979, Juul-Jensen and Foldspang 1 983 ,  Senanayake 1 993). 

Although a study found 6.6% with idiopathic generalized epi lepsy in  this age group (Oun 

et at. 2003) and another 1 0 .8% (Manford et at. 1 997), in adults, with these notable 

exceptions, the proportion of patients with idiopathic general ized epi lepsy is  remarkably 

consistent across stud ies, ranging from 1 7 .5% to 23 .9% (Alving 1 979, Danesi 1 985 ,  

Eadie 1 996, Osservatorio Regionale per l 'Epi lessia (OREp)). 

Absence seizures occur in 1 % to 1 7.8% of total cases, depending on whether the 

population is  adu lt, includes aIJ ages, or solely childhood, and whether it is hospital or 

community-based (Alving 1 978,  Alving 1 979, Aziz H et at. 1 994, B i l l inghurst et at . 

1 973,  Danesi 1 985 ,  Gastaut et al . 1 975, Granieri et al . 1 983,  Joensen 1 986, Joshi et at . 

1 977, Juul-Jensen 1 964, Loiseau et at .  1 99 1 ,  Tekle-Haimanot 1 984, Vian i  et a t .  1 988). 

These seizures peak in younger patients (Danesi 1 985 ,  Gastaut et at . 1 975,  Joshi et at . 

1 977), particularly the 5 - 1 0  year age group (Raj eh et al .  1 990). With chi ldren under 1 5  

years representing about a half of al l cases, this may be one reason why a greater 

percentage of absence epi lepsy cases was observed in a study in Benin (6. 1 %) compared 

with other stud ies (Debrock et a l .  2000). 
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Although juven i le myoclonic epi lepsy has been observed to be the most prevalent 

id iopathic general ised epi lepsy syndrome in one study (Olafsson and Hauser 1 999), the 

measured frequency of specific chi ldhood idiopathic epi lepsy syndromes is wide with 

juven i le myoclonic epi lepsy ranging from 0.05% to 8 .6%, chi ldhood absence epi lepsy 

from 1 .5% to 1 0.4%, juveni le absence epi lepsy from 0.2% to 1 .6%, epi lepsy with grand 

mal on awakening from 0.5% to 0. 8%, Id iopathic Generalised Epi lepsy not specified 

4. 1 % to 24.5%, myoclonic astatic epi lepsy 0. 1 % to 1 2.6%, epi lepsy with myoclonic 

absences 1 1 . 1  %, and severe myoclonic epilepsy in infancy 1 .6% (Alving 1 979, Eadie 

1 996, Juul-Jensen and Foldspang 1 983,  Oka al. 1 995, Oka et al. 2006, Vian i  et al . 1 988) .  
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Table 4.2: The frequency of generalized seizure types in epilepsy prevalence studies from 1923-2007 

Generalised seizure types 

ILAE Region Country Cases ILAE Generalised 
Infantile 1981  Tonic 

Absence Myoclonic Akinetic Tonic Atonic Mixed n 
clonic non-

convulsive spasms 

Africa 
(Rwiza et al . 
1 992) Tanzania 20 1 yes 54. 1 1 .0 1 .0 1 .4 0.5 
(Tekle-Haimanot 
et a l .  1 990b) Ethiopia 3 1 6  yes 75 .0 0.3 
(Goudsmit et a l .  
1 983) Liberia 1 23 yes 
(Levy Laurence F 
1 970) Rhodesia 1 30 no 4.5 
(Coleman et al .  
2002) Gambia 80 yes 48 .0  8.0 
(Debrock et al . Republic of 
2000) Benin 66 yes 68 . 1 6 . 1 
(Osuntokun et a l .  
1 98 7) Nigeria 1 0 1  no 20.8 3.0 
(Danesi 1 985) Nigeria 945 no 1 7.9  1 1 .2 
(Danesi and Oni 
1 983) Nigeria 396 yes 1 8. 2  3 . 7  3 .2 0.5 
(Ruberti and al 
1 985) Kenya 9 1 2  ns 58 .3  3 .7  2 .5  0 .8  
(Tekle-Haimanot 
1 984) Ethiopia 468 ns 60. 1 2 . 1 
(Osuntokun and 
Odeku 1 970) Nigeria 522 no 52.3 1 .9 0.4 0.2 
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Generalised seizure types 

ILAE Region Country Cases ILAE Generalised 
1981 Tonic 

Absence Myoclonic Akinetic Tonic Atonic Mixed 
Infantile n non-clonic 

convulsive spasms 

South 
(Hurst et al. 1 96 1 )  Africa 5 1  no 80.4 3 . 9  
(Snow and al 
1 994) Kenya 30 yes 53 .0  
Asia, India & 
The Middle East 
(Bharucha et al .  
1 988) India 66 yes 42.4 1 .5 1 .5 
(Kaoul et al .  1 988) India 1 57 yes 72.6 0.6 0.6 0.6 2 .5  
(Pal et a l .  1 998) India 1 32 yes 30 .0 0 .8  0 .8  
(Attia-Romdhane 
et al. 1 993) Tunisia 1 4 1  yes 93 .0 3.0 
(Sridharan et al .  
1 986) L ibya 568 yes 0 .5 0.9 
(Onal et a l .  2002) Turkey 1 7  yes 
(Aziz H et a l .  
1 994) Pakistan 24 1 yes 1 .0 5 .8  5 . 8  5 . 8  

Saudi 
(Raj eh et al .  200 1 )  Arabia 1 36 yes 2 .9  

Saudi 
(Rajeh et al . 1 990) Arabia 74 1 yes 65 .0 4 .0 2.0 
(Loh et al .  1 997) S ingapore 1 2 1  yes 
Australia, New 
Zealand & The 
Pacific Islands 
(Lessel l  et a l .  

----
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Generalised seizure types 

ILAE Region Country Cases ILAE 
Tonic Generalised 

Infantile n 1 98 1  non- Absence Myoclonic Akinetic Tonic Atonic Mixed clonic 
convulsive spasms 

1 962) Mariana 
Islands 1 1 1  no 9 1 .0 6 .3  

South America, 
Central America 
& The Caribbean 
(Marino Jr. et al .  
1 987) Brazi l 9 1  no 57 . 1 4.4 
(Garcia-Noval et 
al .  200 1 )  Guatemala 46 yes 57 .0 
(Gomez et al .  
1 978) Columbia 1 68 no 64. 1 8 . 7  
(Gracia et a l .  Republ ic of 
1 990) Panama 1 9  yes 53 .0 1 1 .0 
(Lavados et al .  
1 992) Chi le 297 yes 77.4 2 . 1 1 .3 3 .0 9 . 1 7 .0 
(da Mota Gomes 
et al. 2002) Brazi l  20 yes 40.0 
(Nicoletti et al . 
1 999) Bolivia 1 24 yes 34.7 7 .3  2 .4  1 .6 0 .8  
(Mendizabal and 
Salguero 1 996) Guatemala 1 6  yes 50.0 6 .2 
(Placencia et  a l .  
1 992c) Ecuador 88 1 yes 43.0 3 .0 3 .0  
North America 

United 
(Kurland 1 959) States 295 no 39 .7 1 1 .9  
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Generalised seizure types 

ILAE Region Country 
Cases ILAE Generalised 

Infantile 1 98 1  Tonic 
Absence Myoclonic Akinetic Tonic Atonic Mixed n non-

clonic 
convulsive 

spasms 

(Hauser et al .  Un ited 
1 99 1 )  States 66 yes 29.6 3 .7  7.4 
(Hauser W. Al ien United 
et al .  1 99 1 )  States 1 24 yes 30.4 4.3 2.2 
(Hauser W .  Al ien United 
et al .  1 99 1 )  States 1 98 yes 20.4 5 . 6  5 .6 
(Hauser W .  Al ien United 
et al .  1 99 1 )  States 285 yes 2 1 . 1  8 . 8  7.0 
(Hauser W .  Al ien United 
et al .  1 99 1 )  States 383 yes 25.0 8 .8  4.4 
(Haerer et al .  United 
1 986) States 246 yes 75.0 0.4 
(Hauser and United 
Kurland 1 975) States 242 no 20.2 7.0 5 . 8  
Europe 

(Giul iani et al . 
1 992) Italy 256 no 6 1 .7 1 2.9  
(Rutgers 1 986) Netherlands 88 yes 1 8 .0 2 .0  
(Brewis et  a l .  
1 966) England 360 no 8 8.9 6.7 
(Goodridge and 
Shorvon 1 983) England 1 22 yes 4 1 .0 3 .0 4.0 
(Cockerel l  et al .  
1 995) England 1 26 yes 37.0 7 .0 7.0 
(Wright et al .  
2000) England 1 56 1  yes 47.5 3.4 3.2 0.8 1 .0 
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Generalised seizure types 

ILAE Region Country Cases ILAE Generalised Infantile 1981 Tonic 
Absence Myoclonic A kinetic Tonic Atonic Mixed n non-

clonic 
convulsive 

spasms 

(Granieri et a l .  
1 983) Italy 278 yes 45.0 1 2.9  2 .2  
(Comaggia e t  al . 
1 990) Italy 258 yes 44.3 1 9.2 
(Rocca et al .  200 1 )  Italy 8 1  yes 54.3 7 .4 2.5 7 .4 2 .5  
(Oun et a l .  2003) Estonia 3 1 7  yes 2 . 8  1 .5 1 .5 
(Olafsson El ias 
and Hauser 1 999) Iceland 428 yes 57.2 2.8 3 .3 
(Krohn ( 96 1 )  Norway 9 1 9  no 4 1 .0 6 .0 
(Gudmundsson 

6 1 .3 ( 966) Iceland 987 no 7.0 
(Forsgren 1 992) Sweden 7 1 3  yes 1 8. 5  1 .0 4 .3  8 .7  
(Zander et  al .  
1 979) England 52 no 55 .8  5 . 8  
(White and 
Buckley 1 98 1 )  England 64 no 84.4 1 5 .6 
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Table 4.3 :  The  frequency of  seizure and  'syndromes' i n  studies prior to The International League Against Epilepsy 
Syndrome 1989 Classification System 

Alving 1979 Joshi 1 977 
Gastaut 1975 Gastaut 1975 

Classification (private) (clinic) 
N % N % N 0/0 N 0/0 

Total 1 508 1 000 6000 562 
Unclassifiable 52 3 .4 1 9 1  1 9  1 409 23 .5  256 45 .6 
C lassifiable 1 456 96.6 809 8 1  459 1  76.5 306 54.4 

General ised epi lepsy 348 23 . 1 1 63 20 1 73 1  37 .7 1 23 40.2 
Primary generalised epi lepsy (mainly) 320 2 1 .2 1 2 1  1 5  1 306 28.4 1 1 4 3 7.3  

grand mal  seizures 2 1 0  1 3 .9 54 7 5 1 7  1 1 . 3  75 24.5  
petit mal seizures 48 3.2 28 3 453 9.9 3 1  1 0. 1  
myoclonus 62 4. 1 1 2  2 1 87 4. 1 8 2 .6 
other (clonic, unilateral c lonic etc) 0 27 3 1 49 3 .2  0 0.0 

Secondary generalised epi lepsy 28 1 .8 42 5 425 9 .3 9 2 .9 
LGS 26 1 .7 33  4 235 5 . 1 9 2 .9 
West syndrome 0 2 0 .2 6 1  1 .3 0 0 .0 
other 2 0. 1 7 0.8 1 29 2 .8  0 0.0 

Partial epi lepsy, with 1 1 08 73.5 646 80 2860 62.3 1 83 59 .8 
elementary symptomatology 278 1 8.4 466 5 8  459 1 0.0 66 2 1 .6 
complex symptomatology (+1-

576 38 .2  58 7 1 82 1  39 .7 83  27. 1 equivalent to TLE) 
secondarily general ised seizures 254 1 6.9  1 22 1 5  580 1 2.6  34 1 1 . 1  
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Table 4.4: The frequency of the Idiopathic Generalised Epilepsies based on the International League Against Epilepsy 
Syndromes Classification 2003 

sampling 
IGE 

BNFC BNC BMEI MAE* EMA* CAE JAE 
Study cases 2003 

unit N 
ages 

% % % % 0/0 0/0 0/0 % 

(Bauer 1 994) hospital 2956 mainly 
23. 8  0. 0 0. 1 0.0 0.0 0. 1 3 . 8  3 .7 

adult 

(Eadie 1 996) private 1 637 al l  ages 23.9 neurologist 
(Osservatorio 
Regionale per 
l 'Epi lessia (OREp) 
1 996)* hospital 8570 al l  ages 1 7. 9  0. 0 0. 0 0 .3 0.9 0.2 4.3 1 .9 
(Osservatorio 
Regionale per 
l 'Epilessia (OREp) 
1 996)**  hospital 8570 all ages 3 .4 0. 0 0. 0 0 . 1 0.3 0. 1 0 .6 0.3 

general 
8 1 4  all ages 6 .8 0 0 0 0 0 1 .6 (Manford et al .  1 997) practice 

hospital & 
general chi ldren 

(Oka et al. 1 995)* **  practice 1 872 < 1 0  26.2 0. 0 0. 0 0.0 0.0 0.0 1 .5 0.0 
*dejimte = 7332, **  "uncertam" = 995, ***taken as percentage of classifiable cases; ILAE = International League Agamst Epilepsy 
BNFC = Benign Neonatal Familial Convulsions; BNC = Benign Neonatal Convulsions; BMEI = Benign Myoclonic Epilepsy of Infancy; MAE* = epilepsy with myoclonic astatic seizures; EMA * = 

epilepsy with myoclonic absences; CAE = Childhood Absence Epilepsy; JAE = Juvenile Absence Epilepsy; JME = Juvenile Myoclonic Epilepsy; GTCS = Generalised Tonic Clonic Seizures not 
otherwise specified (including grand mal on awakening) 

JME GTCS 

% 0/0 

3 . 8  1 2 .4 

3 .0  7 .3  

0.4 1 .6 

1 . 1  4. 1 

0.2 24.5 
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4.5 Summary 

Although we now have good estimates of epi lepsy prevalence for most countries, with 

the more recent studies addressing the methodological problems of case ascertainment 

and non-standardisation in diagnosis and classification, we sti l l  lack knowledge on the 

demographic distribution of epi lepsy by ethnicity, region, socioeconomic status along 

with the changing age-group patterns that appear to be emerging between developed and 

developing countries. In addition, the distribution of seizures, epi lepsy onset-types or 

epi lepsy syndromes have only been presented in a few studies, with only a single study 

reporting the prevalence of epi lepsy syndromes performed outside a hospital setting. 

Better understand ing of the demograph ic distribution of epi lepsy and prevalence of 

h igher level epi lepsy syndromes in community-based settings would help improve our 

understanding of this disorder at the population level .  
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Chapter Five: The diagnosis of seizures, epilepsy and 
Idiopathic Generalised Epilepsy by computer-assisted­

telephone-interviewing using standardised diagnostic 

guidelines - A validation study 

5. 1 Introduction 

In the fol lowing four chapters I now focus on measuring the prevalence of the Idiopathic 

General ised Epilepsy Syndrome (lGE) and associated seizure types in a population 

context. I commence by firstly developing and val idating diagnostic instruments to 

accurately class ify this group of epi lepsies and capable of being administered on a large 

scale. Secondly, I recruit a commun ity-based cohort of patients through the Australian 

national prescription database and discuss the relative strengths and l imitations of case 

ascertainment by this approach. Third ly, I estimate the prevalence and distribution of 

treated epi lepsy in Tasmania by imputation methods. Finally, using my validated 

questionnaire, I estimate the prevalence and distribution of IGE in Tasmania. 

To better understand the aetiology and prognosis of epi lepsy, epidemiology needs to 

develop standardized population methods to facil itate recruitment and diagnosis of the 

large cohorts required to study ' more specific forms of epi lepsy' . C lassification of 

epi lepsy for large-scale epidemiological studies sti l l  general ly involves a ' screening' 

questionnaire fol lowed with diagnostic confirmation by sometimes multi-tiered c l in ical 

neurological assessment (Cal isir et al. 2006, Placencia et al . 1 992b, Schoenberg 1 982). 

Th is diagnostic cascade usually results in cases c lassified either with the presence or 

absence of epi lepsy, rather than differentiation into 'more specific forms of epi lepsy' 
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such as Id iopathic General ised Epi lepsy ( IGE)(Olafsson El ias et al .  2005). Epi lepsy 

c lassification by diagnostic rather than screening questionnaires, integrated with 

standardized interpretation of c l inical information, could potential ly reduce the 

dependence on an expert neurologist opinion and improve the rel iabi l ity of syndrome 

classification in large-scale epidemiological studies (Boyd et al. 1 979, Choi et al. 2006) . 

'Diagnostic' questionnaires have shown good agreement against physician-based 

diagnoses when evaluating the presence of seizures and broad epi lepsy syndrome types 

(Ottman Ruth et al. 1 990, Reutens et al. 1 992). A lthough administration can be 

effectively performed by non-medical personnel, these instruments involve open-ended 

questioning and detai led symptom evaluation which typically also requires interpretation 

by an epi lepsy special ist. To date, most publ ished studies have primari ly been fami ly­

based genetic studies, and provide l imited detai l  as to how syndrome diagnoses were 

derived from questionnaire responses. These survey settings are l i kely to influence the 

uti l ity and reproducib i l ity of these instruments if they were to be used in more 

heterogeneous community-based surveys. 

Therefore, in th is Chapter, I set out to develop standardized epi lepsy diagnostic 

guidel ines for use with a modified version of two previously val idated questionnaires 

(Ottman et al .  1 990, Reutens et al .  1 992) and assessed its val id ity against an epi lepsy 

special ist's d iagnoses in patients attending special ist epi lepsy c l in ics. To improve the 

efficiency of implementation, interviews were conducted by computer-assisted­

telephone-interviewing (CA TI). This ' cal l-centre ' technology automates much of the 
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interviewing process, al lowing answers received by telephone to be entered directly into 

computer memory by keyboard. It has been used with success in other disease groups 

(Anie et al. 1 996) and could provide major benefits in the complex interviewing of the 

large sample volumes required in epi lepsy syndrome-based population studies. 

5.2 Methods 

Recruitment 

Four epi lepsy specialists invited consecutive patients referred for epi lepsy diagnostic 

evaluation from their public and private practices (TO, MC, SB, WD see 

acknowledgments), to contribute to the study. Fol lowing recruitment, patients were 

given a unique identification number to ensure that telephone interviewing, questionnaire 

interpretation and the epi lepsy specialist 's  diagnosis were performed bl inded of patients' 

diagnoses. The epi lepsy specialists classified each patient's  epi lepsy with respect to 

seizure type(s), seizure-onset type (partial-onset, general ized-onset, uncertain  whether 

partial or generalized and non-epi leptic), and the idiopathic generalized epi lepsy ( lGE) 

syndrome according to the ILAE classification for epi lepsy seizures and syndromes 

(Engel 200 J , ILAE 1 98 J ,  ILAE 1 989). 

The 'gold standard ' d iagnoses of seizure types, epi lepsy onset types and generalized 

epi lepsy syndrome type(s) were ascertained by each treating epi lepsy special ist 

independently over the course of their usual cl inical interactions. This typical ly included 

prospectively col lecting a history from the patient and/or witnesses when avai lable, 

routine and often sleep-deprived EEG(s), and brain MRI performed with an epi lepsy 
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protocol (T l and T2 inversion recovery with coronal flair images on an oblique axis 

through the temporal lobes). Other d iagnostic tests may have been performed when 

considered necessary for characterization or when epi lepsy surgery was considered. 

These could include: inpatient video-EEG monitoring, fluoro-deoxyderibose glucose 

positron emission testing (FDG-PET), and single photon emission computerized 

tomography (SPECT). 

Diagnostic epilepsy interviews 

I used a modified version of two previously validated questionnaires to diagnose patients' 

seizures, seizure onset-types and idiopathic generalized epi lepsy (Ottman et al. 1 990, 

Picot et al. 1 999, Reutens et al. 1 992). When possible, both the patient and a witness 

were questioned by the interviewer. A witness interview without a patient interview was: 

patients less than 1 3  years of age, or when an intel lectual or language disab i l ity did not 

al low direct telephone interv iewing. Questionnaires were administered by telephone 

interviewing by a team of non-medical interviewers using computer-assisted-telephone­

interviewing (CA TJ). CA TI al lows questions to be stored in computer memory, recal led 

in programmable sequences, and d isplayed for each interviewer on a video display 

terminal .  Interviewers enter answers received by telephone directly into computer 

memory, by means of individual keyboards. CA TI automates cal l -back procedures, skip 

patterns from earlier answers, and in-process data cleaning thereby streaml ining the 

interviewing process. 
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Interviewers underwent training before commencing the telephone interviewing. This 

involved attending a one day workshop where interviewers were taught general 

techniques in conducting an epilepsy diagnostic interview. They were not taught how to 

diagnose seizures or epi lepsy, but rather to systematically extract and record seizure 

symptoms as part of a structured interview. They were instructed specifical ly: 1 )  not to 

"lead" the patient/witness but to use 'open-ended' questioning before more 'd irect' 

questioning; 2) to record patient 's  verbatim responses rather than interpreting their words; 

3) To think of the seizure as occurring in three stages (although these stages are not 

distinct) for verbatim responses: (i) a 'warning' stage where patient' s  memory is retained; 

( i i) the ' seizure' stage where the patient' s  memory may be impaired (witness important); 

and ( i i i) the ' recovery' stage where the patient 's  memory may also be impaired; 4) that 

the patient's  account is critical for warning symptoms, whi le the witness account is 

critical for seizures where consciousness may be impaired and for seizure manifestations, 

e.g. automatisms, behavioural arrest, l imb posturing, staring, eye version, eyel id blinking 

etc; 5) to focus on key features of each event type, i .e .  age at onset, duration of episode, 

relationship to sleep-wake cycle, lateralized/local ized body distribution at onset and post­

ictally, and the presence of certain responses suggesting non-epi leptic or partial-onset 

seizures (see Appendix 22). 

Practice interviews were then conducted with patients with epi lepsy whose seizures, 

epi lepsy onset type, and epi lepsy syndrome was known (but not d isclosed). Non­

participating interviewers observed the interviews. The process was then discussed and 

interv iewing techniques again reinforced. Fol lowing this each interviewer completed 
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between 3-5 interviews each and the process was discussed in a group with any 

interviewing or diagnostic issues further c larified.  

Questionnaires 

The diagnostic interview is a modified version of two diagnostic questionnaires, each ' 

previously shown to have substantial to almost perfect agreement with physician-based 

diagnoses in c lassifying seizure types and broad epi lepsy-onset types (Ottman et al .  1 990, 

Picot et al . 1 999, Reutens et al .  1 992). I primarily used the structured questionnaire of 

Ottman et al (version 28/091 1 998, personal communication Ottman, R 2002, See 

Appendix 1 9) modified to include the direct questions relating to the evaluation of 

generalized non-convulsive seizures (absence, myoclonic, astatic, atonic, tonic) from the 

Reutens et al questionnaire (see Appendix 20). This essential ly involved the addition of: 

( i) a more colloquial description for absence seizures ("go blank", "switch or go off the 

airwaves", or "out of it" from the Reutens et al questionnaire compared with the term 

"change in mental state or awareness of surroundings" or "daydream or stare into space" 

from the Ottman et al questionnaire); ( i i)  three further questions for myoclonic seizures 

(including eyelid "twitching" or "blinking" rather than "fluttering"), none of which 

involved any additional symptom descriptions; ( i i i )  a series of direct questions specifying 

"sagging" or "l impness" of particular body parts for atonic/astatic seizures; and the 

addition of another tonic seizure question, "l imbs held stiff" (see Appendix 2 1 ). 
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Statistical analysis 

I assessed the level of agreement by the Kappa statistic (Cohen 1 960, Landis and Koch 

1 977) between the diagnoses obtained by my modified questionnaire, interpreted with my 

standardized qual itative guidelines (see Appendix 22) and the diagnoses of an epi lepsy 

specialist. The Kappa statistic (K) represents the level of agreement above that due to 

chance alone: almost perfect, k>0.8 1 ;  substantial, k = 0.6 1 -0 .8 ;  moderate, k = 0.4 1 -0.6 1 ;  

fair, k = 0.2 1 -0.40; and poor, k < 0.20 (Landis and Koch 1 977). When obtained 

agreement equals chance agreement, k =0. Greater than chance agreement leads to 

positive values of k, less than chance agreement leads to negative values. The upper l imit 

of k is + 1 ,  occurring when there is perfect agreement. The lower l im it of k is - 1 ,  

occurring when there i s  perfect disagreement. Sensitivity (SENS), specificity (SPEC), 

positive predictive value (PPV), negative predictive value (NPV) and Youden ' s  index 

(YI) were also calculated . YI is the sum of sensitivity and specificity minus I and has 

been proposed as a summary measure of val idity for prevalence surveys (Pearce 1 998,  

Youden 1 950). The level of agreement and val idity was calculated independently for the 

whole sample (n=99) at each level of category for seizures, epi lepsy, seizure onset-type 

and IGE. "Uncertain' diagnoses from specialist or questionnaire were categorized as 'no'  

in each, except with the overal l seizure-onset type category for agreement, which remains 

a kappa value for a 4-category classification. 
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5.3 Results 

Demographic and interview features 

Table 5 . 1  shows the demographic features and disease characteristics of the study 

participants. There were 1 4  patients ( 1 4 . 1  %) below the age of 20 years and 1 6  ( 1 6. 1  %) 

above the age of 60 years of age. Col lectively the 99 patients had experienced more than 

3 82 seizures/events in their l i fetime. 59 patients had partial-onset, 22 had general ized­

onset, 1 2  patients had non-epi leptic and 6 patients had unclassified-onset seizures. Two 

of the patients classified as non-epi leptic seizures also had epi leptic seizures (one 

cryptogenic temporal, one symptomatic frontal) .  Although they contribute to both 

groups, for seizure types, their ultimate epi lepsy-onset and syndrome classification for 

this study was non-epi leptic. There were 1 6  patients with IGE, with a maximum of five 

patients in any IGE sub-syndrome. 1 57 interviews were performed : 58  (58. 8%) had both 

subject and witness interviews, 2 1  (2 1 .2%) a witness-only interview and 20 (20.2%) a 

subject-only interview. 

Agreement 

Table 5 .2 shows the levels of agreement for seizures, epi lepsy, seizure-onset types and 

IGE using the questionnaire compared with the 'gold standard ' of the epi lepsy 

special i st 's  diagnoses. 

1 32 



Table 5. 1 :  Demographic features and disease characteristics o f  study 
participants (n=99) 

Seizures Patients 
n n 

Age Range (yearsf 
0-9 4 

1 0- 1 9  1 0  
1 0-29 1 5  
30-39 1 8  
40-49 20 
50-59 1 6  
60-69 1 2  
70-79 4 

Gender of subject 
Male 55 
Female 44 

Time between diagnosis and interview 
< 1 year 0 
1 -4 years 1 5  
5-9 years 1 4  
1 0+ years 68 
Unknown 2 

Number of events in lifetime 
2 6 
3 2 
4 or more 9 1  

Seizure types 
Localized-onset 59  

simple partial 1 6  
complex partial 59 
secondari ly general ised 5 1  

General ized-onset 22 
tonic-clonic 20 
non-convulsive 29 

myoclonic 9 
absence 8 
atypical absence 7 
atonic 1 
tonic 2 
astatic 4 

Non-epileptic t 1 2  
Unclassified: 6 
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Seizures Patients 
n n 

Syndrome Types 
Id iopathic generalized epi lepsy 1 6  

chi ldhood absence epi lepsy I 
juveni le absence epi lepsy 5 
juveni le myoclonic epi lepsy 5 
id iopathic generalized epi lepsy unspecified 4 
epi lepsy with myoclonic astatic seizures I 

Symptomatic generalized epi lepsy 6 
Lennox-Gastaux Syndrome 5 
Other 1 

Idiopathic partial epi lepsy 2 
benign epi lepsy with centro-temporal spikes 1 
benign occipital chi ldhood epi lepsy 1 

Symptomatic partial epilepsy 3 1  
h ippocampal sclerosis 9 
tumour 6 
stroke 4 
meningitis/encephal itis 1 
traumatic 7 
cortical dysplasia 2 
Acardia Syndrome 1 
dementia 1 

Cryptogenic partial epilepsy 29 
temporal 1 2  
frontal 1 
occipital 1 
lobe(s) uncertain 1 5  

Non-epi leptic t 1 2  
Uncertain whether partial or general izedt 6 

*Mean age o/subJects IS 40.3 years, standard devlOtlOn 1 7. 6  (as at 01 .01 .04). 
tincludes two participants with both non-epileptic and partial-onset seizures classified only as non-epileptic onset type. 
tincludes three participants classified ultimately as uncertain partial or generalized with mixed seizure types 
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Table 5.2: Diagnostic agreement for the presence of epilepsy, seizures, seizure­
onset types§, and the idiopathic generalized epilepsy syndrome from 
telephone interviews versus epilepsy specialists' assessment 

K valuet 95% CIt 

Partial Seizures 
Simp le partial/complex partial 0 .87 [0.78-0 .97] 
Partial, secondarily generalised 0.74 [0.60-0.87] 

Generalised Seizures 
Generalised tonic-clonic 0.79 [0.64-0.94] 
Generalised non-convulsive* 0 .82 [0.66-0.97] 

Myoclonic seizure 0.68 [0.40-0.95] 
Astatic 0 .39 [ -0.06- 1 .00] 
Absence 0.73 [0.47-0.99] 
Atypical absence 0.43 [ -0.06-0.92] 

Presence of epilepsy 0.94 [0. 83 - 1 .00] 
Seizure onset-type§ 0.84 [0. 74-0.94] 

Partial 0 .83 [0.72-0.94] 
Generalised 0 .88 [0.76- 1 .00] 
Non-epileptic 1 .00 NA 

Idiopathic generalised epilepsy syndrome** 0.82 [0.65-0.99] 
Includes the low frequency tomc (n-2) and atomc (n-I) seIzures 

§ This remains a kappa value for a 4-category classification. where the 4 categories are either localized. generalized. "non­
epileptic " and epileptic unclassified. 
The Kappa statistic (K) represents the level of agreement above that due to chance alone where: almost perfect. k>0.81; 
substantial. k = 0. 61-0.8; moderate. k = 0.4 1-0.61 ; fair. k = 0.2 J -0.40; and poor. k < 0.20 (Landis and Koch 1977) 

t 95% Cl = 95% Confidence intervals for kappa were calculated using htlp:llgraphpad.com/quickcalcs/kappal.cfm with a 
normal approximation. 

The questionnaire demonstrated almost perfect agreement in diagnosing simple or 

complex partial seizures (K=0.87, 95% Cl  0.78-0.97), any generalized non-convulsive 

seizure (K=0.82,  95% C l  0.66-0.97), the presence of epi lepsy (K = 0.94, 95% C l  0.83-

1 .00), seizure-onset types (K = 0. 84, 95% Cl  0.74-0.94), and IGE (K = 0.82, 95% Cl 0.64-

0.97). Although sti l l  substantial, agreement was not as close for secondari ly generalized 

seizures (K = 0.74, 95% Cl 0.59-0.85), and generalized tonic-c lonic seizures (K = 0.79, 

95% Cl  0.64-0.94). 
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Validity 

Table 5 .3 shows the sensitivity, specificity, positive predictive value, negative predictive 

value and Youden 's  Index for the presence of epilepsy, seizures, seizure-onset types and 

epi lepsy syndromes using the questionnaire compared with an epi lepsy specialist 's 

diagnoses. With values of about 0.9 or higher, diagnostic interviewing had high val id ity 

in classifying simple or complex partial seizures, the presence of epi lepsy, and seizure­

onset types. The diagnosis of general ized seizures and IOE also had generally h igh 

specificity, positive predictive value (except myoclonic and absence seizures both with 

PPY of 0 .75), and NPY but lower sensitivity than the partial seizures. Perfect or near 

perfect YI is seen for the diagnosis of "non-epi leptic seizures" and the "presence of 

epilepsy" categories. With the exception of astatic (0 .25) and atypical absence seizures 

(0.29), reasonable YI is seen for all diagnostic categories and ranges from 0.65 to 1 .00. 
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Table 5.3: Sensitivity, specificity, positive predictive value, negative predictive value and You den 's Index (YI) for the presence of 
epilepsy, seizures, seizure-onset type§, and idiopathic generalized epilepsy from telephone interviews versus epilepsy 
specialists' assessment 

SENS 95% CIt SPEC 95% CIt PPV 
Partial Seizures 
S imple or complex 0.93 [0.85-0 .98] 0.95 [0.85-.99] 0.97 
Secondari ly general ized 0.92 [0.82-0.97] 0 .82 [0.69-.9 1 ]  0 .84 
Generalised Seizures 
Tonic-clonic 0.78 [0.59-0.9 1 ] 0.97 [0.92-1 .00] 0.90 
General ised non-convulsive* 0.74 [0.52-0. 89] 1 .00 [0.96- 1 .00] 1 .00 

Myoclonic seizure 0.67 [0.3 7 -0.89] 0 .98 [0.93- 1 .00] 0.75 
Astati c  0.25 [0.03-0.67] 1 .00 [0.97- 1 .00] 1 .00 
Absence 0 .75 [0.42-0.95] 0.98 [0.93- 1 .00] 0.75 
Atypical absence 0.29 [0.06-0.62] 1 .00 [0.97 - 1 . 00] 1 .00 

Presence of epilepsy 0.99 [0.95-1 .00] 1 .00 [0.74-1 .00] 1 .00 
Seizure onset-type§ 

Partial 0.93 [0.85-0.98] 0 .90 [0.78-0.97] 0.93 
General ised 0.90 [0.73-0.98] 0.97 [0.92- 1 .00] 0.90 
Non-epi leptic 1 .00 [0.74- 1 .00] 1 .00 [0.97- 1 .00] 1 .00 
Idiopathic Generalised 0.73 [0.50-0.90] 1 .00 [0.97- 1 .00] 1 .00 
Epilepsy ** 

. . .  
SENS = senslllVlty, SPEC = specijiClty, PPV = poslllve predictive value, NPV = negative predictive value, YI = Youden 's Index 
• Includes the low frequency tonic (n=2) and atonic (n =l) seizures which. given their low numbers are not shown individually 

95% CIt NPV 95% CIt YI 95% CIt 

[0.90-0.99] 0.90 [0.79-0.97] 0 .88  [0.79-0.88]  
[0.73-0.92] 0 .9 1 [0.80-0.97] 0.76 [0.65-0.89] 

[0.72-0.98] 0.93 [0.87-0.98] 0.75 [0.58-0.93] 
[0.82- 1 .00] 0 .94 [0 .88-0.98] 0 .74 [0.54-0.93] 
[0.42-0.95] 0.97 [0.92-0.99] 0.65 [0.33-0.95] 
[0.22- 1 .00] 0.97 [0.92-0.99] 0.25 [ -0. 1 7-.67] 
[0.42-0.95] 0.98 [0.93 - 1 .00] 0 .73 [0.43- 1 .03] 
[0.37- 1 .00] 0.95 [0.89-0.98] 0.29 [ -0.05-.62] 
[0.95-1 .00] 0.90 [0.63-0.99] 0.99 [0.97- 1 .0 1 ]  

[0 .85-0.98] 0.90 [0 .78-0.97] 0 .83 [0.72-0.95] 
[0.73-0.98] 0.97 [0.92- 1 .00] 0 .87 [0.75- 1 .0 1 ]  
[0.74-1 .00] 1 .00 [0.97- 1 .00] 1 .00 [ 1 .00- 1 .00] 

[0.78-1 .00] 0.95 [0.90--0.99] 0 .73 [0.5 1 -0.96] 

'The Kappa statistic (K) represents the level of agreement above that due to chance alone where: almost perfect, k>0.81; substantial, k = 0.61-0.8; moderate, k = 0.41-0.61;fair, k = 0.21-0.40; and 

t 
§ • •  

poor, k < 0.20 (Landis and Koch 1 977) 
95% Cl = 95% Confidence intervals for SENS, SPEC, PPV and NPV are exact, "shortest confidence intervals " as calculated on the website hUp:llwww.causascientia.orglmath_statlProportionCl.html. 
This is the most appropriate method when the number of trials is low or where the estimated proportion is close to I. 
Seizure onset types are either: generalized-onset, partial-onset or "non-epileptic ". Sensitivity, specijicity, PP V and NP V can not be calculatedfor a variable with more than 2 possible values. 
Idiopathic Generalised Epilepsy Syndrome = Any Childhood Absence Epilepsy, Juvenile Absence Epilepsy, Juvenile Myoclonic Epilepsy, Idiopathic Generalised Epilepsy Unspecijied or Myoclonic 
Astatic Epilepsy. 
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5.4 Discussion 

My modified questionnaire administered by CA TI and interpreted by standardized 

diagnostic guidel ines, was in c lose agreement with an epi lepsy special ist 's  cl in ical 

assessment in diagnosing the main seizure types, presence of epi lepsy, seizure-onset 

types, and IGE. Questionnaire modifications aimed at previous diagnostic deficiencies in 

c lassifying non-convulsive general ised seizures substantial ly improved agreement and 

valid ity. However, diagnosis sti l l  remained less than ideal for discriminating the onset­

type of generalized convu ls ive seizures. These deficiencies re late more to under­

recognition of individual generalized non-convulsive seizures than to misinterpretation of 

partial seizures. Despite these l imitations, this modified diagnostic questionnaire should 

provide an effective more practical alternative to screening questionnaires coupled with 

neurological assessment, in the population-level study of ' more specific forms of 

epi lepsy ' ,  particularly the Id iopath ic Generalised Epi lepsies. 

Although I did not set out to ensure my sample represented all possible syndromes it was 

reasonably representative of the broad range and prevalence of syndrome groups seen in a 

typical adu lt epi lepsy outpatient setting (Alving 1 979, Danesi 1 985,  Eadie 1 996, 

Osservatorio Regionale per l 'Epilessia (OREp» . In particular, excluding the non­

epileptic category, 1 8% of my sample had IGE. Lack of representativeness of the 

val idations sample could have potential impact on the kappa statistic, positive predictive 

value and the negative predictive value which are all affected by the prevalence of the 

diagnostic category under consideration (Kraemer 1 979). In particu lar, if the validation 

sample involved cases that were more severe, on average, than would have been obtained 
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from a random population-based sample, then the findings of the val idation study may 

not be completely generalisable. However, my findings, at least with respect to the IGE 

category, may at least be rel iable in these settings. I did not contemplate further 

' sp l itting' of the IGE seizure types (e.g. absence) or IGE syndromes into thei r  subtypes 

(e.g. chi ldhood absence epi lepsy), as this was l ikely to add unnecessary complexity to the 

val idation process (Dorsey et at. 1 986) and involve too few numbers to draw meaningful 

conclusions. 

The use of epi lepsy questionnaires arose with the shift from hospital-based to 

community-based epidemiological studies (Rose et at . 1 973) along with the knowledge 

that medical records often involve poor accuracy and rel iabil ity of diagnostic information 

(Bodensteiner et at. 1 988 ,  Demlo et at. 1 978, Hauser and Kurland 1 975,  Hauser et at .  

1 99 1 ) . The diagnostic interpretation of information from indirect sources is highly 

dependent on the experience of the observer, with unclassifiable descriptions of seizures 

ranging from 22-5 1 % when either a training neurologist or neurologist is making the 

diagnosis (Bodensteiner et at. 1 988) .  One of the most important means of ensuring 

diagnostic val idity has been the analysis and interpretation of information by a specialist 

with expertise in epi lepsy (Berg et at . 1 999, Ottman et at .  1 998b, Placencia et a t .  1 992b, 

Reutens et at. 1 992) with mutual discussion among experts providing even better 

agreement than a neurologist using cl in ical judgment working alone (Rinaldi et a t .  2000, 

van Donselaar et at. 1 989) .  This  improved d iagnostic agreement can be substantial, with 

mutual consultation (k= 0.86) much h igher than individual cl in ical judgment (kappa = 

0.58) .  However, the use of specific criteria has the greatest diagnostic yield (kappa = 
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0.96) (van Donselaar et at .  1 989). Hence, developing standardised diagnostic guidel ines 

for seizures and epi lepsy syndromes is critical, not only to enable diagnosis to become 

less dependent on expert opinion (Placencia et at . 1 992b, Placencia et at .  1 992c), but 

ultimately to improve the reproducibil ity of cl inical and epidemiological epi lepsy 

research (Oka et al 1 995 ;  Eadie 1 996). 

I used written guidelines, extended with my own cl in ical experience from previous 

operational definitions (Placencia et at . I 992b, Sander and Shorvon 1 987) for syncope, 

psychogenic non-epi leptic seizures, partial seizures, and the generalized seizure types and 

syndromes to assist in interpretation of the verbatim and direct questionnaire responses in 

my patients. I acknowledge that these are by no means definitive, but hope the 

formalization of this c l inical process wi l l  lead to more transparent and testable future 

refinements. To further improve reproducibil ity for field studies, I elected to reach my 

questionnaire d iagnoses without the use of EEG recordings. Although, interictal EEG 

information can enhance symptom histories and help differentiate seizure types (Picot et 

at .  1 999, Reutens et at .  1 992), it can also be unhelpfu l  (Houfek and El l ingson 1 959, 

McCluggage et at. 1 986), more often con firming rather than changing diagnosis 

(Senanayake 1 993). Therefore, EEG record ings may not be cost-effective when 

conducting epidemiological studies in resource-constrained communities. More critical 

to diagnosis is an eye-witness account of the patient 's seizures (Reutens et at . 1 992, 

Senanayake 1 993), with the h ighest level of overall agreement between physician and 

questionnaire-based diagnoses ach ieved when an informant is avai lable for interview 

(informant only k = 0.76, patient and informant k = 0.75) rather than when a subject is the 
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only source of diagnostic information (k = 0.4 1 )  or the additional use of EEG (k = 0.78) 

(Reutens et al . 1 992) . Hence, my emphasis on high witness participation (80%) is l ikely 

to have been a key factor contributing to my findings. 

Diagnostic questionnaires have had l imited testing on samples containing patients with 

non-epi leptiform events (syncopal, psychogenic, migrainous etc) (Picot et al. 1 999) 

which also commonly present as seizure ' mimickers' in community-based samples. 

Differentiating epi leptic seizures from other paroxysmal symptoms can be problematic, 

with 24% of patients misdiagnosed as epi lepsy from case records having non-epileptic 

seizures (Keranen 1 987) .  I agree that it might have been better to i nclude more total NES 

categories, but the case mix in the study reflects the fact that is was based on invitations extended 

to a random sample of each neurologist' s  l ist of patients referred to their outpatient cl inics where 

seizures were considered a differential diagnosis. Consistent with this previous study (Picot et 

al. 1 999), my modified diagnostic questionnaire had almost perfect agreement and 

validity to d iagnose the "presence of epi lepsy". 

My d iagnostic interview is a modified version of two questionnaires each previously 

shown to have very good to almost perfect agreement, with physician-based diagnoses, in 

c lassifying seizure types and broad epilepsy-onset types (Ottman et al .  1 990, Picot et al . 

1 999, Reutens et al .  1 992). The questionnaire of Reutens et al predominantly comprises 

open-ended questions, with a structure similar to c l in ical h istory taking, whi le more 

detai led direct questioning in the semi-structured interview questionnaire makes it more 

amenable to administration in large-scale epidemiological studies, particularly with the 

use of CA TI . In an attempt to better identify the specific non-convulsive general ized 

seizures (and their related syndromes) diagnosed generally with higher agreement and 
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val idity from Reutens et ai, my modified questionnaire included the d i rect questions 

relating to thei r  class ification. With the exception of the questions relating to the rarer 

seizures, my modifications could be considered fairly minor, and an alternative 

explanation for the observed differences between these two original diagnostic 

questionnaires cou ld relate to the more ski l l-dependent col lection of symptoms 

(especially the verbatim recordings) or the interpretation of these responses. 

Nevertheless, with these additions, the overal l  agreement for most seizures, the presence 

of epi lepsy, seizure onset-types, and IGE was almost perfect, and closer to that seen with 

the questionnaire of Reutens et al (Ottman et al . 1 990, Picot et al . 1 999, Reutens et al . 

1 992), particu larly for the critical IGE seizure types, absence (0.73 vs. 0.78) and 

myoclonus (0.68 vs. 0.70). The better agreement for generalized non-convulsive seizures 

is l ikely to have also led to its improved abil ity to discriminate convulsive seizures as 

either generalized-onset (0.79) or partial-onset (0.74). With both h igh sensitivity (0.93 ) 

and specificity (0.95) in diagnosing simple partial or complex partial seizures my 

modified questionnaire does not appear to misinterpret partial seizures to a great degree 

(van Donselaar et al . 1 990). This suggests that further diagnostic gains for convulsive 

seizures are more l ikely to result from improved recognition of the individual general ized 

non-convulsive seizure types ( i .e .  absence, myoclonus, astatic, tonic, atonic etc) rather 

than better recognition of warning symptoms. 

After confirming the presence or absence of epi lepsy, my subsequent focus was to 

diagnose with confidence the generalized epi lepsies to the second level, i .e .  id iopathic 

general ized, rather than to c lassify focal-onset epi lepsy to the second or thi rd level ( i .e. 
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cryptogenic vs. symptomatic or specific lobar involvement). Although the I LAE sti l l  

attributes these partial syndromes to sites of  the cerebral cortex by  historical data and 

EEG findings (Engel 200 1 ,  ILAE 1 98 1 ,  ILAE 1 989, Stevens et al .  1 996), few cl in ical 

features having a wel l  defined anatomic correlate (Pribram 1 987). In contrast, MRI is 

better able to identify symptomatic etiologies (Jack et al. 1 995,  lackson et al. 1 990) and 

along with newer functional neuro- imaging techniques (Stevens et al. 1 996), plays a 

central role in syndrome diagnosis of the partial epi lepsies (Awada et al. 1 99 1 ) . 

In  contrast, neuro-imaging is not generally cl in ical ly useful for the id iopathic epi lepsies 

with diagnosis often reached fol lowing interview from the patient and eye-witness, 

sometimes supplemented with family seizure history. Therefore, whi le the cryptogenic 

and symptomatic epi lepsies require detai led investigations not readi ly available outside 

major metropol itan centres, I have demonstrated that the idiopath ic epi lepsies can be 

classified primari ly with historical data when interpreted with written guidel ines, 

faci l itating their study in large scale population studies by questionnaire. Further 

improvements in discriminating the individual non-convulsive generalized seizure types 

and a more quantitative approach to questionnaire interpretation wil l  further enhance the 

uti l ity of these field instruments for epilepsy syndrome-based population research. 
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Chapter Six: The Tasmanian Epilepsy Register - A 
community-based cohort: Background and methodology for 

patient recruitment from the Australian national prescription 
database 

6. 1 Introduction 

In this chapter, I use the Australian national prescription database to recruit a cohort of 

patients with epilepsy that is representative of commun ity-based d isease (0' Souza et al 

2007c). The popUlation sample generated wil l  form the basis of my estimate of the 

prevalence and distribution of epi lepsy, IGE, and thei r  associated generalised seizures in 

the fol lowing two chapters. 

Door-to-door household surveys have become the foundation for case ascertainment in 

epidemiological studies designed to measure the incidence or prevalence of epi lepsy 

(Placencia et at .  1 992b). They were originally establ ished for use in studies in 

developing countries, as part of a two-stage methodological design typical ly involving a 

screening questionnaire fol lowed by diagnostic confirmation from a cl in ical neurological 

assessment (Meneghini et at . 1 99 1 ,  Osuntokun et at . 1 982). This approach is considered 

necessary to comprehensively capture undiagnosed and untreated d isease, usual ly only 

seen outside a hospital setting, particularly in populations with inadequate access to 

specialist neurology services (Schoenberg 1 982). 

However, rigorous survey design requires considerable resources and is a relatively 

inefficient mechanism for generating sufficient cases when studying specific syndromes, 
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etio logical factors, or co-morbid conditions associated with epi lepsy. The development 

of ascertainment methods primari ly focused on effective and efficient case recruitment 

wou ld be invaluable, particularly if the samples generated were representative of 

community-based disease (Sander and Shorvon 1 987). 

The Austral ian federal parl iament passed legis lation in December 2000 enabl ing data to 

be l inked from the national prescribed medicines database and an individual ' s  national 

health information identifier. I was one of the first to uti l ize th is relatively unique patient 

database for disease recruitment. In this  chapter, I describe the recruitment methodology 

used to establ ish a large community-based epi lepsy cohort in the Austral ian island state 

of Tasmania and discuss its relative strengths and l imitations. 

6.2 Methods 

Geography and Population 

Tasmania is an island state situated off the south-eastern tip of mainland Austral ia, 

comprising an area of 68,000 square km, with a population of 472,672 in 2002 

(Australian Bureau of Statistics 2003) (see Figure 6. 1 a). The state is divided into the 

three main geographic and administrative regions comprising Southern (23 1 ,662), 

Northern ( 1 34,70 1 )  and Mersey-Lyel llNorth-Western ( 1 06,309) (see Figure 6. 1 b). The 

first European settlers arrived in 1 804, and by 1 847 there were around 1 3 ,000 females in 

the total population of 70,000. Tasmania has attracted fewer immigrants than other 

Australian states, and it is estimated from genealogical records that in 6-7 generations 

approximately 65% of Tasmania's current population are direct descendants of these 
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1 3 ,000 female founders, many of whom were related. This makes Tasmania's popu lation 

more genetical ly homogeneous than the populations of mainland states. Th is is supported 

by the Australian census, where 88 .7% of Tasmanians indicated that both parents were of 

North Western European ancestry, compared, for example, to 69.4% of Australians from 

the state of Victoria (Austral ian Bureau of Statistics 2003) .  Tasmania was chosen for this 

study as it has considerable benefits for conducting epidemiological research. Firstly, the 

state has significant goodwi l l  towards medical research, leading to very high participation 

rates. Second ly, Tasmania's relatively stable migration patterns over the last 1 50 years 

mean that participants in longitudinal cohort studies (and studies dependent on family­

based designs) are easi ly traced, as they remain resident within the state (lones et al . 

2003). 

Figure 6. 1a :  Map of Australia 
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Figure 6. 1b :  Map of Tasmania 

0 : I KI,. """'d I 

Medical provider services 

In Australia, consultative and investigational health services are significantly funded by 

the federal government al lowing universal means-independent access to health services. 

General practitioners and special ists can either charge only the federal ly-funded rebate 

amount (and claim it d irectly from the H IC) or alternatively choose to charge above this 

amount, with the patient then paying the whole service fee to the doctor before claiming 

the rebate portion from a HIC Medicare rebate outlet. Consultations with publ ic hospital 

specialists do not incur any fee directly to the patient. Patients can also be diagnosed and 

managed by a private specialist, but must be referred by a general practitioner, for this 

service to attract a federal ly funded special ist rebate (Care 2000). In Tasmania, regional 

special ist physicians comprised : six paed iatricians, four general physicians and two 

neurologists residing in the south; three paediatricians, two general physicians and one 

neurologist residing in the north; and two paediatricians and three general physicians 
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residing in the north-west. In  addition, three interstate epi leptologists visit the south (two 

bi-month ly, one monthly) and one the north (every 3-4 months). 

Pharmaceutical benefits scheme and the Australian National Prescription Database 

National prescription data records are generated when the government contributes to the 

cost of a pharmaceutical product dispensed under the Austral ian Pharmaceutical Benefits 

Scheme (PBS) and Repatriation Pharmaceutical Benefits Scheme (RPBS). The 

PBSIRPBS is a subsidisation program monitored by the HIe. Patients are classified into 

one of two categories, which determines the amount the patient contributes and the 

amount of subsidy paid by the government. General beneficiaries make a maximum 

patient contribution (A $22 .40 in 2002) per prescription item; concessional beneficiaries 

(primarily social security recipients) or veteran affairs (returned servicemen and women) 

categories purchase drugs at a concession rate (A $3 .60 in 2002). Additional "safety net" 

arrangements l im it the total annual contribution that a fami ly can make towards 

prescription costs for each of these categories of patient. Once these l imits are reached, 

any PBS/RPB S prescriptions dispensed, are either free or with a much reduced co­

payment for the remainder of the safety net period (Edmonds et at .  1 993). 

Pharmacists, rather than patients receive the reimbursement payment from the HIe when 

they report prescription information to the H Ie, or they bear the unsubsidised cost of the 

medicine. Only, where a person does not have a Medicare card, is the onus on the patient 

to pay the ful l  (non-subsidised) price for the prescription and personal ly claim a 

reimbursement from the HIe on provision of their Medicare number. These 
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arrangements have impl ications on the PBSIRPBS data set. When a patient pays the 

entire cost of the medication, there is no HIC record of the prescription. Prescription 

records for drugs costing less than the general patient co-payment wi l l  not be complete 

(only recorded for concessional beneficiaries and those who have reached safety net 

entitlements). There wi l l  be complete capture for more expensive drugs, as the 

government wi 11 have made a contribution in every case (Robertson et al . 200 1 ) . 

Table 6. 1 l i sts the PBS/RPBS anticonvulsant items selected. Only five of these 

anticonvulsants (phenobarbitone, phenytoin suspension, carbamazepine l iquid, 

carbamazepine 50mg and lamotrigine 5mg) cost less than $22.40, and so had l imited 

capture. Some anticonvulsant medications were not selected (Ievetiracetam, 

oxcarbamazepine, and pregabalin) because at the time they were not PBSIRPBS l isted 

medications. Benzodiazepines and acetazolamide prescriptions were excluded from 

selection because they were more l ikely to be prescribed as single agents for other 

conditions. 

At the end of2000, the Austral ian Federal Parliament passed the National Health Act 

Amendment - Improved Monitoring of Entitlement of Pharmaceutical Benefits. An 

important part of this legislation requires pharmacists in Austral ia to ask al l  consumers 

for their healthcare identification number (Medicare number or Veterans' Repatriation 

Health Card entitlement number) when they respectively present with a prescription for a 

PBS or RPBS subsidised medicine. 
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Table 6. 1 :  "Reportable" anticonvulsant medications* supplied in Tasmania 
between 1st July 2001 and 30th June 2002 

Generic name 
Methylphenobarbitone 
Phenobarbitone 
Primidone 
Carbamazepine 
Carbamazepine 
Carbamazepine 
Gabapentin 
Lamotrigine 
Phenytoin 
Phenytoin 
Phenytoin Sodium 
Sodium Valproate 
Sodium Valproate 
Sodium Valproate 
Sod ium Valproate 
Topiramate 
Topiramate 
Ethosuximide 
Su lthiame 
Tiagibine 
Vigabatrin 

Preparation 
Tablet 
Tablett 
Tablet 
Tablet t 
Tablet (control led-release) 
Liquidt 
Tablet 
Tablet§ 
Suspensiont 
Tablet 
Tablet 
Tablet 
Tablet (enteric-coated) 
Liquid 
Syrup 
Tablet 
Sprinkles 
Tablet 
Tablet 
Tablet 
Tablet 

"All the anl1convulsant med,catIOns retatl at more than $A3.60 and there IS a HIC record generatedfor all concession card patients 
receiving these drugs from a pharmacist. When medications retail at less than $A22.40 there is no HIC record generatedfor general 
patients receiving these drugs from a pharmacist. fDenotes incomplete capture. I and § denote incomplete capture only for 50mg 
and 5mg preparations respectively. 

This legislation meant that no government payment would be made to a pharmacist for a 

prescription unless an appropriate Medicare number was included with each claim. 

Pharmacists were required to record a Medicare number for each PBS or RPBS script in 

their pharmacy dispensing software and to include the number with each claim for 

payment from the H IC .  Where a person did not have a Medicare card, the person would 

need to pay ful l  (non-subsidised) price for the prescription and claim a reimbursement 

from the HIC on provision of their Medicare number, subject to a check of their 

el igibil ity by the HIC.  Special numbers were also establ ished to cover emergencies and 

other situations where consumers were el igible but could not produce a Medicare card. 
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Unti l  these legislation changes, prescriptions recorded by the HIe could not be attributed 

to ind ividual patients. These changes also enabled non-identifying cross-matched 

prescription data to be obtained on age, gender, postcode region, date of dispensing, the 

category of recipient (general, concessional, doctors emergency bag, safety net, or 

veteran affairs) and category of prescriber. 

Recruitment of participants 

The target sample frame involved all those persons who have been suppl ied at least one 

prescription for an anticonvulsant medication in Tasmania above the ' reportable' 

PBS/RPBS threshold during the twelve month period July 1 st 200 1 to June 30th 2002. To 

be el igible, participants must have a l i sted postcode in Tasmania when col lecting their 

prescription during this period. 

Under privacy legislation, the release of information concerning the affairs of a person 

receiving benefits under the PBSIRPBS is prohibited except in exceptional 

circumstances. Therefore, each HIe sample patient was given a unique identifying 

number to enable the invitation and the tracking of response to be conducted 

anonymously from my study team. This meant my study team could not have access to 

H Ie-held names and addresses l inked to their uniquely generated ID number until those 

patients agreed to participate in the Register. Patients were sent a package of information 

from the HIe explaining the reasons for approaching them, outl ining the aims of the 

study and inviting them to enrol on the Register on 20th November 2002. A second mai l 

invitation was sent to those invited patients who had fai led to respond with in three 
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months of my initial invitation ( 1 9th February 2003), unless I had received a ' return to 

sender' notification or information that they had deceased. Those patients who did not 

respond to the second mail-out, within three months of its dispatch were c lassified as mai l 

non-responders. 

A mai l invitation letter asked potential participants to agree to participate in a 

longitudinal disease cohort - The Tasmanian Epilepsy Register. In addition, as 

anticonvulsant medications can be prescribed for other medical conditions, invited HIe 

patients were also asked to d isclose ' are you taking antiepileptic medications for blank 

spells, seizures or epilepsy ', so that their disease status could be recorded. 

Once they had accepted an invitation, Register patients were contacted by telephone and 

written consent obtained after discussion with the study team. The telephone 

interviewing centre (private outbound telephone cal l-centre) was then given the names, 

telephone contact detai ls and best times for contact so that the basel ine interviews could 

be conducted. The HIe patients may refuse Register enrolment, or withdraw from 

participation after initially agreeing. They may indicate this to the study team or the HIe 

anonymously (from the study team) by mail or  directly by telephone. 

Methods used to maximise participation 

To maximize recruitment, a promotional campaign was carried out prior to the HIe mail 

invitations. This involved presentations through establ ished health professional and 

community organizations involved in the management and advocacy of epi lepsy in the 
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state. The organizations included the regional Divisions of General Practice, hospital 

general physicians, paed iatricians, neurologists and the Epi lepsy Association of Tasmania 

in the three main regional centres Hobart, Launceston and Bumie. Presentations were 

also conducted with the three pharmacist representative organizations of the 

Pharmaceutical Gui ld of Tasmania, the Tasmanian Branch of the Pharmacist Society of 

Austral ia, and the Society of Hospital Pharmacists. A poster and information pamphlets 

were d isplayed and made avai lable in prominent locations at a l l  pharmacies, general 

practices, hospital neurology outpatient cl in ics and Epi lepsy Association of Tasmania 

regional offices in the State. In addition, a media campaign was undertaken with a 

media release, a prime time news story on the Australian national television broadcaster, 

a news item and talkback session on the state radio station, media releases through the 

main state and regional newspapers and an item in each of the health professional and 

epi lepsy association newsletter networks. 

Data collection, management and storage 

The HIe had sole access and administration of national prescription data until e l igible 

patients consented to part icipate in the Register. The names and addresses of participants 

consenting to be involved in the Register were saved and transferred to the centre 

involved in conducting the baseline interviewing of participants involving diagnosis, risk 

factors, health service uti l ization, and co-morbid conditions (data not included). When all 

the basel ine questionnaires were completed, a designated person maintained sole 

responsibil ity for col lating, checking completeness, data entry, and storage of all data in 

preparation for analysis. Upon obtaining questionnaire data, at the interviewing centre, 

all identifying information was removed from the medical data and questionnaires. 
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Statistical Analysis 

Recruitment through the HIC al lowed us to obtain non-identifying demographic and 

treatment information for HIC patients on; age, gender, postcode region, socioeconomic 

status (SES) derived from postcode, prescribing doctor type and al l  other prescribed 

medications. To assess the representativeness of my responder sample, variations in my 

HIC mai l invitation between responders versus non-responders were analyzed for these 

variables with a X2 test for differences between proportions. A test for trend in the 

proportion responding across levels of the characteristic (age, SES) was also conducted 

by fitting a univariable log binomial model and fitting the characteristic as a l inear 

predictor. 

Socioeconomic index for area (SElF A) 

The Socioeconomic Index For Area (SElF A) 200 1 was developed by the Australian 

Bureau of Statistics and using data derived from the 200 1 Census of Population and 

Housing, It provides a range of measures to rank geographic areas based on their relative 

social and economic wel lbeing (Trewin 200 1 ) . In 200 1 ,  there were four indexes, each 

summarizing a different aspect of the socio-economic conditions in an area. This report 

uti l izes the Index of Relative Socio-Economic Advantage/Disadvantage. Th is is derived 

from attributes such as low income, low educational attainment, high unemployment, 

jobs in relatively unski l led occupations and variables that reflect d isadvantage rather than 

measure specific aspects (e.g. ,  Indigenous and Separated/Divorced). High scores on the 

Index of Relative Socio-Economic Advantage Disadvantage occur when the area has few 

fami l ies of low income and few people with l ittle train ing and in unski l led occupations. 
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In 200 1 ,  Tasmania was the most disadvantaged state with a fewer proportion of residents 

in the higher SElF A quinti les compared to all other Australian states. Therefore, for this 

analysis, the SElF A index values were partitioned into quinti les that were approximately 

equal in size across the Tasmanian population. 

Ethical approvals 

Approval was obtained for the recru itment, basel ine interviews, data storage and analysis  

from the Southern Tasmania Health and Medical Human Research Ethics Committee. 

Approval was also obtained for recruitment through the Health Insurance Commission 

Med icare-PB SIRPBS database from the Health Insurance Commission Ethics Committee 

and the Department of Veterans' Affairs Human Research Ethics Committee. 

Participants were asked to sign an Informed Consent Statement to participate in the 

Register. This statement explained the nature and content of the Register, the nature of 

thei r  participation, issues relating to confidential ity and privacy, and voluntary 

participation in potential future studies. 
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6.3 Results 

Patient recruitment and participation 

Figure 6.2 summarizes the recruitment process and patient participation onto the 

Tasmanian Epilepsy Register from the Australian national prescription database. A total 

of 7,737 persons received ' reportable' prescriptions for anticonvulsant medications in 

Tasmania between July 1 st 200 1 and June 30th 2002, of which 7,54 1 had a l isted 

Tasmanian address and were sent an invitation letter from the HIe.  However, I received 

information that 48 had deceased and 247 were no longer resident at the address l isted 

with the HIe from the time of sampl ing through the recruitment process (30th June 2002 

to 3 1  st May 2003). Therefore, 7246 were avai lable to participate in the Register. Only 

4 .8% (37217737) of persons had received RPBS prescriptions. Data on the specific 

dispensed anticonvulsant and doctor provider type was missing from the H Ie database in 

6.2% (4701754 1 )  of persons for which al l  were ' genera l '  patients without a ' safety net ' .  

A total of  1 957 patients responded to mai lout 1 and 1 4 1 8  responded to mail out 2 .  The 

overall el igible mail invitation response rate was 44.8% (33751754 1 ) . Fol lowing the six 

month recruitment process, 1 1 80 were enrolled on the Tasmanian Epi lepsy Register, 

giving an overal l participation rate of34 .9% ( 1 1 80/3375). However, only half ofal l  

respondents indicated they were taking anticonvu lsants for epilepsy and the participation 

rate amongst this group was considerably h igher at 78 .3% ( 1 1 801 1 507). 

The 707 1 pat ients for which HIe data were avai lable had records corresponding to 

l 3 ,033 prescriptions (data not shown). The majority of anticonvulsant prescriptions 

(82.4%, 1 07341 1 3033) from the H Ie sample and enrol l ing on the epi lepsy Register 
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(82. 1 %, 2354/2866) had been obtained from a general practitioner. In  the preceding 1 2  

months, Register participants were more l ikely to obtain their prescriptions exclusively 

from their general practitioner (70.9%) or from combined sources ( 1 9. 1  %) rather than 

from other sources (Table 6.2). 

Non-responder bias 

Table 6.3 shows the demographic features of the Tasmanian population, mail responders, 

non-responders and epi lepsy Register participants. Patients taking anticonvulsant were 

more l ikely to respond with increasing age (trend p < 0.00 1 ), or when from a h igher 

socio-economic quintile ( l inear trend p<O.OO 1 )  with over-representation if female almost 

reaching significance (p=0.053). In addition, patients taking anticonvulsants were more 

l ikely to respond to my invitation if their prescription was obtained from a neurologist 

and less l ikely to respond if thei r  prescription was obtained from a psychiatrist (p=0.007). 

No regional differences in response were found. 
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Figure 6.2: Summary of patient recruitment and participation onto the 
Tasmanian Epilepsy Register 

Source population 
Supplied at least one 'reportable ' *  PBSt and/or RPBSt 

anticonvulsant prescription medication in Tasmania 
between I SI July 200 I to 30th June 2002 

N=7,737 

Eligible population 
Tasmanian address listed with HIC§ 

between I st July 200 I and 30th June 2002 
N=7,541 

Responder population 
Responded to mail invitations from HIC 

N= 3,375 

Responder population with epilepsy 
Disc losed by mai l  respondents to : 

'have blank spells, seizures or epilepsy' = Yes 
N= 1 507 

Register population 
Enrolled on Tasmanian Epi lepsy Register 30th May 2003 

N= 1 1 80 

• ' Reportable' anticonvulsant prescriptions: see Table I for l isted medications in 2002 
t PBS = Pharmaceutical Benefits Schedule 
t RPBS = Repatriation Benefits Schedule 

,.. 

Disc losed 

Postcode outside 
Tasmania = 1 96 

Deceased = 48 

Not at address = 247 

Did not respond to 
mail inv itations = 387 1 

by mai l respondents to : 
'have bla nk spells, seizures or epilepsy' 

'No' = 1 500 

' Don't know' = 90 

' Didn't specify' = 278 

Did not consent 
To Register = 327 

§ HIC = Health Insurance Commission (Federal Government Agency that monitors healthcare entitlements including the A ustralian 
national prescription database) 
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Table 6.2: Comparison of HIC sample versus Register participants for 
anticonvulsant provider type in Tasmania between July 1 st 2001 and June 30th 2002 

Provider type 
HIC Sample 

(n= 7541)  0/0 
Surgical specialist 9 1  1 .2 
General practitioner* 5420 72. 1 
General Physician 1 86 2.6 
Neurologist 1 1 5 1 . 5 
Paed iatrician 1 62 2.3 
Psychiatrist 254 3 .5 
Combination 843 1 0 .7 
Not known 470 6. 1 

Total 754 1 1 00.0 
·mcludes qualified medical praclllloners not m spec/Qlty trammg 

6.4 Discussion 

Register 
(n=1 180) 0/0 

1 0 . 1 
837 70.9 

1 2  1 .0 
1 7  1 .4 
49 4.2 

6 0.5 
225 1 9 . 1  

33 2 .8  

1 1 80 1 00.0 

The main aim of this study was to enrol a representative population cohort of community-

treated epi lepsy cases. This recruitment design is relevant for researchers in countries 

with central ized prescription databases, and who are intend ing to conduct studies with 

large sample sizes e.g. when estimating the prevalence of epi lepsy sub-types, co-morbid 

conditions, syndrome-focused case-control studies, or longitudinal cohort studies. I 

deliberately chose not to extensively target patients receiving anticonvulsants from 

neurologists, paediatricians and general physicians, outside my mail recruitment 

campaign. This was to ensure my sample was not disproportionately enriched by 

hospital-treated cases, and to demonstrate the effectiveness and efficiency of this 

recruitment design, independent of doctor referral .  
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Table 6.3: Demographic features by age, gender, region and socio-economic status of the Tasmanian population, Register 
participants, responders and non-responders 

Tasmania Register Responder* Non-Respondert Responder vs. 
non-responder 

(n=472,672) 0/0 (n=1 180) % (n=3375) 0/0 (n=4166) % p value 
Age 
0-9 637 1 7  1 3 .5% 36 3 . 1 %  5 1  1 .5% 7 1  1 . 7% 
1 0- 1 9  68096 1 4.4% 1 1 3 9 .6% 1 72 5 .0% 233 5 . 7% 
20-29 56 1 53 1 1 .9% 1 1 5 9 .7% 2 1 8  6.4% 433 1 0.5% 
3 0-39 64730 1 3 .7% 1 36 1 1 .5% 327 9 .6% 623 1 5 . 1 % 
40-49 70829 1 5 .0% 233 1 9.7% 536 1 5 .9% 727 1 7. 5% 
5 0-59 60386 1 2 .8% 256 2 1 .7% 688 20.4% 68 1 1 6.3% 
60-69 4 1 233  8 .7% 1 6 1  1 3 .6% 546 1 6.2% 497 1 1 .9% 
70-79 30747 6.5% 95 8 . 1 %  490 1 4.5% 445 1 0. 7% 
8 0+ 1 678 1 3 .6% 35  3 .0% 347 1 0.3% 456 1 0. 9% p <0.00 1 § 
G ender 
Female 232768 49.2% 574 48.6% 1 763 52.2% 2083 50.0% 
Male 239904 50.8% 606 5 1 .4% 1 6 1 2  47.8% 2083 50.0% p =0.053# 

Region 
Mersey-Lyel l  1 06309 22.5% 274 23 .2% 753 22.3% 965 23 .2% 
Northern 1 3470 1 28 .5% 322 27 .3% 87 1 25 .8% 1 024 24.6% 
Southern 23 1 662 49.0% 584 49.5% 1 75 1  5 1 .9% 2 1 77 52 .3% p=0.4 1 4# 

SESt 
I - Iow 1 04859 22.2% 257 2 1 .8% 70 1 20.8% 1 054 25.3% 
2 - low/moderate 92058 1 9.4% 233 1 9.7% 70 1 20.8% 884 2 1 .2% 
3 - medium 9 1 3 97 1 9.3% 234 1 9.8% 605 1 7 .9% 7 1 4  1 7.2% 
4 - moderatelhigh 90750 1 9.2% 233 1 9.7% 673 1 9.9% 764 1 8 . 3% 
5 - high 93608 1 9. 8% 2 1 6  1 8 .3% 678 1 9.9% 7 1 5  1 7. 2% 
Missing 7 0.6% 25 0.7% 35 0 .8% p<O.OO I § 
• Responders Include 1 180 finally enrolled on RegIster, tNon-responders Include: 48 'deceased' and 247 'not at address ', ISES = SocIoeconomIc Index for area (SElF A) qUlnttle 
§ X2 test for trend, # Z2 test for differences between proportions 
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General practice and anticonvulsant prescription data for case ascertainment are often 

l inked in studies of epi lepsy prevalence (Keranen et a l .  1 989, Qun et al. 2003). This is 

not surprising considering that general practitioners are often the first point of contact, as 

wel l  as the ' gatekeepers' for further access of health services, including prescriptions, and 

specialist referral (MacDonald et al .  2000, Wright et al. 2000). ' The General Practice 

Research Database' (GPRD) in the United Kingdom, original ly establ ished to 

prospectively track prescribing practice and adverse events, is probably the database most 

analogous to my population cohort (Wal l ace et al . 1 998a). This database has provided 

important patient population morbidity studies in epi lepsy as it provides a source of 

continuous data on the diagnosis and treatment of i l lness in general practice as al l  

individuals registered can be traced efficiently (Goodridge and Shorvon 1 983) .  Hence, 

my choice in recruitment using the Australian National Prescription Database was 

primari ly because it was l ikely to reflect community-treated disease, but unl ike the 

GPRD which hold anonymous records, allowed us to re-identify cases for longitudinal 

cohort studies by directly communicating with ind ividuals and their fami l ies. 

The HIe prescription database only includes persons subsidized through the PBS and 

RPBS scheme above a ' reportable' retai l  price. In February 2002, all the anticonvulsant 

medications had a retail price more than the ' safety net' or 'concessional ' patient price 

threshold and only the infrequently prescribed barbiturate anticonvulsants and 

preparations for patients with swal lowing difficulties and young chi ldren (typically less 

than eight years of age) retai led below the ' general '  patient price threshold. With less 

'general '  patients in Tasmania than other Australian states (Trewin 200 1 ), and low dose 
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tablet preparations usual ly used in dose titration (rather than dose end-point), I expect the 

HIC sample frame is a comprehensive anticonvulsant treatment database for al l  

'concession' card holders and, with maybe the exception of very young chi ldren on single 

l iquid preparations, the majority of remaining ' general ' patients. 

I chose the sample period to coincide with the implementation of ' Improved Monitoring 

of Entitlements' legislative changes, on July 1 st 200 1 that would enable my recruitment 

strategy through the HIC.  Medication, demographic and doctor provider type 

information was complete on 94% (707 1 /754 1 )  of the HIC prescription database during 

the time of my recru itment study, which compares favourably with the 90% accuracy of 

the GPRD (Wallace H et al . 1 998a). As is commonly the case in mai l surveys, I found 

older, and people from higher socio-economic areas to be over-represented among 

responders to my mai l invitations (Groves et al. 200 1 ). 

Although more representative than special ist sources, epi lepsy diagnosis statistics 

generated from general practice are less l ikely to be accurate without prior referral for 

special i st assessment, with general practitioners reporting diagnostic uncertainty 

especially in neurological disease (MacDonald et al. 2000). Hence, health systems with 

high referral practice and early access to special ist services are l ikely to have less 

diagnostic false positives and false negatives in epidemiological research, when sampling 

is from general practice sources. Studies have consistently suggested high access to 

tertiary health services in the United Kingdom (Cockerel l  et al . 1 995, Goodridge and 

Shorvon 1 983), with 76.2% of persons seen at some time by a neurologist or 
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paediatrician, 1 5 .6% seen by another hospital special ist and in only 8 .2% was hospital 

referral not undertaken (Goodridge and Shorvon 1 983).  However, half of these referred 

patients attend mainly for a short early diagnostic period and are subsequently managed 

by their general practitioner. Therefore, although only 20.5% of my register cohort is 

currently partly or exclusively managed by a medical specialist, it is conceivable that the 

pattern of high tertiary access at initial diagnosis found in other developed countries 

(G iul iani et al. 1 992, Rutgers 1 986) may also be present in Tasmania. 

I acknowledge that anticonvulsant treatment may not be universal for patients who have a 

diagnosis of epilepsy, particularly in developing countries where fewer patients are on 

regular treatment (Coleman et al. 2002, Wang et al .  2003). However, in a number of 

communities, anticonvu lsant medications have been demonstrated to have widespread 

use and penetration in treating epi lepsy (Bharucha et al . 1 988 ,  Olafsson and Hauser 

1 999). Every person identified as having epi lepsy in a door-to-door community survey in 

Australia had been prescribed anticonvulsant medications at some time in their l ifetime, 

with virtual ly all of the one-third "off medication on survey day" seizure free in the 

preced ing year (Beran et al .  1 982). Although this level of treatment uptake for c l in ical ly 

active disease is unl ikely to be universal (Zei l inski 1 974a), particularly in some ethnic 

groups (Haerer et al . 1 986), high l i fetime access to anticonvulsant treatment for epi lepsy, 

has also been demonstrated in a number of other communities (da Mota Gomes et al. 

2002, Forsgren 1 992, Rocca et al . 200 1 ), suggesting that these circumstances are not 

un ique and that my recru itment methods may have more general appl icabil ity. 
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Although lack of treatment with anticonvulsant medications does not necessari ly imply 

inactive disease (Oun et at . 2003 , White and Buckley 1 98 1 ), patient identification by 

antiepi leptic drug prescriptions, can also include the mi ld and sometimes inactive cases 

often not generated in tertiary-based recruitment (Giul iani et at . 1 992). The HIe sample 

method only targets doctor-diagnosed ' screened' cases. With epi lepsy prevalence 

expected to be less than 1 % (Sander and Shorvon 1 996), it ensured that I would generate 

a sufficient number of cases (necessary for future studies) to accurately estimate the 

demographic distribution of epi lepsy and prevalence of seizure types and important 

epi lepsy subtypes (e.g. id iopathic general ized epi lepsy) rather than only the more 

heterogeneous diagnostic category 'epi lepsy ' .  

When a single medical source i s  used, anticonvulsant prescriptions or general 

practitioners records may be the most efficacious ascertainment source, compared to 

other medical sources (hospital, specialist, EEG). A study in Italy identifed most cases 

(82%) equal ly from either anticonvu lsant medications or family doctors (Maremmani et 

at .  1 99 1 ). Anticonvulsant prescription recruitment is also an efficient method for 

yielding cases compared to door-to-door surveys. For example, in Zambia a survey 

conducted to generate cases for a simi larly intended population-based d isease registry 

required 55 ,000 individuals to be screened to yield around 800 cases (Birbeck and 

Kalichi 2004), while another house-to-house survey in Ecuador employed more than 275 

people to screen a population of 75,000 over three years and recruit about 1 200 l ifetime 

cases (Placencia et at. 1 992b). In contrast, my study employed a 0.4 ful l-time equivalent 

(FTE) research assistant supervised by a 0.5 FTE Research Fel low for one year to screen 
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a population of about 8 ,000 anticonvulsant prescription users over six months, yielding 

about 1 200 'active' cases, from a source population of around half a mi l l ion Tasmanians. 

Given increasing time constraints on general practitioners, I did not want recruitment to 

be directly rel iant on their case records or referral .  In a study using repeat prescription 

data to ascertain cases over six months in nine general practices in Belfast, one in four 

cases had not attended their general practitioner or hospital outpatient department despite 

repeat prescriptions for anticonvulsants. Despite non-attendance for doctor consultation 

(but not for prescription uptake) half these patients had one or more seizures in the 

preceding twelve months, suggesting that important active disease wou ld have been 

unavai lable for observation if recruitment had been rel iant on direct doctor contact 

(McCluggage et al .  1 986). General practice has a service rather than research priority, it 

is not surprising then that it has been demonstrated to be less than an ideal direct source 

for data col lection due to problems with val idity and completeness (MacDonald et a l .  

2000). Therefore, anticonvulsant prescription recruitment, although secondary to medical 

practitioner diagnosis and treatment, has the advantage that it does not rely on medical 

contact for denominator enumeration, invitation and patient participation . 

Anticonvulsant medications are not exclusively prescribed for the treatment of epi lepsy 

i .e. they lack disease treatment specificity. They are also used to treat bipolar affective 

disorder, migraine, and chronic pain conditions. In Austral ia, doctors prescribing 

medications are not requ ired to indicate what condition is being treated on a prescription. 

This means that my invited source population included disease groups other than my 
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target population of treated epi lepsy. Anticonvulsant treatment for conditions other than 

epi lepsy in my study (44.4%) was one and a half to four times higher than that estimated 

in other prevalence studies involving prescription recruitment (Beghi et al .  1 99 1 ,  de la 

Court et al. 1 996, Lambie et al . 1 98 1 ) . Given these widely variable reported d isease 

treatment proportions, rather than employing an empirical correction factor, as suggested 

(de la Court et al . 1 996), I excluded ineligible diseases by patient sel f-report whether 

anticonvulsants were prescribed for "blank spel ls, seizures or epi lepsy ' .  Coupled with 

my two mai l-out invitation design, th is allowed me to adjust for the effect of any disease­

related non-response bias in subsequent prevalence study estimates (see Chapter Seven) 

using imputation methods. Imputation assumes a l inear trend in prevalence with each 

subsequent contact, allowing the disease prevalence in non-responders to be extrapolated 

by l inear regression (Drane 1 99 1 ,  Drane et al . 1 993). 

Although a number of studies have uti l ized anticonvulsant prescriptions to conduct 

epidemiological studies on epi lepsy (Giul iani et al. 1 992, Lambie et al . 1 98 1 ,  Lammers et 

al .  1 996), there is l imited comparable information related to case prescription sources. 

Considering only the first prescription identified in a four month period for patients 

receiving anticonvulsant drugs in New Zealand, 22.5% (333/ 1 479) of patients received 

their prescriptions from a special ist rather than general practitioner sources, although 

special ist prescribing rates were almost twice as high for children (Lambie et al. 1 98 1 ). 

A Dutch survey of patients with epi lepsy regarding treatment and supervision, found that 

almost half (48%) received their anticonvu lsant drugs exclusively from a neurologist with 

a further 1 6% receiving them in combination with their GP (Rutgers 1 986). However, 
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both these studies suggest that the medical practitioner writing anticonvulsant drug 

prescriptions is most l ikely to also be responsible for disease supervision and fol low-up. 

With 70.9% of my register cases receiving their anticonvulsant prescriptions exclusively 

from their general practitioner, and 1 9. 1  % receiving them in part from a medical 

special ist, in the preceding twelve months it would suggest that my cohort represents 

community-treated disease. Therefore, my subsequent prevalence estimates for seizures 

types, specific syndromes and co-morbid conditions associated with epi lepsy should 

provide val id community-based prevalence estimates. 
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Chapter Seven: The prevalence and distribution of treated 
epilepsy - A community-based study in Tasmania, Australia 

7. 1 Introduction 

I demonstrated in the previous chapter, that in Austral ia, the national prescription 

database is representative of community-treated epilepsy, and can provide an effective 

and efficient method for large-scale patient recruitment for epidemiological research . In  

this chapter, uti l izing this database along with a three-mai l-contact design, I now estimate 

the prevalence of treated epi lepsy in Tasmania, and its distribution by age-group, gender, 

region and socio-economic status. 

Studying the distribution and determinants of disease in population-based surveys, rather 

than on atypical cl inically-based samples, provides usefu l  information on the population 

burden of disease, and the common etiological factors (Rose 1 995). Previous population 

studies in Austral ia, New Zealand and Oceania have estimated the l ifetime prevalence of 

epi lepsy to be in the range of 3 .4-7 .5 per 1 000 (Beran et al .  1 982, Lambie et al . 1 98 1 ,  

Stanhope et al .  1 972) with active treated epi lepsy to be about 4-5 per 1 000 (Beran et al .  

1 982, Lambie et al . 1 98 1 ). Case ascertainment, diagnosis and classification methods vary 

between these studies, h indering any meaningful direct comparisons (Sander and 

Shorvon 1 987). Furthermore, with the exception of the New Zealand study (Lambie et al. 

1 98 1 ), these stud ies have all had insufficient power to include analyses by age, gender, 

region or socioeconomic status. 
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Even outside of this region there is l imited knowledge on regional (CDC 1 994, Placencia 

et a l .  I 992c) or socio-economic (Cornaggia et al .  1 990, Pond et al .  1 960) d ifferences in 

epi lepsy prevalence. Such comparative studies are important as they provide information 

on the burden of the condition, both at the population level and in specific sub­

populations, and may also indicate etiological factors acting at the population-level .  

7.2 Methods 

The design and methods of patient recruitment have been described previously in detai l  

(see Chapter Six) and wil l  only be outl ined briefly here. 

Mail invitations 

As outl ined in Chapter Six, mai l invitations were sent on 20th November 2002 and 1 9th 

February 2003 , unless I had received a ' return to sender' notification or information that 

they had deceased. In  addition, a third anonymous HIC mai l contact was sent to 

antiepi leptic drug (AED) prescribers of non-responders who did not respond to the 

second mai l-out, on the 20th Feb 2004. This letter requested the treating doctor to provide 

the medical indication for AED treatment (epilepsy or other) and to advocate study 

participation. 

Period prevalence of treated epilepsy 

Prevalent cases of epi lepsy were identified from all ind ividuals suppl ied at least one 

prescription for an AED in Tasmania above the ' reportable' retail price threshold during 

the twelve month period from July 1 st 200 I to June 30th 2002 (Table 6. 1 ) . Patients must 
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be alive and have a postcode l isted in Tasman ia at sometime during this time frame and 

indicate (either by self-reported mai l invitation or from their treating doctor) that AEDs 

were prescribed for epi lepsy. For the purposes of d isease response, mai l respondents 

were classified as having epi lepsy when they affirmed to "have blank spells seizures or 

epilepsy" (mai lout one and mai lout two) or when the treating doctor affirmed a mai l non­

responder "had been prescribed anticonvulsant medications for epilepsy" (Mai l out three). 

Mai l respondents were classified as not having epi lepsy when they affirmed to "don 't 

have blank spells, seizures of epilepsy". Those mai l respondents who answered "don 't 

know" [] or "didn 't specify" [] were omitted from the analysis. 

A val idation study of this question' s  abil ity to confirm a diagnosis of epi lepsy in a 

random sample of 293 of my self-reported mai l respondents was undertaken using my 

modified diagnostic questionnaire from Chapter Five administered by a final year trainee 

neurologist with the responses interpreted by myself using my standardised diagnostic 

gu idelines (see Appendix 22). In addition, when questionnaire d iagnosis was ' uncertain' 

I interviewed the patient/witness further by telephone. For the privacy reasons outl ined 

in Chapter Six, I was unable to assess the disease status of question negative respondents. 

For these 293 respondents: none reported they were taking AEDs for indications other 

than epi lepsy; epi lepsy status remained uncertain even after further interview in only 4 

( 1 .4%); a false positive diagnosis of epi lepsy was reached in 23 (7.8%) ( 1  single seizure, 

3 migraine, 9 psychogenic, 1 0  syncope); and a true positive diagnosis was confirmed in 

the remaining 266 (90.8%). Including the ' uncertain' category as false positives gave a 
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PPY of 0.9 1 ,  whereas when these 4 cases were excluded the PPY was 0.92. Although, it 

would have been usefu l ,  for reasons of val idity, to administer the diagnostic questionnaire 

to respondents who answered ' no ' ,  'don't know' or 'd idn't specify'  to this  disease 

confirmation questionnaire, this was not possible as this group of patients did not disc lose 

their contact detai ls to al low this. Therefore, the false negative and true negative rate of 

self-identification by this question was unable to be estimated. 

In order to correct observed prevalence estimates for non-response bias, the method 

proposed by Drane was used (Drane et al. 1 993) to determine imputed prevalence. Th is 

has demonstrated that, when an exponential decay in prevalence with each subsequent 

contact is observed, the true prevalence can be estimated by fitting a regression model to 

the observed prevalence at each mail contact and summing over all extrapolated mai l 

contacts (see F igure 7 . 1 ) . Confidence intervals for each imputed Tasmanian 

demographic prevalence estimate (age-group, gender, region and socio-economic status) 

were obtained by converting the corresponding confidence interval endpoints of each 

imputed sample estimate into prevalence estimates over Tasmania. 

Disease prevalence was imputed for respondents who 'd idn't know' (don 't  know if have 

blank spel ls, seizures or epi lepsy) or 'd idn't specify' (didn't specify if have blank spel ls, 

seizures or epi lepsy) and also for non-respondents. To study the effect of misclassifying 

'don't know' and 'didn't specify'  as not having epi lepsy rather than as disease non­

respondents, I performed two sensitivity analyses. In the first sensitivity analysis, the 

"don 't  know" category was included and classified as not having epi lepsy. In the second 
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sensitivity analysis, both "don't know" and "didn 't  specify" were included and classified 

as not having epi lepsy. Mai l non-respondents were omitted from all analyses. 

Association between demographic characteristics and prevalence of treated epilepsy 

An approximately exponential decay in response rate with each mai l ing within each 

demographic subgroup was observed allowing an estimate of the distribution of treated 

epi lepsy by five-year age group, gender, region (south, north, northwest) and 

socioeconomic status (SElF A). 1 calculated univariate prevalence ratios (PR) to compare 

d ifferences with in variable categories by fitting a log binomial model to test for trend in 

prevalence for age and S IEF A, and to assess whether prevalence is associated with region 

and gender, after adjusting for the increased confidence intervals obtained using Drane's  

imputation method. A univariate analysis was conducted as my final estimates for total 

prevalence, and its distribution by age, gender, region and SES yielded imputed rather 

than actual cases which do not enable a mu ltivariate approach. Al l  analyses were 

performed using Stata Version 9 .  

Antiepileptic drug poly therapy 

For patients responding to my survey and indicating treatment for epi lepsy, the 

percentage and estimated prevalence of patients prescribed concurrent AED was 

represented. 

7.3 Results 

A total of 4072 persons responded to the three mai l contacts, giving an overal l  disease 

response rate of 54.0%. l f the inel igibles (n=3 1 1 )  are excluded the response rate is 56.3% 
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(4072/7230). Table 7. 1 shows the breakdown of the responses to the three H IC mail 

invitations. Among responders there was evidence of a diminishing epi lepsy prevalence 

with response time (mai lout one: 9901754 1 = 1 3 . 1 3%; mai lout two: 5 1 71754 1 =6.86% 

mai lout three 2671754 1 =3 .54%) with the 1 774 (23 .5%) indicating treatment for epi lepsy, 

representing 86.0% of total imputed cases (n=2063) in Tasmania. 

Table 7.2 shows the results of several prevalence sensitivity analyses. The prevalence of 

epi lepsy was estimated to be 4.36 per 1 000 persons in the Tasmanian population with 

95% confidence interval (Cl)  4 .34 to 4.39.  These estimates are independent of the 

definition of non-responders. However, the crude epi lepsy prevalence is reduced by 3% 

to 7 .6 1 per 1 000 (Cl 7 .35,  7 .86) or 1 1  % to 6 .95 per 1 000 (Cl 6 .7 1 ,  7 .20), according to the 

sensitivity analysis. Table 7.2 shows that the prevalence of epi lepsy wou ld be 

overestimated by 80% at 7 .83 per 1 000 without my correction for non-response bias. 

I examined the association between age and prevalence of epi lepsy using fractional 

polynomials and found that the data was best fitted to a log binomial model by 

transforming age to I /-vage. Figure 7.2 displays the non-l inear relationship between 

prevalence of epi lepsy and increasing age. 
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Figure 7. 1 :  Prevalence of epilepsy by imputation methods 
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Figure 7.2 : The prevalence* of treated epilepsy in Tasmania by five-year-age­
groups 
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" Imputed prevalence reported. Age-sex standardisation to the World Standard or Australian Standard Population did not alter my 
results appreciably and so the Tasmanianjigures are represented. For the purposes 0/ disease response. mail respondents were 
classified as having epilepsy when they affirmed to "have blank spells seizures or epilepsy" and classified as nol having epilepsy 
when Ihey affirmed to "don 'I have blank spells, seizures or epilepsy ". Disease prevalence was impuled/rom lotal disease non­
respondents which comprise mail respondents who 'didn 'l know ', 'didn 'I specify ' and all mail non-respondenls 
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Table 7 .3  shows the estimated prevalence of treated epi lepsy in Tasmania by twenty year 

age-group, gender, region and SElF A .  The unadjusted figures are shown, as age-sex 

standardisation to the World Standard Population or Australian Standard Population did 

not alter my results appreciably. Adjusted treated epi lepsy prevalence was 8% lower 

(95% C l  6% to 38%) in women than men, simi lar in the three geographic regions and not 

associated with SElF A (p=0.50). Finally, Table 7.4 shows the observed percentage and 

estimated prevalence (by imputation) of patients prescribed concurrent AED amongst 

those responding to my mail invitation indicating treatment for "blank spel ls, seizures or 

epi lepsy". More than two concurrent AED for epi lepsy were taken by 1 42 (8.0%) of 

patients with an estimated prevalence of 0.34 per 1 000 (Cl 0.26 to 0.42) on th is level of 

polytherapy in Tasmania. 

7.4 Discussion 

There have only been a few studies measuring the overal l  prevalence of epi lepsy in 

Australia, New Zealand or the Oceania Region (Beran et al . 1 982, Lambie et al .  1 98 1 ,  

Stanhope et al .  1 972). None of these studies have described prevalence patterns by 

gender, age-group, regional or socioeconomic status, and there are relatively few studies 

that have done so elsewhere in the world .  Although, my epi lepsy prevalence estimates 

may be influenced by factors that affect a person acquiring a diagnostic label for 

treatment purposes, AED prescription data provides a usefu l  prevalence measure in 

communities characterized by high access to health services (Beran et al . 1 982). 

Therefore, the representativeness of my sample of community-treated epi lepsy and 
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greater confidence in the precision of my estimates with imputation correction, suggests 

that my findings have important cl in ical and publ ic health implications. 

Lack of community-based sampling has been a major criticism of most case 

ascertainment methods in previous epidemiological research into epilepsy (Sander and 

Shorvon 1 996). Previous studies have suggested that the medical practitioner writing 

AEO prescriptions is also most l ikely to be responsible for disease supervision and 

fol low-up (Lambie et al .  1 98 1 ,  Rutgers 1 986). If this is true, with 70.9% of epi lepsy 

patients receiving their AEO prescriptions exclusively from their general practitioner and 

1 9 . 1  % receiving them in part from a medical specialist in the preceding twelve months, 

th is suggests that my cohort represents community-treated disease (O'Souza et al. 2007d). 
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Table 7. 1 :  Response t o  the Health Insurance Commission mail invitations 

Mailout one Mailout two Mailout three TOTAL 

(n=7541) 0/0 (n=5448) 0/0 (n=3871) 0/0 n 0/0 
Responders 1 957  26.00% 1 4 1 8  26.00% 697 1 8 .0 1 %  4072 54.00% 
Have blank spel ls, seizures or epi lepsy 990 1 3 . 1 0% 5 1 7  9 .50% 267 6.90% 1 774 23 .52% 
Don't have blank spells, seizures, epi lepsy 796 1 0.60% 704 1 2 .90% 338  8 .73% 1 838  24.37% 
Don't know if have blank spel ls, seizures or 
epilepsy 49 0.60% 4 1  0.80% 1 9  0 .49% 1 09 1 .45% 
Didn't specify if have blank spel ls, seizures or 
epilepsy 1 22 1 .60% 1 56 2 .90% 73 1 .89% 35 1 4.65% 
Ineligible 1 36 1 .80% 1 59 2 .90% 1 6  0.4 1 %  3 1 1  4. 1 2% 

Deceased 2 1  0 .30% 27 0 .50% 1 0  0 .26% 58  0.77% 
Not at address 1 1 5 1 .50% 1 32 2 .40% 5 0. 1 3% 252 3 .34% 

Non responders 5448 72.20% 387 1 7 1 . 1 0% 3 1 59 8 1 .6 1 %  3 1 59 4 1 . 89% 

Table 7.2 : The effects on crude and imputed prevalence estimates of various methods of classifying mail respondents who 
answered "don't know" or "didn't specify" their epilepsy status 

Imputed prevalence per 1000 Crude prevalence per 1000 
estimated estimated 95% confidence estimated Estimated 95% confidence 

cases prevalence interval cases Prevalence interval 
Result* 2063 4.36 (4 .34 - 4 .39) 3703 7 .83  (7 .58  - 8 . 1 0) 
Sensitivity analysis onet 2063 4.36 (4.34 - 4 .39) 3 595 7.6 1 (7.35 - 7 .86) 
Sensitivity analysis twot 2063 4.36 (4.34 - 4 .39) 3 286 6.95 (6. 7 1  - 7.20) 

" " • For the purposes of disease response, mall respondents were classified as haVing epr/epsy when they affirmed to have blank spells seizures or epilepsy (mar/out one and mallout /wo) or when the 
treating doctor affirmed a mail non-responder "had been prescribed anticonvulsant medications for epilepsy" (Mailoul three). Mail respondents were classified as not having epilepsy when they 
affirmed to "don 't have blank spells, sei=ures of epilepsy ". Those mail respondents who answered "don 'I know " [} or "didn 't specify " [} were omilledfrom Ihe analysi. Disease prevalence was 
impuledfor respondenls who 'didn 'I know ' (don 'I know if have blank spells, seizures or epilepsy) or 'didn 'I specify ' (didn 'I specify ifhave blank spells, seizures or epilepsy) and also for non­
respondents, To sludy Ihe effecI of misclassifying 'don 'I know ' and 'didn 'I specify ' as not having epilepsy rather Ihan as disease non-respondents, I performed /wo sensilivity analyses. In Ihe firsl 
sensitivity analysis, Ihe "don 'I know " calegory was included and classified as not having epilepsy. In the second sensitivity analysis, bOlh "don 'I know " and "didn 'I specify " were included and 
classified as not having epilepsy. Mail non-respondenls were omittedfrom all analyses. 
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Table 7.3: Estimated prevalence' of treated epilepsy in Tasmania by age-group, gender, region and SElF A t 

Tasmanian Estimated Estimated Prevalence Ratio p value 
Populationt Cases* Prevalence § Estimate (95% Cl) 

Age group (years) 
1 - 1 9  1 3 1 8 1 3  2 1 5  1 .63 1 .00 
20-39 120883 586 4.85 2.97 (2.54, 3 .47) 
40-59 1 3 1 2 1 5  757 5.77 3 .54 (3 .04, 4. 1 1 ) 
60+ 8876 1 623 7.02 4.30 (3 .69, 5 .02) p< O.OO l # 

Gender 
Male 232768 1 059 4.55 1 .00 
Female 239904 1 003 4. 1 8  0 .92 (0.84, 1 .00) p=0.05 
Region 
North-western 1 06309 478 4.50 1 .00 
Northern 1 3470 1 550 4.08 0.9 1 (0.80, 1 .03) p=0. 1 4 1  
Southern 23 1 662 1 035 4.47 0.99 (0.89, 1 . 1 1 )  p=0.908 
SEIFA 
I - low 1 04859 452 4.3 1 1 .00 
2 - low/moderate 92058 446 4.84 1 . 1 2 (0.99, 1 .28) 
3 - moderate 9 1 397 354 3.87 0.90 (0.78, 1 .03) 
4 - moderate/high 90750 429 4.73 1 . 1 0  (0.96, 1 .25) 
5 - h igh 93608 378 4.04 0.94 (0.82, 1 .07) p=0.99# 
• Imputed prevalence reported. Age-sex standard,satIOn to the World Standard or Australtan Standard PopulatIOn dId not alter my results appreciably and so the Tasmanianfigures are represented. 
For the purposes of disease response, mail respondents were classified as having epilepsy when they affirmed to "have blank spells seizures or epilepsy " and classified as not having epilepsy when they 
affirmed to "don 't have blank spells, seizures or epilepsy". Disease prevalence was imputedfrom total disease non-respondents which comprise mail respondents who 'didn 't know ', 'didn 't specifY ' 
and all mail non-respondents. t As an indicator of socio-economic status, each patient 's postcode of residence was scored into one offive ordered categories according to the Socioeconomic Index of 
Relative Advantage/Disadvantage (SEIFA) constructed by the Australian Bureau of Statistics (Trewin 200 1 ). t 472, 672 ((ABS) 2(03). § Per 1000. # Testfor linear trend using a log binomial model. 
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Table 7.4: Observed percentage and estimated prevalence of epilepsy treated with concurrent antiepileptic drug 
medications in  Tasmania between July 1 st 200 1 and June 30th 2002 

N umber of concurrent AEDs 
Observed 

One AED 
Two AEDs 
More than two AEDs 
Missing data 
TOTAL 
• Imputed prevalence reported; t 4 72, 672 ((ABS) 2003); § Per 1000 
AED = antiepileptic drugs 

Cases 
1 1 3 9  
432 
1 42 
6 1  

1 774 

Observed 
Percentage 

64.2% 
24.4% 

8 .0% 
3 .4% 

1 00.0% 

Estimated Estimated 
(95% Cl) 

Cases* Prevalencet§ 
1 368  2 .90 (2.80 - 2 .99) 
5 1 9  1 . 1 0 ( 1 .04 - 1 . 1 6) 
1 6 1  0 .34 (0 .26 - 0.42) 
6 8  0 . 1 4  (0.09 - 0 .20) 
2 1 1 6  4 .48 (4.20 - 4.76) 
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However, to be an ideal recruitment approach for prevalence estimation, AED 

prescription penetration for epi lepsy treatment should have universality and val id ity 

(Kelsey et al . 1 986). I acknowledge that disease non-disclosure and concealment may 

lower prevalence estimates. However, these problems are d ifficult to overcome 

i rrespective of the recruitment method used, including household surveys (Beran et al . 

1 985b, Zei l inski 1 974a). I are also aware that AED initiation and withdrawal practices 

among local physicians and patients may affect prevalence estimates from prescripti?n 

data (Lloyd lones 1 980, Oun et al . 2003). In Australia the typical practice is to 

commence AED treatment after the second unprovoked seizure, and this is reflected in 

the low number of patients (0.34%) found to have been treated after a single seizure in 

my validation study, a simi lar figure to that found in a Swedish study (Forsgren 1 992). 

Therefore, patient recruitment by AED prescription appears to have yielded few false 

positive cases due to 'early' treatment. 

However, the lowest reported uti l ization rates of AED treatment usual ly arise from 

developing countries where attempts to obtain treatments are difficult because of lack of 

finances and/or drug suppl ies, resulting in few patients on regular treatment (Coleman et 

al . 2002). Nevertheless, in a number of communities, AEDs have been demonstrated to 

have widespread use and penetration in treating epi lepsy, making them potentially a good 

target for identifying cases for cl in ical epidemiological research (Bharucha et al .  1 988,  

Olafsson and Hauser 1 999). Every person identified as having epilepsy in a door-to-door 

community survey in Austral ia had been prescribed AEDs at some time in their l ifetime, 

with virtual ly al l  of the one-thi rd of patients "off medication on survey day" being seizure 
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free in the preceding year (Beran et al. 1 982). Although this level of treatment uptake for 

cl inically active disease is unl ikely to be universal (Zei l inski 1 974a), particularly in some 

ethnic groups (Haerer et al. 1 986), high l ifetime access to AEO treatment for epi lepsy, 

has also been demonstrated in a number of other communities (Cockerel l  et al. 1 995, 

Rocca et al. 200 1 ), suggesting that case ascertainment sensitivity from AEO prescription 

is not unique to Austral ia and that my recruitment methods may have more general 

appl icabi l ity. 

I also acknowledge that the estimation of prevalence rates from studies using AEOs 

prescriptions may overestimate the number of epi lepsy cases, because epi lepsy 

medications are sometimes prescribed for misdiagnosed epi lepsy (Forsgren 1 992, 

Keranen 1 987) or for other diseases such as a migraine, depression, mood stabi l ization 

and chronic pain conditions (Lammers et a l .  1 996). Therefore, I used response to the 

question 'are you taking antiepileptic medications for blank spells, seizures or epilepsy? ' 

to confirm epi lepsy status among mai l respondents that had 'screened positive' to a 

doctor-diagnosed medical condition treated with an AEO. Although this may not be a 

sensitive screening tool for epi lepsy in household surveys, my aim was h igh PPY (0.92) 

for capturing patients with epi lepsy. With similar false positive cases in my val idation 

study among mail respondents to an Ita l ian study (7.8% vs. 7%) (Maremmani et al . 

1 99 1 ), I expect my AEO estimate to be a usefu l  measure of cl inical ly active epi lepsy 

prevalence (Wal lace et al . 1 998a). 
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Although the overall disease response rate of 54.0% (40721754 1 )  could be considered 

low, the heterogeneous nature of my target population meant that the 1 774 indicating 

treatment for epilepsy, represents 86.0% of total imputed cases (n=2063) in Tasmania. 

Given the high PPY from my val iditation study (Chapter Five), negl igible d ifferential 

misclassification bias between self-reported and doctor-reported epi lepsy status was 

assumed (Sackett 1 979), al lowing us to combine classification sources in a three contact 

exponential decay prevalence imputation approach (Drane et at .  1 993). Th is approach 

enables disease status inference in remaining mail non-respondents improving the 

precision and confidence of my estimates. Without this correction for non-response bias, 

the prevalence of epi lepsy would have been overestimated by 80%. 

Usefu l  insights into epi lepsy treatment in Tasmania are obtained through the HIC AED 

prescription data. At 8 .0%, the percentage of patients receiving more than two 

concurrent AEDs for epi lepsy responding to my mail survey, is at the h igh end of 

poly therapy seen in most other developed countries (Forsgren 1 992, Giul iani et at . 1 992). 

A lthough not always possible to avoid, AED poly therapy is currently only recommended 

for inadequately control led epi lepsy when patients fai l  serial monotherapy and dual 

therapy (French 1 994). Previous studies have suggested that sign ificantly more patients 

prescribed AEDs, or when diagnosed and managed by doctors other than neurologists or 

paediatricians, are on mUltiple AEDs compared with those treated by private special ists 

or hospital doctors (Giul iani et at . 1 992, Lambie et at .  1 98 1 ) . Therefore, the relatively 

high percentage of patients on multiple AED may either reflect increased prevalence of 
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severe epi lepsy (Olafsson and Hauser 1 999) or inadequate epi lepsy management in 

Tasmania. 

My estimated treated epi lepsy prevalence of 4.36 per 1 000 is consistent with a number of 

previous studies that have derived prevalence from AED prescription (Giul iani et al . 

1 992, Wallace H et al .  1 998a), primary care (Cockerel l  et al .  1 995), or household survey 

sources (Beran et al. 1 982). Prevalence was 8% lower in women than men . While a few 

studies have found h igher epi lepsy prevalence in females than males (Nicoletti et al .  

1 999), and some have found no gender differences (Bondestam et a l .  1 990, CDC 1 994), 

the majority are consistent with my findings, with greater prevalence in males compared 

to females (Hauser et al . 1 99 1 ), at all age groups (Haerer et al . 1 986). The explanations 

for these gender d ifferences sti l l  remain largely unknown. 

At present, our knowledge of socioeconomic d ifferences in epi lepsy prevalence is l imited 

and confl icting (Cornaggia et a l .  1 990, Pond et al . 1 960) . The SElF A index uti l ized in 

this study is comprised of variables relating to income, education, occupation, wealth and 

l iving conditions with the highest weighting being given to the first three variables 

(Trewin 200 1 ). As SElF A reflects the socio-economic wel lbeing of an area, rather than 

of an individual, it is possible for a relatively advantaged person to be resident in an area 

which may have a low index score. SElF A also has a varying impact on health service 

uptake, and potential ly AED prescription treatment, with SElF A 1 having h igher general 

practice uptake in metropolitan and lower in rural Australian settings (Turrel l  et al .  2003). 

Therefore, one explanation for my finding of no association in treated epi lepsy 
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prevalence and SElF A is that it is real and does not reflect access to general practice 

services. Alternatively, it may be due to misclassification of individual socioeconomic 

status or confounding by area of residence. 

In this study no differences in treated epi lepsy prevalence were found between the three 

main geographic regions of Tasmania. Higher urban prevalence has been noted in two 

previous studies (Gudmundsson 1 966, Olafsson and Hauser 1 999), but more commonly, 

studies have found higher prevalence in rural compared to urban settings (Bondestam et 

al. 1 990, Placencia et al . 1 992c, Rwiza et al .  1 992). Although, it has been specu lated that 

these contrary findings may be due to greater access to health services in the urban setting 

at the treatment (Olafsson and Hauser 1 999) or primary prevention level (Rwiza et al. 

1 992), no clear etiological reasons for these differences have been identified. 

Epi lepsy is often considered a disease of younger age, and the h ighest prevalence rates 

occur in chi ldren in a number of developing countries (Bondestam et al . 1 990). In earl ier 

studies, th is h igher childhood pattern was also seen in developed countries (Kurland 

1 959). However, recent stud ies have reported a reversed pattern with prevalence rates 

being lowest in chi ldren less than 1 4  years (Hauser et al. 1 99 1 ,  Wal lace et al .  1 998a) and 

h ighest in elderly people over 65 years of age (Cockere l l  et al. 1 995,  Wal l ace et al. 

1 998a) in developed countries. Consistent with these latter studies, I also found the 

lowest prevalence rates in children and highest in the elderly. A lthough, lower sampling 

of l iquid AED preparations in chi ldren less than eight years, probably partly explains the 

lower prevalence rates seen in this age they persist beyond the age that these issues wou ld 
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continue to have an impact. My findings suggest that incidence may be lower in the 

younger age group, or that the i l lness treatment duration maybe is more short- l ived, 

compared to adults and the elderly (Olafsson et al . 2005). If correct, with demographers 

predicting a dramatical ly greater elderly population in the future, these findings have 

important impl ications for health service planning in developed countries. 
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Chapter Eight: The prevalence and distribution of the 

Idiopathic Generalized EpiJepsies and their seizures in 
Tasmania, Australia. 

8. 1 Introduction 

In this chapter, I estimate the prevalence and distribution of the Idiopathic General ised 

Epilepsies and the ir  seizures in Tasmania. This is performed by admin istering the 

modified diagnostic epilepsy quest ionnaire val idated in Chapter Five to the community-

based epi lepsy cohort recruited in Chapter Six, and using my estimate of the prevalence 

and distribution of epi lepsy imputed in Chapter Seven. 

As discussed in Chapter Three, although we have reasonable estimates of the overal l 

prevalence of epi lepsy for most countries, we sti l l  lack knowledge of the prevalence and 

distribution of 'more specific forms of epi lepsy' , outside a hospital setting (Bauer 1 994, 

Eadie 1 996, Osservatorio Regionale per l 'Epi lessia (OREp) 1 996). In fact, only a single 

study has been performed in an unselected age group general practice setting to c lass ify 

patient 's  epi lepsy syndromes (Manford et al .  1 997). However, even this study classified 

participants indirectly from medical records, which not surprisingly lead to diagnostic 

imprecision (Bodensteiner et al . 1 988), particularly for the specific epi lepsy syndromes 

and categories described by the ILAE (Kel l inghaus et al. 2004, Manford et al. 1 997, Oka 

et al .  2006, Olafsson and Hauser 1 999, Osservatorio Regionale per l 'Epilessia (OREp) 

1 996). 

1 86 



Hence by using a recruitment design and diagnostic methods focusing on epi lepsy 

syndrome classification, th is chapter provides the first population-based prevalence 

estimates of IGE directly from patient's  self-report of their symptoms and the observation 

of these events from a witness. Furthermore, by conducting this research in the more 

homogenous genetic mi l ieu of Tasmania and focusing on the most important group of 

genetically determined epi lepsies, both the cl in ical importance and potential public health 

impact should be made more relevant. 

8.2 Methods 

The design and methods of patient recru itment have been described previously in detail in 

Chapter Six. 

Diagnostic epilepsy interviews 

I used the modified diagnostic epi lepsy questionnaire val idated in Chapter Five to 

classify patient 's  seizure types, seizure onset-types and idiopathic generalized epi lepsy 

using standardised written guidel ines (see Appendix 23).  When possible, both the patient 

and a witness were questioned by the interviewer. A witness interview without a patient 

interview was performed for patients less than 1 3  years of age, or when an intel lectual or 

language disabi l ity did not al low direct telephone interviewing. Questionnaires were 

administered by telephone interviewing by a team of non-medical interviewers using 

computer-assisted-telephone-interviewing (CA TI). 
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Classification of seizures, epilepsy and the Idiopathic Generalised Epi/epsies 

Seizures and syndromes of patients and affected relatives (when required as outlined 

below) were classified according to the International League Against Epi lepsy 

Class ification (Engel 200 1 ,  ILAE 1 98 1 ,  ILAE 1 989). When cl in ical information was 

inconclusive, a patient's epi lepsy type was classified as ' uncertain epi lepsy' ,  ' uncertain 

partial or general ized epi lepsy ' ,  or Idiopathic General ised Epilepsy not otherwise 

specified, depending at which level diagnostic uncertainty occurred. 

For many participants, c l in ical information was sufficiently detai led and clear to allow 

unambiguous classification of seizure and syndrome type into one of the Idiopathic 

General ised Epi lepsy Syndromes: Myoclonic Epi lepsy of Infancy (MEI), Epi lepsy with 

Myoclonic Astatic Seizures (MAE); Epi lepsy with Myoclonic Absences (EMA); 

Chi ldhood Absence Epi lepsy (CAE), Juveni le Absence Epilepsy (JAE), Juveni le 

Myoclonic Epi lepsy (JME) and Idiopathic General ised Epilepsy not otherwise specified 

( IGEU) (EngeI 200 1 ) . General ised Epi lepsy with Febri le Seizures Plus (GEFS+) (Engel 

200 1 ,  Wal lace et al. 1 998b), and Jeavon 's  Syndrome OS) (Panayiotopoulos 2005), were 

classified as IGEU. 

Some IGE sub-syndromes are ambiguous. These 'ambiguous' cases were dealt with as 

fol lows: CAE typ ical ly presents between ages 4 and 8 years with multiple daily absences, 

whereas JAE presents in adolescence with infrequent absences. CAE was diagnosed 

when age at onset was 8 years or less, regard less of seizure frequency. When age at onset 

was between 9 and 1 1  years,the frequency of absence seizures was used to distinguish 
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between CAE and JAE. Patients with absences beginning at age 1 2  years or older were 

c lassified as JAE regardless of seizure frequency. JAE and JME were distingu ished by 

the more frequent defining seizure type (absence vs. myoclonus) or, when frequency was 

equal or uncertain, with the seizure type of earliest onset age. When one defining seizure 

type (myoclonus vs. absence) occurred in isolation and the other always occurred 

immediately before a GTCS, then the independently occurring seizure type defined the 

syndrome. When an affected first degree relative was identified with seizures their 

seizure types were also evaluated and in patients for whom frequency, and independence 

of seizure type was equal, the first degree relatives syndrome type was used to assist in 

categorising patient's IGE syndrome. 

Patients with ' IGE not otherwise specified' were categorized as such when, for one or 

more reasons, they did not fit into existing IGE categories. This included : 1 )  atypical age 

at onset; 2) atypical seizure type constel lations e.g. Jeavon' s  Syndrome (Panayiotopoulos 

2005) and Generalised Epi lepsy with Febri le Seizures Plus with exclusively general ized 

seizure types (EngeI 200 1 ,  Wal lace et al .  1 998b); 3) onset after age 30 years; 4) unclear 

age at onset; or 5) atypical seizure types e.g. ; subjects with GTCS only. Where GTCS 

occurred with questionable absences or myoclonic seizures only the definite seizure types 

were used for syndrome classification. 

Statistical analysis 

Age was recorded at the time of enrolment onto the TER. To assess the 

representativeness of my interview cohort, demographic variations between TER 
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participants versus interview responders were analyzed with a X2 test for differences 

between proportions (Armitage et al 2002). A test for trend in the proportion responding 

across levels of the characteristic (age, SES) was also conducted by fitting a univariable 

log binomial model and fitting the characteristic as a l inear predictor (Armitage et al 

2002). Prevalence estimates for Tasmania were calculated from the product of the 

corresponding imputed prevalence estimate (see Chapter Seven) and the observed 

interview cohort percentage for that variable. 

8.3 Results 

Study participants 

On 3 1  st May 2003 , 1 1 80 participants were initial ly enrol led on the Tasmanian Epilepsy 

Register. Of this original cohort, 97 were inel igible (28,  deceased, 69 withdrew before 

interview) leaving 1 083 el igible for this study. Of these 1 083 : 1 24 were unable to be 

contacted (moved from contact address, untraced at contact address, at contact address 

and agreed to be interviewed but did not complete interviewing), and 9591 1 083 (88 .6%) 

completed the diagnostic telephone interviewing (including 34 deceased and 2 who 

withdrew after interview, and 4 were taking AEDs not for epi lepsy). Of the 959 TER 

participants completing diagnostic telephone interviews, 209 involved a witness only, 

367 a participant only, and 383 involved a participant and a witness. 

Non-response bias 

Table 8 . 1 compares the demographic features by age, gender, region and SES of the TER 

participants (n= 1 1 80) versus the diagnostic telephone interv iewing respondents (n=955) 
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excluding the 4 taking AEDs for indications other than epi lepsy. No differences between 

register and interview samples were found for these variables (p>0.05). 

Table 8. 1 :  Demographic features by age, gender, region and SES of the Tasmanian 
Epilepsy Register and diagnostic telephone interviewing respondents 

Register Interview 
Register vs. 
Interview 

(n=1 180) 0/0 (n= 955) 0/0 p value 
Age* 
0- 1 9  1 49 1 2 .7% 1 4 1  1 4 .8% 
20-39 25 1 2 1 .2% 1 93 20.2% 
40-59 489 4 1 .4% 392 4 1 .0% 
60+ 29 1 24.7% 229 24.0% p=0.37 
Gendert 
Female 574 48.6% 475 49.7% 
Male 606 5 1 .4% 480 50.3% p=0.62 
Regiont 
Mersey-Lyel l  274 23 .2% 227 23 .8% p=0.62 
Northern 322 27.3% 233 24 .4% p=0. 1 9  
Southern 584 49.5% 480 50.3% p=0.47 
SES* 
I .Low 257 2 1 .8% 203 2 1 .3% 
2. Low/moderate 233 1 9.7% 1 96 20.5% 
3 .  Moderate 234 1 9.8% 1 77 1 8 .5% 
4. Moderate/high 233 1 9.7% 1 80 1 8 .8% 
5 .  High 2 1 6  1 8 .3% 1 83 1 9 .2% p=0.87 

• X2 test/or trend; tX2 test/or differences between proportIOns (two-sided) 

Frequency of generalised seizures, epilepsy syndromes and Idiopathic Generalised 

Epilepsy 

Table 8.2 shows the frequency of broad epi lepsy syndromes diagnosed. Excluding 

patients without epi lepsy (n=92), partial epi lepsy was classified in two thirds and 

general ised epi lepsy in sl ightly more than one-fifth of those interviewed. 
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Table 8.2 : Frequency of broad epilepsy syndromes by diagnostic telephone 
interviewing of Tasmanian Epilepsy Register participants (n=955) 

N 0/0 N 0/0 
Total 863 * 1 00% 
Uncertain epi lepsy 3 1  3 . 59% 
Uncertain partial or generalised epi lepsy 72 8 .34% 
Partial epi lepsy 573 66.40% 
Generalised epi lepsyt 1 87 2 1 .67% 

Idiopathic generalised epi lepsy 1 75 20.28% 
Symptomatic general ised epi lepsy 1 2  1 .39% 

, . , Excludes 92 palIents without epIlepsy (mcludmg 4 patIents not takmg anlIeplleptlc drugs/or 'blank spell. seIzures or epllepsy� 

Table 8.3: Frequency of Idiopathic Generalised Epilepsy Syndromes and 
generalised seizures by diagnostic telephone interviewing of 
Tasmanian Epilepsy Register participants (n=955) 

Epilepsy IGE* 
0/0 0/0 

N (n=863)t (n=175) 
Idiopathic Syndromes 

Myoclonic epilepsy of infancy 0 0.00% 0.00% 
Epi lepsy with myoclonic astatic seizures 3 0 .35% 1 .7 1 %  
Epi lepsy with myoclonic absences 3 0.35% 1 .7 1 %  
Chi ldhood absence epi lepsy 49 5 .68% 28 .00% 
Juveni le absence epi lepsy 43 4,98% 24.57% 
Juven i le myoclonic epi lepsy 48 5 .56% 27.43% 
U nspeci fied� 30 3 .48% 1 7. 1 4% 

Generalised seizure types 
Tonic-Clonic 1 47 1 7 .03% 84.00% 
Absence 1 1 8 1 3 .67% 67.43% 
Myoclonic 83 9.62% 47.43% 
Atonic 1 4  1 .62% 8 .00% 
Astatic 8 0.93% 4.57% 
Tonic 0 0 .00% 0.00% 

, 
*ldlOpathlc Generalised Epilepsy; t955 patIents on Tasmaman EpIlepsy RegIster less 92 d/Ggnosed as 'not havmg epilepsy on 
interview but including 31 with 'uncertain epilepsy '; I Includes 3 patients with Generalised Epilepsy with Febrile Seizures Plus 
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Table 8 .3 shows the frequency of IGE syndromes and general ised seizure types. A 

number of syndromes are infrequently observed (myoclonic epi lepsy of infancy, epi lepsy 

with myoclonic astatic seizures, and epi lepsy with myoclonic absences). Tonic-clonic 

seizures ( 1 7 .03%) and the absence epi lepsies combined ( 1 1 .0 1 %) are the most common 

IGE seizure types and syndromes respectively. 

The prevalence and distribution of IGE and their associated generalised seizures in 
Tasmania, A ustralia 

Tables 8 .4, 8 .5 . 1 ,  8 . 5 .2 and 8 .5 .3  show the estimated prevalence and distribution (by age, 

gender, region and SES) of IGE, absence seizures, myoclonic seizures and general ised 

tonic clonic seizures respectively in Tasmania Austral ia. Excluding those patients 

without epi lepsy, the estimated prevalence of IGE was 0.89 per 1 000. IGE prevalence 

was h ighest between the ages of 20-39 years (see Figure 8 . 1 )  and in females, but s imi lar 

between Tasmanian regions and socio-economic groups. Onset of IGE after 30 years was 

rare (n=3 , see Figure 8 .2). 

For generalised seizures, tonic-clonic seizures had the highest prevalence (0.74 per 1 000), 

fol lowed by absence seizures (0.60 per 1 000) and myoclonic seizures (0.42 per 1 000). 

Absence and ton ic clonic seizures prevalence both peaked between the ages of 20-39 

years and fel l  to be lowest in the oldest age group for absence seizures but remained 

relatively constant after the age of forty years for tonic-clonic seizures. S imi larly, 

myoclonic seizure prevalence also remained constant after the age of forty years (see 

Figure 8 .3) .  The prevalence of all generalised seizure types was h ighest in females and 
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lowest in southern Tasmania (see Tables 8.4, 8 . 5 . 1 ,  8 . 5 .2 and 8 .5 .3 and Figure 8 .4). No 

socioeconomic differences in prevalence were found for any generalised seizures. 

Figure 8. 1 :  The prevalence of Idiopathic Generalised epilepsy by age-group 
(n=175) 
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Figure 8.2: Idiopathic Generalised Epilepsy by age at onset (n=1 59*) 
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Figure 8.3: The prevalence of IGE (n=175) and generalised seizure types 
by age-group (n=348) 
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Figure 8.4: The prevalence of IGE and generalised seizure types by region 
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Table 8.4: Estimated prevalence and distribution of Idiopathic Generalised Epilepsy by age, gender, region and SES in 
Tasmania, Australia 

Tasmanian Epilepsy Epilepsy Epilepsy IGE IGE IGE 

Populationt  Estimated Estimated Interview Estimated Estimated Estimated (95% Cl) 
Cases* Prevalence § Populationt Cases Percentage Prevalence# 

TOTAL 472672 2063 4.36 863 1 75 20.28% 0.89 (0.77- 1 .00) 
Age group (years) 
0- 1 9  1 3 1 8 1 3  2 1 5  l .63 1 46 36 24.66% 0.40 (0.29-0.52) 
20-39 1 20883 586 4 .85 1 87 5 8  3 1 .02% l .50 ( l . 1 8- l .82) 
40-59 1 3 12 1 5  757 5 .77 345 64 1 8 .55% 1 .07 (0.83- 1 .3 1  ) 
60+ 8 876 1 623 7.02 1 83 1 7  9.29% 0 .65 (0.36-0.95) 

Gender 
Male 232768 1 059  4.55 432 7 1  1 6.44% 0.75 (0.59-0.9 1 ) 
Female 239904 1 003 4. 1 8  43 1 1 04 24. 1 3% 1 .0 1  (0.84- l . 1 8) 
Region 
Northern 1 06309 478 4.50 2 1 1 3 8  1 8 .0 1 %  0.8 1 (0.58- 1 .04) 
North-western 1 3470 1 550 4.08 2 1 3  44 20.66% 0 .84 (0.62- 1 .07) 
Southern 23 1 662 l O35  4.47 426 89  20.89% 0.93 (0.76- l . 1 1 )  
SESt 
1 .Low 1 04859 452 4.3 1 203 35 1 7 .24% 0.74 (0.52-0.97) 
2. Low/moderate 92058 446 4 .84 1 96 34 1 7 .35% 0.84 (0.58- 1 . 1 0) 
3 .  Moderate 9 1 397  354 3 . 87 1 77 3 8  2 l .47% 0.83 (0.60- 1 .07) 
4. Moderate/high 9075 0  429 4.73 1 80 29 1 6. 1 1 % 0.76 (0.5 1 - l .02) 
5 .  High 93608 378 4.04 1 83 35  1 9. 1 3% 0.77 (0.54- 1 .00) 

t 472, 672 « ABS) 2003); "Imputed prevalence reported; § Per 1000; t 955 patients on Tasmanian Epilepsy Register less 92 diagnosed as 'not having epilepsy' on interview but including 3 1  with 
'uncertain epilepsy '; # Calculated/rom the product o/the imputed prevalence and the estimated percentage/or that variable; t SES = Socioeconomic index/or area (SElF A) quintile; IGE = Idiopathic 
Generalised Epilepsy; BMEI = Benign Myoclonic Epilepsy o/In/ancy; MAE = Epilepsy with Myoclonic Astatic Seizures; EMA = Epilepsy with myoclonic absences; CAE = Childhood Absence 
Epilepsy; JAE = Juvenile Absence Epilepsy; JME = Juvenile Myoclonic Epilepsy; Unspecified = Idiopathic Generalised Epilepsy Not Otherwise Specified 
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Table 8.5. 1 :  Estimated prevalence and distribution o f  absence seizures by age, gender, region and SES i n  Tasmania, 
Australia 

Tasmanian Epilepsy Epilepsy Epilepsy Absence Absence Absence 

Population� Estimated Estimated Interview Estimated Estimated Estimated 
Cases* Prevalence § Populationt Cases Percentage Prevalence# 

TOTAL 472672 2063 4.36 863 1 1 8 1 3 .67% 0.60 
Age group (years) 
0- 1 9  1 3 1 8 1 3  2 1 5  1 .63 1 46 24 1 6.44% 0.27 
20-39 1 20883 586 4 .85 1 87 3 9  20.86% 1 .0 1  
40-59 1 3 1 2 1 5  757 5 .77 345 45 1 3 .04% 0.75 
60+ 8876 1 623 7 .02 1 83 1 0  5 .46% 0.38 

Gender 
Male 232768 1 059  4.55 432 50 1 1 .57% 0.53 
Female 239904 1 003 4 . 1 8  43 1 68 1 5 .78% 0.66 
Region 
North-western 1 06309 478 4.50 2 1 1 30 1 4.22% 0.64 
Northern 1 3470 1 550 4.08 2 1 3  6 1  28 .64% 1 . 1 7  
Southern 23 1 662 1 03 5  4 .47 426 25 5 . 87% 0.26 
SES� 
I .Low 1 04859 452 4.3 1 203 26 1 2. 8 1 %  0 .55 
2. Low/moderate 92058 446 4 .84 1 96 20 1 0.20% 0.49 
3 .  Moderate 9 1 3 97 354 3 .87 1 77 26 1 4.69% 0.57 
4. Moderate/high 90750 429 4.73 1 80 2 1  1 1 .67% 0.55 
5. H igh 93608 378 4 .04 1 83 22 1 2.02% 0.49 

(95% Cl) 

(0.50-0.70) 

(0. 1 7-0 .37) 
(0.73 - 1 .29) 
(0.55 -0 .96) 
(0. 1 5-0 . 1 6) 

(0.39-0.66) 
(0.52-0 .80) 

(0.43-0.85) 
(0.92- 1 .42) 
(0. 1 6-0.36) 

(0.35-0.75) 
(0.29-0 .70) 
(0.37-0.77) 
(0.33-0.77) 
(0.30-0.68) 

t 472. 672 «ABS) 2003); *Imputed prevalence reported; § Per 1000; t 955 patIents on Tasmaman Ept/epsy RegIster less 92 dIagnosed as not haVing ept/epsy on intervIew but including 31  wIth 
'uncertain epilepsy'; # Calculatedfrom the product of the imputed prevalence and the estimated percentage for that variable; t SES = Socioeconomic index for area (SElF A) quintile; IGE = Idiopathic 
Generalised Epilepsy; BMEI = Benign Myoclonic Epilepsy of Infancy; MAE = Epilepsy with Myoclonic Astatic Seizures; EMA = Epilepsy with myoclonic absences; CAE = Childhood Absence 
Epilepsy; JAE = Juvenile Absence Epilepsy; JME = Juvenile Myoclonic Epilepsy; Unspecified = Idiopathic Generalised Epilepsy Not Othenvise Specified 
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Table 8.5.2: Estimated prevalence and d istribution of myoclonic seizures by age, gender region and SES in Tasmania, 
Australia 

Tasmanian 
Epilepsy Epilepsy Epilepsy Myoclonic Myoclonic Myoclonic 

Populationt 
Estimated Estimated Interview Estimated Estimated Estimated 

Cases* Prevalence § Populationt Cases Percentage Prevalence# 

TOTAL 472672 2063 4.36 863 83 9 .62% 0.42 
Age group (years) 
0- 1 9  1 3 1 8 1 3  2 1 5  1 .63 1 46 1 5  1 0.27% 0. 1 7  
20-39 1 20883 586 4 .85 1 87 2 1  1 1 .23% 0.54 
40-59 1 3 1 2 1 5 757 5 .77 345 36 1 0.43% 0.60 
60+ 8876 1  623 7.02 1 83 1 1  6 .0 1 %  0 .42 

Gender 
Male 232768 1 059  4.55 432 30 6.94% 0.32 
Female 239904 1 003 4 . 1 8  43 1 53  1 2.30% 0.5 1 
Region 
North-western 106309 478 4.50 2 1 1 27 1 2. 80% 0.58 
Northern 1 3470 1 550 4 .08 2 1 3  35  1 6.43% 0.67 
Southern 23 1 662 1 035  4 .47 426 1 8  4.23% 0. 1 9  
SESt 
I .Low 1 04859 452 4.3 1 203 1 7  8 .37% 0.36 
2 .  Low/moderate 92058 446 4 .84 1 96 1 8  9 . 1 8% 0.44 
3 .  Moderate 9 1 397 354 3 .87 1 77 1 6  9 .04% 0.35 
4.  Moderate/high 90750 429 4 .73 1 80 1 1  6 . 1 1 % 0.29 
5. H igh 93608 378  4.04 1 83 1 9  1 0.38% 0.42 

(95% Cl) 

(0.33-0 .5 1 )  

(0.09-0.25) 
(0.33-0 .76) 
(0.42-0 .79) 
(0. 1 8-0 .66) 

(0.2 1 -0.43) 
(0.38-0.64) 

(0.37-0 .78) 
(0.4 7 -0.87) 
(0. 1 0-0.27) 

(0.20-0.53) 
(0.25-0.64) 
(0. 1 9-0.5 1 ) 
(0. 1 2-0.45) 
(0.24-0.60) 

:t: 472, 672 ((ABS) 2003); *Imputed prevalence reported; § Per 1000; t 955 pallents on Tasmaman Epilepsy Register less 92 diagnosed as 'not having epilepsy' on interview but including 31 With 
'uncertain epilepsy '; # Calculatedfrom the product of the imputed prevalence and the estimated percentage for that variable; t SES = Socioeconomic index for area (SElF A) quintile; IGE = Idiopathic 
Generalised Epilepsy; BMEI = Benign Myoclonic Epilepsy of Infancy; MAE = Epilepsy with Myoclonic Astatic Seizures; EMA = Epilepsy with myoclonic absences; CAE = Childhood Absence 
Epilepsy; JAE = Juvenile Absence Epilepsy; JME = Juvenile Myoclonic Epilepsy; Unspecified = Idiopathic Generalised Epilepsy Not Otherwise Specified 
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Table 8.5.3 : Estimated prevalence and distribution of tonic-clonic seizures by age, gender, region and SEIFA in Tasmania, 
Australia 

Epilepsy Epilepsy Epilepsy Tonic- Tonic- Tonic-
Tasmanian clonic clonic clonic 
Populationt Estimated Estimated Interview 

Estimated Estimated Estimated 
(95% Cl) 

Cases* Prevalence § Populationt 
Cases Percenta2e Prevalence# 

TOTAL 472672 2063 4.36 863 1 47 1 7.03% 0.74 (0.63-0.85) 
Age group (years) 
0- 1 9  1 3 1 8 1 3 2 1 5  1 .63 1 46 23 1 5 .75% 0.26 (0. 1 6-0 .35) 
20-39 1 20883 586 4.85 1 87 52  27. 8 1 %  1 .35  ( 1 .04- 1 .66) 
40-59 1 3 1 2 1 5  757 5 .77 345 53 1 5 .36% 0.89 (0.67- 1 . 1 1 )  
60+ 8876 1 623 7.02 1 83 1 9  1 0.38% 0.73 (0.42- 1 .04) 
Gender 
Male 232768 1 05 9  4.55 432 5 8  1 3 .43% 0.6 1 (0.46-0.76) 
Female 239904 1 003 4. 1 8  43 1 89  20.65% 0.86 (0.70- 1 .02) 
Region 
North-western 1 06309 478 4.50 2 1 1 37  1 7. 54% 0.79 (0.56- 1 .02) 
Northern 1 3470 1 550 4.08 2 1 3  72 33 . 80% 1 .3 8  ( 1 . 1 2- 1 .64) 
Southern 23 1 662 1 03 5  4.47 426 34  7.98% 0.36 (0.24-0.4 7) 
SESt 
I .Low 1 04859 452 4.3 1 203 29 1 4.29% 0.62 (0.4 1 -0.82) 
2 .  Low/moderate 92058 446 4.84 1 96 29 1 4. 80% 0.72 (0.48-0.96) 
3 .  Moderate 9 1 397 354 3 .87 1 77 32  1 8 .08% 0.70 (0.48-0.92) 
4 .  Moderate/high 90750 429 4.73 1 80 23 1 2.78% 0.60 (0.37-0.83) 
5 .  H igh 93608 378  4.04 1 83 30  1 6.39% 0.66 (0.45-0.88) 

: 472, 672 «ABS) 2003); "Imputed prevalence reported; § Per 1 000; t 955 pallents on Tasmaman Epilepsy RegIster less 92 dIagnosed as not haVing epilepsy' on intervIew but including 3 1  wllh 
'uncertain epilepsy '; # Calculatedjrom the product of the imputed prevalence and the estimated percentage for that variable; t SES = Socioeconomic index for area (SEIFA) quintile; IGE = Idiopathic 
Generalised Epilepsy; BMEI = Benign Myoclonic Epilepsy of Infancy; MAE = Epilepsy with Myoclonic Astatic Seizures; EMA = Epilepsy with myoclonic absences; CAE = Childhood Absence 
Epilepsy; JAE = Juvenile Absence Epilepsy; JME = Juvenile Myoclonic Epilepsy; Unspecified = Idiopathic Generalised Epilepsy Not Otherwise Specified 
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8.4 Discussion 

This is the first study to estimate the prevalence of 'more specific forms of epi lepsy' 

directly by administering standardised seizure interviews and interpretative guidel ines in 

a community-based study population, thereby improving the validity of these findings. 

Partial epi lepsy was classified in two thirds and general ised epi lepsy in s l ightly more than 

one-fifth, with IGE observed in 20.3% and the absence epi lepsies representing the most 

common IGE syndromes. IGE prevalence beyond chi ldhood was more common, related 

to refractory chi ldhood and adolescent disease rather than older-onset cases, and 

characterised by myoclonic and ton ic-clonic. General ised seizures but not IGE were less 

prevalent in southern Tasmania. These findings suggest that IGE is a common group of 

epilepsies with important aetiological and prognostic determinants occurring at the 

seizure rather than syndrome level of classification. 

My aim was to focus recruitment on community-treated rather than hospital-treated 

epi lepsy as under-reporting of id iopathic epi lepsy, general ised seizures and syndromes (in 

particular absence seizures and epi lepsy) may be reduced by up to a half when hospital­

based recruitment is the sole method of case ascertainment (Cardozo and Patel 1 976, 

Gudmundsson 1 966, Loiseau et al. 1 99 1 ,  Osuntokun and Odeku 1 970, Stanhope et al. 

1 972) . For example, a French study found that uptake could be twice as high when 

"community-based" private special ists were avai lable compared to hospital-based 

neurological services for generalized epilepsy (42 . 1 % vs. 20. 1 %), IGE (35 . 8% vs. 1 6 .2%) 

and all IGE sub-syndromes especially childhood absence (Loiseau et al. 1 99 1 ). In 

addition, a study of school aged children found a similar frequency of IGE in new onset 
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(incident) cl inic patients as a community population (27.8% vs. 30.8%) (Cavazzuti 1 980). 

However, th is was not the case for the more refractory local isation or symptomatic 

general ized epi lepsies (Cavazzuti 1 980, Loiseau et a l .  1 99 1 ) . Therefore, in addition to 

treating severe disease, hospital services often reflect issues of health care access 

(Cardozo and Patel 1 976, Osuntokun and Odeku 1 970) with incomplete disease 

enumeration being especial ly problematic when disease referral is low (Abo Melha and 

Al-Rajeh 1 987, Granieri et al. 1 983). 

Thus, although my sample does not include untreated sources, as would be the case from 

direct household recruitment, it represents one of the few studies performed outside a 

hospital setting (Manford et al. 1 997). Nevertheless, countries such as Austral ia with 

better access to primary and special ist services and h igh uptake of AEDs for 'active' 

disease (Beran et al. 1 982) are more l ikely to ascertain a wider spectrum of id iopathic 

epi lepsy from health service uti l isation recruitment (Cardozo and Patel 1 976, 

Gudmundsson 1 966, Osuntokun and Odeku 1 970), but there is sti l l  l ikely to be 

substantial underascertainment, which can be better avoided with a community-based 

study of the type that I have conducted. 

I could also be criticised for diagnosing epi lepsy, seizures and syndromes by interview 

rather than more typical ly by an epi lepsy specialist 's  cl in ical assessment (Debrock et al . 

2000, Meneghini et al. 1 99 1 ,  Osuntokun et al. 1 982, Placencia et al. 1 992b, Tekle­

Haimanot et al. 1 990a). However, my modified questionnaire administered by CA TI and 

interpreted by standardized diagnostic guidel ines, was in close agreement with an 
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epilepsy specialist 's cl in ical assessment in diagnosing the main seizure types, presence of 

epi lepsy, seizure-onset types, and IGE (see Chapter F ive). In addition, this diagnostic 

mode is more cost-effective than personal interviews and almost certainly led to the h igh 

completion rate (88 .6%) seen in this study (Rowan and Hyman 1 976) thereby increasing 

the val idity of these findings. 

A number of previous stud ies have tended to classify al l generalized convu lsive seizures 

as generalized-onset epilepsy elevating these estimates and consequently deflating 

estimates of partial-onset epi lepsy (Haerer et al . 1 986). This is the l ikely reason for the 

relatively high estimates of generalized epi lepsy noted in some previous studies (Granieri 

et al. 1 983,  Li et al . 1 985 ,  Wang et al. 1 983) compared to the two-th irds with partial 

epi lepsy and s l ightly more than one-fifth with general ised epi lepsy classified in this 

study. 

Although general ized epilepsy has been seen with simi lar frequency in those above and 

below 20 years of age (Joshi et al. 1 977), most studies suggest it is h igher in the younger 

age group (Danesi 1 985 ,  Gastaut et al. 1 975, Joshi et al .  1 977), being generally about 

30% (Alving 1 979, Danesi 1 985,  Eadie 1 996, Kramer et al . 1 998,  Oka et a l .  1 995). 

However, in th is study IGE prevalence beyond chi ldhood was more common, related 

almost exclusively to refractory cases persisting into adulthood rather than late onset 

disease, and was more often characterised by myoclonic and tonic-clonic rather than 

absence seizures. The lower prevalence of IGE in chi ldhood relative to other ages i s  

unexplained but may also relate to lower childhood prevalence estimates reported in other 
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developed countries (Hauser et al 1 99 1 ,  Wallace et al 1 998a), or reduced sampl ing of 

l iquid AED preparations (as described in Chapter Six) in chi ldren with a l imited di sease 

duration (Olaffason et al 2005). 

Although one study found only 6.6% of epi lepsy cases to have IGE (Oun et al . 2003) and 

another study reported a prevalence of 1 0. 8% (Manford et al .  1 997) these relatively low 

estimates are l ikely to be due to a h igher proportion of un classifiable epi lepsy in these 

studies with the latter study diagnosing syndromes from secondary medical record 

sources rather than from those directly experiencing (patients) or observing (witnesses) 

seizures, as in this study. In adu lts, with these two exceptions, the proportion of patients 

with idiopathic generalized epi lepsy is remarkably consistent across studies, ranging from 

1 7 .5% to 23 .9% (Alving 1 979, Danesi 1 985 ,  Eadie 1 996, Osservatorio Regionale per 

l'Epi lessia (OREp» and is consistent with the 20.3% observed overal l  in this study. 

Although JME is often considered the most common IGE syndrome (Olafsson and 

Hauser 1 999), my findings suggest that the absence epi lepsies are the most common. In 

fact, in previous studies the estimated prevalences of specific IGE syndromes had 

relatively wide confidence intervals (Alving 1 979, Eadie 1 996, Juul-Jensen and 

Foldspang 1 983 ,  Oka et al .  1 995, Oka et al. 2006, Viani et al .  1 988) with the exception of 

lower observed frequencies for JAE (0.2% to 1 .6%) and h igher frequencies for EMA 

( 1 1 . 1  %) these previous studies are therefore consistent with my findings. As discussed in 

Chapters Two, Three and Four the reasons for these differences are most l i kely to be due 

to widespread variations in ascertainment, diagnosis and classification between studies. 
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Simi lar to the estimate of 1 3 .7% in this study, previous studies have observed absence 

seizures in 1 % to 1 7.8% % oftotal cases (Alving 1 978, Alving 1 979, Aziz H et al .  1 994, 

B i l l inghurst et al. 1 973, Danesi 1 985,  Gastaut et al. 1 975,  Granieri et al. 1 983,  Joensen 

1 986, Joshi et al. 1 977, Juul-Jensen 1 964, Loiseau et al. 1 99 1 ,  Tekle-Haimanot 1 984, 

Viani et al . 1 988). Although these studies suggest that these seizures typical ly peak in 

younger patients (Danesi 1 985,  Gastaut et al .  1 975,  Joshi et al . 1 977), particularly the 5-

10 year age group (Rajeh et al . 1 990) my observations suggest this peak occurs in the 

age-group immediately fol lowing chi ldhood (see Figure 8 .3) ,  with the highest 

retrospective onset of d isease in adolescence (see Figure 8 .2). 

Given the reasonable diagnostic val id ity for classifying generalised non-convulsive 

seizures demonstrated by interview (see Table 5 .3), it is more l i kely that previous studies 

have underestimated thei r  presence. This may be due to a tendency to misdiagnosis, 

particularly for absence seizures (Nicoletti et al. 1 999), up to almost one-third of cases 

(Leibowitz and Alter 1 968), as a result of questionnaire sensitivity (Rajeh et al .  200 1 ,  

Rajeh et al . 1 993), concealment by the patient (Rocca et al . 200 1 ), and classifying 

seizures exclusively as tonic-clonic seizures from the predominant seizure type rather 

than all seizures types independently (Brewis et al .  1 966, Forsgren 1 992, Keranen et al .  

1 989, Olafsson and Hauser 1 999). Hence, the findings for IGE present beyond chi ldhood 

relating to refractory chi ldhood onset disease, characterised by myoclonic and tonic­

clonic seizures, are l ikely to be accurate, and have important prognostic impl ications that 
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deserve further investigation (Berkovic et al . 1 987, Loiseau et a l .  2002, Malafosse et al .  

1 994) 

Although phenotypic concordance of IGE sub-syndromes among first degree relatives is 

about one third (Group 1 993,  Ottman R et al. 1 998b), these studies all show overlap of 

sub-syndromes within fami l ies, suggesting that although these epi lepsies are genetically 

closely related, the absence epi lepsies are more closely related than the myoclonic 

epi lepsies (Winawer et al . 2003). This is not surprising, as the presence of specific 

seizure types and their expression drives both the diagnosis of IGE and its sub-syndromes 

(Loiseau et al. 2002). The total number of individual generalized seizure types that make 

up the I GE phenotype present in this study (absence n= 1 1 8 , myoclonic n=83 ,  tonic-clonic 

seizures n= 1 47) enabled me to also explore their demographic distribution. Hence, 

although the regional differences observed in generalized seizure types, but not IGE, is 

not easi ly explained, it is consistent with the hypothesis that the underlying etiological 

factors for IGE act at a seizure rather than a syndrome level of classi fication, i .e .  that 

c lassifying epi lepsy cases by syndrome yields more homogeneous groups than classifying 

cases by the type seizure. 

205 



Chapter Nine: Conclusions 

9. 1 Introduction 

Better understanding of the demographic distribution of epi lepsy and the prevalence of 

'more specific forms of epi lepsy' in community-based settings would improve our 

understanding of this disorder at the population level .  By adaptation of the diagnostic 

cascade design original ly establ ished to measure the overal l  prevalence of epi lepsy in 

developing countries, th is thesis provides the first community-based estimates of the 

prevalence of the most common cl in ical group of epi lepsies presumed to have a genetic 

basis - The Idiopathic Generalised Epi lepsies (IGE) - by patient and witness interview. 

9.2 Summary of major findings 

Validation 

Diagnostic questionnaires administered by CA TI and interpreted by standardized 

diagnostic guidel ines, are in close agreement with an epi lepsy special ist 's  cl in ical 

assessment in diagnosing the main seizure types, presence of epi lepsy, seizure-onset 

types, and IGE. These instruments are less useful (as is cl in ical judgment) for diagnosing 

partial epi lepsy syndromes beyond the broad syndrome level or aetiology. However, 

diagnosis sti l l  remained less than ideal for d iscriminating the onset-type of general ized 

convulsive seizures. These deficiencies relate more to under-recognition of individual 

generalized non-convulsive seizures rather than misinterpretation of partial seizures. 
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Recruitment 

Recruitment through the HIe national prescription database provides a representative 

population cohort of community-treated epi lepsy cases. This  recruitment design does not 

appear to produce samples that are disproportionately enriched by hospital-treated cases, 

and demonstrated effective and efficient enrolment, independent of doctor referral for 

epidemiologic case-based recru itment of epi lepsy, particularly when ' more specific forms 

of epilepsy ' ,  co-morbid diseases associated with epi lepsy and longitudinal cohort studies 

are required. 

Prevalence and distribution of epilepsy 

The estimated treated epi lepsy prevalence in Tasman ia was 4.36 per 1 000, with the 

percentage of patients receiving more than two concurrent AEDs for epi lepsy at the h igh 

end of polytherapy seen in most other developed countries at 8 .0% (Fosgren 1 992, 

Giu l iani et al 1 992). Treated prevalence was 8% lower in women than men, age-group 

rates lowest in chi ldren and highest in the elderly. However, no differences in treated 

epi lepsy prevalence were found between the three main geographic regions of Tasmania 

or by socio-economic status categorised by postcode of residence. 

Prevalence and distribution of generalised seizures and IGE 

Partial epi lepsy was classified in two-thirds and general ised epilepsy in sl ightly more 

than one-fifth of patients, with IGE being observed in 20.3% and the absence epi lepsies 

representing the most common IGE syndromes. IGE was more common beyond 

chi ldhood, related to refractory childhood and adolescent d isease rather than older-onset 
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cases, and characterised more often by myoclonic and tonic-clonic seizures. Generalised 

seizures, but not IGE were less prevalent in southern Tasmania. 

9.3 Limitations of the data 

Validation 

Although usefu l ,  further ' sp l itting' of the IGE syndromes into their subtypes (e.g. 

childhood absence epi lepsy) was not possible as this would have involved too few 

numbers to draw meaningful  conclusions. In addition, at the time of formulation of the 

written guidel ines my l imited cl in ical experience (three years special ist epi lepsy training) 

was by no means definitive (Bodensteiner et al 1 988). However, by formalization of this 

cl in ical diagnostic process using the expertise of my more senior epi lepsy special ist 

col leagues (D' Souza et al 2007b), it was hoped this would lead to more transparent and 

testable future refinements. Diagnoses were reached without the use of EEG recordings 

as these wou ld not always be possible when conducting epidemiological studies in 

resource-constrained commun ities (Senanayake 1 993). Nevertheless, as the evidence 

suggested that an eye-witness account of the patient 's  seizures was more critical to 

diagnosis (Reutens et al 1 992, Senanayake 1 993), I focused on maximising this part of 

the diagnostic process. 

Recruitment 

The HIe prescription database only included persons above a ' reportable' retai l price 

threshold, and does not detect undiagnosed and untreated d isease. This is l ikely to hinder 

this recruitment design in developing countries and those with poor access to healthcare 
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(e.g. ethnic, indigenous, rural/remote communities) (Haerer et al 1 986). However, at the 

time of study al l the anticonvulsant medications had a retail price more than this  

threshold, in Austral ia and only the infrequently prescribed barbiturate anticonvulsants 

and preparations for patients with swallowing difficulties and young chi ldren (typical ly  

less than eight years of age) retai led below the ' general ' patient price threshold. 

Therefore, the HIC sample frame is a comprehensive AED database, with the exception 

of very young children on single l iquid preparations (D'Souza et al 2007c). 

Although more representative than special ist sources, epi lepsy diagnosis statistics 

generated from general practice are less l ikely to be accurate in the absence of 

confirmation by special ist assessment, with general practitioners reporting diagnostic 

uncertainty especial ly in neurological disease (MacDonald et al 2000) (hence my 

subsequent use of a diagnostic questionnaire for this purpose). 

AEDs may not be universal for patients who have a diagnosis of epilepsy, and may 

underestimate prevalence, particularly in developing countries where fewer patients are 

on regular treatment (Coleman et al 2002). However, in a number of communities, 

including Australia (Beran et al 1 982), AEDs have been demonstrated to have widespread 

use and market penetration in treating epi lepsy (Bharucha et al 1 988,  Olafsson and 

Hauser 1 999). Although this  Australian study suggests no l ifetime AED treatment gap 

for epi lepsy, this  seems l ikely to be an underestimate (Beran et al 1 982). The situation in 

Australia is more l ikely to resemble countries with similar universal primary and tertiary 
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healthcare access such as Sweden or the UK where AED under-ascertainment of 8-25% 

has been observed (Forsgren 1 992, Cockerel l  et at .  1 995) .  

In addition, AEDs are not exclusively prescribed for the treatment of epi lepsy, i .e. they 

lack disease treatment specificity. They are also used to treat bipolar affective disorder, 

migraine, and chronic pain conditions. In Austral ia, as doctors prescribing medications 

are not required to indicate what condition is being treated on a prescription, th is means 

that my invited source population included disease groups other than my target 

population of treated epi lepsy. Rather than employing an empirical correction factor, as 

has been suggested previously (de la Court et al 1 996) inel igible diseases were excluded 

by patient self-report as to whether AEDs were prescribed for "blank spel ls, seizures or 

epi lepsy' and th is question was found to have high positive predictive value using the 

diagnostic questionnaire from Chapter Five. However, as mail respondents who repl ied 

' no' to this question decl ined further study participation, measurement of the false 

negative rate and true negative rate of this question was not able to be estimated. This 

wou ld have al lowed calculation of the sensitivity and specificity, potential margins for 

error in our prevalence finding (Plancencia et al 1 992b), and improve the u ltimate 

val idity of our results. 

Prevalence and distribution of epilepsy 

My epi lepsy prevalence estimates may be influenced by factors that affect a person 

acqu iring a diagnostic label for treatment purposes. However, AED prescription data 
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provides a usefu l  prevalence measure in communities, such as Austral ia, characterized by 

high access to health services (Beran et al 1 982). 

AED in itiation and withdrawal practices among local physicians and patients may affect 

prevalence estimates from prescription data (Forsgren 1 992, Qun et al 2003) .  In 

Australia the typical practice is to commence AED treatment after the second unprovoked 

seizure and this was reflected in the low number of patients that were found to have been 

treated after a single seizure (see Chapter Seven) . Therefore, patient recruitment by AED 

prescription also appears to have yielded few false positive cases due to 'early' treatment. 

Although the overal l  response rate to my prevalence survey using the HIC mai l invitation 

may be considered low (54%) the heterogeneous nature of the prescription population 

meant that the 1 774 indicating treatment for epi lepsy represented 86.0% of total epi lepsy 

cases (imputed) in Tasman ia. Given the high PPY from my valid ity study, negl igible 

differential misclassification bias between self-reported and doctor-reported epi lepsy 

status cou ld be assumed, al lowing a three contact exponential decay prevalence 

imputation approach (Drane et al 1 993). This approach enables the inference of disease 

status in remaining mail non-respondents improving the precision of prevalence estimates 

(Drane 1 99 1 ). 

SElF A is a relatively imprecise measure of the socioeconomic status of an individual as it 

reflects the socio-economic wel lbeing of an area, rather than of an individual, making it 

possible for a relatively advantaged person to be resident in an area which may have a 
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low index score (Trewin 200 1 ) . Although, lower sampling of l iquid AED preparations in 

chi ldren less than eight years, probably partly explains the lower prevalence rates seen in 

childhood they persist beyond the age that these issues would continue to have an impact. 

Prevalence and distribution of generalised seizures and IGE 

The sample does not inc lude untreated sources, as would be the case from direct 

household recruitment (Schoenberg 1 982) however it represents one of the few studies 

performed outside a hospital setting (Man ford et al 1 997). Nevertheless, countries such 

as Australia with better access to primary and specialist services and high uptake of 

AEDs for 'active' d isease are more l ikely to ascertain a wider spectrum of id iopathic 

epi lepsy from health service uti l isation recruitment (Beran et al 1 982). 

Assessment of epi lepsy, seizures and syndrome diagnosis was by interview rather than 

more typical ly by an epi lepsy specialist 's  cl in ical assessment (Plancencia et al 1 992b). 

However, the modified questionnaire administered by CA TI and interpreted by 

standardized diagnostic guidel ines was in c lose agreement with an epi lepsy specialist 's  

cl in ical assessment in diagnosing the main seizure types, presence of epi lepsy, seizure­

onset types, and IOE. 

9.4 Implications 

Validation 

Generalised seizures and IGE can be classified primari ly with historical data when 

interpreted with written guidel ines, faci l itating their study in large scale population 
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studies by questionnaire. Further improvements in discriminating the individual non­

convulsive generalized seizure types (without appreciable loss of val id ity) and a more 

quantitative approach to questionnaire interpretation would further enhance the uti l ity of 

these field instruments for epi lepsy syndrome-based population research. This could be 

through the development of new written questions (particularly for absence seizures), 

novel diagnostic instruments (e.g. video questionnaire sequences of specific seizure 

symptoms) or an analysis weighting the importance of individual questionnaire responses 

to determine diagnostic ' best fit' for ' more specific forms of epi lepsy' such as IGE. 

Recruitment 

The recruitment design outlined in this thesis is relevant for researchers in countries with 

central ized prescription databases, and who are intending to conduct studies with large 

sample sizes, e.g. when estimating the prevalence of epi lepsy sub-types, co-morbid 

conditions, syndrome-focused case-control studies, or longitudinal cohort studies. AED 

recruitment is also an efficient method for yielding cases compared to door-to-door 

surveys (Birbeck and Kal ichi 2004, Plancencia et al 1 992b), although secondary to 

medical practitioner diagnosis and treatment, it also has the advantage that it does not rely 

on medical contact for denominator enumeration, invitation and patient participation. 

Other neurological diseases where this form of prescription recruitment could be uti l ized 

are Multiple Sclerosis, Parkinson's  disease, Myasthenia Gravis and Dementia. The 

Australian National Prescription Database has the advantage that it al lows potential re­

identification of cases for longitudinal cohort studies by indirect communication with 
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individuals and thei r  fam il ies by anonymous contact through the HIe.  Alternatively, my 

Tasmanian Epi lepsy Register Cohort could be expanded to recruit cases longitudinal ly  

(e.g to explore incident treated cases), nationally (to compare and combine case in other 

Australian states) or to study/compare other AED disease groups (e.g. the effects on 

pregnant woman takings AEDs for psychiatric conditions). 

With appropriate consideration of individual privacy, l inking HIC prescription database 

with other government-funded services i .e. track AEDs with diagnostic investigations 

(MRI,  EEG), providers with epi lepsy expertise and hospital services (e.g. i njuries) would 

be a h igh ly usefu l  research instrument. This would require legislative change to enable  

this kind of  data l inkage. Improving specific disease identi fication at the prescribing 

stage wou ld enhance monitoring and research of medically treated diseases (although this 

may be difficult as it could expose non-indication pharmacological treatment by doctors). 

Further val idation of the HIC AED prescription database (with respect to disease 

sensitivity and specificity for epi lepsy) would enhance the precision of my prevalence 

estimates. However, th is would be difficult to perform given that the restrictions on 

privacy and confidentiality for those on the database does not al low access to false 

negatives and true negatives to allow sensitivity and specificity calculations. 

Prevalence and distribution of epilepsy 

The estimated treated epi lepsy prevalence in Tasmania is consistent with a number of 

previous studies that have derived prevalence from AED prescription (Giul iani et al 1 992, 
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Wallace et al 1 998a), primary care (Cockere l l  et al 1 995), or household survey sources 

(Beran et al 1 982). However, the relatively high percentage of patients on multiple AED 

may either reflect increased prevalence of severe epi lepsy or inadequate epi lepsy 

management in Tasmania and requires further evaluation. Despite its consistency in 

many studies, the explanations for the h igher male prevalence sti l l  remain largely 

unknown . One explanation of the lack of association between treated epi lepsy prevalence 

and SElF A is that it is real and does not reflect access to general practice services. 

Alternatively, it may be due to misclassification of individual socioeconomic status or 

confounding by area of residence. 

The observed age-group differences suggest that incidence may be lower in the younger 

age group, or that the i l lness treatment duration is more short-l ived, compared to adults 

and the elderly (Olafsson et al 2005). I f  correct, with demographers predicting a 

dramatically greater elderly population in the future, these findings have important 

impl ications for health service planning in developed countries. This would need to 

involve increased education and awareness of elderly epi lepsy presentation, diagnosis and 

management in primary care, general physicians and geriatricians. A long with studies to 

better understand the aetiology of epi lepsy in the e lderly so that preventable causes may 

be addressed. Although it would require considerable resources an age-specific incidence 

study focusing on chi ldren and/or the elderly could explore this important public health 

issue further. By enrol l ing a prospective cohort, better understanding (mortality, 

response to treatment and disease remission) of the prognosis of epi lepsy, or 'more 

specific forms of epi lepsy e.g. IGE could be gained. 
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9.5 Concluding remarks 

IGE and generalised seizure types are common and constitute an important public health 

issue, with thei r  underlying etiological and prognostic factors acting at a seizure rather 

than a syndrome level of classification. 

2 1 6  



References 

Abo Melha AM, Al-Rajeh S. 1 987.  The pattern and type of seizure disorders among a 
selected group of Saudi Arabian Chi ldren. Saudi Medical Journal 8 :  583 -59 1 .  

Alving 1. 1 978.  C lassification of the epi lepsies: an investigation of 1 508 consecutive 
adult patients. Acta. Neurol .  Scand. 58 :  205-2 1 2 . 

Alving J. 1 979. C lassification of the epi lepsies. An investigation of 402 children. Acta. 
neur. scand. 60: 1 57- 1 63 .  

Anderson C.  1 936.  Epi lepsy in the state of  Michigan. Mental Hygiene 20 :  44 1 -462. 

Anderson DW, Schoenberg BS,  Haerer AF.  1 982. Racial d ifferentials in the prevalence 
of major neurological disorders: background and methods of the Copiah County Study. 
Neuroepidemiology 1 :  1 7-30. 

Anderson YE, Hauser W A, Rich SS. 1 999. Genetic heterogeneity and epidemiology of 
the epi lepsies. Adv Neurol 79: 59-73. 

Anie KA, Jones P W, Hi lton SR, Anderson HR. 1 996. A computer assisted telephone 
interview technique for assessment of asthma morbidity and drug use in adult asthma. J 
C l  in Epidemiol 49 :  653-656. 

Annegers JF, Hauser W A. 1 982. Risk of seizures among relatives of patients with 
epi lepsy: fami l ies in a defined population. New York, NY:  Raven Press. 

Annegers JF, Hauser WA, Anderson YE. 1 982. The risks of seizure disorders among 
relatives of patients with chi ldhood onset epi lepsy. Neurology 32 :  1 74- 1 79. 

Annonymous. 2003.  Introduction: The History and Stigma of Epi lepsy. Epi lepsia 44: 1 2-
1 4 .  

Armitage PB, Matthews JNS.  Statistical methods i n  medical research. 4th ed. Blackwel l  
Science: Oxford, 2002 . 

Asawavichienj inda T, Sitthi-Amorn C, Tanyanont W. 2002. Prevalence of epi lepsy in 
rural Thailand: a population-based study. J Med Assoc Thai 85 :  1 066- 1 073 .  

Attia-Romdhane N,  Mrabet A, Hamida MB. 1 993 .  Prevalence of epi lepsy in Kel ibia, 
Tunisia. Epi lepsia 34: 1 028- 1 032 .  

Austral ian Bureau of Statistics 2003 . Population by Age and Sex, Austral ian States and 
Territories. Canberra: Austral ian Bureau of Statistics. Report no. Cat. No.320 1 .0. 

2 1 7  



Awada I ,  Rosenfeld J, Ahl J, Hahn J, Luders H .  1 99 1 . Intractable  epi lepsy and structural 
lesion of the brain :  mapping, resection strategies and seizure outcome. Epi lepsia 32 :  1 79-
1 86.  

Aziz H,  Hasan M, Hasan KZ. 1 99 1 .  Prevalence of epi lepsy in chi ldren Ca population 
survey report). 1 .P .M.A: 1 34- 1 35 .  

Aziz H ,  A l i  M,  Frances P,  Khan MI ,  Hasan KZ. 1 994. Epi lepsy in  Pakistan. Epi lepsia 35 :  
950-958 .  

Aziz H,  Guvener A, Guvener A, Akhtar SW, Hasan KZ. 1 997. Comparative 
epidemiology of epi lepsy in Pakistan and Turkey: population-based studies using 
identical protocols. Epi lepsia 3 8 :  7 1 6-722. 

Bauer G. 1 994. Seizure types and epi leptic syndromes in adu lts. Eur Neurol  34. 

Baumann RJ, Marx MB, Leonidakis MG. 1 977. An estimate of the prevalence of epi lepsy 
in a rural Appalachian population. Am. J. Epidemiol .  1 06:  42-52. 

Beck-Mannagetta, al e. 1 99 1 .  Syndrome-related genetic in generalised epi lepsies. 
Amsterdam : Elsevier Science. 

Beghi E, Monticel l i  ML, Monza C, Sessa A, Zarrel l i  MM. 1 99 1 .  Antiepi leptic drugs as 
"tracers" of d isease. A calculation of the prevalence of epi lepsy through an analysis of 
drug consumption. Neuroepidemiology 1 0: 33-4 1 .  

Beran RB, Hal l L, Michelazzi J. 1 985a. An accurate assessment of the prevalence ratio of 
epi lepsy adequately adjusted by influencing factors. Neuroepidemiology 4 :  7 1 -8 1 .  

Beran RB, Michelazzi J, Hall L, Tsimnadis P, Loh S .  1 985b. False-negative response rate 
in epidemiologic studies to define prevalence ratios of epilepsy. Neuroepidemiology 4 :  
82-85.  

Beran RB, Hall L, Pesch A, Ho P,  Lam S, Leung P-Y, Cheung P,  Fung M. 1 982. 
Population prevalence of epi lepsy in Sydney, Australia. Neuroepidemiology I :  20 1 -208 .  

Berg AT, Levy SR, Testa FM, Shinnar S.  1 999. Classification of chi ldhood epi lepsy 
syndromes in newly diagnosed epi lepsy: interrater agreement and reasons for 
disagreement. Epi lepsia 40: 439-444. 

Berkovic S F, Howell  RA, al .  e. 1 994. Epi lepsies in twins: John Libbey & Company Ltd. 

Berkovic SF, McIntosh A, al e. 1 996. Fami l ial temporal lobe epi lepsy: a common 
di sorder identified in twins. Ann Neurol 39 :  442-449. 

Berkovic SF, Andermann F, Andermann E, Gloor P .  1 987.  Concept of absence 
epi lepsies: d iscrete syndromes or biological continuum. Neurology 37 :  993- 1 000. 

2 1 8  



Bharucha NE, B harucha EP, B harucha AE, Bhise AV, Schoenberg BS.  1 988 .  Prevalence 
of epi lepsy in the Parsi community of Bombay. Epi lepsia 29: 1 1 1 - 1 1 5 .  

B i l I inghurst lR, German GA, Orley JH. 1 973. The pattern of epi lepsy i n  Uganda. Trop. 
geogr. Med 25 : 226-232. 

B irbeck GL, Kal ichi EMN.  2004 . Epi lepsy prevalence in rural Zambia: a door-to-door 
survey. Tropical Medicine and I nternational Health 9 :  92-95 .  

B ird AV, Heinz Hl, Kl intworth G. 1 962 . Convulsive disorders in Bantu mine-workers. 
Epilepsia 3 :  1 75- 1 87 .  

Bobo lK, Thapa PB, Anderson JR,  a l  e. 1 994. Acute encephalopathy and seizure rates in 
chi ldren under two years in Oregon and Washington State. Am J Epidemiol 1 40:  27-38 .  

Bodensteiner lB,  Brownsworth RD, Knapik JR, Kanter MC, Cowan LO, Leviton A. 
1 988 .  Interobserver variabi l ity in the I LAE classification of seizures in chi ldhood. 
Epi lepsia 29: 1 23- 1 28 .  

Bondestam S, Garssen l, Abdulwaki l AI .  1 990. Prevalence and treatment of mental 
disorders and epi lepsy in Zanzibar. Acta. Psychiatr. Scand. 8 1 :  327 -33 1 .  

Boon PA, De Deyn PP, Hauman E, Mol L ,  Schmedding E, Vlietinck R, Wi l laert B .  1 995 .  
Epidemiology of epi lepsy in F landers (Belgium). Epi lepsia 36 :  1 7 . 

Boyd NF, Pater JL, Ginsburg AD, Myers RE. 1 979. Observer variation in the 
c lassification of information from medical records. J Chron Dis 32 :  327-332 .  

Brewis M,  Poskanzer DC,  Rol land C, Mi l ler H. 1 966. Neurological disease in an English 
city. Acta. neur. scand. 42:  9-89. 

Cal isir N, Bora I ,  I rgi l  E, Boz M. 2006. Prevalence of epi lepsy in Bursa C ity Centre, an 
urban area of Turkey. Epi lepsia 47:  1 69 1 - 1 699. 

Cardozo LJ, Patel MG. 1 976. Epi lepsy in Zambia. East African Medical Journal 53 : 488-
493 . 

Care CDoHaA. 2000. The Australian Health Care System : An Outl ine. Canberra: 
Commonwealth of Austral ia. Report no. Publ ications approval number 2545 . 

Cavazzuti GB . 1 980. Epidemiology of different types of epi lepsy in  school-age children 
in Modena, Italy. Epilepsia 2 1 :  57-62 . 

CDC. 1 994. Leads from the Morbidity and Mortality Weekly Report: Prevalence of Self­
reported Epi lepsy--United States 1 986- 1 990. lAMA 272: 1 893 .  

2 1 9  



Chapman OG. 1 95 1 .  Some properties of the hypergeometric distribution with 
appl ications to zoological sample censuses. Univ Calif Public Stat 1 :  1 3 1 - 1 60. 

Chen KM, Brody lA, Kurland LT. 1 968. Patterns of neurologic diseases on Guam I .  
Epidemiologic Aspects. Arch. Neurol .  1 9 :  573-578. 

Choi H, M. R. Winawer MR, Kalachikov S, Pedley TA, Hauser W A, Ottman R. 2006. 
Classification of partial seizure symptoms in genetic studies of the epi lepsies. Neurology 
66: 1 648- 1 653.  

Cockere l l  OC, lohnson AL, Sander lWAS, Shorvon SD. 1 997. Prognosis of epi lepsy: a 
review and further analysis of the first nine years of the British National General Practice 
Study of Epi lepsy, a prospective population-based study. Epi Jepsia 38 :  3 1 -46. 

Cockere l l  OC, Eckle I, Goodridge DMG, Sander lWAS, Shorvon SD. 1 995.  Epi lepsy in a 
population of 6000 re-examined: secular trends in first attendance rates, prevalence, and 
prognosis. l. Neurol .  Neurosurg. Psychiatry 58 :  570-576. 

Cockerel l  OC, Goodridge DMG, Brodie D, Sander JWAS, Shorvon SO. 1 996. 
Neurological d isease in a defined population: the results of a pi lot study in two general 
practices. Neuroepidemiology ] 5 :  73-82. 

Co hen H.  1 958 .  Epi l epsy as a social problem. Br. Med. J 1 :  672 . 

Cohen J. 1 960. A coefficient of agreement for nominal scales. Educational and 
Psychological Measurement 20: 3746. 

Coleman R, Loppy L, Walraven G. 2002 . The treatment gap and primary health care for 
people with epi lepsy in rural Gambia. Bul letin of the World Health Organisation 80: 378-
383 .  

Cornaggia CM,  Canevini MP, Christe W,  Giucciol i  D ,  Facheris MA, Sabbadini M, 
Canger R. 1 990. Epidemiologic survey of epi lepsy among army draftees in Lombardy, 
Italy. Epi lepsia 3 1 :  27-32.  

Crombie DL, Cross KW, Fry J ,  Pinsent RJFH, Watts CAH. 1 960. A survey of the 
epi lepsies in general practice. Br. Med. J 2: 4 1 6-422. 

Dol l ,  R., Payne P, Waterhouse R eds. Cancer Incidence in Five Continents Vol 1.  1 966, 
Springer Verlag: Berl in. 

D'Souza WJ. 2006. Research Priorities in the Asia-Pacific Region: Stepping back into the 
l ight in epidemiology and public health. 6th Asia Oceania Epi lepsy Congress. Kuala 
Lumpur, Malaysia :  Abstract. 

220 



D'Souza WJ, Stankovich J, O'Brien TJ, F icker D, Pearce N, Cook MJ. 2007a. The 
diagnosis of seizures, epi lepsy and Idiopathic Generalised Epi lepsy by computer-assisted­
telephone-interviewing using standardised diagnostic guidel ines. (submitted) .  

D'Souza WJ, Roberts H,  Stankovich J ,  O'Brien TJ,  Pearce N, Cook MJ. 2007b. The 
prevalence and distribution of the Idiopathic Generalised epi lepsies and their seizures in a 
community-based population in Tasmania, Australia. (submitted). 

D'Souza WJ, Fryer J, Quinn S, Taylor B, F icker D, O'Brien TJ, Pearce P, Cook MJ. 
2007c. The prevalence and distribution of treated epi lepsy: A community-based study in 
Tasmania, Australia. (submitted). 

D'Souza WJ, Quinn S, Fryer J, Taylor B, Ficker D, O'Brien TJ, Pearce P, Cook MJ. 
2007d. The Tasmanian Epi lepsy Register - a community-based cohort: background and 
methodology for patient recruitment from the Australian national prescription database. 
Neuroepidemiology 29 :  255-263 . 

da Mota Gomes M, Zeitoune RG, Kropf LAL, van Beeck EdS.  2002. A house-to-house 
survey of epileptic seizures in an urban community of Rio de Janeiro, Brazi l .  Arq 
Neuropsiquiatr 60: 708-7 1 1 .  

Dada TO. 1 970. Epi lepsy in Lagos, Nigeria. Afr. J .  med. Sci. 1 :  1 6 1 - 1 84. 

Danesi MA. 1 985 .  Classification of the Epilepsies : an investigation of 945 patients in a 
developing country. Epi lepsia 26: 1 3 1 - 1 36. 

Danesi MA, Oni K. 1 983 .  Profile of epi lepsy in Lagos, Nigeria. Trop. geogr. Med 35 :  9-
1 3 . 

Davenport CB.  1 923 .  The ecology of epi lepsy. n Racial and geographic distribution of 
epi lepsy. Arch. Neurol .  Psychiat. (Chic) 9 :  554-566. 

de Graaf AS. 1 974. Epidemiologica aspects of epi lepsy in Northern Norway. Epi lepsia 
1 5 : 29 1 -299. 

de la Court A, Breteler MMB, Meinardi H, Hauser W A, Hofman A. 1 996. Prevalence of 
epi lepsy in the elderly. The Rotterdam Study. Epi lepsia 37: 1 4 1 - 1 47. 

Debrock C, Preux P-M, Houinato D, Druet-Cabanac M, Kassa F, Adj ien C, Avode G, 
Denis F, Boutros-Toni F, Dumas M. 2000. Estimation of the prevalence of epi lepsy in the 
Benin region of Z invie using the capture-recapture method . I nternational Journal of 
Epidemiology 29: 330-335 .  

Demlo LK, Campbel l  PM,  Brown SS .  1 978.  Reliabi l ity of  information abstracted from 
patients' medical records. Med Care 1 6 : 996- 1 005.  

221  



Diagana M, Preux PM, Tui l las M, Ould HA, Druet-Cabanac M. 2006. Depistage de 
I 'epi lepsie en zones tropicales: val idation d'un questionnaire en Mauritanie (French). Bu l l  
Soc Pathol Exot. 99 :  1 03- 1 07. 

Dorsey B L, Nelson RO, Hayes SC. 1 986. The effects of code complexity and of 
behavioural frequency on observer accuracy and inter-observer agreement. Behavioural 
assessment 8 :  349-363.  

Dowzenko A, Ziel inski JJ. 1 97 1 .  Problems of epi lepsy in Poland. Epi lepsia 1 2 :  1 73- 1 77 .  

Drane JW. 1 99 1 .  Imputing nonresponses to Mai l -back Questionnaires. Am J Epidemiol 
1 34 :  908-9 1 2 . 

Drane JW, Richter D, Stoskopf C. 1 993.  Improved imputation of non-responses to 
mai lback questionnaires. Statistics in Med icine 1 2 : 283-288. 

Eadie MJ. 1 996. The I .L.A.E. classification of the epi lepsies appl ied retrospectively to 
1 902 patients. Epi lepsy Research 25 : 277-284. 

Edmonds DJ, Dumbrel l  DM, Primrose JG, Mcmanus P,  B irkett DJ, Demirian V. 1 993 .  
Development of an Australian Drug Uti l isation Database. PharmacoEconomics 3 :  427-
432.  

Engel J .  200 1 .  A proposed diagnostic scheme for people with epi leptic seizures and with 
epi lepsy: Report of the ILAE Task Force on Classification and Terminology. Epi Jepsia 
42: 796-803 . 

Epi leptics TPCo. 1 928 .  A census of epi leptics in Surrey. Lancet i i :  568-570. 

Eslava-Cobos J ND. 1 989. Experience with the International League against Epilepsy 
proposals for classification of epi leptic seizures and the epi lepsies and epi leptic 
syndromes in a paediatric outpatient epi lepsy cl inic. Epi lepsia 30 :  1 1 2- 1 1 5 . 

Everitt AD, Sander JW AS.  1 999. C lassification of the epi lepsies: time for a change? A 
critical review of the International C lassification of the Epi lepsies and Epi leptic 
Syndromes (ICEES) and its usefu lness in cl inical practice and epidemiological studies of 
epi lepsy. Eur Neurol 42: 1 - 1 0 . 

Farrel l  K. 1 993 .  C lassifying epileptic syndromes: problems and a neurobiologic solution. 
Neurology 43 : S8-S 1 1 . 

Fernandes JG, Schmidt MI, Tozzi S, Sander JW AS.  1 992. Prevalence of epi lepsy: the 
Porto Alegre study. Epi lepsia 33 :  1 32 .  

Fong GCY, Mak W, Cheng TS,  Chan KH, Fong JKY, Ho SL.  2003 . A prevalence study 
of epi lepsy in Hong Kong. Hong Kong Med J 9: 252-257. 

222 



Forsgren L. 1 992. Prevalence of epi lepsy in adu lts in Northern Sweden. Epi lepsia 3 3 :  
450-458 .  

Forsgren L, Nystrom L. 1 990. An incident case-referrent study of epi leptic seizures in 
adu lts .  Epi lepsy Res 6 :  66-8 1 .  

Freeman JM. 1 980.  Febri le seizures: a consensus of their s ign ificance, evaluation, and 
treatment. Consensus development conference of febrile seizures. 1 980. National 
Institute of Health. Pediatrics 66: 1 009- 1 0 1 2 . 

French 1. 1 994. The Long-Term Therapeutic Management of Epi lepsy [Review]. Annals 
of Internal Medicine 1 20 :  4 1 1 -422. 

Fry J .  1 982.  Epi lepsy. Update 25 .  

Garcia-Noval J ,  Moreno E, De Mata F ,  De Alfaro HS,  Fletes C, Craig PS, Al lan JC.  
200 1 .  An epidemiological study of epi lespy and epi leptic seizures in two rural 
Guatemalan communities. Annal of Tropical Medicine & Parasitology 95 :  1 67- 1 75 .  

Garcia HH, Gilman R,  Martinez M, al e. 1 993 .  Cysticercosis as  a major cause of epi lepsy 
in Peru. The Cysticercosis Working Group in Peru (CWG). Lancet 34 1 :  1 97-200. 

Gardiner M, Lehesjoki AE. 2000. Genetics of the epilepsies. Curr Opin Neurol 1 3 : 1 57-
1 64. 

Gastaut H. 1 969a. Classification of the Epi lepsies. Epi lepsia 1 0 : S 1 4-S2 1 .  

Gastaut H .  1 969b. Cl in ical and electroencephalographical classification of epi leptic 
seizures. Epi lepsia 1 0 . 

Gastaut H.  1 970. Cl in ical and electroencephalographical classification of epileptic 
seizures. Epilepsia 1 1 : 1 02- 1 1 3 . 

Gastaut H,  Gastaut JL, Goncalves e S i lva GE, Fernandez Sanchez GE. 1 975 .  Relative 
frequency of different types of epi lespy: A study employing the classification of the 
International League Against Epi lepsy. Epi lepsia 1 6 : 457-46 1 .  

Gastaut H, Caveness WF, Landolt H, Lorentz de Haas AM, McNaughton FL, Magnus 0, 
Merl is JK, Pond DA, Radermecker J ,  van Leeuwen WS. 1 964. A proposed international 
classification of epileptic seizures. Epi lepsia 5 :  297-306. 

Gerrits CA. 1 983.  West African epi lepsy focus [ letter] . Lancet 1 :  358 .  

Giel R .  1 970. The problem of epi lepsy in Ethiopia. Trop. geogr. Med 22 :  439-442. 

223 



Giul iani G, Senigaglia AR, Scatanglini F ,  De Rosa M. 1 986. Drugs as epidemiological 
"tracers" for epi lepsy: I F irst estimates of the prevalence of the disease in the Ital ian NHS 
model of drug-use register. BoI l .  Lega. Ital .  Epi l .  54/55 :  335-336. 

Giul iani G, Terziani S, Sen igaglia AR, Luccioni G, Foschi N, Maffer C .  1 992.  Epi lepsy 
in an Ital ian commun ity as assessed by a survey for prescriptions of antiepi leptic drugs: 
epidemiology and patterns of care. Acta. Neurol .  Scand. 85: 23-3 1 .  

Gomez JG, Arciniegas E, Torres 1 .  1 978 .  Prevalence of epi lepsy in Bogota, Columbia. 
Neurology: 90-94. 

Goodridge DMG, Shorvon SD. 1 983 .  Epi leptic seizures in a population of 6000. Br. Med. 
J 287 :  64 1 -645 .  

Goudsmit J, van der Waals FW,  Gajdusek DC.  1 983 .  Epi lepsy in the Gbawein and 
Wroughbarh Clan of Grand Bassa County, Liberia :  The endemic occurence of 'See-ee' in 
the Native Popu lation. Neuroepidemiology 2: 24-34. 

Gracia F, de Lao SL, Casti l lo L, Larreategui M, Archbold C, Brenes MM, Reeves Wc. 
1 990. Epidemiology of Epi lepsy in Guaymi Indians from Bocas del Toro Province, 
Republic of Panama. Epi lepsia 3 1 :  7 1 8-723. 

Gram L, Alving J ,  Sagild JC. 1 988 .  Juveni le myoclonic epi lepsy in unexpected age 
groups. Epi lepsy Res 2 :  1 37- 1 40 .  

Granieri E, Rosati G, Tola R,  Pavoni M, Paol ino E, Pinna L, Monetti Vc.  1 983 .  A 
descriptive study of epi lepsy in the district of Copparo, Italy, 1 964- 1 978 .  Epi lepsia 24 : 
502-5 1 4 . 

Group ILAEGC. 1 993 . Concordance of clinical forms of epi lepsy in fami l ies with several 
affected members. Epi lepsia 34: 8 1 9-826. 

Groves RM, Di l lman DA, Eltinge JL, Little RJA. 200 1 .  Survey Nonresponse. New York: 
Wi ley. 

Gudmundsson G. 1 966. Epi lepsy in Iceland. Acta. neur. scand. 43 .  

Guekkht A, Gusev E, Kurkina T ,  Mitrpkhina T,  Kovaleva I ,  Shpak A, Hauser WA. 1 999. 
Epidemiology of epi lepsy in Moscow, Russia. Epi lepsia 40: 1 09. 

Haddock DRW. 1 967. Medical Memonrandum: An attempt to assess the prevalence of 
epi lepsy in Accra. Ghana Medical Journal: 1 40- 1 4 1 .  

Haerer AF, Anderson DW, Schoenberg BS .  1 986. Prevalence and cl in ical features of 
epi lepsy in a biracial United States population. Epi lepsia 27: 66-75.  

224 



Hauser WA, Kurland LT. 1 975 .  The epidemiology of epi lepsy in Rochester, Minnesota, 
1 935 through 1 967. Epi lepsia 1 6 : 1 -66. 

Hauser WA, Annegers JF, Kurland LT. 1 99 1 .  Prevalence of Epi lepsy in Rochester 
Minnesota: 1 940- 1 980. Epi lepsia 42: 429-445.  

Hauser WA, Annegers JF, Kurland LT.  1 99 1 .  1 993 . Incidence of epi lespy and 
unprovoked seizures in Rochester, Minnesota: 1 935 - 1 984. Epi lepsia 34 :  453-468. 

Hol lowell  J .  1 994. General Practice Research Database: scope and qual ity of data. 
London: Office for Population Censuses and Surveys. Report no. 

Houfek EE, E l l ingson RJ. 1 959. On the reliabi l ity of epidemiologic data obtained from 
medical records. J Chron Dis 1 28 :  425-437 .  

Hurst LA,  Reef HE,  Sachs SB.  1 96 1 .  Neuro-psychiatric disorders in the Bantu : 1 .  
Convusive disorders : A pi lot study with special reference to genetic factors. South 
African Medical Journal 3 5 :  750-754. 

ILAE. 1 98 1 .  Proposal for revised cl inical and electroencephalographic classification of 
epi leptic seizures. Epi lepsia 22: 489-50 1 .  

ILAE. 1 989. Proposal for Revised Classification of Epi lepses and Epi leptic Syndromes. 
Epi lepsia 30 :  3 89-399. 

I LAE. 1 993 .  Guidel ines for epidemiologic studies on epi lepsy. Epi lepsia 34:  592-596. 

Census of India. ] 98 1 .  Jammu & Kashmir, Special paper of 1 98 1 .  

Jack CR, Theodore WH, Cook MJ, G M. 1 995 .  MRI-base h ippocampal volumetrics: data, 
acquisition, normal ranges, and optimal protocol . Magnetic Resonance Imaging 1 3 :  1 057-
1 064. 

Jackson G, Berkovic SF, Tress B, Kalnins R, Fabinyi g, B ladin P. 1 990. H ippocampal 
sclerosis can be rel iably detected by magnetic resonance imaging. Neurology 40. 

Jackson JH. 1 93 1 . Selected writings of John Hugh l ings Jackson. London: Hodder & 
Stoughton. 

Jacoby A. 1 994. Felt versus enacted stigma: a concept revisited--evidence from a study of 
people with epi lepsy in remission. Soc Sci Med 3 8 :  269-274. 

Janz 0, Beck-Mannagetta G, Sander T. 1 992; .  Do idiopathic generalized epilepsies share 
a common susceptibil ity gene? Neurology 42: 48-55 .  

Jick H, Jick S,  Derby L. 1 99 1 .  Val idation of information recorded on a general 
practitioner based computerised data resource in the UK. Br. Med. J 302 : 766-768 . 

225 



J i lek-Aall LM. 1 965 . Epi lepsy in  the Wapogoro tribe in  Tanganyika. Acta. Psychiatr. 
Scand. 4 1 :  57-86. 

J i lek-Aall LM. 1 979. Cl in ical and genetic aspects of seizure disorders prevalence in an 
isolated African Population. Epi lepsia 20: 6 1 3-622. 

J i lek WG, J i lek-Aall LM. 1 970. The problem of epi lepsy in  a rural Tanzanian tribe. Afr. 
J .  med.  Sci .  1 :  305 -307. 

Joensen P. 1 986. Prevalence, incidence, and classification of epi lepsy in the Faroes. Acta. 
Neurol .  Scand. 74: 1 50- 1 55 .  

Jones G ,  Ding C-H, Hynes KL, Ma 0,  Gl isson M, Cicuttin i  FM. 2003.  Knee articular 
carti lage development in  chi ldren :  a longitudinal study of the effect of gender, growth, 
Tanner stage and physical activity. Pediatric Research 54: 230-236. 

Joshi V, Katiyar BC, Mohan PK, Misra S, Shukla GO. 1 977. Profi le of epi lepsy in  a 
developing country: a study of 1 000 patients based on the international class ification. 
Epi lepsia 1 8 : 549-554. 

Juul-Jensen P. 1 964. Epilepsy: a c l in ical and social analysis of 1 020 adult patients with 
epi leptic seizures . Acta. neur. scand.  40: 1 - 1 48 .  

Juul-Jensen P, Foldspang A. 1 983 .  A natural h istory of epi leptic seizures. Epi lepsia 24 :  
297-3 12 .  

Kaamugisha J, Feksi AT. 1 988 .  Determining the prevalence of  epi lepsy in the semi-urban 
population of Nakuru, Kenya, comparing two independent methods not apparently used 
before in epi lepsy studies. Neuroepidemiology 7: 1 1 5- 1 2 1 .  

Kaoul R, Razdan S, Motta A. 1 988 .  Prevalence and pattern of epi lepsy 
(LathlMirgri/Laran) in rural Kashmir, India. Epi lepsia 29 : 1 1 6- 1 22.  

Karaagac N, Yeni N, Senocak M, Bozluolcay M, Savrun FM, Ozdemir H,  Cagatay P .  
1 999. Prevalence of epi lepsy in S i l ivri, a rural area of Turkey. Epi Jepsia 40 : 637-642. 

Kel l inghaus C, Loddenkemper T, Naj im IM, al e. 2004. Spec ific epi leptic syndromes are 
rare even in tertiary epi lepsy centres: a patient-oriented approach to epi lepsy 
class i fication. Epi lepsia 45 :  268-275. 

Kelsey JL, Thompson WO, Evans AS. 1 986. Methods in  observation epidemiology. New 
York: Oxford University Press. 

Keranen T. 1 987.  The frequency of erroneous diagnosis of epi lepsy, an epidemiological 
survey. Pages 8 1 -82 in Dam M, Johannessen SI, N i lson B, S i l lanpaa M, eds. Treatment 
of epi lepsy in progress. Chichester: John Wi ley & Sons. 

226 



Keranen T, S i l lanpaa M, Riekkinen Pl 1 988 .  Distribution of seizure types in an epi leptic 
population. Epi lepsia 29 :  1 -7 .  

Keranen T, Riekkinen P1 ,  S i l lanpaa M.  1 989. Incidence and prevalence of  epi lepsy in  
adu lts in Eastern Fin land. Epi lepsia 1 989 :  4 1 3-42 1 .  

Kraemer H C. 1 979. Ramifications of a population model for k as a co-efficient of 
rel iab i lity. Psychometrika 44: 46 1 -472. 

Kramer U, Nevo Y, Neufeld MY, Fatal A, Leitner Y, Harel S .  1 998 .  Epidemiology of 
epi lepsy in chi ldhood: a cohort of 440 consecutive patients. Paediatr Neurol 1 8 : 46-50. 

Krohn W. 1 96 1 .  A study of epi lepsy in northern Norway, its frequency and character. 
Acta. Psych. Scand. 36: 2 1 5-225. 

Kurland LT. 1 959. The incidence and prevalence of convulsive disorders in smal l urban 
community. Epi lepsia 1 :  1 43- 1 6 1 .  

Kurland LT, Molgaard CA. 1 98 1 .  The patient record in Epidemiology. Scientific 
American 245 : 46-55 .  

Lambie DG, 10hnson RH, Stanaway L .  1 98 1 .  Prescribing patterns for epi lepsy. NZ Med 1 
94 : 1 5- 1 9. 

Lammers MW, Hekster Y A, Keyser A, Meinardi H ,  Renier WO, Herings RMC. 1 996. 
Use of antiepi leptic drugs in a community-dwell ing Dutch population. Neurology 46: 62-
67. 

Lamorgese N, Bisogni F, Mattagl iati P, al e. 1 979. Indagine epidemiologica neurologica 
in un commune del la Toscana Nord-Occidentale. Pages 292. XXI congresso del la Societa 
Ital iana di Neurologia,. Catania, Italy. 

Landis 1R, Koch GG. 1 977. The measurement of observer agreement for categorical data. 
Biometrics 33 .  

Lavados 1 ,  Germain L, Morales A, Campero M,  Lavados P .  1 992. A descriptive study of 
epi lepsy in the district of El Salvador, Chi le, 1 984- 1 988 .  Acta. Neurol .  Scand. 82: 249-
256. 

Lavy S, Carmon A, Yaar I .  1 972 . Assessment of a cl inical and electroencephalographic 
classification of epi leptic patients in every day neurological practice. Epilepsia 1 3 : 498-
505. 

Le QC, Huong NV, 1al lon P .  2007. Prevalence of epi lepsy in Phu Linh - Soc Son -
Hanoi, a rural region in North Vietnam. Neurology Asia 1 2 : 57 .  

Leibowitz U, Alter M. 1 968 .  Epi lepsy in  1erusalem, Israel .  Epi lepsia 9 :  87- 1 05 .  

227 



Lennox WG, Lennox EP. 1 960. Epilepsy & related disorders. Toronto. 

Lessel l  S, Torres JM, Kurland LT. 1 962. Seizure d isorders in a Guamanian Vi l lage. Arch. 
Neuro l .  (Chic) 7: 77-85. 

Levy LF. 1 970. Epi lepsy in Rhodesia, Zambia and Malawi.  Afr. J .  med. Sci .  1 :  29 1 -303 . 

Levy LF, Forbes J I .  1 964 . Epi lepsy in  Africans. The Central African Journal of Med icine 
1 0 :  24 1 -249. 

Li S-c, Schoenberg BS,  Wang C-c, Cheng X-m, Zhou S-s, Bol is CL. 1 985 .  Epidemiology 
of epi lepsy in urban areas of the People's Republic of China. Epi lepsia 26: 3 9 1 -394.  

L10yd Jones A.  1 980. Medical audit of the care of patients with epi lepsy. J .  R. CoI l .  Gen. 
Pract. 30: 396-400. 

Logan WPD, Cushion A. 1 958 .  Vol 1 (General) GRO studies on medical and population 
subjects. London : HMSO. Report no. 

Loh NK, Lee WL, YeW WW. Tj ia TL. 1 997. Refractory seizures in a young army cohort. 
Ann Acad Med Singapore 26: 47 1 -474. 

Loiseau P, DUche B, Loiseau J .  1 99 1 .  Classification ofepi lepsies and epi leptic 
syndromes in two different samples of patients. Epi lepsia 32 :  303-309. 

Loiseau P, Panayiotopou los CP, Hirsch E. 2002. Chi ldhood absence epilepsy and related 
syndromes. London: John Libbey & Co Ltd. 

Luders H O, Acharya J, Baumgartner C, al e. 1 998 .  Semiological seizure c lassification. 
Epi lepsia 39 :  1 007- 1 0 1 3 . 

Luengo A, Para J, Colas J, Ramos F, Carreras T, Fernandez P, M J, Munoz A, Hernando 
V. 200 I. Prevalence of epi lepsy in Northeast Madrid. Journal of Neurology 248 : 762. 

MacOonald BK, Cockere l l  OC, Sander JWAS, Shorvon SD. 2000. The incidence and 
l i fetime prevalence of neurological d isorders in a prospective community-based study in 
the UK. Brain 1 23 :  665-676. 

Malafosse A, Genton P, Hirsch E, al e. 1 994. Id iopathic general ised epi lepsies. London : 
John Libby & Company Ltd . 

Manford M, Hart YM, Sander JWAS, Shorvon SO. 1 997. The National General Practice 
Study of Epilepsy: The Syndromic C lassi fication of the International League Against 
Epilepsy Appl ied to Epi l epsy in a General Popu lation. Arch . Neurol . 49: 80 1 -808 . 

228 



Mani KS, Rangan G, Srinivas HV, Kalyanasundaram S, Narendran S, Reddy AK. 1 998 .  
The Yelandur study: a community-based approach to epi lepsy in rural south India -
epidemiological aspects. Seizure 7 :  28 1 -288 .  

Manyam BV. 1 992. Epi lepsy in Ancient India. Epi lepsia 33 :  473-475.  

Maremmani C, Rossi G, Bonuccel l i  U, Murri L .  1 99 1 .  Descriptive epidemiologic study 
of epi lepsy syndromes in a district of Northwest Tuscany, Italy. Epi lepsia 32 :  294-298 .  

Marini C, a l .  e .  2004. Genetic architecture of  Idiopathic General ised : cl in ical genetic 
analysis of 55 Multiplex fami l ies. Epi lepsia 45 :  467-478 .  

Marino Jr .  A, Cukiert A, Pinho E .  1 987 .  Epidemiological aspects of epi lepsy in Sao 
Paulo, Brazi l :  a prevalence rate study. New York: Raven Press. 

Mathai KV, Dunn DP, Kurland LT, Reeder FA. 1 968 .  Convulsive disorders in the 
Mariana Is lands. Epi lepsia 9: 77-85 .  

McCluggage JR, Ramsey HC,  Irwin WG,  Dowds MF.  1 986. Anticonvulsant therapy in a 
general practice population in Northern Ireland. 1 .  R. Col I .  Gen. Pract. 34:  24-3 1 .  

McNaughton FL. 1 952.  Epi lepsia 1 :  1 5 . 

Melcon MO, Anderson D, Kochen S .  1 997. Prevalence of epi lepsy in Junin, Buenos 
Aires, Argentina. Epi lepsia 38 :  3 .  

Mendizabal JE, Salguero L F .  1 996. Prevalence o f  epi lepsy in a rural community of 
Guatemala. Epi lepsia 37 :  373-376. 

Meneghini F, Rocca WA, Grigoletto F, Morgante L ,  Reggio A, Savettieri G, Di  Perri R, 
Anderson DW. 1 99 1 .  Door-to-door prevalence survey of neurological diseases in a 
Sici l ian population : Background and methods. Neuroepidemiology 1 0 : 70-85 .  

Meneghini F, Rocca WA, Anderson DW, Grigoletto F, Morgante L ,  Reggio A,  Savettieri 
G, D i  Perri R. 1 992. Val idating screening instruments for neuroepidemiologic surveys: 
Experience in S ici ly. 1. C l in .  Epidemiol . 45 :  3 1 9-33 1 .  

Merl is JK. 1 970. Proposal for an international classification of the epi lepsies. Epi lepsia 
1 1 : 1 1 4- 1 1 9 .  

Mul ley JC, al e. 2004. Genetic association studies in epilepsy: "The truth is out there" .  
Epi lepsia 49: 1 429- 1 444. 

Murphy C, Trevathan E, Yeargin-Al lsopp M. 1 995 .  Prevalence of epi lepsy and epi leptic 
seizures in 1 O-year-old chi ldren : resu lts from the Metropolitan Atlanta Developmental 
Disabi l ities Study. Epi lepsia 36 :  866-872. 

229 



NCHS. 1 990. Current estimates from the National Health Interview Survey: data from the 
national health survey, 1 989.  Hyattsvi l le, Maryland : Department of Health and Human 
Services, Public Health Service, CDC. Report no. DHHS publication no. (PHS) 90- 1 504. 
(Vital and health statistics; series 1 0, no 1 76) . 

N icoletti A, Reggio A, Bartoloni A, al e. 1 998 .  A neuroepidemiological survey in rural 
Bol ivia: background and methods. Neuroepidemiology 1 7 : 273-280. 

Nicoletti A, et al . 1 999. Prevalence of epilepsy in rural Bol ivia. Epi lepsia 53 :  2064-2069. 

Noronha ALA, et al. 2007. Prevalence and Pattern of Epi lepsy Treatment in Different 
Socioeconomic Classes in Brazi l .  Epi lepsia 48 :  880-885.  

Ohtsuka Y, Ohno S,  Oka E, Ohtahara S.  1 993 .  Classification of epi lepsies and epi leptic 
syndromes of childhood according to the 1 989 ILAE classification. J. Epi lepsy 6: 272-
276. 

Oka E, Ishida S,  Ohtsuka Y, Ohtahara S .  1 995 .  Neureepidemiological study of chi ldhood 
epi lepsy by appl ication of international classificaiton of epi Jepsies and epi leptic 
syndromes. Epi lepsia 36 :  658-66 1 .  

Oka E, Ohtsuka Y, Yoshinaga H ,  Murakami N,  Kobayashi K, Ogino T. 2006. Prevalence 
of Chi ldhood Epi lepsy and Distribution of Epi leptic Syndromes: A Population-based 
Survey in Okayama, Japan . Epi lepsia 47:  626. 

Olafsson E, Hauser WA. 1 999. Prevalence of epi lepsy in rural Iceland : a population­
based study. Epi lepsia 40 : 1 529- 1 534.  

Olafsson E, Ludvigsson P, Gudmundsson G, Hesdorffer D, Kjartansson 0, Hauser WA. 
2005.  Incidence of unprovoked seizures and epi lepsy in Iceland and assessment of the 
epi lepsy syndrome classification: a prospective study. Lancet Neurology 4: 727-734 . 

Ol ivares L .  1 972. Epi lepsy in Mexico : A population study. Us Department of Health, 
Education, and Welfare. Report no. NINDS Monograph No 1 4 . 

Onal AE, Tumerdem Y, Ozturk MK, Gurses C, 8aykan B,  Gokyigit A, Ozel S .  2002. 
Epi lepsy prevalence in a rural area in Istanbu l .  Seizure 1 1 : 397-40 1 .  

Orley 1 .  1 970. Epilepsy in Uganda (Rural). Afr. J .  med. Sci .  1 :  1 55- 1 60 .  

Osservatorio Regionale per l'Epi Jessia (OREp) L .  1 996. ILAE classification of epi lepsies: 
its appl icabi l ity and practical value of different diagnostic categories. Epi lepsia 37 :  1 072-
1 077. 

Osuntokun BO. 1 978.  Epidemiology of epilepsy in developing countries in Africa. Trop. 
geogr. Med 30: 23-32. 

230 



Osuntokun BO, Odeku EL. 1 970.  Epi lepsy in Ibadan, Nigeria. Afr. 1. med. Sci .  1 :  1 85-
200. 

Osuntokun BO, Adeuja AOG, Nottidge VA, Bademosi 0, Olumide A, Ige 0, Yaria F, 
Bolis CL, Schoenberg BS. 1 987 .  Prevalence of the epi lepsies in Nigerian Africans: a 
community-based study. Epi lepsia 28 :  272-279. 

Osuntokun BO, et al . 1 982.  Research protocol ,  measuring the prevalence of neurological 
disorders in developing countries. Results of a p i lot study in Nigeria. 
Neuroepidemiology 1 :  1 43 - 1 53 .  

Ottman R, Annegers JF .  1 998 .  Relations of genetic and environmental factors i n  the 
aetiology of epi Jepsy. Ann Neurol 43 : 435-445 .  

Ottman R ,  Hauser W A, Stall one L. 1 990. Semistructured interview for seizure 
classification : agreement with physicians' diagnoses. Epi lepsia 3 1 :  1 1 0- 1 1 5 .  

Ottman R, Lee JH, al e .  1 998a. Are general ised and localization-related epi lepsies 
genetically distinct? Arch Neurol 55 :  339-344. 

Ottman R, Risch N, Hauser WA, al e. 1 995 .  Local isation of a gene for partial epi lepsy to 
chromosome I Oq. Nat Genet. 1 0 : 56-60. 

Ottman R, Barker-Cummings C, Pedley TA, Scheuer ML, Hauser WA. 1 998b. With in­
fam ily concordance of epi lepsy syndromes and seizure types. Neurology 50: A447. 

Ottman R, Lee JH, Hauser WA, Hong S,  Hesdorffer D, Schupf N, al e. 1 993 . Reliabil ity 
of seizure class ification using a semi-structured interview. Neurology 43 : 2526-2530.  

Oun A, Haldre S,  Magi M.  2003 . Prevalence of adult epi lepsy in Estonia. Epi lepsy Res 
52:  233-242 .  

Ozdemir Z .  1 995 .  Prevalence and cl inical features o f  epi lepsy i n  a rural area o f  Sivas 
province, Turkey. Istanbul :  WHO. Report no. 

Pal DK, Das T, Sengupta S. 1 998.  Comparisons of key informant and survey methods for 
ascertainment of chi ldhood epi lepsy in West Bengal, India. International Journal of 
Epidemiology 27: 672-676. 

Panayiotopou los CP. 2005 .  Syndromes of Idiopath ic General ised Epi lepsies Not 
Recognised by the International League Against Epilepsy. Epilepsia 46: 57-66. 

Pearce N.  1 998 .  Asthma Epidemiology: Principles And Epidemiology: Oxford University 
Press. 

23 1 



Pedro JD, Rosenqvist U .  1 984. Tracers for paralysis agitans in epidemiological research .  
I Analysis of Swedish drug-use registers and tracers selection. Neuroepidemiology 3 :  82-
96 .  

Penfield W.  1 948 .  Classification of the epi lepsies. Arch. Neurol .  & Psychiat. 60 :  1 07-
1 1 8 .  

Penfield W ,  Jasper HH.  1 954. Epi lepsy and the functional anatomy o f  the human brain. 
Boston : Little Brown. 

Picot M-C, Crespel A, Tricot M, Daures J-P, Valton L, Malafosse A, Baldy-Moulinier M.  
1 999. Valid ity of diagnosis  using the French Translation of the semi-structured interview 
for seizure classification. Epi lepsia 40: 1 649- 1 656. 

Placencia M, Sander J WAS, Shorvon SD, El l ison RH, Cascante SM. 1 992a. Validation 
of a screening questionnaire for the detection of epi leptic seizures in epidem iologic 
studies. Brain 1 1 : 74-84. 

Placencia M, Suarez J ,  Crespo F, Sander JWAS, SD S,  El l ison RH, Cascante SM. 1 992b. 
At large scale study of epi lepsy in Ecuador: methodological aspects. Neuroepidemiology 
1 1 : 74-84. 

Placencia M, Shorvon SD, Paredes V, B imos C, Sander JWAS, Suarez J ,  Cascante SM. 
1 992c. Epi leptic seizures in an Andean Region of Ecuador. Brain 1 1 5 :  77 1 -782. 

Pol lock HM. 1 930 .  A statistical review of Convuls ive disorders in the United States. 
American Journal of Psychiatry 87 :  655 .  

Pond DA, B idwell  BH,  Stein L .  1 960. A survey of epilepsy in fourteen general practices. 
Psychiatr. Neurol . Neurochir. 63 : 2 1 7-236 .  

Practitioners RCotCotcoG.  1 962 . Morbidity Statistics from General Practice I I I  (Disease 
in General Practice). London. Report no. No 1 4 . 

Preux PM, Druet-Cabanac M.  2005 .  Epidemiology of epi lepsy in  sub-Saharan Africa. 
Lancet Neurology 4: 2 1 -3 1 .  

Pribram K.  1 987 .  The subdivisions of the frontal cortex revisited . Pages 1 1 -40 in 
Perecman E, ed . The Frontal Lobes Revisited. New York, NY: I RBN Press. 

Puvanendran K.  1 997. Epidemiology of epi lepsy in Singapore. Epi lepsia 3 8 :  257 .  

Rajbhandari KC . 2003 .  Epi lepsy in Nepal. Neurol .  J Southeast Asia 8 :  1 -4 .  

Rajeh SA, Awada A, Bademosi 0, Ogunn iyi A.  200 1 .  The prevalence of epi lepsy and 
other seizure d isorders in an Arab population: a community-based study. Seizure 1 0 : 4 1 0-
4 1 4 .  

232 



Rajeh SA, Abo Melha AM, Awada A,  Bademosi 0, Ismai l H .  1 990. Epi lepsy and other 
convulsive disorders in Saudi Arabia: a prospective study of 1 000 consecutive cases. 
1 990 82 : 34 1 -345 . 

Rajeh SA, Bademosi 0, Ismai l H, Awada A, Dawodu A, AI-Freih i  H, Assuhaimi S, 
Borol losi M, AI-Shammasi S .  1 993 . A community survey of neurological disorders in 
Saudi Arabia: The Thughah Study. Neuroepidemiology 1 2 : 1 64- 1 78 .  

Reggio A ,  Fai l la  G ,  Pati F ,  Nicoletti A ,  Grigoletto F.  1 996. Prevalence o f  epi lepsy: door 
to door survey in the Sic i l ian community of Riposto. Italian Journal of Neurological 
Science 1 7 :  1 47- 1 5 1 .  

Reutens DC, Howel l A, a! . e. 1 992. Val idation of a Questionnaire for Cl in ical Seizure 
Diagnosis. Epi lepsia 3 3 :  1 065- 1 07 1 .  

Rinaldi G, Zarrel l i  MM, Beghi E, Apollo F ,  Germano M, Viesti PO, S imone P .  2000. The 
international classification of the epi lepsies and epi leptic syndromes: an algorithm for its 
use in cl in ical practice. Epi lepsy Res 4 1 :  223-234. 

Robertson J, Fryer J, O'Connell DL, Smith AJ, Henry DA. 200 1 .  Personal formularies: an 
index of prescribing quality? Eur 1. C l in. Pharmacol 57 :  333-34 1 .  

Rocca W A, Savettieri G, Anderson DW, Menegh ini F, Grigoletto F, Morgante L, Reggio 
A, Salemi G, Patti RD. 200 I .  Door-to-door prevalence survey of epi lepsy in three Sici l ian 
Municipal ities. Neuroepidemiology 20: 237-24 1 .  

Rose G. 1 995.  The strategy of preventive medicine. New York: University Press. 

Rose SW, Penry JK, Markush RE, Radloff LA, Putnam PL.  1 973 .  Prevalence of epi lepsy 
in chi ldren. Epilepsia 1 4 : 1 33 - 1 52 .  

Rowan AJ, Hyman HH. 1 976. The prevalence of epi lepsy in a large heterogeneous urban 
population (The Bronx, New York, January 8, 1 975). Trans Am Neurol Assoc. 1 0 1 : 28 1 -
283 .  

Ruberti RF, a l  e .  1 985 .  Epi lepsy in the Kenyan Africa. Afr. J .  Neuro! .  Sc i  4 1 :  36-40. 

Rutgers M1. 1 986. Epilepsy in General Practice: The Dutch Situation. Epi lepsia 27: 734-
738 .  

Rwiza HT, et a ! .  1 992. Prevalence and incidence of  epi lepsy in Ulanga, a rural Tanzanian 
District: A community-based study. Epi lepsia 3 3 :  1 05 1 - 1 056. 

Sackett DL. 1 979. B ias in  analytical research. J Chron Dis 32 :  5 1 -63 .  

Sander JWAS, Shorvon SO. 1 987 .  Incidence and prevalence studies in epi lepsy and their 
methodological problems: a review. 1. Neuro ! .  Neurosurg. Psychiatry 50: 829-839. 

233 



Sander JWAS, Shorvon SO.  1 996. Epidemiology of the epilepsies. J .  Neurol .  Neurosurg. 
Psychiatry 6 1 :  433-443 . 

Schoenberg BS .  1 982.  C l in ical neuro-epidemiology in  developing countries : neurology 
with few neurologists. Neuroepidemiology 1 :  1 37- 1 42 .  

Sander JWAS, Shorvon SO. 1 983 .  Neurologic General isations: h igh tax on  imported 
data, low tax on important principles. Neuroepidemiology 2 :  1 1 7- 1 20. 

Scott RA, Lhatoo SO, al e. 200 1 .  The treatment of epi lepsy in  developing countries: 
where do we go from here? Bul l  of the WHO 79 : 344-35 1 .  

Seber GAF .  1 970. The effect of trap response on tag recapture estimates. B iometrics 26: 
1 3-22. 

Sekar CC, Oeming WE. 1 949. On a method of estimating birth and death rates and the 
extent of registration. Am Stat Ass J 44: 1 0 1 - 1 1 5 . 

Senanayake N. 1 993 .  C lassification of epi leptic seizures : a hospital-based study of 1 250 
patients in  a developing country. Epi lepsia 34 : 8 1 2-8 1 8 . 

Shah KN, Rajadhyaksha RD, Shah VS, Shah NS, Oesai VG. 1 992. Experience with the 
International League Against Epi lepsy Classification of epi leptic seizures ( 1 98 1 )  and 
epi lepsies and epi leptic syndrome ( 1 989) in epi leptic chi ldren in a developing country. 
Epi lepsia 3 3 .  

Snow RW, al e .  1 994 . The prevalence of  epi lepsy among a rural Kenyan population. Its 
association with premature mortal ity. Trop Geogr Med 46: 1 75- 1 79.  

Spratl ing WP. 1 904 . Epi lepsy and its treatment. Phi ladelphia: W. B .  Saunders Company. 

Sridharan R, Radhakrishnan K, Ashok PP, Mousa ME. 1 986. Epidemiological and 
c l in ical study of epi lepsy in Benghazi, Libya. Epi lepsia 27 :  60-65 . 

Stanhope JM, Brody JA, Brink E. 1 972 .  Convulsions among the Chamorro people of 
Guam, Mariana Islands: I Seizure disorders. Am. J .  Epidemiol .  95 :  292-298 .  

Stevens JM, Pat i l  A-A, Engel JJ ,  Orrison WWJ, Lewine JO,  A SJ ,  a l  e. 1 996. Epi lepsy: 
structural or functional? [forum] .  Am J Neuroradiol 1 7 : 243-246. 

Taylor MP. 1 980. 'A job half done'. J. R. Coi l .  Gen. Pract. 30: 456. 

Tekle-Haimanot R. 1 984. The pattern of epi lepsy in  Ethiop ia: analysis of 468 cases. 
Eth iop. Med. J 22:  I 1 3- 1 1 8 . 

Tekle-Haimanot R, Forsgren L, Ekstedt 1 .  1 997. Inc idence of epi lepsy in rural central 
Eth iopia. Epi lepsia 3 8 :  54 1 -546. 

234 



Tekle-Haimanot R, Abebe M, Mariam AG, Forsgren L, Holmgren G, Heijbel J, Ekstedt J .  
1 990a. Community-based study of neurological d isorders in Ethiopia: Development of a 
screening instrument. Eth iop.  Med. J 2 8 :  1 23- 1 37 .  

Tekle-Haimanot R ,  Forsgren L,  Abebe M, Gebre-Mariam A, Heijbel J ,  Holmgren G, 
Ekstedt J .  1 990b. C l in ical and electoencephalographic characteristics of epi lepsy in  rural 
Ethiopia: a community-based study. Epi lepsy Res 7: 230-239. 

Telang BV, Hettiaratchi ESG. 1 98 1 .  Patterns of epi lepsy in Kenya - a c l inical analysis of 
1 1 5 cases. East African Medical Journal 58:  437-444. 

Thorburn MJ, Desai P, Durkin MS.  1 99 1 .  A comparison of efficacy of the key informant 
and commun ity survey methods in the identification of chi ldhood d isabi l ity in Jamaica. 
Ann Epidemiol 1 :  255-26 1 .  

Tran D-S, Odermatta P,  Lea T-O, Hucc P, Druet-Cabanacc M, Barennesa H, Strobela M, 
Preux P-M. 2006. Prevalence of Epi lepsy in a Rural District of Central Lao PDR. 
Neuroepidemiology 26:  1 99-206. 

Trewin D. 200 1 .  Information Paper: Census of Population and Housing Socio-Economic 
Indexes for Areas (SEIFA). ABS Catalogue No. 2039.0 I SBN 0 642 47936 4.  
Turre l l  G, Oldenburg B F, Harris E, Jol ley DJ,  Kimman ML. 2003 . Socioeconomic 
d isadvantage and use of general practitioners in rural and remote Austral ia. Med J Aust 
1 76 :  325-326. 

Tylor Fox J .  1 937 .  The need for community care of epi leptics. Mental Welfare xvi i i :  1 0 . 

Tylor Fox J .  1 939 .  Epi leptics in the Community .  Journ. of Mental Science, London 
LXXXV: 940-952. 

van der Waals FW, Goudsmit J, Gajdusek DC. 1 983 .  See-ee: C l in ical characteri stics of 
h ighly prevalent seizure d isorders in  the Gbawein and Wroughbarh C lan region of Grand 
Bassa County, L iberia. Neuroepidemiology 2: 35-44. 

van Donselaar CA, Geerts AT, Schimsheiner R-J. 1 990. Usefu lness of an aura for 
classification of a first generalised seizure. Epi lepsia 3 1 :  529-535 .  

van Donselaar CA, Geerts AT, Meulstee J ,  Babbema JDF, Staal A.  1 989. Reliab i l ity of 
the diagnosis of a first seizure. Neurology 39: 267-27 1 .  

Viani F, Beghi E, Atza G, Gulotta M. 1 988 .  C lassification of epi leptic syndromes: 
advantages and l imitations for evaluation of chi ldhood epi leptic syndromes in cl in ical 
practice. Epi lepsia 29: 440-445 .  

Wajsbort J ,  Haral N ,  Alfandary 1 .  1 967. A study of the epidemiology o f  chronic epi lepsy 
in Northern I srael .  Epi lepsia 8 :  1 05 - 1 1 6 . 

235 



Wallace H, Shorvon SO, Tal l is  R. 1 998a. Age-specific incidence and prevalence rates of 
treated epi lepsy in an un selected population of 2 052 922 and age-specific ferti l ity rates 
of women with epi lepsy. Lancet 352:  1 970- 1 973 . 

Wal lace RH, et a l .  1 998b. Febrile seizures and general ized epi lepsy associated with a 
mutation in the Na+-channel beta 1 subunit gene SCN 1 B . Nat Genet. 1 9 : 366-370. 

Wang C-c, Cheng X-m, Li S-c, Bolis CL, Schoenberg BS. 1 983 .  Epidemiology of 
epilepsy in Beij ing, People's Republ ic of China. Proceedings of the 1 5th epi lepsy 
international symposium, .  Washington, DC. 

Wang WZ, et al . 2003 . The prevalence and treatment gap in epi lepsy in Ch ina. Neurology 
60: 1 544- 1 545.  

White PT, Buckley EG. 1 98 1 .  The management of epi lepsy - an audit of two practices. 
Health Bul l  (Edinb) 39 :  82-88 .  

WHO. 1 98 1 .  WHO protocol on  epidemiologic studies of  neurologic disorders. Geneva: 
World Health Organ isation. Report no. 

Wil l iams 0. 1 958 .  Modern views on the classification of epi lepsy. Br. Med . 1 22 :  66 1 -
663 . 

Winawer MR, Ottman R, Hauser WA, Pedley TA. 2000. Autosomal dominant partial 
epi lepsy with auditory features: defining the phenotype. Neurology 54: 2 1 73-2 1 76 .  

Winawer MR, Rabinowitz D, Ped ley TA, Hauser WA, Ottman R.  2003. Genetic 
influences on myoclonic and absence seizures. Neurology 6 1 :  1 576- 1 58 1 .  

Wright J, P ickard N, Whitfield A, Hakin N .  2000. A population-based study of the 
prevalence, cl in ical characteristics and effect of ethnic ity in epi lepsy. Seizure 9: 309-3 1 3 .  

Youden WJ. 1 950. Index for rating diagnostic tests. Cancer: 32-35 .  

Young AC, Costanzi JB ,  Mohr PO ,  S t  C lair FW.  1 982.  I s  routine computerised axial 
tomography in epi lepsy worthwhi le? Lancet 2 :  1 446- 1 447. 

Zander LI, Graham H,  Morrel l  DC, Fenwick P. 1 979. Audit of care for epileptics in a 
general practice. Br. Med . J i i :  1 035 .  

Zei l inski 11. 1 974a. Epi leptics not i n  treatment. Epi lepsia 1 5 :  203 -2 1 0. 

Zei l inski JJ. 1 974b. Epidemiology and medico-social problems of epi lepsy in Warsaw. 
Final report on research program No. 1 9-P-58325-F-0 1 .  Warsaw: Psychoneurological 
Institute. Report no. 

Zielinski 11. 1 972. Social prognosis in epi lepsy. Epi lepsia 1 3 :  1 33- 1 40.  

236 



Zei l i nski JJ. 1 976. People with epi lepsy who do not consult physicians. Stuggart: Thieme. 

Zolo P,  B ianchi A, Tiezzi A. 1 986. Epidemiology of epilepsy by means of the analysis of 
drug prescriptions (AED). BoI l .  Lega. Ital . Epi l .  54/55 :  345-347. 

237 



Appendices 

Appendix 1 :  Screening questions for epilepsy used in the WHO screening 
questionnaire for neurological diseases 

a. For subjects of 7 years of age and older: 

I .  Have you ever lost consciousness? 
2 .  Have you ever had episodes where you lost contact with your 

surroundings? 
3 .  Have you ever had any shaking o f  your arms and legs which you could not 

control? 

b. For chi ldren under 7 years of age: 

1 .  Has this chi ld ever lost consciousness? 
2 .  Does this chi ld have episodes characterized b y  vagueness and 

unawareness of surroundings? 
3 .  Have you ever seen this  chi ld shaking and unable to control the arms or 

legs? 

Questionnaire of 1 5  or 1 6  questions used for screening for neurological diseases in 
epidemiological surveys. 
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Appendix 2 :  Criteria for the definition o f  tonic-clonic seizures, used i n  epilepsy 
studies in rural areas of Africa, Asia, and South America (Sander and 
Shorvon 1987) 

I .  Loss of  consciousness from 1 -30 min  

1 1 .  Tonic phase 

I l l .  Clonic phase 

iv. Sphincteric disturbance 

v. Tongue biting 

V I .  Fal l 

V I I .  Injury due to fal l  

v i i i .  Postictal muscle soreness 

ix. Postictal drowsiness, sleep, or confusion 

x. Transient postictal focal paralysis 

A tonic-clonic convulsion i s  considered to have definite ly occurred if criteria i-i i i  are 
present with any two of criteria iv-x 
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Appendix 3 :  Operational definitions of seizures used in Ecuador study 

A. Epileptic Seizure 

1 .  Simple Partial Seizure (SPS) 

Attacks occur without loss of consciousness or amnesia and one or more of the fol lowing 
criteria occur; 

I .  Focal jerking or  ton ic, ton ic clonic, clonic movements (face/extremities/head) 
1 1 .  Head turning 

1 1 1 .  Paralysis of  a l imb 
IV. Hal lucinations/optical i l lus ions (metamorphopsia, teleopsia, polyopsia) 
v. Speech alterations (aphasia, dysarthria) 

v i .  Parasthesias, numbness in  face/l i mbs 
V 1 1 .  Olfactory/gustatory hallucinations 

V l l l .  Auditory Hal lucinations/i l lusions 
ix. Dysmnesic phenomena (deja vu, etc) 
x .  Vegatative (epigastric sensations, etc) 

X I .  Affective symptoms (fear, weeping, etc) 

2. SPS evolving to Complex Partial Seizures (CPS) 
I f any of the above criteria is/are fol lowed by impairment of consciousness without a 
generalized convulsion 

3. CPS 
I f  the attacks take the form of loss of consciousness without general ized convulsions, but 
with any of the fol lowing symptoms/signs: 

I .  Duration o f  attack from 30s to several m inutes 
i i .  Postictal headache and/or sleep, and/or post/transictal confusion 

I l l .  Impairment of  consciousness only or with at least one of  the fol lowing: 

a. Non-propositive automatisms: facial (swallowing, grimacing), 
fiddling movments (fingers, hands, etc) 

b. Propositive automatisms (gestural, walk ing, vocalization) 
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4. Generalised Absence 

If the attacks take the form of a brief loss of consciousness with amnesia on ly and the 
fol lowing s igns occur: 

I .  Onset between 5 and 1 5  years 
1 1 .  Usual ly less than 30s 

I l l .  Without movements, except s l ight blinking or  head jerking 
iv. Without fal l  
v. Without postictal headache or sleep 

V I .  Fami ly h istory of simi lar attacks 
V I I .  Occur especial ly when drowsy 

5. Alteration of Consciousness of undefined Classification 

If there are criteria for both 3 (CPS) and 4 (general ised absence). 

6. Generalised Tonic-Clonic Seizures (primarily and secondarily generalized) 

If the attacks take the form of a generalized convu lsion and the fol lowing criteria occur: 

I .  Loss of consciousness 1 -30 min 
1 1 .  Bilateral tonic contracture, fol lowed by  i i i  

i i i .  B i lateral clonic movements 
IV. Sphincteric incontinence 
v. Fal l 

V I .  Injury with fal l  
V I I .  Tongue biting 

v i i i .  Cyanosis/pal lor 
ix. Postictal drowsiness, sleep, confusion, or headache, muscular aching 
x. Postical uni lateral l imb weakness 

If the attack is immediately preceded by any of the symptoms in 1 (SPS), 2 (SPS + CPS) 
or 3 (CPS), the diagnosis becomes that of a secondari ly generalized convulsion. 

7. Atonic attacks 

If the attacks take the form of a non-orthostatic sudden fal l  with loss of tone without 
clonic movements, and with loss of consciousness and the fol lowing criteria occur: 

I .  Brief consciousness loss (usually seconds) 
1 1 .  Fal l  with inj ury 

1 1 1 .  Confusion, headache, drowsiness postictal ly 
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8. Tonic Attacks 

If the attacks take the form of a sudden fal l  with rigidity without clonic movements, and 
with loss of consciousness and the fol lowing criteria, the attacks are classified as tonic 
attacks : 

1 .  Brief (usually seconds) 
i i .  Injury in the attack 

I l l .  Tongue biting 
I V. Confusion, headache, drowsiness postictal ly 

9. Myoclonic Seizures 

If the attacks take the form of brief jerks and i f any of the fol lowing criteria occur: 

1 .  Jerks singly o r  in brief runs' 
i i .  Worse on  awakening or  when fal l ing asleep 

I l l .  Often in  clusters 

B. Febrile Convulsions 

If the attacks occurred only or are occurring between the ages of 2 and 5 years and the 
fol lowing criteria are positive: 

1 .  The attacks only occur i n  the context of fever 
1 1 .  Less than s ix  attacks have occurred in total 

i i i .  The attacks have convulsive feature 

C. Recurrent Attacks 

I .  S ingle attacks: i f  the attacks occurred o n  only one occasion or the attacks occurred 
on more that one occasion but the interval between attacks was less than 48 hours 

1 1 .  Recurrent attacks: if the attacks occurred on more than one occasion, and if the 
intervals between attacks were greater 48 hours. 
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Appendix 4 :  Original screening questionnaire as used during the clinic-based 
validation in the Ecuador Study 

I .  Have you ever lost consciousness? 
2 .  Have you ever had attacks in which you loose contact with the 

surrounding? 
3 .  Have you ever had attacks of shaking o f  the arms o r  legs which you 

could not control? 
4. Have you ever had attacks in which you fal l  to the ground with loss 

of consciousness? 
5 .  Have you ever had attacks in which you fal l  and bite your tongue? 
6. Have you ever had attacks in which you fal l  and lose control of your 

bladder? 
7. Have you ever had attacks in which you fal l  and become pale? 
8 .  Have you ever had attacks in which you lose your memory for a 

short period oftime? 
9 .  Have you ever had attacks of strange behaviour and loss of memory? 
1 0. Have you ever had brief attacks of shaking or trembl ing in one arm 

or leg or in the face? 
1 1 . Have you ever had attacks of tingling or numbness which move up 

your arm, leg or body? 
1 2. Have you ever had attacks of jerkings which move up your arm, leg 

or body? 
1 3 . Have you ever had attacks in which you lose contact with the 

surroundings and experience a feel ing of unreal ity or dreaminess? 
1 4 . Have you ever had attacks in which you lose contact with the 

surrounding and experience a sensation in which objects change 
shape or size? 

1 5 .  Have you ever had attacks in which you lose contact with the 
surrounding and experience abnormal visions? 

1 6 . Have you ever had attacks in which you lose contact with the 
surrounding an experience abnormal sounds? 

1 7 . Have you ever had attacks in which you lose contact with the 
surrounding an experience abnormal smel ls? 

1 8 . Have you ever had attacks in which you behave momentari ly in a 
confused fash ion? 

1 9 . Have you ever had attacks of palpitation? 
20. Have you ever been told that you have or had epi lepsy or epi leptic 

fits? 
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Appendix 5:  Screening questionnaire as used during the large-scale survey in the 
community Ecuador study 

1 .  Have you ever had attacks of shaking of the arms or legs which you could not 

control? 

2 .  Have you ever had attacks in  which you fal l  and become pale? 

3 .  Have you ever lost consciousness? 

4. Have you ever had attacks in which you fal l  with loss of consciousness? 

5 .  Have you ever had attacks in which you fal l  and bite your tongue? 

6. Have you ever had attacks in which you fal l  and lose control of your bladder? 

7 .  Have you ever had attacks of shaking or trembling in one arm or leg or  in the 

face? 

8 .  Have you ever had attacks in which you lose contact with the surroundings and 

experience abnormal sme l ls/sensations? 

9. Have you ever had a diagnosis of epi lepsy or epi leptic fits? 
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Appendix 6:  Additional questions used in Zambia to differentiate acute 
symptomatic seizures from epilepsy (Birbeck et al 2004) 

Has such an attack occurred only once ever? 

Did thislthese attacks occur in a chi ld (7 years or younger) 'only'  during an i l lness with 

fever? 

Did this/these attacks occur 'only' during an acute infection with malaria that resulted in  

hospital admission? 

Asked only if screen positive (any positive response to these questions negates above and 

makes screen negative) 

245 



Appendix 7 :  Screening Questions used in  a study in rural south India 
(Mani et al 1998) 

1 .  TCS 

Ca) Have you ever lost consciousness? I f  yes 

Cb) Were you then said to have had stiffness/jerking of arms and legs on both 
sides at that time? 

(c) Was there any fal l ,  injury, froth, tongue bite with cut, or incontinence at 
that time? 

2. SPS-Focal motor 

When fully conscious, have you eve had repeated episodes of stiffness/jerking 
of eyel id, mouth, hand or leg on one side only? 

3. CPS/Absence 

Have you eve had repeated blank spel ls with 

Ca) Staring look or other strange behaviour of which you were not aware? 
OR 

(b) Sudden, dull look when you become quiet and unresponsive for a very 
short time only? 

4. Myoclonic jerks 

When awake, have you ever had very brief episodes of sudden jerking of 
arms, legs or head? 

YesINo/Do not knowlNot recorded 

Questions translated in local language and supplemented by actions 

Questions 1 and 3 repeated for fever and hot-water bath 
Grammar modified for chi ldren below 1 5  years of age 
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Appendix 8 :  Survey questionnaire used in  West Bengal, India (pal et al 1998) 

How many chi ldren are there in the fam i ly  between 2 and 1 8  years of age? 

Has any one of them ever had these problems?: 

1 .  Sudden jerking or shaking of arms, legs or face which the chi ld could not stop 

themselves? 

2. Suddenly fell over and lost consciousness? 

3 .  Sudden ly fel l  over and bit their tongue? 

4. .  Experienced any of the fol lowing: suddenly lost touch, d idn't notice what was 

going around h im, at this time experienced a bodi ly  sensation eg smell which no 

one else did ? 

5 .  Had khichuni ,  khach, mrigi or  fit? D id  anyone say that's what i t  was? 
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Appendix 9 :  Screening questionnaire on neurological symptoms used in Ethiopian 
Neuroepidemiology Study (Telke-Haimanot et al 1990 

Date I Interviewer Peasants ' Assoc I House No.  Filing No. 

NEU ROLOGICAL SYMPTOMS 
Is there anyone in the household who has or had the following symptoms ? 

NO YES NAME (ID CODE) 
Number of 

persons 

Severe mental retardation 

Speech disturbance 

Unconsciousness fit, esp . .  with 
frothing. biting of tongue or 
incontinence of urine 

Sudden jerking movements 

Blindness 

Deafness 

Movement disorder of arm 

Movement disorder of leg 

Movement disorder of face 

Walking difficulty 

Numbness feet/hand 

Is there anyone in the household 
who has leprosy 

For someone with one of these symptoms please fill Questionnaire on 
neurological symptoms (Figure 3) 
Chronic disease but none of the 
above symptoms 

F IGURE 2.  Questionnaire on neurological symptoms 
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Appendix 10:  Detailed follow-up q uestionnaire for neurological interview used in  

Ethiopia (Tel ke-Haimanot et al 1990) 

Name of 
person I AGE I SEX I Ide ntity of 

Person I Date I Interviewer I Peasants' 
Assoc. I House I Filing No: 

No: 

MENTAL DISABILITY 

SPEECH DISTURBANCE 

UNCONSCIOUS FITS 

SUDDEN JERKY MOVEMENTS 

BLIND NESS 

DEAFNESS 

MOVEMENT 
DISTURBANCE 

.. 

- - -

.. 

- - -

.. 

-

.. 

-

HEAD/FACE 

: ARM 

: LEG 

WALKING DIFFICULTY 

NUMB NESS ARM/HAND 

. .  

- -
LEG/FOOT 

AGE AT YES NO ONSET 

R L 

R L 

R L 

R L 

R L 

R L 

R L 

R L 

R L 

SYMPTOMS 

Acute Gradual IN  CASE OF SYMPSTOMS COMMENTS 

HEAD CIRCUMFRANCE NORMAL �MALL 0 BIGO 
URINARY INCONTINCNE NO D YE 

SPEAKS NOT 0 A FEW WORDS 0 SLURS 0 
STAMMERS 0 STRANGE SPEAKING O 

IF THE PERSON HAS HAD UNCONSCIOUSNESS FITS 
AND/OR OCCASIONAL SUDDEN JERKY 
MOVEMENTS. PLEASE COMPLETE THE EPILEPSY 
FORMS 

PARALYSIS SHAKING/STRANGE DEFORMED 
MOVEMENTS JOINT SPINE 

0 0 0 
0 0 0 

CAN NOT WALKS WITH W!ll-OJT />D WITH SLGHT 
WAlK />D BUT WITH CffCUJY 

Cf'R:UlTY 

0 0 0 0 
LEPROSY 

YES 0 
NO 0 

SAME DISEAS E/SYMPTOM IN RELATIVES: NO c§J YES c§J IF YES; NAME: . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

TRAUMA BEFORE ONSET OF SYMPTOMS: : NO EP YES O IF YES; HEAD O SPINE 0 OTHER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

DELIVERY OF THE AFFECTED INDIVIDUAL: HOME 0 HOSPITAL 0 HEALTH CARE 0 KNOWN COMPLICATION: 

KNOWN COMPLICATION: NO 0 YES 0 
HISTORY OF EXCESSIV ALCOHOL INTAKE NO 0 YES 0 
HISTORY OF DIABETES MELlITUS NO 0 YES 0 
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Appendix 1 1 :  English version of screening instrument used in the Sicilian Neuro­
epidemiology Survey (SNES) 

I .  Have you (has the chi ld) ever had episode of unconsciousness - that is, not 
understanding, not hearing, not seeing what was happening around you (him/her), 
an later not remembering what had happened during the loss of consciousness? 

* I =Yes (more than once)*2 = Yes (once) 
4 = Don 't know 5 = No answer 

3 = Never 
8 = Not appl icable 

2 .  Have you (has the chi ld) ever had uncontrol led movements of  your (his/her) legs 
or arms? 

* I =Yes 2 = No 3 = Don't know 4 = No answer 8 = Not applicable 

3 .  Has the chi ld ever stared into space bl inking and rol l ing h is/her eyes for a short 
time? 

* 1 =Yes (more than once) *2 = Yes (once) 3 = Never 
4 = Don' t  know 5 = No answer 8 = Not appl icable 

4 .  Has there been serious changes in the way you speak? 

* l =Yes 2 = No 3 = Don 't know 4 = No answer 8 = Not appl icable 

5 .  Has your face, or  any part of  it, ever been paralysed for more than 24  hours 

* 1 =Yes 2 = No 3 = Don 't know 4 = No answer 8 = Not appl icable 

6. Has your mouth ever drooped for more than 24 hours? 

* 1 =Yes 2 = No 3 = Don 't know 4 = No answer 8 = Not applicable 

7. Have you ever suffered from paralysis in your arms or legs for more than 24 hours 

* 1 =Yes 2 = No 3 = Don't know 4 = No answer 8 = Not appl icable 

8 .  Have you ever had, from more than 24  hours (or less time but more than once), 
tingl ing, pain, burning, or loss of feeling in your arms and legs, without anything 
having happened to you immediately before? 

* l =Yes 2 = No 3 = Don't know 4 = No answer 8 = Not appl icable 
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8 . 1 I f  yes: Did th is occur between May and November 1 987 

* 1 =Yes 2 = No 3 = Don't  know 8 = Not appl icable 

9 .  Have you ever had rigid ity or slowness in  movement? 

* 1 =Yes 2 = No 3 = Don't know 4 = No answer 8 = Not appl icable 

1 0 . Have you ever had tremors of your head, arms, or legs that lasted more than 1 
day? 

* l =Yes 2 = No 3 = Don 't know 4 = No answer 8 = Not appl icable 

Each subject is screened as positive if at least one selected answer is positive (the 
responses indicated by an "*,

, 
in the table. The only exception is for question 8, where 

each must have a selected answer indicated by an "*,, in order for the subject to be 
screened as positive. In the actual survey, self-reported previous diagnoses of the study 
diseases were also considered as part of the screening 
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Appendix 12 :  English version of LIMOGES epilepsy screening questionnaire used 
in Tropical countries 

SCREENING 

For the questions: SI to SS (Yes = 1; No = 2; Unknown = 9) 

Does the subject have a history of: 

S I )  Loss of consciousness and I or loss of bladder control and I or foam at the mouth ? 
I I 

S2) Absence(s) or sudden lapse(s) of consciousness during a short time ? I I 

S3) Involuntary clonic movements or muscular jerks of arm(s) and I or leg(s) 
(convulsions) / I 

that start suddenly and stop within m inutes ? 

S4) Does the subject sometimes experience sudden and brief bod i ly sensations, I I 
see or hear th ings that are not there, or sme l l  strange odours ? 

SS) Did someone tel l  the subject that he I she had epi lepsy or that he I she already had 
epi leptic fits ? I_I 

If at least one answer is yes, the subject must be examined by the medical team 

S6) To conclude, should the subject be examined by the medical team ? (Yes = 1 ;  No = 

2) I_I 

EPILEPSY CONFIRMATION 

EC J )  Description of the attack(s) (symptoms), which could be an epi leptic seizure : 

EC2) Could the attack(s) be related to a particular situation or a medical condition * ? 
(Yes = 1 ;  No = 2; Unknown = 9) I I 

EC3) I f  yes, specify:  

EC4) Was at least one of these attacks an epi leptic seizure ? (Yes = 1 ;  No = 2; Unknown 
= 9) I I 

EC5) I f not, what was the probable diagnosis 
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EC6) I f  yes, has only one epi leptic seizure occurred ? (Yes = 1;  No = 2) I I 

* Examples of particular situations or medical conditions: 
Febrile convulsions; seizures occurring only during a metabolic or a toxic condition; 
caused by alcohol; anti-malaria drugs; eclampsia . . .  

NATURAL HISTORY OF THE SEIZURE DISORDER 

N I )  Has the subject had any seizure in the last S years ? (Yes = 1; No = 2; Unknown = 9) 
I I 

N2) Age at the fi rst seizure ? I I 
(During the first 1 0  days o/life = 1;  Between 1 0  days and 6 months = 2; 
Between 6 months and 2 years = 3; Between 2 years and 6 years = 4; 
Between 6 years and 12 years = 5; Between 12 years and 20 years = 6; 
Between 20 years and 40 years = 7; Over 40 years = 8; unknown = 9) 

For the questions N3 to N14: (Yes = 1 ,' No = 2,' Unknown = 9) 

Does the subject have a history of: 

N3) General ized ton ic and clonic seizures ? I I 

N4) Generalized myoclonic seizures ? I_I 

NS) General ized atonic seizures ? I I 

N6) Absences ? I I 

N7) Other general ized seizures ? I I 

N8) If  yes, specify : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

N9) Simple partial seizures ? I_I 

N I O) Complex partial seizures ? I_I 

N I l )  Partial seizures with a secondary generalization ? I I 

N 1 2) Another type of seizure (difficult to classify) ? I I 

N 1 3) Status epi lepticus ? I_I 

N 1 4) Several types of seizures ? I I 
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[fseveral types of seizures: (questions NI5 to NI 7) 
(Generalized tonic or clonic seizures = 1 ;  Generalized myoclonic seizures = 2,­
Generalized atonic seizures = 3; Absences = 4; Simple partial seizures = 5; 
Complex partial seizures = 6,- Seizures with a secondary generalization = 7; Other 

= 9) 

N 1 5) Type of the first seizure ? I I 

N 1 6) Type of the most recent seizures ? I / 

N 1 7) Type of the most frequent seizures ? I I 

N 1 8) Age at the beginning of the second type of seizures ? I I 
(During the first 10  days of life = 1 ;  Between 10  days and 6 months = 2; 
Between 6 months and 2 years = 3,' Between 2 years and 6 years = 4,' 
Between 6 years and 12 years = 5,' Between 12 years and 20 years = 6; 
Between 20 years and 40 years = 7,- Over 40 years = 8,' unknown = 9) 

Precipitating Factors: (Yes = 1,- No = 2,- Unknown = 9) 

N 1 9) Emotion ? I I 

N20) Alcohol ? I I 

N2 1 )  Sleep ? I_I 

N22) Lack of sleep ? I I 

N23) Flashing l ights (sun on water or through fol iage, television screen or d isco) ? 
I I 

N24) Hyperventi lation ? I I 

N25) Menstruation ? I_I 

N26) Stopping the anti-epi leptic drugs ? I II 

N27) Other drugs or toxic agents ? I I 

N28) If  yes, specify 

N29) Do the seizures occur within one hour of awakening ? I I 

N30) If one or several other precipitating factor(s) exist(s), specify: 
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Appendix 13 :  Screening Questions for epilepsy used in the Copiah County study 
(Baumann et aI 1977) 

I a Has anyone in the fami ly, that is, you, your ----------, etc. ,  ever had 

Seizures? 
Convulsions? 
Epi leptic attacks or epilepsy? 
Fits? 
Fal l ing out spel l s? 
Repeated spel ls or blackouts with fainting? 
Repeated spel ls when they would stare, be confused, or unable to respond 
to anyone for a few moments? 
Repeated spel ls when they were absent-minded or out-of-touch, drooled, 
or had unusual body movements or jerks? 
Repeated short spel ls  when they would behave strangely or abnormal ly? 

I b. Who was th is? 

I c. Anyone else? 

2a. Did anyone in the fami ly ever have fever convu lsions in early ch i ldhood, that is, 
before the age of six? 

2b. Who was this? (Anyone else?) 

2c. How many fever convulsions did --------- have? 

I f any subpart of question I a was answered in the affirmative, the person to whom the 
response pertained was screened positive (as in epi lepsy suspect and was designated for a 
brief neurologic examination and history. Any person reported, from questions 2a 
through 2c, to have had more than one fever convul sion before the age of six would also 
be screened positive. 
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Appendix 14 :  Initial questionnaire sent home with all schoolchildren attending 
public or private schools in Clay County, Kentucky (Rose et a1 1973) 

C H I LD H EALTH S U RVEY 

CHILD ' S  FULL NAME CHILD'S BIRTHDATE AGE 
Month Day Year 

COUNTY Of RESIDENCE SCHOOL 

GRADE (Circle One) 
Kindergarten 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

MAILING ADDRESS 

MOTHER ' S  FULL N AME MOTHER'S  MAIDEN NAME 

MOTH E R ' S  BIRTH DATE IS CHILD lIVINGWITH MOTHER? 
Month Day Year D YES o NO - Who does the child live with now? 

Please give us a minute of your time to answer the following questions concerning your child. 

1 .  Has this child ever had an epileptic fit. spell, convulsion, blackout. seizure, fever fit. worm fit, or other 
type of passing out spell? 

D Yes o No [J Cannot be certain 

2. Indicate the person who completed question No. 1 .  

o Parent o Guardian o Nurse o Other 

3. Indicate the person (s )  who helped complete question No. 1 .  

o Parent o Guardian o Nurse o Other 
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Appendix 1 5: Mail questionnaire to assess prevalence of doctor-diagnosed epilepsy 
in Sydney, Australia (Beran et a1 1982) 

We would l ike you to answer the questions below about epilepsy 

To help you to do this we have given you a simple definition of "Epi lepsy", and the 
grounds upon which a person wil l  be considered to have Epi lepsy. 

This questionnaire has been numbered so that we know who has not returned a completed 
form. You can be assured that the information given wi l l  be kept confidential and you do 
not need to give your name if  you do not want to . 

DEFINITION: - The person with Epilepsy has short periods when they black out and 
may or may not fal l  down . People often cal l these periods "turns", "fits", "convulsions" 
or "seizures". During a "fit" one may have jerky movements, do things one cannot 
control , or be aware of th ings one cannot explain. 

Other cond itions may be mistakenly cal led Epilepsy and therefore to be considered to 
have epi lepsy you should have had at least 3 "fits" that were diagnosed by a doctor. 

QUESTIONS :  - please fi l l  in appropriate box or tick the correct answer below: -

1 .  How many people are there in your household? 
2. Do any of these people have epi lepsy? 
3 .  I f  "YES" - how many? 
4.  Of those who had Epilepsy how many were prescribed drugs? 
5 .  Of those prescribed drugs how many are sti l l  taking these drugs? 
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Appendix 16 :  Screening questionnaire used in Pakistani study (Aziz et al. 1994) 

1 .  

2 .  

3 .  

4. 

5 .  

6. 

Have you ever lost consciousness? 

Did you fal l? 

Did you injure yourself? 

Have you ever had episodes in  which you lost contact with your 

surroundings? 

Have you ever had uncontro l lable shaking of your arms and legs? 

Have you ever lost control of your bowels or bladder? 
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Appendix 17 :  International Classification of Epileptic Seizures (ICES) simplified 
version 

1 .0 Partial seizures 
1 . 1 .0 S imple partial seizures (consciousness not impaired) 
I .  I .  I With motor signs 
1 . 1 .2 With somatosensory or special sensory symptoms 
1 . 1 .3 With autonomic symptoms or signs 
1 . 1 .4 With psych ic symptoms 
1 .2 .0 Complex partial seizures (consciousness impaired) 
1 .2 . 1 Simple partial onset fol lowed by impairment of consciousness 
1 .2 .2 With impairment of consciousness at onset 
1 .3 .0 Partial seizures evolving to secondari ly  general ised seizures 
1 . 3 . 1 Simple partial seizures evolving to general ised seizures 
1 . 3 .2 Complex partial seizure evolving to generalised seizures 
1 . 3 .3  Simple partial seizure evolving to complex partial seizures evolving to 

general ised seizures 
2 .0 Generalised seizures (convulsive or non-convu lsive) 
2 . 1 Absence seizures 
2 . 1 . 1  Typical absence seizures 
2 . 1 .2 Atypical absence seizures 
2.2 Myoclonic seizures 
2 .3  Clonic seizures 
2.4 Tonic seizures 
2 .5  Tonic clonic seizures 
2.6 Atonic (astatic) seizures 
3 .0 Unclassi fied epi leptic seizures 
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Appendix 18 :  The 1989 International Classification of the Epilepsies and Epilepsy 
Syndromes (ICEES) 

1 .0 Localisation-related epilepsies and syndromes 
1.1 Idiopathic 

1.1.1 Local isation-related idiopathic benign childhood epi lepsy with 
centrotemporal spikes 

1.1.2 Local isation-related idiopathic chi ldhood epi lepsy with occipital 
paroxysms 

1.1.3 Primary reading epi lepsy 

1.2 Symptomatic 
1.2.1 Chronic  progressive epi lepsia partial i s  cont inua of childhood 
1.2.2 Syndromes characterised by seizures with spec ific modes of 

precipitation 

1.2.3.1 Temporal 
1.2.3.2 Frontal 
1.2.3.3 Parietal 
1.2.3.4 Occipital 

1.3. Cryptogenic 
1.3.3.1 Temporal 
1.3.3.2 Frontal 
1.3.3.3 Parietal 
1 .3 .3.4 Occipital 

2.0 General ised epilepsies and synd romes 

2.1.0 Idiopathic age-related onset 
2.1.1 Benign myoclonic epi lepsy of infancy 
2.1.2 Chi ldhood absence epi lepsy, juveni le absence epi lepsy 
2.1 .3  Juven i le myoclonic epi lspy 
2.1.4 Epi lepsies with general ised tonic-clonic seizures on awakening 
2.1.5 Syndromes characterised by seizures with specific  modes of 

precipitation 
2.1.6 Other idiopathic general ised epilepsies 

2.2.0 Cryptogenic or symptomatic (in order of age) 
2.2.1 West syndrome 
2.2.2 Lennox-Gastaux syndrome 
2.2.3 Epi lepsy with myoclon ic astat ic seizures 
2.2.4 Epi lepsy with myoclonic absences 
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2 .3 .0 Symptomatic 
2 .3 . 1 Non-specific aetiology 

2 .3 . 1 . 1  Early myoclonic encephalopathy 
2.3 . 1 .2 Early infanti le epi leptic encephalopathy with suppression 

burst 
2 .3 . 1 .3 Other symptomatic generalised epi lepsies 

2 .3 .2  Epi lepsies due to specific neurological diseases 

3.0 Epilepsies undetermined whether focal or generalised 
3 . 1 .0 with both general ised and focal seizures 

3 . 1 . 1  Neonatal seizures 
3 . 1 .2 Severe myoclonic epi lepsy of infancy 
3 . 1 .3 Epi lepsy with continuous spike waves during s low wave s leep 
3 . 1 .4 Acquired epi leptic aphasia (Landau Kleffner Syndrome) 
3 . 1 .5 Other undetermined epi lepsies 
3 .2 .0 Without unequivocal focal or general ised features 

4.0 Special Syndromes 
4. 1 S ituation related epi lepsies 

4 . 1 . 1  Febri le convulsions 
4 . 1 .2 Isolated seizures or status epi lepticus 
4 . 1 .3 Seizures due to a toxic or metabolic event 
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Appendix 19: The Semi-Structured Seizure Classification Interview 
(Ottman et a1 1990) 

DIAGNOSTIC INTERVIEW 

NAME: 
first name middle 

FAMILY #:  

SUBJECT #: 

INFORMANT # :  __ __ __  [000 IF SELF 

DATE OF B IRTH: I I 
month day year 

TIME BEGAN: AM PM 

ADMINISTERED: 1 = by phone 

TODA ytS DATE: I 

2 = in person 

I 
month day year 

last name 
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INTRODUCTION TO RESPONDENT: 

I am interv iewing you because may have had seizures at 
some time during [your/his/her] l ife. Some of the questions may not apply to [you/him/her] 
but I need to ask them of everyone who is i nterviewed. Thank you for agreeing to 
participate. 

Part lA: SEIZURE AND ETIOLOGY SCREEN 

Q1.  Has anyone ever told you that when [you/he/she] [were/was] a smal l chi ld 
[you/he/she] had a convu lsion because of a h igh fever? 

A. 

B .  

c. 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  0 (GO TO Q2) 
Don't know . . . . . . . . . . . . . . . . 9 (GO TO Q2) 
Not asked . . . . . . . . . . . . . . . . .  8 

How many seizures did [you/he/she] have 
because of a h igh fever? 
[DK=- I ;  NOT ASKED=-8] 
How old [were/was] [you/he/she] [the first time]? __ _ _ 

[DK=-I ;  NOT ASKED=-8; UP TO AGE 1=01 ]  age 
[IF SUBJECT HAD MORE THAN ONE FEBRILE SZ.J ... 
How old [were/was] [you/he/she] the last time? __ _ _ 

age 
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Q2. [Other than the seizure[ s ] [you/he/she] had as a smal l chi ld  because of a high fever 
[have you ever had/(has/did)(he/she) ever (had/have)] any of the fol lowing . . . [ASK ALL OF 
A-H) 

I I YES I POSSIBLE I NO I DON'T I NOT 
KNOW ASKED 

A. epilepsy or a seizure disorder? I 2 0 9 8 

B .  a seizure or  convulsion that wasn't caused by 
epi lepsy? I 2 0 9 8 

C. uncontrolled movements of part or all of 
[your/his/her) body such as twitching, jerking, 
shaking or going l imp? I 2 0 9 8 

D. , I F  SUBJECT HAS EPILEPSY, ASK. .. , 

a change in [your/his/her] mental state or 
awareness of [your/his/her] surroundings? 
, I F  SUBJECT DOES NOT HAVE EPILEPSY, 
ASK. .. ) 

a change in [your/his/her] mental state or awareness of I 2 0 9 8 
[your/his/her] surroundings for no apparent reason? 

E. , I F  I NTERV I EWING A PARENT ... ), [When 
he/she was a small child], [Does/did] [he/she] 
seem to daydream or stare into space more than 
other children? 1 2 0 9 8 

F. Shortly after [you/he/she] [wake(s)/woke] up, 
either in the morning or after a nap, [have/has] 
[you/he/she] ever noticed unusual movements such 
as dropping things or things suddenly "flying" 
from [your/his/her) hands or uncontrol lable jerking I 2 0 9 8 
or clumsiness? 

G. I'm also interested in [your/his/her) responses to 
certain types of lighting. Have [you/he/she] ever 
been bothered by or noticed any unusual feelings 
when exposed to strobe l ights, video games, l ight 
shining through trees, or l ight reflecting off of I 2 0 9 8 
snow or ice? 

H. any other type of repeated unusual spells? 
I 2 0 9 8 

[IF YES OR POSSIBLE TO ANY OF Q2 A-H, SAY THE FOLLOWING AND THEN GO TO Q3 ...  
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"I'm going to ask you in detail about [each of] the event(s) you just told me [you/he/she] 
[have/has] experienced, but first I need to ask you some questions about [your/his/her] 
general medical history. I f ] . 
[IF NO TO Q2 A-H ... 

1 .  I F  SUBJECT IS. 16  YEARS OLD (NOW O R  A T  DEATH), SKIP T O  Q6 
PAGE 9 AND ASK ALCOHOL QUESTIONS, THEN TERMINATE 
INTERVIEW 

2. IF SUBJECT IS <16 YEARS OLD (NOW OR AT DEATH), SKIP TO 
Ql l PAGE 39 AND THEN TERMINATE INTERVIEW.] 

Q3. A. 

B. 

[Other than the seizures [you/he/she] had 
because of a h igh fever] , how many 
[seizures/of these events] would you say 
[you/he/she] [have/has] had in [your/his/her] 
l ifetime? Would you say . . .  

How old [were/was] [you/he/she] when 
[you/he/she] had the [first] [seizure/of these events] 
[that wasn't caused by a h igh fever]? 
[DK=-l ;  NOT ASKED=-8] 

One . . . . . . . . . . . . . . . . . . .  . 
Two. . . . . . . . . . . . . . . . . . . . . . . . .  2 
Three. . . . . . . . . . . . . . . . . . . . . . .  3 
Four or more. . . . . .  . . . . . . 4 
Don't know. . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . .  8 

age 
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Part IB :  DETAILED RISK FACTOR HISTORY 
We are interested in certain aspects of [your/his/her] medical h istory that are 
sometimes related to seizures. We need to ask these questions of everyone so 
we m ight have to ask you to repeat some of the things you already told us. 

Q1.  Before [yourlhis/her] [first] seizure [that wasn't caused by a h igh fever] did 
[you/he/she] ever have a serious head injury? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO Q2) 
Don't know . . . . . . . . . . . . . . . .  9 (GO TO Q2) 
Not asked . . . . . . . . . . . . . . . . .  8 

A. How many serious head injuries [have/has/did] [you/he/she] [had/have]? 
[DK=-l ;  NOT ASKED=-8] __ _ _ 

[IF MORE THAN ONE] I'd l ike to ask some questions about 
each of these serious head injuries -
Let's start with the earliest one. No. of inj ury: 

[ENTER 0 IF NO HEAD INJURIES] 

B .  How old [were/was] [you/he/she] when it happened? 
[DK=-l ;  NOT ASKED=-8] age 

C. What happened to cause the injury? [RECORD VERBATIM] 

D. Did [you/he/she] lose consciousness, even for a short time, because of the 
injury? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  0 (GO TO F) 
Don't know . . . . . . . . . . . . . . . .  9 (GO TO F) 
Not asked . . . . . . . . . . . . . . . . .  8 

E. How long [were/was] [you/he/she] unconscious? Would you say . . .  
Less than a m inute . . .  I 
1 - 1 5  minutes . . . . . . . . . . . . .  2 
1 6-30 minutes . . . . . . . . . . .  3 
More than 30 min . . . . .  4 
Don't know . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

F. Were you told that [you/he/she] had a skul l  fracture when [you/he/she] had the 
injury? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 
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G. Did [you/he/she] spend the night in a hospital because of the head injury? 
yes ......... . ........ . ........ I 
No. .... .. . . . . ......... . ..... . . .  0 (GO TO J) 
Don't know . . ........ . . . . . .  9 (GO TO J) 
Not asked ........ . .. .... . .  8 

H. Would you say the main reason [you/he/she] spent the n ight in the hospital 
was ... 

The head injury..... ... I 

Other injuries . .. . . ....... 0 
Don't know.... . . .... . . . . .  9 
Not asked . . .... .. . . . ...... 8 

I. How long [were/was] [you/he/she] in the hospital? 
[RECORD VERBATIM AND THEN CODE] 

Overn ight.. ... . . . . . . . . . .... 1 
Less than 1 week..... 2 
1 week or more.. ... ... 3 
Don't know. . . .  ... ...... . .  9 
Not asked .. ... .. .......... 8 

1 .  D id  [you/he/she] have a seizure within 7 days after the injury? 
yes . . . ...... . . . ............. . . 1 
No ... . . . . .. .... . . .............. 0 
Don't know...... ....... . .  9 
Not asked..... . . . . ... . . ... 8 

[IF SUBJECT HAS HAD ADDITIONAL HEAD INJURIES, FILL OUT 
ADDITIONAL HEAD INJURY FORMS AND THEN GO TO Q2 ; OTHERWISE GO 
DIRECTLY TO Q2 ON THE NEXT PAGE] 
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Q2. Were you ever told that [you/he/she] had a stroke, that is, cerebral thrombosis or cerebral 
hemorrhage? 

A.  

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  0 (GO TO Q3) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO Q3) 
Not asked . . . . . . . . . . . . . . . . .  8 

How many times d id that happen to [you/h im/her]? 

B .  How old [were/was] [you/he/she] when i t  happened [the first time]? 

Age 

C. Did [you/he/she] have a seizure within seven days after [any of] the stroke[s]? 
yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

Q3. [Have/Has/Did] [you/he/she] ever [had/have] a brain tumor? 
yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  0 (GO TO Q4) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO Q4) 
Not asked . . . . . . . . . . . . . . . . .  8 

A .  How o ld  [were/was] [you/he/she] when [you/he/she] first found out about it? 

Age 

B .  Were you told that [any of] [your/his/her] seizure [s] [were/was] caused 
by the brain tumor? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

Q4. [Have/Has/Did] [you/he/she] ever [had/have] brain surgery? 
yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . .  . . . . . . . . .  . . . . . . . . . . . . .  0 (GO TO Q5) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO Q5) 
Not asked . . . . . . . . . . . . . . . . .  8 

A .  What was the reason for the surgery? 
Treatment for epi lepsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Brain tumor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

I 
2 
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Head inj ury. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Stroke, hemorrhage, blood clot. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Hydrocephalus (shunt operation for water on the brain). . . .  5 
OOcr 6 

(specify) 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . .  . . . .  9 
Not asked. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

B .  How old [were/was] [you/he/she] when [you/he/she] had the surgery? 

C .  D id  [you/he/she] have any seizures before the surgery? 
yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 
Not asked. . . . . . . . . . . . . . . . .  8 

age 

D.  Did [you/he/she] have a seizure within seven days after the surgery? 
yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . .  . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

QS. [HavelHas/Did] [you/he/she] ever [had/have] an infection of the brain, such as spinal 
meningitis or encephal iti s? yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

No. . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO Q6) 
Don't know . . . . . . . . . . . . . . . 9 (GO TO Q6) 
Not asked . . . . . . . . . . . . . . . . .  8 

A. What type of infection d id [you/he/she] have? [RECORD VERBATIM] 

B .  How old [were/was] [you/he/she] when [you/he/she] first had it? 

age 
C. Did [you/he/she] have a seizure while [you/he/she] had the infection? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

[GO TO QIO PAGE 12 IF SUBJECT IS. I S  YEARS OLD NOW OR AT AGE OF DEATH] 
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The next questions are about drinking alcohol, such as beer; wine including champagne or wine 
coolers; l iquors such as whiskey, rum, gin, vodka, bourbon, scotch, or l iqueurs; and also any other 
type of alcohol .  

Q6A. [Over the past 1 2  months/During the last year 
of h is/her l ife], did [you/he/she] have at 
least 1 2  drinks of any kind of alcohol? 

B .  Was there ever any one year period i n  [your/ 
his/her] entire l ife when (you/he/she] had at 
least 1 2  drinks of any kind of alcohol? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 [GO TO Q7A] 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know . . . . . . . . . . . . . . . .  9 
Not asked. . . . . . . . . . . . . . . . .  8 
yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 [GO TO Q8A] 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 [GO TO Q10] 
Don't know . . . . . . . . . . . . . . . .  9 [GO TO Q10] 
Not asked . . . . . . . . . . . . . . . . .  8 

People report drinking different amounts of alcohol in different patterns. The next few questions are 
about drinking beer, wine, l iquor, or any kind of alcohol [during the last 12 months/during the 
last 12 months of his/her life] . 

Every day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Q7 A. During the last 1 2  months [of h is/her l ife] , 
about how often did [you/he/she] USUALLY 
drink any alcohol? Would you say . . .  

Not every day, but at 
least once a week. . . . .  . . . . . . . . . . . .  . . . . . .  . . . . .  2 
Less than once a week, but at 
least once a month. . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Less than once a month. . .  . . .  . . . . . . . . . . . .  4 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

B .  On the days when (you/he/she] drank alcohol 
in the last 12 months [of his/her l ife], about 
how many drinks did [you/he/she] USUALLY drink 
in a single day? Consider a "drink" to be a 
cocktail containing one ounce of hard l iquor, or 
one 1 2-oz. beer, or one 6-oz. glass of wine. 

C. You just told me how much and how often [you/ 
he/she] drank in the last 1 2  months [of his/her 
l ife]. For how long (have/has/did] [you/he/she] 

# of drinks 

__ __ week(s) 

__ __  month(s) 
[been] drink[ing] about this amount with this 
frequency? [RECORD VERBATIM, THEN CODE] __ __  year(s) 

D. During the last 12 months [of his/her l ife], about 
how often did [you/he/she] have five or more 
drinks of any type of alcohol in a single day? 
Would you say . . .  

Every day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Not every day, but at 
least once a week. . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Less than once a week, but at 
least once a month . . . . . . . . . . .  . . . . . . .  . . . . . . . .  3 
Less than once a month . . . . . . . . .  . . . . . .  . . .  4 
Not at a l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
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E. [Has/Was] there ever [been] a time in [your/h is/ 
her] l ife when [you/he/she] drank more than 
[you/he/she] did during the last 12 months [of 
h is/her l ife]? 

Don't know. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . 9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  0 [GO TO Q9] 
Don't know . . . . . . . . . . . . . . . .  9 [GO TO Q9] 
Not asked . . . . . . . . . . . . . . . . .  8 

Q8A. In [your/hi s/her] ent ire l ife, when [you/he/she] Every day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
drank the most, about how often did [you/he/she] Not every day, but at 
USUALLY drink any beer, wine, or l iquor? Would least once a week. . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
you say . . .  

B .  During that time when [you/he/she] drank the 
most, about how many drinks did [you/he/she] 
USUALL Y drink in a single day? (P lease include 
al l  types of alcohol if [you/he/she] usually drank 
more than one type of alcohol on a TYPICAL day) . 
Consider a "drink" to be a cocktai l containing one 
ounce of hard l iquor, or one 12-oz. beer, or one 
6-oz. glass of wine. 

C .  During that time when [you/he/she] drank the 
most, what was the LARGEST TOTAL # of drinks 
you can recall  [him/her] drinking in a single day? 
(Please include al l types of alcohol if [you/he/she] 
usually drank more than one type of alcohol on 
a TYPICAL day) . 

D.  About how often did [you/he/she] drink (amount 
in Q8C) in a single day? Would you say . . .  

E. You just told me how much and how often [you/he/ 
she] drank the most. About how old [were/was] 
[you/he/she] when [you/he/she] began drinking 
this way? 

Less than once a week, but at 
least once a month . . . . . . . . . . . .  . . . . . . . . . . . . . .  3 
Less than once a month . . . . . . . . . . . . . . . . . .  4 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

# of drinks 

# of drinks 

Every day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Not every day, but at 
least once a week. . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Less than once a week, but at 
least once a month . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Less than once a month . . . . . .  . . . . . . . . . . . .  4 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

age 
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F .  For how long d id  [you/he/she] drink this way? 
[RECORD VERBATIM, THEN CODE] 

__ __  week(s) 

__ __ month(s) 

__ __ year(s) 

[IF NO TO SCREENING BOX Q'S 2A-H ON PAGE 2, SKIP TO Qll  PAGE 39 AND THEN 
TERMINATE INTERVIEW] 
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yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Q9. [Before [your/his/her] epi lepsy started] did 
[you/he/she] ever have a seizure within 48 
hours after drinking what you thought was a 
large quantity of alcohol? 

No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO QIO) 
Don't know . . . . . . . . . . . . . . . .  9 (GO TO QIO) 
Not asked . . . . . . . . . . . . . . . . .  8 

A. How many times did [you/he/she] have a seizure 
after drinking a large quantity of alcohol? Would 
you say . . .  

B .  How o ld  [were/was] [you/he/she] [when/the first time] 
[you/he/she] had a seizure after drinking a large 
quantity of alcohol? 
[DK=-I ;NOT ASKED=-8] 

C. How many drinks did [you/he/she] have before 
[you/he/she] had the seizure [the first time]? 
[DK=-I ;NOT ASKED=-8] 

One time . . . . . . . . . . . . . . . . . . .  1 
Two times . . . . . . . . . . . . . . . . . 2 
Three times . . . . . . . . . . . .  3 
Four or more times . . .  4 
Don't know . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

age 

# of drinks 

D .  How many hours after drinking the last drink did __ _ _ 

the seizure occur? Hours 
[IF NO TO SCREENING BOX Q'S 2A-H ON PAGE 2, SKIP TO Ql l PAGE 34 AND THEN 
TERMINATE INTERVIEW] 
[GO TO Ql 1 ON THE NEXT PAGE IF SUBJECT IS A FEMALE. 12 YEARS OF AGE NOW 
(OR AT DEATH), OR IF SUBJECT IS MALE] 

QIO. IF SUBJECT [IS/w AS] FEMALE. 12 YEARS OF AGE: 
[Have/Has/Was] [you/she] ever [been] pregnant? Yes . . . . . . . . . . . . . . .  1 

A. 

B .  

C .  

No  . . . . . . . . . . . . . . . .  0 (GOTOQll) 
Not asked . . . . . . . .  8 

How many times [were you/was she] pregnant? 

Did [you/she] ever have toxemia, 
preeclampsia, or eclampsia -- that is, a 
serious i l lness of pregnancy involving high 
blood pressure and protein in the urine? 

Yes . . . . . . . . . . . . . . .  l 
No . . . . . . . . . . . . . . . .  O 
Don't know . . . . . .  9 (GOTOQll) 
Not asked . . . . . . . . 8 

How old [were/was] [you/she] when that happened? 
[DK = -I ,  NOT ASKED = -8] age 

D.  Did [you/she] have any seizures because of Yes . . . . . . . . . . . . . . .  1 
th is i l lness? No . . . . . . . . . . . . . . . . O 

Don't know . . . . . .  9 
Not asked . . . . . . . . 8 
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Ql l .  [HavelHaslDid] [you/he/she] ever [had/have] any o f  the fol lowing? . . .  

How old 
[were/was] 

[you/he/she] 
Not when it 

Yes No DK Asked began? 

A. AVM (arterial venous malformation) 0 9 8 -- --

B .  Cerebral Palsy 0 9 8 -- --

C. Pol io 0 9 8 -- --

D.  MUltiple Sclerosis 0 9 8 -- --

E.  Tuberous Sclerosis 0 9 8 -- --

F. Fragile X Syndrome 0 9 8 -- --

G. Diabetes 0 9 8 -- --

H.  A coma for any reason? Please explain. 0 9 8 -- --

I .  [HavelHas/Did] [you/he/she] ever [had/have] any other medical problems you think we 
should know about? Please explain. [PROBE FOR SPECIFICS AND AGE AT ONSET 
FOR EACH PROBLEM] 
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Now, I 'd l ike to ask you specifical ly about the types of seizures [you/he/she] [have/has] 
had . 

Part HA: GRAND MAL SEIZURES 

Ql .  [Have/Has/Did] [youlhe/she] ever [had/have] any b ig  seizures or  grand mal 
seizures where [you/he/she] lost consciousness and [yourlhislher] whole body 
shook? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO IIB-PG.22) 
Don't know . . . . . . . . . . . . . . . 9 (GO TO IIB-PG.22) 
Not asked . . . . . . . . . . . . . . . . .  8 

Q2. How many big seizures [have/has/d id] [you/he/she] [had/have] in  [your/hislher] 
l ifetime? Wou ld you say . . .  

One . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Two . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Three. . . . . . . . . . . . . . . . . . . . . . . .  3 
Four or more. . . . . . . . . . . .  4 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

Q3. How old [were/was] [you/he/she] when it happened [the first time]? __ _ _ 

age 

[IF ONLY ONE BIG SEIZURE, GO TO Q6) 
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Q4. In the [ last year/year before death] ,  about how many grand mal seizures 
[have/has/did] [you/he/she] [had/have]? Would you say .. . 

None . . . . . . . . . . . . . . . . . . . . . . . . .  1 
One . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
2-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
6- 1 2 . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
More than 1 2 . . . . . . .  . . . . .  5 
Don't Know . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . 8 

Q5. When did [you/he/she] have the last grand mal seizure? 
[DK=99/9999 FOR MONTH AND YEAR; NOT ASKED=88/8888 FOR 
MONTH AND YEAR] 

/ 
month year 

Q6. [HavelDid] [your/h is/her] grand mal seizure[s] occur[ed] .. . 

Age 

Only while [you/he/she] [were/was] asleep . . . . . . . . . . . . . .  l (GOTO Q7) 
Only whi le [you/he/she] [were/was] awake . . . . . . . . . . . . . .  2 
Both while awake and during sleep . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Don't know . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

A .  [Of the grand mal seizures that (you/he/she) had whi le awake] ,  [have/did] 
[they/it] [usual ly] [occurred/occur] shortly after waking up, either in the 
morning or after a nap? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO Q7) 
Don't know . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 (GOTO Q7) 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

B .  How many minutes after waking up would you say the grand mal 
seizure(s) [usual ly] occurred? 

Would you say . . .  Less than 1 5  min. . . .  . . . . . . . . . . . . .  1 
1 5 -30 minutes . . . . . . . . . . . . . . . . . . . . .  . 

3 1 -45 minutes . . . . . . . . . . . . . . . . . . . . .  . 

46-60 minutes . . . . . . . . . . . . . . . . . . .  ' "  

More than 60  min  . . . . . . . . . . . . . . . .  . 

Don't know . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 
3 
4 
5 
9 
8 
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Q7. In your own words, can you describe: 

A. How [you/he/she] [have/has] [ usual ly] felt before the big seizure[ s] 
started? 
[RECORD VERBATIM] Anything else? 

[IF SUBJECT DOES NOT KNOW WHAT HAPPENS BEFORE BIG SEIZURES, 
SKIP TO 7B ON THE NEXT PAGE] 
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How long [did/does] [you/he/she] feel  that way before the seizure[s] start[s/ed]? 
Would you say . . .  

Less than 1 min . . . . . . . .  1 
1 -5 minutes. . . . . . . . . . . . . . .  2 
6- 1 0  minutes . . . . . . . . . . . . .  3 
More than 1 0  min . . . . .  4 
Don't know . . . . . . . . . . . . . . . 9 
Not asked . . . . . . . . . . . . . . . . .  8 

[ASK (2) IF SUBJECT REPORTS SELF OR SUBJECT BEING DIZZY OR 
LIGHT-HEADED; OTHERWISE GO TO B] 

(2) What do you mean by [dizzy/l ight-headed]?  
[RECORD VERBATIM] 

Anything else? 

B .  How [have/has/did] [you/he/she] [usual Jy] [felt/feel] o r  what happen[s/ed] 
during the big seizure[s]? [RECORD VERBATIM] Anything else? 

C. How [have/has/did] [you/he/she] [felt/feel] or what happen[s/ed] 
afterwards? 
[RECORD VERBATIM] Anything else? 
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Just to make sure we get the same information on everybody, let me ask a few specific 
questions . . .  

Q8. A. Before the seizure[s] start[s/ed] , [have/has/did] [you/he/she] [usually] 
[had/have] jerking, shaking, or uncontrol led body movements on only one side of 
the body? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO B) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO B) 
Not asked . . . . . . . . . . . . . . . . . 8 

[IF SUBJECT HAS HAD ONLY ONE BIG SEIZURE, GO TO (2)] 

( l )  Is  it always the same side? Yes. . .  . . .  . . . . . .  . . .  . . . . . .  . . . . . .  I 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 [GO TO (3)] 
Don't know. . . . . . . . . . . . . . .  9 [GO TO (3)] 
Not asked. . . . . . . . . . . . . . . . .  8 

(2) Which side? Left side. . . . . . . . . . . . . . . . . . . .  1 
Right side. . . . . . . .  . . . . . . . . .  2 
One side but 
OK which side. . . . . .  . . .  3 
Not asked . . . . . . . . . . . . . . . . .  8 

(3) Which parts of the body [are/were] involved? 
[RECORD VERBATIM] 

(4) What [are/were] the movements l ike? [RECORD VERBATIM] 

B.  Before the seizure[s] start[s/ed] , [do/does/did] [you/he/she] [usual ly] have 
numbness, tingling, or other unusual feel ings on only one side of the 
body? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . .  . . . . . . . . . . . .  . . . . . .  . . . . . . .  0 (GO TO C) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO C) 
Not asked. . . . . . . . . . . . . . . . .  8 

[IF SUBJECT HAS HAD ONLY ONE BIG SEIZURE, GO TO (2)] 

Is it always the same side? 

(2) Which side? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 [GO TO (3)] 
Don't know. . . . . . . . . . . . . . .  9 [GO TO (3)] 
Not asked . . . . . .  , . . . . . . . . . . .  8 
Left side . . . . . . . . . . . . . . . . . . . .  1 
Right side. .  . . . . . . . . . . . . . . .  2 
One side but 
OK which side. . . . . .  . . . .  3 
Not asked . . . . . . . . . . . . . . . . .  8 
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(3 )  Which parts of  the body [are/were] involved? [RECORD 
VERBATIM] 

(4) What [are/were] the feelings l ike? [RECORD VERBATIM] 

C. Before the seizure[ s] start [ s/ed] [do/does/did] [you/he/she] [usual ly] have 
jerking, twitching, or uncontrol led body movements on both sides of the 
body? [PROBE FOR MYOCLONIC JERKS PRECEDING GRAND 
MAL SEIZURES] 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  0 (GO TO D) 
Don't know . . . . . . . . . . . . . . . .  9 (GO TO D) 
Not asked . . . . . . . . . . . . . . . . .  8 

( 1 )  Which parts of the body [are/were] involved? 
[RECORD VERBATIM] 

(2) What [are/were] the movements l ike? [RECORD VERBATIM] 

D. Before the seizure[s] start[s/ed], [do/does/did] [you/he/she] [usual ly] have 
an unusual feel ing in the stomach or chest? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO E) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO E) 
Not asked . . . . . . . . . . . . . . . . .  8 

( 1 )  What [ is/was] the feel i ng? [RECORD VERBATIM] 

E. Before the seizure[s] start[s/ed] , [do/does/did] [you/he/she] [usual ly] 
experience an unusual taste or smell? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  0 (GO TO F) 
Don't know . . . . . . . . . . . . . . . 9 (GO TO F) 
Not asked . . . . . . . . . . . . . . . . .  8 

( 1 )  What [ is/was] the taste or smel l? [RECORD VERBATIM] 

F .  Before the seizure[s] start[s/ed], [do/does/did] [you/he/she] [usual ly] hear 
any unusual sounds, or have any change in your hearing? 

yes.. . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  0 (GO TO G) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO G) 
Not asked . . . . . . . . . . . . . . . . .  8 

( 1 )  What [ is/was] the sound or change in hearing? [RECORD 
VERBATIM] 
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G. Before the seizure[s] start[s/ed] ,  [do/does/did] [you/he/she] [usual ly] see 
anything unusual, or have any change in your vision? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  0 (GO TO H) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO H) 
Not asked . . . . . . . . . . . . . . . . .  8 

( I )  What [did/do] [you/he/she] see or what was the change i n  vision? 
[RECORD VERBATIM] 

H.  [DolDoeslDid] [you/he/she] [usual ly] have any other warning (or aura) 

Q9. A. 

that ra/the] b ig seizure [ i s/was] about to happen? 
yes . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
No . . . . . . . . . . . . . . . . .  , .  . . . . . .  . . . .  0 (GO TO Q9) 
Don't Know . . . . . . . . . . . . . . .  9 (GO TO Q9) 
Not asked . . . . . . . . . . . . . . . . .  8 

( J )  What [ is/was] the warning or aura l ike? [RECORD VERBATIM] 
Anything else? 

After ra/the] seizure, [do/does/did] [you/he/she] [usual ly] feel  confused 
or mixed up? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . .  . . . . . . . . . . . .  . . . . . .  . . . . . . .  0 (GO TO B) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO B) 
Not asked . . . . . . . . . . . . . . . . .  8 

( I ) How long [do/does/did] [you/he/she] feel  that way? Would you 
say . . .  

Less than 1 min . . . . . . . .  I 
1 -5 minutes . . . . . . . . . . . . . . .  2 
More than 5 mins. . . . .  3 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

B .  [DolDoes/Did] [you/he/she] [usual ly] feel sleepy or  drowsy afterwards? 
yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  0 (GO TO C) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO C) 
Not asked . . . . . . . . . . . . . . . . .  8 

( I ) How long [do/does/did] [you/he/she] feel that way? Would you 
say . . .  
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Less than I min........ 1 
1-5 mins ............. . ...... 2 
More than 5 mins.. . .. 3 
Don't know.... . . ......... 9 
Not asked............. . ... 8 

C. After the seizure [has] ended, [do/does/d id] [you/he/she] remember what 
happened during the seizure [yourlhis/her]self, or [do/does/d id] 
[you/he/she] learn about i t  from someone else? 

Learn from someone else... ........ . .  . . . . .  ... . ...... I 
Remember. ........ . . ............................. ........... 0 
Sometimes remember, sometimes don'L... 2 
Don't know. ...... ............ ... ............ ......... ....... 9 
Not asked ........... . ........ ...... . ........ ................. 8 

D. After the seizure, [do/has/did] [you/he/she] ever [have/had] numbness or 

tingling on part or all of one side of the body? 
yes ... ......... ............... I 
No.......... ... . .. . . . . . .  . . ..... 0 (GO TO E) 
Don't know............... 9 (GO TO E) 
Not asked.... . ............ 8 

[IF SUBJECT HAS HAD ONLY ONE BIG SEIZURE, GO TO (2)] 

( I ) I s  it always the same side? yes... . ..... ......... . . ..... .. I 

(2) Which s ide? 

One side but 

No....... . . .... . . .... . . . ....... 0 (GO TO E) 
Don't know..... ...... . ... 9 (GO TO E) 
Not asked............ ..... 8 

Left side ............... . . ... I 
Right side... . . ......... ... 2 

OK which side ..... . .... 3 
Not asked..... ......... ... 8 

E. Afterwards, [do/has/did] [you/he/she] ever [have/had] weakness on part 
or al l  of one side 
of the body? 

yes .............. ....... ...... I 
No.......... ................ . .. 0 (GO TO F) 
Don't know............... 9 (GO TO F) 
Not asked . . . . . . . . . ...... . .  8 

[IF SUBJECT HAS HAD ONLY ONE BIG SEIZURE, GO TO (2)] 

( l )  I s  i t  always the same side? yes. . .... ......... ... . . .... . . .  1 
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No. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO F) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO F) 
Not asked . . . . . . . . . . . . . . . . .  8 

(2) Which side? Left side . . . . . . . . . . . . . . . . . . . .  1 
Right side. . . . . . . . . . . . . . . . .  2 

One side, but 
DK which side. . . . . . . . . .  3 
Not asked . . . . . . . . . . . . . . . . .  8 

F .  Other than what I 've asked, [have/has/did] [you/he/she] experience[d] any 
other problems after [the] big seizure[ s]? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO G) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO G) 
Not asked . . . . . . . . . . . . . . . . .  8 

( 1 )  What were the problems? [RECORD VERBATIM] 

G. [IF SUBJECT HAS ANY WARNING/AURA INCLUDING 
UNILATERAL MOTOR SYMPTOMS OR ANY SENSORY 
SYMPTOMS .. .  ] 

H .  
[DolDoes/Did] [youlhe/she] ever get the warning(s) of that you 
described previously, without it leading to a grand mal seizure? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Don't know . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

[IF YES, BE SURE TO RECORD THIS AURA AS A SEPARATE SMALL 
SEIZURE IN PART liB - NEXT PAGE] 
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Part lIB: SMALL SEIZURES 

Now I'm going to ask you about each of the smal l er seizures or events that you told me 
[you/he/she] [have/has] experienced. 

Q1.  [Have/Has/Did] [you/he/she] ever [hadlhave] any smal l  spel ls  [other than the 
grand mal seizures]? [EVEN IF PERSON ANSWERS NO OR DK TO THIS 
QUESTION, PROCEED WITH THE WHOLE SMALL SEIZURE 
SECTION IF THEY ANSWERED YES OR POSSIBLE TO Q2C-H IN THE 
SCREENING BOX (PAGE 2) OR Q9G ON PAGE 2 1 ]  

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GOTOllC-PG30) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO llC-PG 34) 
Not asked . . . . . . . . . . . . . . . . .  8 

I would l ike to determine how many d ifferent types of smal l  spe l l s  [you/he/she] 
[have/has] had and get an accurate description of each type. I 'm going to start by asking 
a series of questions about the smal l spe l l  [you/he/she] had most recently or the one that 
you can describe the best. After we finish talking about that spel l ,  we'l l  go back and 
d iscuss other spel ls  [you/he/she] may have had. 

A.  When was the last time [you/he/she] had a small spel l?  
[DK=99/9999 FOR MONTH AND YEAR; NOT ASKED=88/8888 
FOR MONTH AND YEAR] __ _ _ 

/ 
month year 

age 

Q2. Thinking back to that most recent spel l  or to the one that you can describe the 
best, can you tel l  me in your own words . . .  

A.  How [youlhe/she] felt just before the spel l  started? [RECORD 
VERBATIM] 

Anything else? 

B .  How did [you/he/she] feel ,  what happened, or what were you told 
[you/he/she] did during this spe l l?  [RECORD VERBATIM] 

Anything else? 

C. How did [you/he/she] feel ,  what happened, or what were you told 
[you/he/she] did afterwards? [RECORD VERBATIM] 

Anything else? 
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To make sure I've covered everything, I'd l i ke to ask you some specific questions about 
the spe ll you j ust described to me. 

Q3. Would you say this spell was longer, shorter, or about the same length as a TV 
commercial? 

Longer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Shorter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
The same length . . . . . . . . . . . . . . . . . .  3 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

A.  About how long would you say that was . .  
Less than 1 5  sec. . . . . . . . . . . . . . . . . .  1 
1 5 -30 seconds. . . . . . . . . . . . . . . . . . . . . .  2 
30 sec to I min . . . . . . . . . . . . . . . . . . . .  3 
1 -2 mi nutes. . . . . . . . . . .  . . . . . . . . . . . . . . .  4 
More than 2 min . . . . . . . . . . . . . . . . . . .  5 
Don't know . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

Q4. During this last spel l ,  which of the fol l owing best describes [your/his/her] 
awareness of the surroundings? 

Fully aware . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Fully unaware. . . .  . . . . . . . . . . . . . . . . . . .  2 
Somewhat aware, but less 
aware than usual . . .  . . . . . . . . . . . . . . .  3 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

A. During this spel l, [ were/was] [you/he/she] able to function as [you/he/she] 
normally [do/does/did]? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

B.  During this spell ,  [were/was] [you/he/she] able to com m u nicate as 
[you/he/she] normally [do/does/did]? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . .  . . . . . .  . . . . . .  . . . . .  9 
Not asked. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
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C.  After the spel l  was over, did [you/he/she] remember what happened 
during the spell [yourself/himself/herself] ,  or did [you/he/she] learn 
about it from someone else? 

Someone else . . . . . . . . . . . . . . . . . . . . . .  I 
Remember. . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . . .  . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

[IF SUBJECT REMEMBERED WHAT HAPPENED DURING THE 
SPELL (W AS FULLY AWARE), SKIP TO Q5] 

D.  [Have/Has/Did] [you/he/she] ever [had/have] a spe l l  with simi lar 
symptoms except that [you/he/she] remained fully aware of the 
surroundings? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · O 
Don't know . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

[IF YES, BE SURE TO CONSIDER THIS A SEPARATE SEIZURE 
TYPE AND FILL OUT AN EXTRA SMALL SEIZURE FORM] 

Q5. During this spe l l ,  did any parts of [your/his/her] body move uncontrol lably? 
[PROBE FOR FOCAL MOTOR ACTIVITY] 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO Q6) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO Q6) 
Not asked . . . . . . . . . . . . . . . . .  8 

A.  Which parts of the body were involved? [RECORD VERBATIM] 

B .  What were the movements l ike? [RECORD VERBATIM] 

c. Was this on only one side? 

( 1 )  Which side? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO Q6) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO Q6) 
Not asked . . . . . . . . . . . . . . . . .  8 
Left side . . . . . . . . . . . . . . . . . . . .  1 
Right side. . . . . . . . . . . . . . . . .  2 
One side, 
but OK which side . . . .  3 
Not asked . . . . . . . . . . . . . . . . .  8 

(2) [Have/Has/Did] [you/he/she] ever [had/have] a s imi lar spel l  with 
movements on the opposite side? 

yes.. . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 
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Q6. During this spe l l ,  did any parts of [your/hislher] body jerk suddenly and 
unexpectedly? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . . . . . . . .  . . . . . .  . . . . . . .  0 (GO TO Q7) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO Q7) 
Not asked . . . . . . . . . . . . . . . . . 8 

A.  Which parts of the body were involved? [RECORD VERBATIM] 

B .  What was the jerking l ike? [RECORD VERBATIM] 

c. Was this on only one side? yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  0 (GO TO D) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO D) 

( I )  Which side? 

Not asked . . . . . . . . . . . . . . . . .  8 

Left side . . . . . . . . . . . . . . . . . . . .  1 
Right side. . . . . . . . . . . . . . . . .  2 
One side, 
but OK which side . . . .  3 
Not asked . . . . . . . . . . . . . . . . .  8 

(2) [Have/Has/Did] [you/he/she] ever [hadlhave] a simi lar spe l l  with 
jerking on the opposite side? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . .  . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

D.  Would you say the jerking felt l ike an electric shock going through 
[your/his/her] body? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

E .  [HaslDid] this type of  spel l  usual ly [occurred/occur] shortly after 
[you/he/she] [wake[s]/woke] up, either in the morning or after a nap? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  I (GO TO G) 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 
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F. [Does/Has/Did] th is type of spel l  [occurred]] only when [you/he/she] 
[are/is/were/was] going to sleep? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

G. Did this type of spel l  ever occur as a result of l ights shining in 
[your/his/her] eyes -- for example, strobe l ights, video games, reflections, 
or sun glare? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know . . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

Q7. During this spel l ,  did part of [your/his/her] body suddenly go l imp, causing 
[you/him/her] to fal l  or drop things? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO D) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO D) 
Not asked. . . . . . . . . . . . . . . . .  8 

A.  Which part of the body was i nvolved? [RECORD VERBATIM] 

B .  What was the l impness l ike? [RECORD VERBATIM] 

C.  Was this on  only one side? 

( 1 ) Which side? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  0 (GO TO D) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO D) 
Not asked . . . . . . . . . . . . . . . . .  8 

Left side . . . . . . . . . . . . . . . . . .  . .  
Right side . . . . . . . . . . . . . . . . .  2 
One side, 
but OK which side. . . .  3 
Not asked . . . . . . . . . . . . . . . . .  8 
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(2) [Have/Has/Did] [you/he/she] ever [had/have] a s imi lar spel l  where 
part of the body went l imp on the opposite s ide? 

yes ..... . ..................... 1 
No ............................. 0 
Don't know ... ............ 9 
Not asked ...... . ... ....... 8 

D. [Other than during a grand mal seizure] During a spel l  l ike this did 
[your/h is/her] whole body ever go l imp? [IF Y ES, RECORD 

VERBATIM DESCRIPTION AND PROBE FOR ATONIC 
SEIZURES] 

Q8. During this spel l ,  did [you/he/she] behave in unusual ways such as smacking 
[your/h is/her] l i ps, touching [your/h is/her] clothes, or doing any other unusual 
th ings without intending to? 

yes... ........................ I 
No........... . . ... ...... . . . .... 0 (GO TO Q9) 
Don't know....... . . . . . . .. 9 (GO TO Q9) 
Not asked... .............. 8 

A. What did [you/he/she] do? [RECORD VERBATIM]  

Q9. Did [your/his/her] eyel ids flutter during th is spel l? 
yes............. .............. I 
No .......... ... ..... . .......... 0 
Don't know............. .. 9 
Not asked................. 8 

QI0. During this spel l ,  did [you/he/she] have an unusual feel ing in the stomach or 
chest? 

yes ...................... . .... I 
No ............................. 0 (GO TO Qll )  
Don't know............... 9 (GO TO Ql l) 
Not asked................. 8 

( I )  What was the feel ing? [RECORD VERBATIM] 
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Q l l .  During this spel l, did [you/he/she] experience an unusual taste or smell? 
yes ...... . . . . . . . . . ........ . ... 1 
No. ... . . . . . .  . . . . . . . . .  . . .  . . . . . . .  0 (GO TO Q12) 
Don't know........ . .  .... .  9 (GO TO Q12) 
Not asked . . ...... . ..... . . .  8 

A. What was the taste or smell? [RECORD VERBATIM] 

Q12.  During this spel l ,  d id  [you/he/she] bear any unusual sounds, or have any change 
in your bearing? 

yes . . . ..... . ...... . . . ... . . .... I 
No....... . . .... . . . . . . . . . . . . . . . .  0 (GO TO Q13) 
Don't know..... . ......... 9 (GO TO Q13) 
Not asked.. . . . ... . . .... . . .  8 

A .  What was the sound or  change in hearing? [RECORD VERBATIM] 

Q13. During th is spel l ,  did [you/he/she] see anything unusual, or have any change in 
your vision? 

yes ............ ............. . .  I 
No .... . . . ..... . . ..... . ...... . .. 0 (GO TO Q14) 
Don't know..... . ..... . ... 9 (GO TO Q14) 

Not asked .. . . .... . ... . . . . .  8 

A. What did [you/he/she] see or what was the change in vision? [RECORD 
VERBATIM] 

Q14. Afterwards, did [you/he/she] feel confused or mixed up? 
yes . ..... . . . .... . . .... . . ...... 1 
No. . . . ......... . . . . . . . .. . .. .... 0 (GO TO B) 
Don't know . . ... .. . .. . . . . .  9 (GO TO B) 
Not asked........ . . .... . . .  8 

(1) How long did [you/he/she] feel that way? Would you say 
Less than 15 sec...... 1 
15-30 seconds.......... 2 
30 sec to I min. . . . . ... 3 
More than 1 minute. .  4 
Don't know.. .... ........ .  9 
Not asked......... . . . ..... 8 

B. Did [you/he/she] feel drowsy or sleepy afterwards? 
yes . . . . .. . . . . . .... . . . .... . .... 1 
No... . ...... . . . . ......... . . .... 0 (GO TO Q15) 
Don't know...... ...... . . .  9 (GO TO Q15) 
Not asked.. . . .... . . . . ..... 8 
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( 1 )  How long did [you/he/she] feel  that way? Would you say . 
Less than 1 5  sec. . . . . .  1 
1 5-30 seconds. . . . . . .  . . .  2 
30 sec to 1 min.  . . . . . . .  3 
More than 1 min. . . . . . .  4 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

QlS. About how many times in [your/his/her] l ife would you say [you/he/she] 
experienced spel ls  l ike the one you just described? Would you say. 

One . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 (GO TO Ql7) 
Two . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Three . . . . . . . . . . . . . . . . . . . . . . . . 3 
Four or more . . . . . . . . . . . .  4 
Don't know. . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . . 8 

Q16. How old [were/was] [you/he/she] the first time [you/he/she] had a spel l  l ike the 
one you just described? __ _ _ 

Age 

A. During the [past year/year prior to death] ,  about how often did 
[you/he/she] have this type of spe l l? Would you say . . .  

Not at aiL. . . . . . . . . . . . . . . . . . . . .  . . . . . . .  0 (GO TO C) 
At least once, but < l Imonth. 1 (GO TO C) 
Once a month . . . . . .  . . . . . . . . . . . .  . . . .  2 (GO TO C) 
Twice a month . . . . . . . . . . . . . . . . . .  ' "  3 (GO TO C) 
3-4 times a month . . . .  . . . . . . . . . . . .  4 (GO TO C) 
More than 4 times a month. .  5 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . . .  9 (GO TO C) 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

B .  About how many times per week did [you/he/she] have this type o f  spel l  
during the [past year/year prior to death]?  __ _ _ 

C .  During the period o f  [your/his/her] l i fe when [you/he/she] [were/was] 
having these spel ls  most frequently, about how often did [you/he/she] 
have them? 

Less than once a month . . . . . .  1 (GO TO Q17) 
Once a month . . . . . . . . . . . . . . . . . .  . . . .  2 (GO TO Q17) 
Twice a month . . . . . . . . . . . .  ' "  . . .  . . .  3 (GO TO Q17) 
3-4 times a month . . . .  . . . . . . . . . . . .  4 (GO TO Q17) 
More than 4 times a month . .  5 
Don't know. . . . . . . . . . . . . . . . . . . . . . . . . . .  9 (GO TO Q17) 
Not asked . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
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D .  About how many t imes per week did [you/he/she] have thi s  type of spel l  
during the t ime of [your/his/her] l i fe when [you/he/she] [were/was] having 
them most frequently? __ _ _ 

E. How old [were/was] [you/he/she] during th is t ime? 
[RECORD VERBATIM AND CODE EARLIEST AGE1 __ _ _ 

Age 

Q17. [Have/Has/Did] [you/he/she] ever [had/have] any other spel ls that were different 
from the one you just described? 
[IF SUBJECT WAS REPORTED TO HAVE SIMILAR SPELLS BUT 
WITHOUT LOSS OF CONSCIOUSNESS, BE SURE TO CONSIDER THIS 
A SEP ARA TE SMALL SEIZURE TYPE] 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO II-C) 
Don't know. . . . . . . . . . . . . . . . . . . . .  9 (GO TO II-C) 
Not asked . . . . . . . . . . . . . . . . . . . . . .  8 

Q18. How many other types of smal l spel ls  [have/has/did] [you/he/she] [had/have]? 

A. What do you call each of the other types? 

1 .--
----------------

3 .  

2 .  ________________ __ 4. 

[FILL OUT ANOTHER SMALL SEIZURE FORM FOR EACH ADDITIONAL 
TYPE OF SMALL SEIZURE; THEN CONTINUE TO II-C, NEXT PAGE] 
[IF SUBJECT SAID YES TO >1 OF SCREENING BOX Q2C-H (PAGE 2) 
AND/OR Q9G PAGE 21 ,  BE SURE A SMALL SEIZURE FORM HAS BEEN 
FILLED OUT FOR EACH TYPE] 

Part IIC: WRAP-UP 

Q1 .  [Have/Has/Did] [you/he/she] see a doctor because of the [se izure [s]/event[s]]? 
yes. . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO Q2) 
Don't know. . . . . . . . . . .  9 (GO TO Q2) 
Not asked . . . . . . . . . . . . . .  8 

A. How old [were/was] [you/he/she] the first t ime [you/he/she] saw a doctor 
because of the [seizure[s]/event[s]]? __ ___ _ 

age 
(DK=-1 ;  NOT ASKED=-8) 
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Q2. [Have/Has/Did] (you/he/she] ever talk( ed] to a doctor about what probably caused 
[your/his/her] [seizure(s)/event(s)]? 

yes . . . . . . . . . . . . . . . . . . . . . .  . 
No . . . . . . . . . . . . . . . . . . . . . . .  . 
Don't know . . . . . . . . . .  . 

Not asked . . . . . . . . . . . .  . .  

1 
o (GO TO Q3) 
9 (GO TO Q3) 
8 

A. What did the doctor say was the cause? [RECORD VERBATIM] 

1 .  
2 .  

3 .  
4 .  

5 .  
6. 
7 .  

Head injury 8 .  
Infection of brain or  CNS such as 9.  
spinal meningitis, encephal itis or 1 0. 
pol io 1 1 . 
Stroke 1 2 .  
Brain Tumor 1 3 .  

B irth I nj ury 99. 
Fever 88 .  
Hypertensive/eclampsia 

Toxic/poisoning 
Alcohol 
Drug withdrawal 
Metabolic 
Other 
Cause unknown or 
" id iopathic" 
Don't know 
Not asked 

Q3. [Have/Has/Did] [you/he/she] ever [taken/take] medications for [your/his/her] 
seizure[s]? 

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . .  . . . . . . . . . . . . . . . . . .  . . . . . . .  0 (GO TO Q5) 
Don't know . . . . . . . . . . . . . . .  9 (GO TO Q5) 
Not asked . . . . . . . . . . . . . . . . .  8 

A. How old (were/was] [you/he/she] when [you/he/she] first started taking 
medications for the seizure(s)? 

Age 
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IF SUBJECT IS LIVING: 
B .  [Are/Is] [you/he/she] sti l l  taking medications for the seizure(s) now? 

yes.. . . . . . . . . . . . . . . . . . . . . . . . . .  1 (GO TO Q4) 
No. . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO C) 
Don't know . . . . . . . . . . . . . . . .  9 (GO TO Q4) 
Not asked . . . . . . . . . . . . . . . . .  8 

IF SUBJECT IS DECEASED: 
Was [he/she] sti l l  taking medications for the seizure(s) at the time of 
[his/her] death? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 (GO TO Q4) 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know. . . . . . . . . . . . . . .  9 (GO TO Q4) 
Not asked . . . . . . . . . . . . . . . . .  8 

C.  How old [were/was] [you/he/she] when [you/he/she] stopped taking them? 

Age 

Q4. IF SUBJECT IS CURRENTLY TAKING ANTICONVULSANTS:  Which 
medications [are/is] [you/he/she] taking? [RECORD VERBATIM) 

Anyth ing else? [PROBE: [Are/Is] [you/he/she] taking any of the fol lowing: 
Tegretol ,  Phenobarbital, Mysol ine, Di lantin, Depakene, Depakote, Zarontin or 
Mebaral?) 

IF SUBJECT FORMERL Y TOOK ANTICONVULSANTS OR IS 
DECEASED: Which medications [were/was] [you/he/she] taking when 
[you/he/she] [stopped/died]? [RECORD VERBATIM) 

Anyth ing else? [PROBE: [Were/Was] [you/he/she] taking any of the fol lowing: 
Tegretol ,  Phenobarbital, Mysol ine, Di lantin, Depakane, Depakote, Zarontin or 
Mebaral?) 

Q5. [Have/Has/Did] [you/he/she] ever [had/have] an episode of continuous seizures 
lasting for 30 m inutes or more, without recovering between seizures? 

A.  

yes . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . .  . . . . . .  . . . . . . .  0 (GO TO Q6) 
Don't know. . . . . . . . . . . . . . .  9 (GO TO Q6) 
Not asked . . . . . . . . . . . . . . . . .  8 

How old [were/was] [you/he/she] when this happened? 
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B .  Did [you/he/she] have to spend the n ight i n  a hospital because ofthis 
event? 

yes. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Don't know . . . . . . . . . . . . . . .  9 
Not asked . . . . . . . . . . . . . . . . .  8 

Q6. [Have/HaslDid] [you/he/she] ever [had/have] a brainwave test, that is an EEG? 
yes. . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . .  . . . . . . . . . . . . . .  0 (GO TO Q7) 
Don't know. . . . . . . . . . .  9 (GO TO Q7) 
Not asked . . . . . . . . . . . . . .  8 

A. Where was the most recent EEG done? 

Hospital 

City State 

B .  When was it? / -- -- -- -- -- --

(DK=99/9999; NOT ASKED=88/8888)month year 

Q7. [Have/Has/Did] [you/he/she] ever [had/have] an MRI of the brain? 
yes. . . . . . . . . . . . . . . . . . . . . . .  1 
No. . . . . . . . . . . . . . . . . . . . . . . .  0 (GO TO Q8) 
Don't know. . . . . . . . . . .  9 (GO TO Q8) 
Not asked . . . . . . . . . . . . . .  8 

A .  Where was the most recent MRI  done? 

Hospital 

City State 

B .  When was it? / -- -- -- -- -- --

(DK=99/9999; NOT ASKED=88/8888)month year 

Q8. [Have/Has/Did] [you/he/she] ever [had/have] a CAT scan of the brain? 
yes. . . . . . . . . . . . . . . . . . . . . . .  I 
No. . . . . . . . . . . . . . . .  . . . . . . . .  0 (GO TO Q9) 
Don't know. . . .  . . . . . . .  9 (GO TO Q9) 
Not asked . . . . . . . . . . . . . .  8 

295 



A. Where was the most recent CAT scan done? 

Hospital 

City State 

B .  When was it? / -- -- -- -- -- --
(DK=99/9999; NOT ASKED=88/8888)month year 

ASK Q9 ONLY IF SELF INTERVIEW, OR IF SUBJECT IS INFORMANT'S 
CHILD AND IS <18 YEARS OLD, OR IF SUBJECT IS DECEASED, 

OTHERWISE GO TO QI0 

Q9. In order to make sure that our information is as accurate as possible, we would 
l ike to review medical records of our study participants. Would it be al l right with 
you if we contact the doctor who would have the most information about [the 
seizure(s)/this problem]? 

yes . . . . . . . . . . . . . . . . . . .  . 1 
No . . . . . . . . . . . . . . . . . . . .  . 
Not Asked . . . . . . . . . . . .  . 

o (GO TO Q16) 
8 

[IF YES, FILL OUT MEDREC REQUEST FORM AND THEN RETURN TO QI0] 

QlO. Is there anything you wou ld l ike to add? [RECORD VERBATIM] 

[IF SELF INTERVIEW GO TO Q12]  
Q l l . How wel l  do you know (subject 's) medical history? Wou ld you say 

Very wel l . .  . . . . . . . . . . . . . . . . .  1 
Reasonably welL . . . . .  2 
Not very welL . . . . . . . . . . .  3 
Not at a l l . .  . . . . . . . . . . . . . . . . .  4 
Not asked . . . . . . . . . . . . . . . . . .  8 

Thank you for your patience and participation ! 
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[FOR OFFICE USE] 

Q12.  DID OTHER FAMILY MEMBERS CONTRIBUTE TO INTERVIEW? 

yES .. . . . . . . . . . . . . . . . . . . . . . . . .  1 
NO .. . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

IF YES, WHO CONTRIBUTED? 

Name(s) ; 
subject number 

Subject number 

Relationship(s) 0 subject : -------

INTERVIEWER IMPRESSIONS: 

1 .  RESPONDENT'S UNDERSTANDING OF QUESTIONS 

2. OTHER IMPRESSIONS 

TIME ENDED: 

EXCELLENT .... . . . . . . 1 
GOOD .. . . . . . . . . . . . . . . . . . . . . .  2 
ADEQUATE ... . . . . . . . . . .  3 
POOR .. . . . . . . . . . . . . . . . . . . . . .  4 

AM PM 
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Appendix 20: The Unstructured Seizure Classification Interview (Reutens et al 
1992) 

I .  How many d ifferent types of seizures do you think you have? 

2 .  Please describe what happens in each type of  seizure? 

3.  Do you have blank spel ls  or spe l l s  in which you "switch off or go off the 
airwaves?" 

4. Do you have spel ls  in which you twitch or jerk, especial ly j ust after waking 
up? 

For each seizure type: 

1 .0 Do the seizures fol low each other in a particu lar pattern? Describe the pattern . 

2 .0  Do you have any warning before seizures occur? Describe the warning. 

2 . 1 I f  yes to 2 .0 :  How long does the warning last? 
2.2 Does the warning ever occur on its own? 

3 .0  Do you "go blank" or  lose awareness of your surroundings during the seizure? 

3 . 1 I f  yes to 3 .0: For how long are you blank or "out of it?" 
3 .2 Do you go completely  b lank (out of i t  altogether) or retain some 

awareness of your surroundings? 
3 . 3  Do you stop what you are doing o r  continue on  automatical ly  " l ike a 

robot?" 

4.0 If No to 3 .0 :  Without losing consciousness, have your legs given way? 

4. 1 Without losing consciousness, have you dropped to the ground? 
4.2 Without losing consciousness, have your arms dropped or sagged? 
4.3 Without losing consciousness, have you dropped objects? 
4.4 Without losing consciousness, does your head drop or sag? 

5 .0 During a seizure, do you experience emotional changes or flashbacks? Describe 
them. 

5 . 1  During a seizure, do you experience a feel ing o f  being i n  a dream o r  i n  an 
unusual ly strange or fami l iar place? Describe the feel ing. 

5 .2 If  Yes to 5 .0 :  During a seizure do you experience intense fear? 
During a seizure do you experience rage or anger? 
During a seizure do you experience euphoria, happiness, or pleasure? 
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5.3 If Yes to 5.2: How long do the emotional changes last? 
5.4 If Yes to 5 .0 :  During a seizure do you experience flashbacks or memories 

of past events (as though you are reliving the past)? 
5.5 During a seizure do you experience the sense that everyday surroundings 

or objects are unfami l iar? 

6.0 During a seizure do you see or hear things that aren't real? Describe the 
hal l ucination. 

6. 1 I f  Yes to 6.0: Indicate type of hal lucination (visual/auditory) 
6.2 How long do the hallucinations last? 

7.0 During a seizure do you experience any unusual smel ls  or tastes? Describe the 
smel ls  or tastes. 

7. 1 If yes to 7 .0 :  Indicate type of hal lucinations (ol factory/gustatory) 
7.2 How long do these hal lucinations last? 

8 .0 During a seizure do you notice any pins and needles, e lectric shocks, tingling, or 
other changes in  sensation? Describe the sensations. 

8 . 1 If  yes to 8.0 Where does the change in  sensation start and how does it 
spread? 

8.2 How long does the change in sensation last? 

9.0 During a seizure do objects or sounds in the room appear distorted or altered? For 
example, do sounds seem nearer or farther away or objects seem shrunken or 
magn ified? Describe the changes. 

8 .3  I f  yes to 9.0 :  Indicate i f  auditory or visual . 
8.4 How long does it last? 

1 0 .0 During a seizure do you fee l  that everything i s  in  s low motion or sped up? 
Describe the feel ing. 

1 1 .0 During a seizure do you experience a funny feel i ng in  your tummy? 

1 2 .0 During a seizure do you experience mouth watering or drooling? 

1 3 .0 During a seizure do you experience palpitations or a pounding heart? 

1 4 .0 During the seizure do the eyes rol l back or tend to look in  a particular direct ion? 

1 4 . 1  I f  yes to 1 4 .0 :  Which direction do they turn? 
1 4 .2 How long does it last? 
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1 5 .0 During a seizure, does the head turn in a particular direction? 

1 5 . 1  I f  yes to 1 5 .0 :  Which direction does it turn? 
1 5 .2 How long does it last? 

1 6 .0 During a seizure, are the arms held stiff in a particular position? Describe what 
happens. 

1 6 . 1  If yes to 1 6 .0 :  Are both arms or i s  just one arm affected? 
1 6 .2 Are the arms bent or straight? 
1 6 .3 How long does it last? 

1 7 .0 During a seizure are the l egs held sti ff in  a particular position? Describe what 
happens. 

1 7 . 1  If yes to 1 7 .0: Are both legs or is just one leg affected? 
1 7 .2 Are the legs bent or straight? 
1 7 .3 How long does i t  last? 

1 8 .0 During the seizure, does breathing stop or does the subject go blue? 

1 9.0 Do any jerking or twitch ing movements of the face, arm or leg occur during the 
seizure? 

1 9. 1  I f  yes to 1 9.0 :  Which parts of the body do they affect (face or 
l ips/arms/legs)? 

1 9 .2 Does the jerking affect both s ides of the body at the same time or only 
one side at a time? 

1 9.3 How long does the jerking last? 

20.0 During a seizure, do the eyel ids twitch or i s  there repeated b l inking? 

20. 1 I f  yes to 20.0: How long does it last? 

2 1 .0 During a seizure, do any of the fol lowing th ings occur: smacking of the l ips, 
l icking of the l ips, chewing, swal lowing, laughing, picking at or fiddl ing with 
things, walking or making stepping or bicycl ing movements, speaking? Describe 
what happens. 

22.0 Do you ever bite you tongue during a seizure? 

23.0 Do you ever wet yoursel f  during a seizure? 

24.0 After a seizure are you confused or drowsy? Describe how you feel after a 
seizure. 
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24. 1 If  yes to 24.0: How long does the confusion or drowsiness last? 

25.0 After a seizure, do you have a headache? Describe it. 

25 . 1  I f  yes to 25 .0 :  Is the headache on one side of the head or does it ache al l  
over? 

26.0 Do seizures have any longer lasting effects on vision, speech, sensation, or muscle 
power? Describe the changes . 

26. 1 If yes to 26.0: How long do these effects last? 

SEIZURE TYPE = EPILEPSY SYNDROME = 
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Appendix 2 1 :  Differences in non-convulsive seizure questions between the semi­
structured seizure (Ottmans et a1 1990) interview and the clinical 
seizure interview (Reutens et al 1992) 

REUTEN'S QUESTIONNAIRE 
Staring episodes (absence or complex partial 

seizu res) 

1 Do you have blank spells or spells in which you 
"switch off or go off the airwaves?" 
2Do you "go blank" or lose awareness f your 
surroundings during the seizure? 

• For how long are you blank or "out of 
it?" 
• Do you go completely blank (out of it 

altogether) or retain some awareness of 
your surroundings? 

• Do you stop what you are doing or 
continue on automatical ly "l ike a robot?" 

5 .  During the seizure d o  the eyes roll back or 
tend to look in a particular direction? 
• Which direction do they turn? 
• How long does it last? 

Jerkin g  episodes (myoclonic or clonic seizures) 

I .  Do you have spells in which you twitch or jerk 
especially just after waking up? 

2 .  Do any jerking or twitching movements of the 
face, arm or leg occur during the seizure? 
• Which parts of the body do they affect 

(face or l ips/arms/legs)? 
• Does the j erking affect both sides of 
the 
• body at the same time or only one side 
at a time? 
• How long does the jerking last 

3 .  During a seizure, d o  the eyelids twitch o r  is 
there repeated blinking? 
• How long does it last? 

OTTMAN'S  QUESTIONNAIRE 
Staring episodes (absence or complex partial 
seizures) 
I .  [Other than the seizure[s] [you/he/she] had as 
a smal l child because of a high fever [have you 
ever had/(has/did)(he/she) ever (had/have)] any 
of the fol lowing . . .  

• [ IF  SUBJECT HAS EPILEPSY, ASK . . .  ] 
a change in  [yourlhislher] mental state or 
awareness of [yourlhis/her] 
surroundings? 

• [ IF  SUBJECT DOES NOT HAVE 
EPILEPSY, ASK . . .  ] 

• a change in  [your/hislher] mental state or 
awareness of [your/his/her] surroundings 
for no apparent reason? 

• [ IF  INTERVIEWING A PARENT . . .  ] ,  
[When he/she was a smal l  chi ld], 
[Does/did] [he/she] seem to daydream or 
stare into space more than other 
chi ldren? 

Jerking episodes (myoclonic or clonic 
seizuresl 
I .  [Other than the seizure[s] [you/he/she] had 
as a smal l chi ld because of a h igh fever [have 
you ever had/(has/did)(he/she) ever (had/have)] 
any of the fol lowing . . .  

• [uncontrol led movements of part or al l  
of [your/his/her] body such as twitching, 
jerking, shaking or going l imp 

• Shortly after [youlhe/she] 
[wake(s)/woke] up, either in the morning 
or after a nap, [have/has] [you/he/she] 
ever noticed unusual movements such as 
dropping things or things suddenly 
"flying" from [yourlhis/her] hands or 
uncontrol lable jerking or clumsiness? 

2. Before the seizure[s] start[s/ed] , 
[have/has/did] [you/he/she] [usual ly] [had/have] 
jerking, shaking, or uncontrol led body 
movements on only one side of the body? 
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• Is it always the same side? 
• Which side? 
• Which parts of the body [are/were] 

involved? [RECORD VERBATIM] 
• What [are/were] the movements l ike? 

[RECORD VERBATIM] 
3. Before the seizure[s] start[s/ed] 
[do/does/did] [you/he/she] [usual ly] have 
jerking, twitching, or uncontrolled body 
movements on both sides of the body? [PROBE 
FOR MYOCLONIC JERKS PRECEDING 
GRAND MAL SEIZURES] 

• Which parts of the body [are/were] 
involved? [RECORD VERBATIM] 

• What (are/were] the movements l ike? 
[RECORD VERBATIM] 

4. During this spel l ,  did any parts of 
[your/his/her] body jerk suddenly and 
unexpectedly? 
5 .  [Has/Did] this type of spel l  usual ly 
[ occurred/occur] shortly after [you/he/she] 
[wake[ s ]/woke] up, either i n  the morning or 
after a nap? 
6. [Does/HaslDid] this type of spel l [occur[ ed]] 
only when [you/he/she] [are/is/were/was] going 
to sleep? 
7 .  During this spel l ,  did any parts of 
[your/hislher] body move uncontrol lably? 
[PROBE FOR FOCAL MOTOR ACTIVITY] 

• Which parts of the body were involved? 
[RECORD VERBATIM] 
What were the movements l ike? 
[RECORD VERBATIM] 

• Was this on only one side? 

• Which side? 

• [Have/HasIDid] [you/he/she] ever 
[hadlhave] a simi lar spel l  with 
movements on the opposite side? 

8. During this spel l ,  did any parts of 
[your/his/her] body jerk suddenly and 
unexpectedly? 

• Which parts of the body were involved? 
[RECORD VERBATIM] 
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• What was the jerking l ike? [RECORD 
VERBATIM] 

• Was this on only one side? 
• Which side? 
• [HavelHaslDid] [youlhe/she] ever 

[hadlhave] a simi lar spel l  with jerking 
on the opposite side? 

• Would you say the jerking felt l ike an 
electric shock going through 
[your/hislher] body? 

• [Has/Did] this type of spel l  usually 
[ occurred/occur] shortl y after 
[you/he/she] [wake[ s ]/woke] up, either 
in the morning or after a nap? 

• [DoeslHaslDid] this type of speJ I  
[occur[ ed]] on ly when [you/he/she] 
[are/is/were/was] going to s leep? 

• Did this type of spe l l  ever occur as a 
result of l ights shining in [your/hislher] 
eyes -- for example, strobe l ights, video 
games, reflections, or sun glare? 

9 .  Did [your/hislher] eye l ids flutter during this 
spel l?  

Limp episodes (atonic seizures) Limp episodes (atonic seizures) 
1 .  Without losing consciousness, have your legs 1 .  During this speJ I ,  did part of [your/hislher] 

given way? body suddenly go l imp, causing [you/him/her] 
2. Without losing consciousness, have you to fal l  or drop things? 

dropped to the ground? 
3 .  Without losing consciousness, have your arms • Which part of the body was involved? 

dropped or sagged? [RECORD VERBATIM] 
4.  Without losing consciousness, have you • What was the l impness l i ke? [RECORD 

dropped objects? VERBATIM] 
5 .  Without losing consciousness, does your head 

drop or sag? • Was this on only one side? 
• Which side? 
• [Have/HaslDid] [you/he/she] ever 

[had/have] a simi lar spel l  where part of 
the body went l imp on the opposite side? 

2 .  [Other than during a grand mal  seizure] 
During a speJ I l ike this did [your/his/her] whole 
body ever go l imp? [ IF  YES, RECORD 
VERBA TIM DESCRIPTION AND PROBE 
FOR A TONIC SEIZURES] 
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Stiff episodes (tonic seizures) Stiff episodes (tonic seizure� 
I .  During a seizure, are the anns held stiff in a particular 
position? Describe what happens. 

• Are both arms or is just one arm affected? 
• Are the arms bent or straight? 
• How long does it last? 

2 .  During a seizure are the legs held sti ff in a particular 
position? Describe what happens. 

• Are both legs or is just one leg affected? 
• Are the legs bent or straight? 
• How long does it last? 
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Appendix 22:  Standardised written guidelines used to classify seizures, broad 
epilepsy-onset types, and idiopathic generalized epilepsy from our 
modified diagnostic questionnaire. 

Features more suggestive of syncope 
• Context i .e. typical provoking circumstances e.g. phlebotomy, pain, prolonged 

standing 
• Observed pal lor, sweating or clamminess prior to, during or immediately after 

event 
• Gradual evolution of warning symptoms; hot, l ight-headed, feel ing l ike "going to 

faint", blurred vision especial ly "graying out" or fading out" of vision, or 
weakness 

.. Brief loss of consciousness 
.. Rapid recovery with minimal post-ictal confusion 
• No tongue biting, drool ing or events during deep sleep 

Features more suggestive of psychogenic non-epileptic seizures 
• Prolonged duration of attack i .e. convulsive or motionless unresponsive 

component greater than ten minutes 
.. Prominent motor activity characterized by : 

thrashing or flai l ing l imbs movements 
waxing and waning intensity of movements 
side-to-side head movements 

• Prolonged motionless, unresponsiveness (maybe aware of surroundings) greater 
than ten minutes 

.. Eyes closed during al l  events 
• Crying 
.. MUltiple different attacks 

Absence seizures 
• Age of onset (major < 1 5  years; minor < 40 years) 
• Brief, usually less than 30 seconds 
• Sudden onset and termination i .e. "pause" 
• Behavioral arrest - stop purposeful activity 
• Resumption of prior activity with no confusion, headache or sleepiness 
• Staring/blank episodes - eyes open (straight ahead > upward) 
• loss/partial loss of awareness 
• Eyel id bl inking (slow or flutter) 
• Myoclonia mi ld in eyebrows, chin, head, perioral, or l imbs 
• Autonomic component and simple automatisms only if seizures prolonged 
• Fami ly history of absence seizures 
• No fal ls 
• No warning 
• Precipitants: s leep deprivation, alcohol ,  menstruation, stress 
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Myoclonic seizures 
• Age of onset (major < 20 years, minor < 40 yrs) 
• Brief, twitches or jerks without warning or post-ictal confusion 
• May occur singly, in brief runs or clusters 
• Body distribution suggestive of epi lepsy syndrome 
• Progressive epi lepsy syndromes involve atypical regions (diaphragm, phonation, 

walking), greater severity, and without waking prominence 

Atypical absence seizures 
• Other seizure types more prominent 
• Abnormal neurological, cognitive or intel lectual development 
• Prolonged (>45 seconds) absence seizures 
• Post-ictal confusion, headache, drowsiness 

Generalized tonic seizure 
• May have guttural cry or grunt 
• Sudden, brief, sustained symmetrical muscle rigid ity, without clonic movements, 

fixing the l imbs, most often as flexor or extensor posturing and with loss of 
consciousness e.g. "bear hug seizure" 

• May occur during sleep (as wel l  as awake) state 
• Fal l  if upright, stiff, injury common 
• Confusion, headache, drowsiness post-ictal ly 

Atonic seizures 
• Sudden, brief loss of posture affecting truncal musculature 
• Without clonic movements 
• Brief loss of consciousness (usual ly seconds) 
• May cause abrupt fal l ing i .e. drop attacks, head nods or l imb drops 
• Confusion, headache, drowsiness post-ictal ly 

Primary or secondarily generalized tonic-clonic seizure 
• Tonic seizure component: sudden, brief, sustained symmetrical muscle rigid ity, 

fixing the l imbs, most often as flexor or extensor posturing and with loss of 
consciousness 

• Clonic seizure component: symmetric, b i lateral, synchronous, semi-rhythmic 
jerking of the upper and lower extremities, usual ly increases in ampl itude and 
decreases in frequency as the seizure progresses 

• Cyanosis may be present 
• Ends after a few intermittent sporadic jerks 
• Convulsive activity duration < 1 0  minutes 
• Tongue biting may occur 
• Postictal confusion and muscular aching 
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Features more suggestive of partial seizures 
Major 

.. Seizures with onset after 40 years age 
.. Seizures from deep sleep (not drowsy or arousal states) 
.. Warning or aura independent of convulsive seizures or seizures with impaired 

awareness 
.. Focal or asymmetric motor or sensory phenomena, prior to convulsive or seizures 

with impaired awareness. 
tonic or dystonic posturing 
clonic jerking 
head or eye deviation 
Parasthesias, numbness 
Post-ictal paresis 
Prolonged post-ictal aphasia 

.. Complex automatisms e.g. gestural ,  vocalization, walking, stepping, rocking or 
bicycl ing movements 

.. Focal neurological abnormal ities on examination or radiological investigations 
Minor 

.. Preceding warning or aura at onset of seizures that progress 
.. Simple automatisms e.g. l ip  smacking, l ip l icking, chewing, swallowing, 

grimacing, fiddl ing movements (fingers, hands, etc) 

Febrile Convulsions 
.. Onset < 6 years 
.. Only occur with fever 
.. Attacks typical ly have convulsive features 

Idiopathic Generalized Epilepsy (IGE) 
Major 

.. Onset before 30 years of age and usual ly before 20. 
.. Seizures never out of deep sleep but may occur with drowsy/arousal states (except 

tonic seizures in MAE) 
.. Non-convulsive generalized seizures i .e . absence, myoclonus, astatic, atonic 
.. No clear warning with convu lsive seizures (may have vague premonitory 

symptoms). 
.. Normal neurological and intel lectual development. 

Minor 
• Onset before 40 years age 
.. Family history of IGE, absence or myoclonus 

Childhood absence epilepsy (CAE) 
Major 

.. Typical , frequent (multiple more than dai ly) absence seizures. 
.. Age of onset 3-8 years. 
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• Fami ly  history of typical absence seizures. 
• Normal neurological development (may have cognitive/learning problems). 

Minor 
• Family history of IGE seizure types 
• Onset before 1 2  years 
• Infrequent generalised tonic-clonic seizures and myoclonus 

Juvenile Absence epilepsy (JAE) 
Major 

• Typical absence seizures 
• Age of onset 9-20 years 
• Infrequent (daily or greater) absence seizures 
• Family history of absence seizures 

Minor 
• Fami ly history of IGE 
• GTCS more frequently than absence seizures 
• Myoclonic jerks infrequent, m i ld and random distribution (afternoon > 

awakening) 
• Myoclonic seizures and GTCS onset years after absence seizures onset 

Juvenile Myoclonic Epilepsy (JME) 
Major 

• Age of onset 1 2-20 yrs 
• Earliest onset, most frequent, or independently occuring non-convulsive seizure 

type myoclonic 
predominantly in the l imbs especial ly arms (not prominent in  eyebrows, 
eyel ids, chin, head, perioral, phonation, diaphragmatic, walking) 
usual ly with in an hour after awakening 
manifest as: clumsiness, shakiness, tremulousness, twitching, or jerks 
(dropping, knocking or spi l l ing things) 

• Tonic-clonic seizures on awakening with onset months after myoclonus 
• Fami ly history of myoclonus 
• Normal neurological development 

Minor 
• Seizure precipitants; sleep deprivation, alcohol ,  menstruation, stress. 
• May have absence seizures 

IGE not otherwise specified 
• Primary general ised seizures only 
• Age of onset less than 40 years 
• Fami ly history of IGE, absence seizures or myoclonic seizures 

Epilepsy with myoclonic astatic seizures (MAE) 
Major 

• Age of onset 1 -6 years 
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• Predominant seizure type myoclonic astastic seizures (symmetrical myoclonic 
jerks fol lowed by loss of muscle tone) 

• Atonic seizures (without warning, minimal confusion) 
sudden fal ls 
head nods 
l imb drops 
Injury common 

• Frequent status epi lepticus (absence or myoclonic) 
• No tonic seizures prior to adolescence 

Minor 
• Other general ised seizure types (absence, GTCS) 
• FS or FS after age 6 years 
• Family history of FS 
• May or may not be normal developmental ly 

Epilepsy with myoclonic absences 
Major 

• Age of onset 1 - 1 2  years 
• Myoclonia associated with absences 
• Myoclonia: rhythmic myoclon ic jerks on shoulders, arms and legs with 

concomitant tonic contraction, which may be uni lateral or asymmetrical 
• Absences: more than dai ly, duration < 90 second 
• Perioral myoclonias frequent 
• Eyelid twitching absentlnot prominent 

Minor 
• Fami ly history of myoclonic absences 
• GTCS 
• Atonic seizures 
• Absence status epi lepticus rare 

Benign myoclonic epilepsy in infancy (unlikely to be observed in sample) 
Major 

• Age of onset 4 months to 4 years 
• rem ission with in one year of onset 
• Myoclonic jerks on awakening or first hours of s leep 

Minor 
• Seizure precipitants; photic, auditory startle, tacti le 
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