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Chapter 1

Epilepsy

Epilepsy is a serious chronic disorder of the brain affecting between 0.5 to 1.0% 

of all people regardless of age. Worldwide over 50 million people suffer from 

epilepsy. (1-3) The clinical hallmark of epilepsy is the occurrence of seizures 

which are defined as transient clinical signs and symptoms due to abnormal 

excessive or synchronous neuronal brain activity. Epilepsy can be diagnosed if 

at least two unprovoked (or reflex) seizures occur more than 24 hours apart, in 

case of one unprovoked (or reflex) seizure with a high probability of recurrence 

or in case of a diagnosis of an epilepsy syndrome. (4) Most epileptic seizures 

occur spontaneously, or they may be triggered by factor such as fatigue, fever 

or stress. In occasional epilepsy types, seizures may be reflexively provoked by a 

specific recognizable precipitant such as flashing light, a sudden noise, alcohol, 

hot water, or cognitive activity (speaking, reading, counting). (5, 6) 

Epilepsy can result from various underlying brain disorders. Genetics is involved 

in a substantial part of cases of epilepsy, either as the direct underlying cause 

or by modulating the susceptibility to an epileptogenic trigger. (7) The causal 

contribution of genetics may either be directly, due to rare single gene defects, 

or indirectly due to the interaction of multiple genes and external factors. (8, 

9) Structural pathology of the brain due to stroke, tumor, trauma, infection, 

cortical malformation, gliosis or sclerosis (scarring of brain tissue), (10-15) is 

also frequently associated with epilepsy. These lesions may induce functional 

changes in specific brain areas resulting in the occurrence of seizures. In 

addition, metabolic abnormalities and specific syndromes (e.g. West’s or 

Lennox-Gastaut’s) have been described as etiology. In many cases, however, 

the underlying cause of epilepsy is unknown, with a presumed genetic, 

microstructural or immunological basis. (3, 16, 17)

Epilepsy is clearly not a uniform condition and comprises many different 

syndromes and seizure types. It is traditionally subdivided into two main forms: 

partial and generalized epilepsies and each can be further classified according 

to etiology into symptomatic, cryptogenic (i.e. presumed symptomatic) or 

idiopathic. (18) In 2010, the International League Against Epilepsy (ILAE) 

proposed a new classification which focuses more on the underlying etiology 

(genetic or structural/ metabolic) and uses a more flexible multidimensional 
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design than the ILAE 1989 classification. (16) This scheme is still under debate 

as it is considered more difficult to apply in daily practice. In this thesis we will 

therefore adhere to the old classification of epilepsies.

Generalized epilepsies (with absences, tonic and clonic, myoclonic or atonic 

seizures) are characterized in the EEG by diffuse neuronal discharges involving 

both hemispheres more or less simultaneously, resulting in immediate loss of 

consciousness. (19) In contrast, partial epilepsy (such as temporal lobe epilepsy) 

is frequently related to underlying structural pathology and is characterized 

by neuronal discharges originating from that specific brain area, adjacent to 

the pathological substrate. Partial seizures often start with a specific feeling or 

experience, i.e. an aura of which individuals remain fully aware (simple partial 

seizures), but this may be followed by loss of awareness (complex partial 

seizures) depending of the degree of spread of the neuronal discharges towards 

other, especially homotopic, regions. (18)

Impact of epilepsy

The impact of epilepsy on a person’s life is often substantial and depends on 

the combination of physical consequences of the seizures, their effects on social 

position, and their psychological impact. Epilepsy is associated with an increased 

risk of comorbid conditions such as depression and migraine, (20) psychosocial 

and cognitive dysfunction, (learning) disabilities, hospitalization, injuries, and 

sudden unexpected death. (20-26) In 2000, globally, epilepsy contributed to 

more than 7 million years of life lost due to premature mortality, time lived in a 

state less than full health or years of healthy life lost due to disability (disability 

adjusted life years; DALYs). (2, 27) The impact of epilepsy is thus one of the highest 

of all non-communicable diseases and actually ranks in the top 25%. (28) These 

DALYs, however, predominantly reflect only physical consequences (injuries, 

hospitalization and sudden unexpected death), yet neglect the negative effects 

that seizures may have on social and psychological well-being.

Stigma, social isolation, unemployment, driving restrictions, emotional 

vulnerability, fear of impeding seizures, lack of independence and the 

unpredictability of seizures are major concerns of people with epilepsy. (22, 
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29, 30) In children, normal development may be threatened by seizures, school 

performance may decline and parents may become very protective, which 

interferes with normal social functioning, self-esteem and independency. Early 

life epilepsy inevitably will also affect the future. Together with the burden of 

treatment, such as drug-dependence and adverse effects, these perspectives 

largely influence the daily life of a person with epilepsy. People with epilepsy 

have to cope with all these health, social and psychological aspects of their 

condition in daily life, usually resulting in a reduced quality of life. (31, 32) 

Psychological and social interventions or support are therefore frequently 

needed. (30) 

Epilepsy treatment

Epilepsy treatment aims to achieve complete seizure control or at least a 

substantial reduction in seizure severity or frequency, in order to reduce the 

medical and social impact on an individual’s life. Epilepsy is treated with anti-

epileptic drugs (AEDs), and sometimes by epilepsy surgery and occasionally by 

a ketogenic diet or vagus nerve stimulation. The beneficial effects on seizure 

control should be balanced against the possibility of adverse effects of AEDs or 

surgical risks, to achieve good treatment results.

Treatment options have expanded over the last two decades by the introduction 

of several new AEDs (such as lamotrigine, topiramate, levetiracetam, 

oxcarbazepine and lacosamide). Currently, over 20 AEDs are licensed for the 

treatment of epilepsy. Etiology and the type of seizures provide prognostic 

information and are used for appropriate drug selection. (5, 6) Generalized 

epilepsies tend to respond well to a limited number of broad-spectrum AEDs. 

Partial or focal epilepsies mostly respond to most AEDs. Treatment response 

to AEDs in partial epilepsy is, however, often less effective. A subgroup of 

people with epilepsy eventually does not respond satisfactorily to any AED 

treatment. These people are eventually diagnosed as medically intractable 

(pharmacoresistant or refractory) if they fail adequate trials of two tolerated and 

appropriately chosen and used AED schedules (whether as monotherapies or 

in combination) to achieve sustained seizure freedom or reduction. (33) Some 

of these intractable epilepsies may be successfully treated by neurosurgical 
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resection of epileptogenic brain tissue. Surgery is considered a valid option for 

certain partial types of epilepsy, in case of a clearly defined focus and low risks of 

major residual deficits. Mesial temporal lobe epilepsy (MTLE) is one of the most 

commonly identified forms of intractable temporal lobe epilepsies (TLE) and 

is considered the prototype of surgically remediable epilepsies. (34) It would 

seem that the choice for the optimal treatment largely depends on the type 

of epilepsy, however, individual treatment responses vary and are difficult to 

predict. Treatment remains largely a trial-and-error based search for the optimal 

drug regimen. Drug selection for a specific type of epilepsy should, according 

to the guidelines, always be individualized, taking into account gender, age, 

lifestyle, comorbidity, concomitantly used medication and genetics. (35)

Treatment outcomes

Seizure control is the main outcome measure in epilepsy treatment. About 50% 

of people with epilepsy seem to be well-controlled with a single, appropriately 

chosen and adequately applied first AED (monotherapy). (36) In another 20% 

seizure control can be achieved by a treatment change i.e. a substitution of a 

different drug or addition of one or more AEDs (polytherapy). The remaining 

30% has medically intractable epilepsy with small prospects of becoming 

completely seizure-free with AEDs, although many may be seizure-free for 

some years. (37, 38) Selected people with medically intractable epilepsy may be 

successfully treated by surgery. For MTLE, about 70% will be rendered seizure-

free by surgery though mainly with continuing AED use. (39)

Treatment efficacy, achieved by AEDs or surgery, is counterbalanced by drug-

related or surgical adverse effects. Chronic AED use is not particularly well 

tolerated. Drug-related adverse effects (AEs) occur in 40-80% of individuals, 

especially in those on polytherapy, (40, 41) and may range from inconvenient 

complaints such as headache, fatigue or weight changes, idiosyncratic rash, 

mood or behavioral change (42, 43) to severe, irreversible or life threatening 

effects such as concentric visual field loss, aplastic anemia, hepatic failure, 

and Stevens-Johnson syndrome. (44-49) Surgical treatment is associated 

with complications in 1-5% of people with epilepsy, with varying amounts of 

neurological deficits or unanticipated cognitive decline. (50-52) 
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It is still unknown why and how people with epilepsy become intractable, 

whereas others with seemingly identical epilepsy achieve full and permanent 

seizure control. Several clinical and pharmacological determinants have found 

to be related to, and may even predict, treatment outcomes. Failure of the 

first two drugs is often mentioned as a powerful predictor of intractability. 

(38) But especially before starting therapy, convincing scientific evidence on 

other determinants that may predict treatment outcomes is limited. (53, 54) 

Certain epilepsy sub types such as mesial temporal lobe epilepsy (MTLE) seem 

associated with medical intractability and favorable surgical outcome. (55) 

MTLE, is even considered as the prototype of a syndrome suited for surgical 

treatment. Currently, this is under debate as MTLE is increasingly seen as part 

of a larger spectrum of temporal lobe epilepsies with similar electroclinical 

characteristics and treatment outcomes. (56) Better prediction of treatment 

outcomes is warranted as it may facilitate daily clinical management decisions 

such as an earlier choice for the right AED type and dosage, or early referral for 

other treatments such as epilepsy surgery. 

Prevailing research on treatment outcomes has focused on efficacy and 

tolerability. The impact of epilepsy, as argued, goes beyond general clinical and 

pharmacological aspects and involves psychological and social aspects that 

include individual perspectives and needs. For some people, complete seizure 

control may be less important than adequate coping with other aspects of their 

condition. (57) These individual perspectives are, unfortunately, frequently 

neglected both in clinical practice as well as in treatment outcome research, 

probably because they are considered to be too subjective, not necessarily 

related to the epilepsy itself and more difficult to quantify. They are also not 

regularly documented in clinical files. 

A better understanding of the contributive role of these individual perspectives 

and needs in epilepsy treatment outcomes is, however, needed. In addition 

to the traditional, clinical pharmacological determinants, they may hold 

important information and possibilities to reduce seizure load, adverse effects 

or the impact on daily life. Their relation to treatment outcomes warrants further 

research. Quality of life measures do incorporate these individual perspectives 

of health and well-being, as well as seizure control and adverse effect, and can 

be regarded the optimal and most comprehensive outcome measure. (32, 58) 
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This is why quality of life receives increased attention in the treatment of several 

chronic diseases. 

In clinical practice, the lack of efficacy in some and the adverse effects in many 

suggest that chronic AED treatment is far from optimal. Treatment outcomes 

do not seem to have improved substantially over the last decades, despite the 

availability of an increasing number of AEDs. (59-61) But scientific evidence 

confirming this lack of improvement in clinical practice is limited. The evidence 

on treatment outcomes is largely based on trial results of newly marketed 

drugs. (62) These usually demonstrate better safety and tolerability profiles of 

the new drug. Trials, however, are typically performed in a selected group of 

people who are frequently younger, with more severe epilepsy and without 

comorbidities. These individuals are not representative of the population with 

epilepsy found in daily clinical practice, with quite heterogeneous profiles. 

Additionally, trials often comprise a short period of time, whereas in practice 

individuals are exposed to chronic, often life-long medication. (62) Trials are, 

also, not designed to measure other determinants that contribute to the impact 

of epilepsy.

Observational studies have paid more attention to quality of life as outcome 

measure, but often also fail to provide generalizable results. These studies have 

mostly been limited to people in a clinical setting including specialized epilepsy 

care, probably due to the availability of clinical information and diagnostic 

certainty. These studies mainly involve individuals with more difficult-to-treat 

epilepsy whereas in the general community there may be a large number of 

individuals who are seizure free or who are better in coping with their seizures. It 

is therefore not surprising that scientific evidence on treatment outcomes from 

trials and observational studies performed in a hospitalized-setting may differ 

significantly from clinical practice. (63) A community-based study including a 

more representative sample of epilepsy cases, would be necessary to provide 

unbiased estimates of treatment outcomes and its determinants. In this thesis, 

we therefore aimed to conduct such a community-based study in a Dutch 

‘OutPatient Population-based Epilepsy Cohort’; the OPPEC study.
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Objective

In this thesis, we aimed to identify determinants of treatment outcomes in 

a representative community-based sample of people with epilepsy, and in a 

group of people referred for epilepsy surgery. In defining treatment outcomes 

we took a special interest in the individual perspectives of people with epilepsy 

i.e. quality of life, in addition to the ‘traditional’ disease and treatment related 

perspective.

Outline of the thesis

The first three chapters (2 to 4) of this thesis describe the analysis of patient-

reported treatment outcomes and associated determinants as assessed in a 

Dutch community-based epilepsy cohort (the ‘OutPatient Population based 

Epilepsy Cohort’; the OPPEC-study). 

Chapter 2 focusses on the current state of epilepsy treatment in terms of 

quality of life, seizure control and occurrence of adverse effects. This includes 

a comparison of current outcomes to those of 10 years ago in a comparable 

Dutch community. We assessed whether outcomes have improved after the 

introduction of several new AEDs, and assessed which factors were the main 

independent determinants of quality of life.

In chapter 3 we assessed what people with epilepsy perceived as potential 

seizure precipitants and tried to chart associated characteristics. The aim is to 

assess the value of such, patient-perceived, information and its contribution to 

treatment outcomes.

In chapter 4 we assessed the occurrence of changes in AED regimens and their 

association with quality of life in daily practice. We aimed to determine whether 

these changes can be regarded as indicator of suboptimal treatment outcome, 

i.e. a reduced quality of life, and how they should be accounted for in clinical 

practice and epilepsy research. 
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The final two chapters (5 and 6) focus on medically intractable epilepsy from a 

more traditional ‘clinical’ perspective. Chapter 5 is a systematic literature review 

on prognostic factors that are important in the prediction of treatment outcome 

in medically intractable epilepsy.

Chapter 6 assesses differences in clinical characteristics and seizure outcomes 

in temporal lobe epilepsy due to hippocampal sclerosis or due to a lesion, in 

patients who underwent temporal lobectomy. 

Finally, in chapter 7 we discuss our findings and give recommendations for 

future research and clinical practice.
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Abstract

In the past decade, many new antiepileptic drugs have become available, 

but their influence on patient outcomes in daily practice is not well 

known. In a community-based study, we assessed changes in epilepsy 

treatment and outcomes over a 10-year period. 

We compared two cross-sectional community-based samples that were 

obtained from the same Dutch suburban region in 2000 and 2010 using 

pharmacy records for recruitment, including 344 and 248 epilepsy 

patients, respectively. The main outcome was self-reported quality 

of life (QoL, using the QOLIE-31). Potential predictors of QoL (adverse 

effects, seizure control, seizure acceptability, demographic, epilepsy- or 

treatment-related determinants) were assessed by multivariable linear 

regression. 

New antiepileptic drugs were used by 9% of patients in 2000 and 34% in 

2010, P <0.001. More than 80% in both samples reported to be treated 

by a neurologist. We found no significant differences in QOLIE-31 scores 

(72.57 vs. 72.44), or in the proportion of patients with complete seizure 

control (51 vs. 54%), between the two study samples. Seizure control and 

adverse effects were important independent predictors of quality of life, 

explaining 58 % of the variance.

We found no evidence that in this community the QoL of epilepsy patients 

has improved in the last decade, despite unrestricted availability of 

healthcare resources, including accessibility to new AEDs. The relatively 

low proportion with complete seizure control and the high rate of 

adverse effects in these community-based samples suggest that the 

effectiveness of epilepsy treatment is still far from optimal.
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Introduction

Epilepsy is usually treated with antiepileptic drugs (AEDs) aiming to achieve 

complete seizure control without inducing adverse effects (AEs). (40, 64) 

Complete seizure control is achieved in about 70% of patients. (1, 65) Epilepsy 

patients often experience AEs, such as cognitive impairment, depression and 

behavioural problems, (40, 66, 67) with a major impact on their lives. (68) AEs 

are thus considered an important aspect of outcome assessment in epilepsy 

treatment. (69) Health-related quality of life (QoL) is the most comprehensive 

measure of epilepsy treatment outcome (68-70) and is assumed to depend on 

seizure control, AEs, and general perceptions of health and well-being. (58, 71, 

72) Modern epilepsy care should include all aspects and aim at improving QoL. 

(73, 74)

The introduction of several new AEDs (e.g., lamotrigine, topiramate, 

levetiracetam) in the last decades has expanded treatment options and raised 

expectations about efficacy, safety and tolerability. (60) Clinical drug trials have 

suggested better safety and tolerability profiles of these new AEDs (49, 75-79) 

and they have become popular first-line treatments. (80)

Still, less is known about their efficacy in daily clinical practice, outside 

randomised clinical trials. (81) There is growing concern that efficacy and safety 

of epilepsy treatment have not improved substantially with the introduction of 

new AEDs. (60, 61, 82) To date, there have been no community-based studies that 

investigated the effectiveness of new AEDs in daily clinical practice including a 

formal assessment of QoL. (60)

This study was performed to assess changes in the outcome of epilepsy 

treatment over the past 10 years. We compared two Dutch cross-sectional 

community-based samples from 2000 (40) and 2010, addressing both seizure 

control and QoL.
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Methods

Setting and population

In 2000 we took a cross-sectional community-based sample among epilepsy 

patients in the (sub) urban area ‘het Gooi-Utrecht’ in the center of the Netherlands, 

in which we investigated treatment outcomes such as QoL and seizure control. 

(40) We took a similar sample in 2010. Both studies were approved by the local 

medical ethics committee and the IRB.

Epilepsy patients were identified by means of outpatient pharmacy records based 

on AED prescriptions. In total, 17 randomly selected pharmacies participated in 

2000 and 30 in the 2010 sample, covering the same region with a total adherence 

population of 250,000 inhabitants. With an estimated prevalence of 0.6–0.8 this 

region will include about 1,500–2,000 epilepsy patients. Patients were selected 

if they had been filled at least two prescriptions for any AED in the last 2 years 

and if they were at least 15 (2000 sample) or 12 years (2010 sample) of age. 

Eligible patients were invited to participate and received an information letter, a 

short questionnaire to confirm a clinical diagnosis of epilepsy, and an informed 

consent form. Patients who used AEDs for reasons other than epilepsy, such as 

pain, migraine or depression, were excluded.

Data

We obtained demographic data (age, sex) as well as the AED medication history 

(number/type/changes in AED used in the last 2 years) from the pharmacy 

records of all patients who provided informed consent and who confirmed that 

they had epilepsy. Patients were asked to complete a questionnaire about QoL 

and seizure control. We also assessed seizure type, frequency and acceptability 

as well as the level of professional epilepsy care, by asking questions such as “Do 

you find your seizures acceptable, i.e., you wouldn’t consider doing something 

about them if this were possible?”, “Who prescribes your AEDs?”, “How often do 

you visit your treating physician?” and “Have you discussed your epilepsy with 

your physician in the past year?”. In 2010, we additionally assessed presence 

of clinically relevant drug-related AEs using the 46-item SIDAED list. (83, 84) 

This questionnaire posed the question: “Antiepileptic drugs may cause adverse 

effects. We would like to ask your opinion about complaints you may have and 

that you believe to be caused by your medication. Would you please read the list 

below and indicate if, and to what extent, you suffer from any of the following 
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complaints”. Then a list of potential AEs was presented, scored using a 4-point 

Likert scale (no, mild, moderate, or serious complaints). AEs were dichotomised 

as present (moderate or serious complaint) or absent (no or mild complaint). 

All items were grouped into nine categories of clinically relevant potential 

AED-related AEs, as reported by Uijl et al. (84) (Appendix 2A for more detailed 

information). The presence or absence of AEs in each category was assessed.

Seizure control was scored on the basis of self-reported “yes/no” answers to 

the question “Did you have any (major or minor) seizures in the past 2 years?” 

Where major seizures were defined as having (secondary) generalized tonic–

clonic seizures. Seizure control was defined as the absence of all types of 

seizures in the last 2 years. QoL was assessed using the validated Dutch version 

of the QOLIE-31. This questionnaire consists of several subscales for general 

and epilepsy-specific domains and provides an overall score, with higher scores 

representing a better QoL. (85) Scores were calculated using the QOLIE-31 

scoring manual version 1.0. (86)

Data analysis

Differences in general patient characteristics (demography, epilepsy and 

treatment characteristics) between the two study samples were compared 

using Student’s t test or χ 2 tests. Treatment outcomes (QoL and seizure control) 

in the two study samples were compared using one-way analysis of variance or 

univariable logistic regression with P-values set at 0.05. We assessed potential 

predictors of overall QoL score and determinants such as seizure control, seizure 

acceptability and presence of AEs by multivariable linear regression modelling 

with backward selection, using a P value of 0.10. This was performed in the 

2010 sample due to availability of the data, i.e., including AEs. Variables included 

demographic-, epilepsy-, treatment- or care-related determinants such as 

age, sex, major or minor seizures, number of used AEDs, current use of AEDs, 

switches in AEDs, prescriber of AEDs, visits to a physician in the past year and 

discussion of epilepsy with the treating physician. Missing values were imputed 

by multiple imputation techniques to prevent biased estimates of results. (87) 

All statistical analyses were performed using SPSS version 20.0.
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Results

In 2000, 692 patients were approached, of whom 500 (72%) responded. Of these, 

344 (69%) could be included since they reported having epilepsy and completed 

the questionnaire. In 2010, 1,894 patients were approached, of whom 575 

responded (30%). Of these respondents 248 (43%) were included. Reasons for 

this disparity in response rate are given in the (‘Strengths and weaknesses’). We 

assessed potential selection bias in the 2010 sample by comparing responders 

and non-responders, who were similar with respect to sex (45.2 vs. 46.1%) and 

proportion on monotherapy (80.3 vs. 81.1%); responders were slightly older 

than non-responders (mean age 55.9 vs. 51.5 years, respectively). The 2000 and 

2010 samples were comparable in terms of most demographic-, treatment- and 

care-related characteristics (Table 2.1). 

More than 80% reported to receive prescriptions from a neurologist and about 

half of all patients considered their uncontrolled seizures acceptable. The 

proportion of reported AEs in 2010 was 82% with an average number of 2.8 

AED-related complaints per patient. Proportions of AEs reported in each of the 

nine clinical domains of AEs can be found in Appendix 2A. As expected, new 

AEDs were prescribed more often in 2010 than in 2000.

Almost 50% of all patients reported complete seizure control which was not 

significantly different between 2000 and 2010. Overall QoL scores were almost 

identical in the two samples (Table 2.2), as were subcategories of QoL scores, 

with energy and cognitive functioning having the lowest scores. The QoL did 

not differ significantly between patients using old versus patients using new 

AEDs. The mean QoL in 2010 was 74.7 for patients on old AEDs versus 72.0 for 

those on new AEDs. In 2000, the QoL was 73.1 for the old AEDs and 71.9 for 

patients on new AEDs.
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Table 2.1 Baseline characteristics in 2000 and 2010

2000 (n= 344) 2010 (n = 248) P value

Age (years), mean (range) 53.0 (16–94) 53.0 (13–92) 0.917

Male gender (%) 48.8 54.4 0.179

Number of AEDs, mean (range) 1.2 (0–4) 1.2 (0–4) 0.491

Current treatment (%)

No treatment 6.4 6.9 0.824

Monotherapy 75.0 70.6 0.220

Old AEDs 67.2 40.7 < 0.001

Valproate 25.6 21.8

Carbamazepine 24.1 15.3

Phenytoin 14.0 3.6

Phenobarbital 3.5 0

New AEDs 7.8 29.8 < 0.001

Oxcarbazepine 5.2 4.4

Lamotrigine 2.6 10.9

Levetiracetam 0 12.5

Topiramate 0 1.2

Lacosamide 0 0.8

Polytherapy 18.6 22.6 0.220

Old AEDs 10.5 4.8

New AEDs 1.5 4.4

Combination old and new AEDs 6.7 13.3

Switch in AEDs in last 2 years (% add-on, replacement 
or decline)

Unknown 14.1

Start using AEDs in last 2 years (%) Unknown 17.3

AED prescribed by neurologist (%) 83.9 84.8 0.760

Visit to AED prescribing physician in last year (%) 74.5 67.5 0.072

Epilepsy discussed with physician in last year (%) 34.4 40.7 0.120

Acceptability of uncontrolled seizures (%) 43.4 52.6 0.060

Adverse effects as measured by the SIDAED (%) Unknown 82.3

Table 2.2 Treatment outcome measures in 2000 and 2010

 2000 (n = 344) 2010 (n = 248) P value

Overall quality of life (QOLIE-31), mean (range) 72.6
(9.7–99.7)

72.4
(11.3–99.3)

0.929

Seizure control (no seizures in last 2years) (%) 50.6 54.4 0.366

>1 major seizure per week in last year (%) 2.3 1.6 0.596

>1 minor seizure per week in last year (%) 9.4 7.5 0.674
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We identified 26 patients who were included in both samples, 11 of whom 

(42%) had changed their AED treatment, six switched to a new AED. More than 

half of these patients had their seizures well controlled (54 vs 58% in 2000 and 

2010 respectively) and also their QoL did not differ significantly between both 

samples (73.0 in 2000 and 71.7 in 2010).

Multivariable linear regression analysis identified seizure control (absence of 

seizures in the last 2 years) and the occurrence of AEs, in the domains cognitive 

functioning, general CNS, visual complaints, depressive and cosmetic or 

dermatologic complaints, as important independent predictors of overall QoL 

(Table 2.3) with all these factors being associated with a decrease in overall QoL. 

Their combination explained 58 % of the variance (R2). Acceptability of seizures, 

treatment-related factors (number of AEDs, use of old versus new AEDs, AED 

switches or the use of monotherapy versus polytherapy), demographic factors 

(age, sex), seizure type or frequency, and care-related factors (AED prescribing 

physician or number of visits to prescribing physician) were not found predictive 

of overall QoL.

Table 2.3 Predictors of quality of life; final model resulting from multivariable linear regression modelling 
derived from the 2010 study (n = 248)

B 95% CI P value

R2 explained variance 0.58

Intercept 87.94

Seizures in last 2 years -4.57 -7.38 to -1.78 0.001

General CNS complaints -11.69 -15.03 to -8.34 < 0.001

Depressive complaints -9.58 -12.88 to -6.27 < 0.001

Cognitive functioning complaints -6.09 -9.25 to -2.93 < 0.001

Visual complaints -5.51 -11.26 to -0.25 0.061

Cosmetic and dermatological complaints -3.41 -6.59 to -0.23 0.035

Discussion

Principal findings

Our study, comparing two community-based samples, looked at evidence for 

an improvement of outcomes in epilepsy between 2000 and 2010. However, 

the quality of life of epilepsy patients as measured using the QOLIE-31 has 

not improved over the last decade and we found no improvement in seizure 

control, in spite of an increase in the prescription of new AEDs from 9% in 2000 
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to 34% in 2010. Our findings lend support to the concern, expressed by several 

authors, that the efficacy and tolerability of drug treatment of epilepsy have not 

improved since the early 1990s. (60, 61, 88) This finding is unlikely to be related 

to a lack of availability of healthcare resources, as access to a neurologist in 

the Netherlands is fairly easy, and virtually all AEDs can be prescribed without 

financial restrictions.

Quality of life

Overall QoL scores were almost identical in 2000 and 2010 and were better 

(QOLIE-31 score 72.5) than those (around 60) reported in recently published 

studies. (58, 72, 89) This is probably because of the community-based setting 

of our study, whereas hospital-based studies probably included more patients 

with severe or intractable epilepsy. There was no difference in QoL between 

patients on old versus those on new AEDs in both study samples. 

Uncontrolled seizures and AEs in several clinical domains were the strongest 

predictors of a poor QoL, consistent with previous studies. (58, 71, 72)

AEs are well recognized consequences of AED treatment. (66, 84) Previous 

studies reported proportions of AEs ranging from 40 to 78 %. (69, 70, 90) The 

high proportion of 82% of patients reporting AEs in 2010 suggests that the 

availability of new AEDs has not reduced the burden of AEs. Since AEs have 

been found strong predictors of a poor QoL, a reduced QoL can be expected 

for a large group of epilepsy patients receiving AED treatment. 

Although several treatment-related factors, such as the number of current 

AEDs, have been proposed as predictors of QoL, (91) we could not confirm this 

and the recent literature is also inconclusive. (92)

Seizure control

In both samples, only about half of the patients reported complete seizure 

control. Most (cohort-) studies report that about 70% of epilepsy patients 

achieve complete control of seizures. (1, 93) We suggest a number of factors 

contributing to this low percentage of seizure free respondents as we assessed 

seizure occurrence over 2 years instead of 1 year as usually reported (1) and 

we excluded children <12 years of age in whom intractability is relatively rare 

(affecting about 10% of children presenting with seizures). (94) Comparable rates 

of seizure control have also been found in other population-based studies. (95) 

Community-based studies include patients experiencing relative mild seizures 
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or a low seizure load compared to hospital-based studies. For these patients 

complete seizure control might be less important than coping with other 

aspects of their condition. (95) This may indicate that patients in a community-

based setting are more likely to accept their uncontrolled seizures, as we found 

in almost half of all patients (43% in 2000 and 53% in 2010). Consequently, 

these patients may be less likely to actively seek and receive more intensive 

treatment. (96)

We took complete seizure control as the ideal treatment outcome. A reduction 

in seizure severity or frequency by AED treatment may improve seizure 

acceptance by some patients, although several studies indicate that the 

psychological impact of the unpredictability of seizures is a major determinant 

of QoL, independent of seizure severity or frequency, and is mostly determined 

by individual coping style. (97) In 2010, the proportion of patients accepting 

their uncontrolled seizures was somewhat higher than in 2000, but this could 

not be attributed to the seizure frequencies of both major and minor seizures.

Strengths and weaknesses

This study is unique in comparing epilepsy-related treatment outcomes in a 

community-based setting over a decade. To date, few studies have assessed 

treatment outcomes in a non-hospital setting. A community-based setting has 

the disadvantage that less detailed clinical information is available. However, 

relying on (referral) clinic-based information only, may lead to biased estimates 

of treatment outcomes in daily practice. In our study, we compared two cross-

sectional samples instead of using a longitudinal (follow-up) approach. While 

this approach clearly does not allow us to draw conclusions about individual 

changes over time, it has the benefit of not being influenced by ageing, which 

could adversely affect QoL due to natural decline in cognitive functioning or 

increased use of co-medication. In the Netherlands most patients obtain their 

drugs from a single community pharmacy, independent of prescribers. This 

offered a unique opportunity to identify all patients using AEDs from a single 

area, whether or not they received (specialized) care. We selected patients with 

at least two prescriptions for any AED in the last 2 years, thereby excluding 

patients who discontinued their AED medication more than 2 years before 

inclusion. This helps to explain why patients with complete seizure control 

may be underrepresented in our samples. We are not aware of the numbers of 

patients who discontinued their AED use. This does not influence the comparison 
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between the study samples for which the same criteria apply.

A potential weakness is the low response rate in the 2010 sample compared 

to 2000. This response rate difference can largely be explained by the more 

ambitious aims and tighter regulations imposed by the Medical Ethics Committee 

in 2010, as we also asked permission for genetic testing. This necessitated a more 

comprehensive information letter and a separate brochure about participation 

in genetic research. Reluctance to participate in genetic research thus explains 

much of the lower response rate of the 2010 sample.

Though, potential selection bias due to non-response of patients that are well 

controlled or without AEs may still exist and may have led to underestimated 

proportions of seizure control and QoL. We therefore felt this was important to 

assess by comparing responders and non-responders. We found no evidence 

for this type of bias based on demographic and treatment data. Therefore, we 

assume that the observed changes over time remain valid. In addition, the 

lower response rate is not expected to have influenced the relation between 

determinants and outcome used in the prediction analysis, thus we do not 

expect a major influence on our results and conclusions.

The motivation for prescribing new AEDs includes other reasons than mere 

seizure control, safety and tolerability, such as developmental issues or to 

prevent teratogenesis or drug–drug interactions. Such considerations are made 

by the physician taking into account all individual patient characteristics as well 

as their preferences to optimize patient care. In our study these reasons were 

unknown.

This study was performed in The Netherlands, a country with ubiquitous health-

insurance covering almost all AEDs. Hence, financial barriers for the prescription 

of newer AEDs are minimal. Furthermore, in The Netherlands access to a 

neurologist is easy, as reflected in >80% reporting to get their prescription from 

a neurologist. Although this does not necessarily imply that >80% received the 

best possible care, lack of availability of resources will not likely explain our 

findings. QoL per se may differ between countries, but several studies on QoL in 

epilepsy patients, performed in various countries, demonstrated similar results. 

(58, 72, 89) Therefore, we believe that our results will apply to any country with 

access to new AEDs as well (albeit with different absolute numbers).
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Conclusion

The introduction of new AEDs over the past decade has expanded treatment 

options for epilepsy and raised expectations about the results of better tailored 

management strategies. However, our data suggest that, even in a setting with 

unrestricted health care resources, treatment outcomes have not improved over 

the past 10 years. Epilepsy patients are not better off in terms of QoL and we are 

still far from the ideal of complete seizure control without AEs in the majority 

of epilepsy patients. More research is needed to establish why the past decade 

with its new AEDs has failed to deliver, in order to be able to develop new and 

more efficacious treatment options, that are urgently needed to improve QoL 

in epilepsy patients.

30656 Wassenaar.indd   30 25-10-14   16:33



31

Epilepsy treatment outcomes

2

Appendix 2A: Assigned categories of clinically relevant potential AED-related AEs

Categories of 
clinically relevant 
AED related AEs 

SIDAED items (84) Proportion of 
patients reporting 
complaints (2010 
sample)

Cognitive function 3. Difficulties remembering names 
6. Forgetfulness (appointments) 
7. Concentration difficulties 
10. Short concentration span 
13. Slow reactivity to others 
15. Slow speech 
20. Difficulties in expressing myself 
29. Slow thinking 
33. Word finding difficulties 

59.1% 

General CNS 4. Drowsy and sleepy feeling 
8. Easily tired and little energy 
14. Short period of concentration 
42. Incapable of performing normal daily activities 

41.5% 

Gastrointestinal 
complaints 

2. Weight loss 
18. Loss of appetite 
21. Nausea 
23. Diarrhoea 
28. Weight gain 
32. Difficult bowel movement 
45. Stomach problems 

40.2% 

Depressive 
symptoms 

22. Worrying all day 
31. Depressive/ Miserable feelings 
34. Becoming less and less active 
35. Sleep problems (not getting to sleep/ lying awake) 

36.5% 

Cosmetic and 
dermatological 
complaints 

1. Gum problems 
25. Surplus saliva 
27. Rash/ skin problems 
38. Hair loss 
40. Excessive hair growth 

31.5% 

Motor and 
coordination 
problems 

5. Falling/ need to hold myself 
11. Walking into things tables etc 
17. Dizzy spells 
24. Hands shake all the time 
41. Hands shake when picking up things 
46. Light headed feeling 

30.5% 

Behaviour 9. Easily aggressive 
12. Agitated and restless feeling 
16. Pressurised and excitable feeling 
30. Easily irritated 

23.8% 

Headache 37. Headache preventing doing anything 
43. Suffering from headache 

10.5% 

Visual complaints 26. Double vision 
39. Blurred vision 

7.3% 
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Abstract

Epileptic seizures can be provoked by several factors. Better understanding 

of these factors may improve a patient’s sense of control and could reduce 

seizures. In daily practice, the recognition of seizure precipitants relies heavily 

on clinical or video-EEG evidence, which can be difficult to obtain. Studies 

of seizure provocation are largely based on selected hospital-based patient 

populations, which may lead to biased occurrence estimates. Self-reported 

seizure precipitants are rarely studied, yet are necessary to understand the 

experiences of patients and improve epilepsy management. 

We performed a cross-sectional community-based study of 248 epilepsy 

patients, selected by pharmacy records of anti-epileptic drug use. Self-reported 

seizure precipitants and potential associated characteristics were assessed 

using questionnaires.

Almost half of all patients (47 %) reported one or more seizure precipitants, of 

which stress, sleep deprivation, and flickering lights were the most common. In 

this community-based setting, light-provoked seizures were especially frequent 

compared to the literature. Idiopathic generalized epilepsy (IGE), a lower age 

at seizure onset, and having auras or prodromes were found to be important 

independent prognostic factors associated with provoked seizures. IGE and a 

younger age at seizure onset have been linked to provoked seizures in earlier 

reports. The finding of auras or prodromes as a prognostic factor was unexpected, 

though case reports have described provoked seizures in patients having auras. 

Assessment of these factors may facilitate the early recognition of seizure 

precipitants in daily clinical practice. This is important for the optimization of 

epilepsy management for a large group of patients, as provoked seizures are 

expected to occur frequently.
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Introduction

Epileptic seizures can be provoked by external and internal factors. (98, 99) 

The prevalence of provoked seizures ranges from 29 to 92%. (99-110) Internal 

precipitants such as stress or fatigue are well-known to increase seizure 

frequency, (99, 101, 103, 106-109) and may also contribute to the occurrence 

of more specific reflex seizures. (98) These are seizures that frequently occur 

upon a specific sensory stimulus. Of these, clinical photosensitivity provoked by 

flickering light or flashing light patterns is the most common. Reflex seizures can 

be diagnosed clinically when a stimulus is presented, and confirmed by EEGs 

showing at least a 50% increase in epileptiform discharges upon the provocative 

stimulus. (98) Failure to demonstrate the reflex mechanism does not rule out 

its existence. In many cases, enhancing factors such as stress or fatigue may be 

needed, (98) or it may take a longer stimulus presentation or more extensive 

evaluation before a relation is detected, as in reading or musicogenic epilepsy. 

(111) However, extensive evaluation, even by standardized procedures such 

as those developed for photosensitivity, are not consistently applied across 

different EEG laboratories. (112) For other, non-reflex provoked seizures, clinical 

evidence is even harder to obtain. Only a few cases have been reported; e.g., a 

case of emotional stress-induced epilepsy proven by EEG. (113)

Recognition of provoked seizures for many physicians seems to rely on evidence 

from video EEG. This may cause an underestimation of its occurrence as, in 

practice, many more patients report specific circumstances that act as seizure 

triggers than can be investigated with video-EEG or any laboratory setting. 

Information on seizure precipitants requires extensive history-taking. Probably 

as a result, studies on provoked seizures performed in an unselected (non-

clinic-based) patient population have been scarce. (98, 106, 107)

For most seizure precipitants, little is known about associated characteristics 

such as predominant epilepsy type, age or gender. (107) Photosensitivity 

is mostly seen in childhood and adolescence and has been described 

predominantly in patients with idiopathic generalized epilepsies (IGEs), such 

as juvenile myoclonic epilepsy, juvenile or childhood absence epilepsy, and 

catastrophic epilepsy syndromes. (114) However, light-provoked seizures 

have also been reported in adult epilepsy patients (115, 116) and in patients 

with focal brain abnormalities, and can thus occur in any type of epilepsy. (98, 

116) Knowledge of characteristics of patients experiencing provoked seizures 
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may facilitate recognition of seizure precipitants. This could support epilepsy 

management by offering personalized measures to avoid these stimuli or to 

adapt lifestyle, providing patients with a better sense of control over their 

seizures (107) contributing to seizure reduction. (98, 104, 108)

The present study assessed the self-reported occurrence of internal and external 

seizure precipitants and their associated characteristics in a Dutch community-

based cohort of adolescent and adult epilepsy patients. We also assessed which 

factors are independently prognostic for the occurrence of provoked seizures.

Methods

Population and setting

In 2010, we performed a cross-sectional community-based study of epilepsy 

characteristics and treatment outcomes in an outpatient population-based 

setting, approved by the local medical ethics committee. Patients were selected 

electronically from 30 public pharmacies in the (sub)urban area ‘het Gooi-

Utrecht’ in the central part of the Netherlands. Epilepsy patients of at least 12 

years of age with two or more anti-epileptic drug (AED) prescriptions in the 

last 2 years were identified by pharmacy dispensing records. Eligible patients 

were invited by regular mail to participate and received study information, an 

informed-consent form to be signed for inclusion, and a short questionnaire 

to confirm a diagnosis of epilepsy. Patients using AEDs for reasons other than 

epilepsy, such as pain, migraine, or depression, were excluded.

Data collection

We obtained demographic data (age, gender) as well as complete medication 

history, i.e., amount and type of both AEDs and co-medication including 

date, prescriber and dosage regimen covering at least the last 2 years, from 

the pharmacy records of included patients. After informed consent, patients 

received a questionnaire about epilepsy characteristics (seizure precipitants, 

epilepsy- and seizure-type, frequency, acceptability, a family history of epilepsy, 

auras or prodromes (premonitory symptoms), febrile seizures, and comorbidity) 

and treatment outcomes (seizure control in the previous 2 years, quality of 

life, and adverse events). Patients were asked if they experienced factors or 

circumstances that they considered to be commonly precipitating their seizures. 
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If the answer was affirmative they were asked to indicate the type of precipitant 

from a list of potential seizure precipitants. The examples given were: stress, 

fatigue or sleep deprivation, fever, menses, alcohol use, sounds, flickering 

lights resulting from sunlight, disco-light, TV or videogames, or other factors 

that they could clarify by free text. With informed consent, full medical history 

data including a diagnosis, seizure semiology, EEG, and MRI results, as well as 

those from ancillary investigations (if applicable), were retrieved from epilepsy 

care providers (epileptologist, neurologist, or general practitioner). Data from 

both the questionnaire and medical history were discussed in clinical expert 

consensus meetings with four epileptologists. The available information was 

reviewed to be certain about a diagnosis of epilepsy and to classify the type 

of epilepsy according to the 1989 ILAE classification into localization-related, 

generalized, unclassified, and underlying etiology (symptomatic/cryptogenic or 

idiopathic). A definite epilepsy classification was made if at least 75% consensus 

was achieved.

Data analysis

Differences in demography, epilepsy, and treatment characteristics between 

patients with and without seizure precipitants were compared using one-

way analysis of variance (ANOVA) or χ 2 tests. Multivariable logistic regression 

modeling with backward selection (P value <0.10) was used to assess the 

potential prognostic factors (age, age at onset, gender, epilepsy type, seizure 

control, seizure type, frequency and acceptability, febrile seizures, having auras 

or prodromes, a family history of epilepsy, comorbidity, adverse events, quality 

of life, co-medication, and number of current AEDs) associated with provoked 

seizures. They were presented with their odds ratios, 95% confidence interval 

and p-values. Missing values were imputed by multiple imputation techniques 

to prevent biased estimates of results. (87) All statistical analyses were performed 

using IBM SPSS statistics for windows, version 20.0 (Armonk, NY: IBM Corp).

Results

Table 3.1 presents baseline characteristics of the 248 patients included. A total 

of 117 patients (47.2%) reported at least one factor that could provoke their 

seizures. The majority (76.9%) of these patients reported two or more seizure 

30656 Wassenaar.indd   37 25-10-14   16:33



38

Chapter 3

precipitants, with a maximum of six precipitants. Stress, sleep deprivation 

(fatigue), and flickering lights (sunlight, disco light, TV or videogames) were 

the most commonly reported seizure precipitants in 33.5, 25.0, and 17.3% 

respectively. Seizures provoked by alcohol were reported in 6.9%, sounds, fever, 

and menstruation in 5.2, 4.0, and 3.2%, respectively, and 17.3% reported an 

unclassified seizure precipitant such as pain, physical exercises, caffeine use, 

heat, or cold. 

Table 3.1 Baseline characteristics for the total population and differences between patients with and 
without provoked seizures

Total 
population 

(n = 248)

Provoked 
seizures 
(n=117)

Unprovoked 
seizures 
(n=131)

P value

Age (years), mean (sd) 52.1 (17.6) 47.2 (16.2) 56.4 (17.8) <0.001

Age at onset (years), mean (sd) 31.5 (21.6) 22.7 (16.0) 39.5 (23.1) < 0.001

Male gender (%) 54.4 47.0 61.1 0.027

Localization-related (symptomatic/ 
cryptogenic) epilepsy  (%)

46.8 37.6 54.9 Ref

Generalized (idiopathic) epilepsy (%) 12.5 21.4 4.6 < 0.001

Unclassified epilepsy (%) 40.7 41.0 40.5 0.154

Auras or prodromes (%) 46.0 63.2 30.5 < 0.001

Epigastric aura (%) 14.5 6.1

Sudden fear (%) 7.7 2.3

Déjà vu (%) 10.3 2.3

Tenuous sensation (%) 22.2 13.7

Image or sound  (%) 7.7 2.3

Headache (%) 6.0 2.3

Dizziness (%) 13.7 9.2

Other (unspecified) (%) 21.4 7.6

Quality of life (QOLIE-31), mean (sd) 72.0 (16.0) 70.5 (16.2) 73.3 (16.3) 0.189

Number of current AEDs, mean (sd) 1.2 (0.6) 1.2 (0.6) 1.2 (0.6) 0.636

Co-medication (%) 77.4 76.1 78.6 0.631

Seizure control (no seizures in last 2 years) (%) 54.4 51.3 57.3 0.346

>1 seizure per week (last year) (%) 4.9 3.4 6.3 0.376

(sec.) Generalized (TC) seizures (%) 72.6 77.8 67.9 0.084

History of febrile seizures (%) 7.7 11.1 4.6 0.061

Family history of epilepsy (%) 30.2 31.6 29.0 0.654

Acceptability of uncontrolled seizures (%) 54.2 57.3 51.5 0.514

Adverse events (%) 82.7 85.5 80.2 0.271

Comorbidity (%) 44.0 40.2 47.3 0.257
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Patients without seizure control were more likely to report provoked seizures 

(50.4%) than patients with well-controlled seizures (44.4%), especially stress and 

light-provoked seizures, though this was not statistically significant. Patients 

with IGE, a lower age at seizure onset, patients having auras or prodromes 

(tenuous sensation, epigastric aura, déjà vu, sudden-fear, image or sound, 

headache or dizziness) as well as female patients and those of a younger age were 

more likely to report provoked seizures. Differences in baseline characteristics 

between patients with and without provoked seizures are given in Table 3.1. 

Figure 3.1 presents proportions of the different types of precipitants (stress, 

sleep deprivation, flickering lights, and other) for those characteristics that 

have been found to be associated with reporting provoked seizures; i.e., type 

of epilepsy, gender, and having auras or prodromes (Fig. 3.1a), age (Fig. 3.1b), 

and age at seizure onset (Fig. 3.1c).

Multivariable logistic analysis found that a younger age at seizure onset, having 

IGE, and having auras or prodromes were independent prognostic factors 

of the occurrence of provoked seizures (Table 3.2). There was no prognostic 

role for age, gender, a (secondary) generalized seizure type, seizure-control, 

acceptability, or frequency. Also, a family history of epilepsy, a history of febrile 

seizures, comorbidity, the number of current AEDs, the use of co-medication, 

adverse events, or quality of life were not found to be independently prognostic 

for provoked seizures.

Table 3.2 Prognostic factors associated with provoked seizures

 OR 95% CI P value

Age at onset (years) 0.97 0.95 - 0.98 < 0.001

Auras or prodromes 4.04 2.25 - 7.27 < 0.001

Localization related epilepsy (ref ) - - -

Idiopathic generalized epilepsy 4.21 1.43 -12.37 0.009

Unknown epilepsy type 1.10 0.59 - 2.08 0.763
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Figure 3.1 Percentages of reported (types of ) provoked seizures a) per type of epilepsy, gender, and 
having auras or prodromes, b) per age at seizure onset, c) per age
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Discussion

Principal findings

In our study, 47% of patients reported provoked seizures. This is within the 

range (29–92%) found in other studies. (99, 101-110) As we performed our 

study in an adolescent and adult population from a community-based patient 

group, the prevalence of provoked seizures was remarkably high. Provoked 

seizures, especially photosensitivity, have been found associated to younger 

age. (98, 107, 114) Yet, a clear relation between age and the occurrence of 

provoked seizures has not been consistently found. (101, 103) Most earlier 

studies were not purely population-based and reported higher percentages. 

(99, 101-103, 105, 108-110) This is probably due to the fact that in a clinical 

(non-community) setting patients are expected to be more therapy-resistant 

and more likely to be aware of precipitating factors. These patients may be more 

thoroughly interviewed and informed about seizure precipitants, resulting in 

higher numbers of reported precipitating factors. Patients with more disabling 

seizures may also be more likely to seek causes related to their seizures to 

understand why their seizures started in the first place, in an effort to predict 

the occurrence of their seizures. (117, 118) Our study, indeed, demonstrated 

that patients without seizure control reported slightly more provoked seizures 

(50.4%) than patients with well-controlled seizures (44.4%), though this did not 

reach statistical significance.

Occurrence of seizure precipitants

As in previous studies, stress and fatigue were the most reported seizure 

precipitants. (99, 101, 103, 106-109, 118) Cases of stress-induced seizures have 

been described, (113) and both animal as well as psychopharmacologic and 

behavioral intervention studies have suggested a link between stress and 

seizure frequency, though its causal role remains unclear. (118-120)

A total of 17% of patients reported seizures provoked by flickering light, which is 

higher than the 5–7% of epilepsy patients found to be photosensitive in earlier 

studies. (98, 106, 121) This discrepancy is likely due to the use of questionnaire 

data instead of EEG-confirmed photosensitivity. Seizures provoked by flickering 

lights were, in line with earlier reports on photosensitivity, more frequently 

reported by female patients. (98, 114, 116, 122) However, studies that focused 

on provoked seizures in general did not find an association between light-
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provoked seizures and female gender, probably due to the small numbers of 

light-provoked seizures in these studies. (99, 101, 103, 105, 107)

Characteristics associated with provoked seizures

In multivariable analysis, three factors (IGE, a younger age at seizure onset, 

and auras or prodromes) were found to be the most important independent 

prognostic factors related to the presence of provoked seizures. Their assessment 

can be used to predict the likelihood of provoked seizures and aid in epilepsy 

management. (106, 123) Gender and a younger age per se were not found to 

be important prognostic factors of (light-) provoked seizures.

Light, as well as other precipitants were more frequently reported by patients 

with a younger age at seizure onset and having IGE. This is in line with earlier 

reports on photosensitivity. (114, 116, 122) Nakken et al. also found an 

association of IGE with other types of seizure precipitants (sleep deprivation 

and fatigue). (106) Though the relation between the type of epilepsy and 

provoked seizures has not been extensively been studied, it is certainly not 

limited to generalized epilepsies, as provoked seizures have also been found 

in other epilepsy types, such as temporal lobe epilepsy (TLE). (103, 105) In 

our study, provoked seizures were more frequently reported by patients with 

auras or prodromes, independent of its type. This was remarkable and has only 

been found in one other study. (99) This study was performed in a somewhat 

younger population (mean age 35.9 years) attending an epilepsy clinic. In 

their study, 85% of patients with auras reported provoked seizures, which was 

slightly higher than our finding of 63%. In contrast to our study, they found 

no single precipitant to be reported more significantly by patients with auras, 

which is probably due to the high number of patients with auras. No further 

details on types of auras were given, but due to the high percentage this is 

likely to include prodromes as well. Most studies on seizure precipitants did not 

consider a potential association with auras or prodromes, and consequently 

did not find one. Auras may have been neglected because auras suggest 

partial seizures, (124) and provoked seizures are generally associated with IGE. 

Spatt et al. (99) considered their finding unlikely and argued that it may be 

a result of interpretation difficulties. It may be difficult for patients to discern 

early seizure symptoms (auras) or prodromes from seizure precipitants. (106) 

In addition, patients having simple-partial seizures (auras) only without loss 

of consciousness may be more capable of remembering and thus reporting 
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seizure precipitants, leading to some overrepresentation.

Nevertheless, case reports have described patients with localization-related 

epilepsies like TLE with auras and photosensitivity. (125, 126) A parallel can 

perhaps be drawn with migraine attacks in which precipitating factors are well-

known. Both epilepsy and migraine are related to intermittent changes in brain 

excitability and often co-occur, and there is growing evidence of a genetic and 

clinical overlap between both. (127-130) Especially occipital-lobe epilepsy has 

several similarities with migraine, such as visual aura, positive and negative ictal 

signs, and autonomic disturbances (pallor and vomiting). (129, 131) In patients 

with migraine with aura, a clear association was found with photosensitivity. 

(132) In a similar way, auras and photosensitivity may thus be linked in epilepsy, 

although the underlying mechanisms are not yet fully understood. (129)

Strengths and weaknesses

This is one of the first studies of self-reported seizure precipitants in a 

community-based, rather than a hospital-based, epilepsy population. (106, 

107) A community-based setting is more representative of epilepsy cases in 

general. It also includes patients with well-controlled epilepsy who do not 

require specialized care and are frequently neglected in epilepsy research. A 

disadvantage, however, is that available clinical information is less detailed. To 

be able to correctly classify epilepsy, we used extensive clinical expert reviews 

of medical files and questionnaire data. Epilepsy classifications were made if 

at least 75 % consensus on the type of epilepsy was achieved based on the 

available information. This was obtained in about 60 %; in the other 40 % there 

was consensus about a diagnosis of epilepsy, but no definite classification was 

possible. These percentages are consistent with previous studies relying on the 

same type of data, although large differences between countries do exist. (106)

Another potential limitation of our study is the use of self-reported data and the 

lack of confirmation of especially clinical photosensitivity by EEG data. Some 

patients may oversimplify the explanations for their seizures, as they tend to 

search for situations or factors that may cause their seizures, (106) thus leading 

to biased results. Studying provoked seizures based on clinical or diagnostic 

evidence may, however, be biased as well. The nature of potential seizure 

precipitants is often subjective, and evidence such as EEG confirmation is often 

difficult to obtain, or even false-negative when circumstances are not reliably 

reproduced. The question of seizure precipitants may be neglected by physicians 
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in, e.g., the elderly or patients with localization-related epilepsy presumed not 

to suffer from provoked seizures. Consequently, this type of research relying on 

self-reported data is necessary to understand the perceptions and experiences 

of epilepsy patients, (107) whose views should be taken seriously even in the 

absence of clinical or diagnostic evidence.

Conclusion

A large percentage of epilepsy patients report that their seizures can be provoked 

by one or more precipitating factors, of which stress, sleep deprivation, and 

flickering lights are the most important. Seizure precipitants are not limited 

to younger patients and those with generalized epilepsies. A number of 

readily available clinical characteristics such as age at onset, epilepsy type, and 

occurrence of auras or prodromes were found to be independent prognostic 

factors associated with the occurrence of provoked seizures and may aid in the 

early recognition of provoked seizures. Better recognition of patient-perceived 

provoked seizures is important, even though clinical or diagnostic evidence is 

not always available and causal relations are not always clear. This must be part 

of epilepsy management in order to provide patients with information and with 

measures to avoid certain triggers, which may cause a better sense of control 

and may reduce seizure load.
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Abstract 

Antiepileptic drug (AED) changes are commonly regarded as an indicator of 

adverse treatment outcomes and reduced quality of life (QoL). This inference 

underlies epilepsy management and research, yet current studies often do 

not account for AED changes. We assessed AED change patterns and their 

association with QoL in a community-based setting. 

We performed a retrospective cohort study involving 248 people with epilepsy 

identified from public pharmacy records for whom we retrieved AED dispensing 

history. We assessed AED changes during the 2 years prior to the index date and 

current QoL using the validated Dutch QOLIE-31 questionnaire. 

Thirty-one percent had at least one AED treatment change during the study 

period. People who changed showed significantly lower QoL (QOLIE score 

73), especially those who intensified their treatment, than those without AED 

changes (score 79). Each additional change was associated with a further 

reduction of-4.9 in QoL-score. 

Changes in AED treatment are common practice and occur frequently even 

in people with longstanding epilepsy. Frequent changes are found associated 

with a lower QoL and seem to be an indicator of suboptimal treatment outcome. 

Frequency of drug changes should be acknowledged in daily clinical practice 

as a red flag that may require changes in epilepsy management such as earlier 

referral or more thorough evaluation in people with epilepsy, with the aim of 

optimizing epilepsy care. Changes should also be acknowledged in research for 

better translation and applicability of results to general practice.
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Introduction

Most people with epilepsy achieve complete seizure control with antiepileptic 

drugs (AEDs) and initial monotherapy is efficacious in about 50%. (64, 133, 134) 

AED changes such as dose adjustments, or substitution or addition of an AED, 

result in seizure control in another 20-30%. AEDs are not always well tolerated; 

adverse effects (AEs) occur in 40-80% of people. (90) AED treatment aims at 

achieving the best balance between seizure control and tolerability, (90) which 

is reflected in long term AED retention. (135) A suboptimal balance frequently 

causes the physician to make changes in AED regimes. Changes thus seem to 

be an indicator of unfavorable treatment outcomes – with a lower health related 

quality of life (QoL) as the most comprehensive measure of outcome. (90, 134) 

This inference is generally accepted and underlies clinical epilepsy management 

and drug-effectiveness research, but it has never been properly documented. 

Current studies (136-138) often do not take into account severity of disease as 

measured by the total number of AEDs people have taken. (139) The impact of 

change itself on treatment outcomes has only been assessed in a few studies. 

A recent prospective observational study assessed treatment outcomes before 

and after AED change in people who failed their first drug trial, but did not 

compare outcomes to those without treatment change. (137) Another study 

of people in remission described the impact on QoL of changes due to AEs 

or concerns about adverse consequences. (140) We assessed AED treatment 

change patterns in a Dutch community-based setting and investigated the 

association between such changes and QoL. 

Methods

As part of a community-based retrospective cohort study on epilepsy treatment 

outcomes (2010), people with epilepsy over 11 years of age who had had two or 

more AED prescriptions dispensed in the previous two years were selected from 

public pharmacy records in the ‘Het Gooi-Utrecht’ region. Eligible individuals 

were invited to participate by sending them an information letter including 

an informed consent form (including permission for retrieving their medical 

records from their GP or neurologist) and a short questionnaire to confirm 

AED use for epilepsy. We excluded people using AEDs for reasons other than 
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epilepsy. The study was approved by Utrecht University Medical Center Ethics 

Committee. As part of our ethical approval, we were only able to invite people 

once and so no further attempts were made to contact them after the initial 

approach.

After informed consent, participants were sent detailed questionnaires about 

their seizures and treatment-related characteristics [age at onset, seizure type, 

frequency, seizure control (seizure freedom in the last two years before the 

index date i.e. the date medication history was acquired from participants), 

level of epilepsy care (type and frequency of visits), adverse effects (using 

the SIDAED-list which assesses side effects in AED treatment), (41) and QoL, 

using the validated Dutch-version of the QOLIE-31. A diagnosis of epilepsy was 

confirmed by extensive evaluation of questionnaires and medical records by 

four neurologists with a specialist interest in epilepsy. Demographic data (age, 

gender) and medication history (i.e. individual prescriptions of all dispensed 

medicines including dates, amount, prescriber and dosage regimen) covering 

at least the last 2.5 years before the index date, were acquired from pharmacy 

records. AED treatment changes during the last two years before the index date 

were identified from these pharmacy dispensing data. 

Changes were defined and categorised as: 1) substitution: start of an AED with 

discontinuation of another AED within 90-days before or after this start, 2) add-

on; start of an AED with continuous use (more than 90 days) of the AEDs already 

in use, 3) discontinuation; no follow-up dispensing of a specific or all AEDs for 

at least 6 months following the last prescription that was > 6 months prior to 

the index date, 4) daily dose increase and 5) daily dose decrease. Changes were 

further classified as treatment intensification (substitution, add-on or dose 

increase) or reduction (discontinuation or dose decrease). In the case of multiple 

change-patterns (substitution, add-on or discontinuation) the last change was 

used for the classification into intensification or reduction. In the case of an 

intensification and a reduction change at the same date (e.g. add-on combined 

with a dose reduction), changes were categorized after consensus discussion. 

People with new-onset epilepsy, who were started on treatment in the two 

years before inclusion were not deemed to have changed their medication.

Differences in characteristics between changers and non-changers were 

assessed using one-way ANOVA, Mann-Whitney, or χ2 tests. Statistical 

significance was defined as a p-value ≤0.05. Linear regression modelling was 

used to assess the association between (the number of ) AED-changes and QoL. 
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We assessed potential confounding factors including, gender, age, age at onset, 

seizure frequency (number of weekly seizures), type of epilepsy (localization 

related, generalized or unclassifiable), new-onset epilepsy or not, number of 

current AEDs and co-medication (SPSS statistics for windows, version 20.0 

(Armonk, MY: IBM Corp)). We presented the crude (unadjusted) model as well as 

the final model i.e. the model adjusted for only those factors that were found to 

confound the association between AED-change and QoL,. Multiple imputation 

techniques were used to correct for missing values. Crude and adjusted results 

with corresponding 95% confidence intervals are presented.

Results

Table 4.1 presents the baseline characteristics of the 248 people included. The 

selection and inclusion procedure is shown in Figure 4.1. A response rate of 30% 

was found after our single mail approach. 

1894
people)selected)by)public)pharmacies)and)approached

575
responded)with)informed)consent

1317)excluded
non)responders)or)no)informed)consent

248
definite)epilepsy)diagnosis

327
excluded)no)definite)diagnosis)or

no)data)to)assess)diagnosis

77
with)≥)1)AED)change

171
without)AED)changes

Figure 4.1 Flowchart of the selection and inclusion procedure
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A total of 77 participants (31%) changed their AED treatment at least once 

during the study period with a median of 1 change (range 1-4). Forty three 

people (56%) intensified their treatment (14% (n=6) substitution, 9% (n=4) add-

on, 47% (n=20) dose increase and 30% (n=13) a combination of these) and 34 

(44%) had a treatment reduction (59% (n=20) discontinuation, 35% (n=12) dose 

decrease and 6% (n=2) a combination of these). Reasons for changes were lack 

of efficacy (23%), AEs (29%), both lack of efficacy and AEs (18%), concerns of 

teratogenicity (1%) or unknown (29%). 

Of people who changed to a different AED type, 8 (40%) changed from an 

older to a newer AED type (LEV, LTG, OXC, TPM, LCM, VGB, FBM). Changers 

were on average younger (median 51.0 vs 54.0 years) and more frequently on 

polytherapy (51 vs 15%). Fewer had had no seizures in the previous two years 

(35% vs 63%) and they had more AEs (91% vs 79%) (Table 4.1).

Table 4.1 Baseline characteristics and differences between people with and without AED changes in the 
last 2 years

 Total 
population 

(n = 248)

AED change 
(n = 77)

No AED 
change 

(n = 171)

P value

Age (years), median (IQR) 53.0
(39.3-65.0)

51.0
(30.0-63.0)

54.0
(42.0-66.0)

0.024

Age at onset (years), median (IQR) 27.0
(15.0-50.0)

21.0
(9.3-51.8)

30.0
(17.0-47.0)

0.086

Male gender (%) 54.4 48.1 57.3 0.176

Epilepsy type (%) 0.524

Focal (symptomatic/cryptogenic) 
epilepsy (%)

46.8 51.9 44.4 -

Generalized (idiopathic) epilepsy (%) 12.5 10.4 13.5 -

Unclassified epilepsy (%) 40.7 37.3 42.1 -

Number of current AEDs, median (IQR) 1.0
(1.0-1.0)

1.0
(0.0-2.0)

1.0
(1.0-1.0)

0.833

Current monotherapy (%) 75.8 49.1 84.8 < 0.001

Co-medication (%) 77.4 81.8 75.4 0.268

Seizure control (no seizures in last 2 years 
prior to the index date) (%)

54.4 35.1 63.2 < 0.001

>1 seizure per week (last year) (%) 4.9 6.0 4.4 0.635

Acceptability of uncontrolled seizures  (%) 54.2 56.3 53.2 0.676

Adverse events (%) 82.7 90.9 78.9 0.025
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The QoL declined with the number of changes (both intensification and 

reduction). Each additional change was associated with a reduction in QoL of 

4.9 points on average (95%CI: -7.4 to -2.4, p-value < 0.001), depicted in Figure 

4.2. Results for each additional change compared with no change of AEDs was 

presented as crude analysis as well as adjusted for the number of AEDs used at 

the index date, as outlined in Table 4.2.

Figure 4.2 Association between number of AED changes and QoL
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Table 4.2: Association of treatment changes and QoL (QOLIE-31)

  Crude analysis Adjusted analysis 
corrected for potential 
confounders a

Mean (sd) ß (95% CI) P value ß (95% CI) P value

No AED change in  
last 2 years (n=171)

74.0 (15.8) Ref Ref

AED changes in  
last 2 years (n=77)

67.7 (16.5) -6.31
(-10.64 to -1.98)

0.004 -6.16
(-10.43 to 

-1.90)

0.005

Intensification 64.7 (16.9) -9.29
(-14.64 to -3.93)

0.001 -6.91
(-12.63 to 

-1.19)

0.018

Reduction 71.4 (15.4) -2.54
(-8.44 to 3.35)

0.398 -5.25 
(-11.57 to 

1.07)

0.104

1 change 70.9 (15.5) -3.10
(-8.90 to 1.99)

0.233 -3.79
(-8.85 to 

1.27)

0.142

2 changes 65.6 (16.5) -8.41 
(-15.77 to -1.05)

0.025 -6.56 
(-13.98 to 

-0.85)

0.083

3 or more changes 55.2 (15.8) -18.75
(-29.39 to -8.10)

0.001 -18.03 
(-28.57 to 

-7.48)

0.001

a adjusted for number of AEDs used at index date

Discussion

A third of our cohort had at least one treatment change in the previous two 

years. Those who changed AED treatment had a significantly lower QoL than 

people who did not, with each additional change associated with a further 

reduction in QoL. 

The frequency of AED changes in our population corresponds with previous 

reports that vary from 23% in a hospital-based cohort (90) to 52 - 67% in 

community-based cohorts. (141, 142) Direct comparisons are difficult due 

to the lack of consistency in methodology and study populations. We had 

expected fewer changes, as our community-based setting is expected to 

comprise a relative large number of people who are not under specialist care. 

These may seem less likely to discuss treatment and subsequently to change 

their medication. There were relatively few people with new-onset epilepsy 

(9%), who are most likely to change their treatment. (141) 
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Changes may suggest relapses after long-term remission, which occur in about 

15% of people with epilepsy. (134) The data more likely suggest that people have 

experienced many years of ineffective AED treatment, as the average duration 

of epilepsy in the cohort was >18 years. Treatment changes may have resulted 

from the introduction of new AEDs and related hopes of better outcomes. (133) 

Forty percent of people in our study changed to one of the newer AEDs. 

Our results suggest that AED treatment changes are an indicator of unfavourable 

outcomes of epilepsy treatment. To date most studies have not included AED 

treatment changes to assess outcomes, (139) which may be due to their design 

(placebo-controlled trials) or selection of individuals (drug-naïve patients). 

Previous AED exposure is associated with both a low placebo-response and 

a decreased likelihood of eventual remission; neglecting this knowledge 

in research limits generalizability of the results to clinical practice. (139) The 

number of changes is thus important for interpretation and translation of 

treatment outcomes from research into clinical practice in which switches occur 

frequently. From a clinical perspective, it is also important to acknowledge 

changes.

A high frequency of AED changes may suggest a more severe condition. In 

these cases, other management strategies such as earlier referral or a more 

thorough review of the diagnosis, expectations and personal problems as well 

as coping and compliance issues may be necessary in an attempt to optimize 

an individual’s QoL. It is a reminder that simply changing treatment regimens 

does not necessarily lead to better treatment outcomes. 

We assessed the relationship between AED changes and QoL in individuals who 

were directly selected from public pharmacy records. The pharmacy records 

provided a nearly complete picture of all AEDs used and changes that may have 

occurred. In the Netherlands individuals are registered with a single community 

pharmacy where they get their medication independent of prescriber, thus 

public pharmacy records usually cover a person’s medication almost completely. 

(143) Selection was thus not based on response to (previous) therapy. Our 

approach included people not under specialized care as well. (144) These are 

frequently neglected in treatment outcome research. 

The low response rate, was partly due to our design. The inability to send 

reminders is likely to have reduced the response rate (145) Potential selection 

bias due to the non-response of people well controlled or without adverse 

effects may exist. This would likely have resulted in a overrepresentation of 
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people with a lower QoL, as this is largely influenced by lack of seizure control 

and the occurrence of adverse effects. (144) Our QoL scores, however, didn’t 

seem lower than those reported in other cohorts. (146)

It is, thus, unlikely that this would have largely influenced the association found 

between AED changes and QoL. We thus expect that our findings and conclusions 

remain valid. We aimed to demonstrate that people with frequent changes, 

especially treatment intensification, present with a lower QoL compared to 

those without changes. The limited numbers didn’t allow further investigation 

into the (sub-)types of changes and their impact on QoL, this requires a larger 

population-based study preferably including a before- and after measurement.

We assessed QoL scores in our cohort at time of inclusion and retrospectively 

looked at changes, this precluded individual comparisons before and after the 

change in treatment. This also impeded direct comparison with studies that 

concluded that changes do not always seem to result in improved treatment 

outcomes. (137, 140) 

AEs and lack of seizure control were the main underlying reasons for changing 

treatment regimens and are known to be major determinants of QoL. (146) This 

may explain the association between changes and QoL. Emotional vulnerability 

due to failure of previous AED treatments has also been associated with 

treatment changes (147) and may further reduce QoL. 

Though reasons underlying the AED changes were known, we were not aware 

of a participant’s own perspective underlying these AED changes. Suboptimal 

treatment outcomes do not only reflect AED failure but are also associated with 

issues such as compliance, beliefs in a specific treatment and individual coping 

skills such as acceptance of seizures and AEs. These aspects have been found to 

be related to QoL in people with epilepsy (97) but may as well have influenced 

decisions to change AED treatment, whether or not justified. 

Current epilepsy care is aimed at improving QoL by trying to achieve the optimal 

balance between efficacy and tolerability and should incorporate individual 

conditions and needs in order to be successful. One should be aware of the fact 

that changing treatment may not improve an individual’s QoL. It is not clear 

whether changes are the cause or consequence of a reduced QoL; this requires 

further research.

A recent study in migraine suggested that positive information about 

drugs contributed to successful management, presumably by influencing 

expectations. (148) This is likely to be true for all types of treatment. Individuals 
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may thus benefit from careful positive information regarding their treatment 

change which may aid daily epilepsy care.

Changes in AED treatment occur relatively frequently, even in people with 

longstanding epilepsy. Frequent changes, especially treatment intensification, 

are associated with a decrease in QoL. Changes can thus be seen as an 

indicator of suboptimal treatment outcome. This may indicate the necessity 

for reviewing current epilepsy management including earlier referral or a more 

thorough review of people with epilepsy. Consequently, a high frequency of 

AED changes should be recognized in daily clinical practice to optimize epilepsy 

management and improve the QoL of people with epilepsy. Changes should also 

be acknowledged in future studies on epilepsy-related treatment outcomes for 

better translation and generalizability of results to general practice. 
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Abstract

One third of all epilepsy patients have medically intractable epilepsy. Knowledge 

of prognostic factors that, in an early therapeutic stage of epilepsy, herald 

intractability could facilitate patient management. In this systematic review, 

we examined the evidence for independent prognostic factors of intractability 

in patients with epilepsy. 

MEDLINE and EMBASE were searched for cohort studies reporting on prognostic 

factors for medically intractable epilepsy. After selection of abstracts, full-text 

articles were obtained and their quality was assessed by two reviewers, using 

the QUIPS checklist. All independent prognostic factors in the individual studies 

were summarized.

Eleven cohort studies were included, of which ten hospital-based. Younger age 

at seizure onset, symptomatic etiology, high initial seizure frequency, medical 

history, epileptic EEG abnormalities, and failure of previous antiepileptic-drugs 

(AEDs) were documented as independent prognostic factors of intractability in 

at least 2 of the 11 studies; none of these factors was reported in all 11 studies. 

None of the studies considered genetic, neurobiological, or immunological 

factors. The studies were of moderate quality, mostly because they did not 

provide a conceptual model for the choice of predictors. Heterogeneity in study 

design, population, candidate prognostic factors, and outcome definitions 

precluded statistical pooling.

While potentially relevant prognosticators of medically intractable epilepsy 

have been identified, the evidence for these factors is not consistent. There is a 

need for well-designed prognostic population-based cohort studies that also 

include pharmacological, genetic, neurobiological, and immunological factors. 

A valid model for the early prediction of medically intractable epilepsy could 

improve patient management.
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Introduction

Epilepsy, one of the most common neurological disorders, (1, 149-151) can be 

classified into symptomatic versus idiopathic or, focal versus generalized forms, 

based on its etiology. (152) This classification is important in determining the 

appropriate antiepileptic-drug (AED) treatment strategy. Focal epilepsy tends 

to respond to the majority of AEDs (153) but is also more frequently associated 

with intractability. (154) Intractability (i.e. refractoriness or pharmacoresistance) 

is defined as failure of adequate trials of two tolerated, appropriately chosen and 

used AED schedules to achieve sustained seizure freedom. (33) This definition 

was proposed by a taskforce of the International League against Epilepsy in 

response to different existing definitions of intractability regarding required 

number of drug failures, endpoint (e.g., seizure freedom versus tolerable seizure 

load), and time to achieve this endpoint. (155) Overall, it is estimated that a 

third of all patients have intractable epilepsy (1, 93, 156) though these patients 

may experience periods of seizure remission. (157) Intractable patients have a 

higher risk of premature death, injuries, psychosocial dysfunction, and reduced 

quality of life. (158) There are, however, large differences in individual responses 

to AEDs even between patients with seemingly identical seizure types and 

epilepsy syndromes. (159)

In clinical practice, intractability is often identified only after several AEDs have 

been tried. It is difficult to predict at an early stage who will develop intractable 

epilepsy, except for patients with relatively rare entities such as Lennox–Gastaut 

syndrome. (155) Several clinical, etiological, demographic, pharmacological, 

and genetic factors may be involved in the development of intractability. 

Knowledge of those independent factors that predict intractability as early as 

possible could improve patient management by guiding treatment decisions, 

such as earlier referral for epilepsy surgery. This may alleviate the medico-social 

and economic burden of intractable epilepsy. (158)

The aim of this systematic review was to summarize and qualify the results of 

published cohort studies designed to find independent prognostic factors of 

intractability in epilepsy patients.
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Methods

Search strategy and selection criteria

A systematic search was conducted using MEDLINE and EMBASE, until June 10, 

2010. The search was designed to identify (retrospective or prospective) cohort 

studies, since this is considered the optimal design for evaluating predictors and 

outcome. (155, 160) The studies had to be published as full reports in English 

with the aim of identifying independent prognostic factors of intractability 

in patients diagnosed with epilepsy. The search strategy was developed in 

collaboration with a medical information specialist and is included in Appendix 

5A. The reference lists of all relevant publications were checked for additional 

published studies not found by our electronic search.

All retrospective and prospective cohort studies were included if they met 

the following criteria: (a) focus on patients diagnosed with epilepsy, (b) 

had intractability, refractoriness, or pharmacoresistance of epilepsy as an 

outcome, i.e. defined by failure of adequate AED trials, (c) aimed to identify 

prognostic factors out of a larger set of candidate predictors, and (d) assessed 

independent prognostic factors using multivariable analysis, a prerequisite to 

identify independent predictors of a studied outcome. (160) Thus only studies 

designed as prognostic studies, i.e. to establish the probability of the outcome 

(intractability) were included. Studies that focused on the (etiologic) association 

of a single prognostic variable were therefore excluded. In the case of repeated 

studies within the same cohort, the one with the longest follow-up or largest 

study population was included or, if equal, the most recent report was included. 

Two reviewers (MW and SU) independently applied these selection criteria to all 

titles and abstracts, and reviewed and discussed potentially relevant full papers.

We excluded studies that assessed prognostic factors of remission even though 

intractability has often been defined as failure to enter seizure remission. (161) 

Remission can be a temporary phenomenon in patients with pharmacoresistant 

epilepsy and therefore remission does not necessarily exclude intractability. 

(157) Moreover, the nature of prognostic research implies that risk factors are 

not necessarily causally related to the outcome (160, 162) and this means that 

factors predictive of remission are not directly in its ‘negative form’ predictive 

of intractability.
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Data extraction and quality assessment

Two reviewers independently (MW and SU) extracted data and assessed the 

risk-of-bias of the selected studies, using standardized forms to ensure the 

reliability of collected data. Data were extracted on:

• cohort: name, aim, and publication characteristics (authors, year of publication, 

journal);

• study design: retrospective or prospective cohort, hospital- or population-

based, follow-up duration, and type of analysis;

• study population and recruitment characteristics: age, gender, type of epilepsy, 

treatment provided, number of subjects included in cohort and analysis, 

inclusion and exclusion criteria, country, year and setting of recruitment, type 

of data and method of data collection;

• prognostic factors: type and number of candidate factors, and type and number 

of independent prognostic factors from multivariable analysis including 

association measures (effect size and 95% confidence interval, CI);

• outcome: definition and prevalence.

The methodological quality of the studies was assessed using the Quality In 

Prognosis Studies (QUIPS) tool, which is designed for systematic reviews of 

prognostic factor studies. (163) QUIPS contains six categories assessing risk of 

bias issues related to: (1) patient selection, (2) study attrition, (3) measurement 

of the studied prognostic factors, (4) measurement of the outcome, (5) 

multivariable adjustment for other prognostic factors, and (6) statistical analysis 

and reporting. For each study, all six categories were scored separately as being 

of high, moderate or low quality; i.e. presenting a low, moderate, or high risk of 

bias, respectively.

Data analysis

All independent prognostic factors identified by multivariable analysis in 

individual studies are presented, including their estimated effect size (e.g., 

odds or hazard ratio) and 95% confidence interval (CI). Quantitative pooling 

of results proved impossible because of heterogeneity in study design, study 

population, type of prognostic factors, and outcome definitions in the studies. 

For this reason, a formal and clinically relevant meta-analysis unfortunately 

could not be performed.
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Literature selection

Figure 5.1 presents a flowchart of the study selection process. The search 

strategy (MEDLINE and EMBASE) and reference checking yielded 3112 citations. 

A total of 54 articles were potentially relevant and were retrieved in full text. 

Of these, 43 were excluded: 18 because they considered the prognosis of a 

related outcome such as seizure remission, 13 because they did not perform a 

multivariable analysis and 10 since they were no cohort or non-English studies. 

Another 2 (138, 164) were excluded because data came from the same cohort. 

This resulted in 11 studies to be included in our analysis.

Study characteristics and methodological quality

Details of the characteristics of the 11 included studies are listed in Table 

5.1. The outcome ‘intractability’ varied in terms of the number of AEDs tried, 

tolerated number of seizures, and the duration of seizure-free periods. Only 

one cohort study was population-based (165) whereas all other cohorts were 

hospital based. There was considerable variation among studies with respect 

to population size (89–780), duration of follow-up (from some months up to 17 

years), and the proportion of intractable cases (7–79%). Most studies included 

patients with both focal and generalized epilepsies, however three studies 

considered only patients with focal epilepsy. (166-168) Six cohorts included 

only children (at least < 20 years of age), two only adults, and three patients 

of all ages. The results of the quality assessment are presented in Table 5.2. The 

quality of most studies was moderate, mainly because study attrition was often 

inadequately described and they lacked a conceptual model for the choice of 

candidate prognostic factors investigated

Prognostic factors

Table 5.3 lists the different types of candidate prognostic factors initially 

considered in each study and indicates which factors were found significant 

in predicting intractability. Definition and categorization of most factors were 

different from study to study, e.g. how seizure frequency was measured before 

and after treatment and at which time intervals (daily/ weekly/ monthly, etc.), or 

a combination of several medical history items was taken as one early risk factor. 

Not all studies addressed all type of factors, i.e. not one factor was considered in
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Figure 5.1 Flowchart of literature search process.

all eleven studies. For example, age at onset was not taken into account in two of 

the included studies. Pharmacological factors were rarely included, and genetic 

factors or biomarkers, such as neurobiological or immunological factors, were 

not considered as potential prognostic factors in any of the studies.

Independent prognostic factors reported at least twice were: younger age at 

epilepsy onset, focal seizures (either simple or complex), a high seizure load, a 

history of febrile seizures or status epilepticus, a positive family history, and an 

abnormal neurodevelopment as well as EEG containing both epileptic (spikes 

or spike waves) and non-epileptic abnormalities (slowing). Two of the three 

studies that assessed the failure of previous AED attempts showed AED failure 

to be important with a large effect size (OR ranged from 9.7 to 93). Furthermore, 

an idiopathic etiology was associated with a lower risk of developing intractable 

epilepsy. Gender was not identified as a predictor of intractability in any of the 

studies. A detailed overview of the prognostic factors identified by multivariable 

analysis in the individual studies is provided in Appendix 5B 1 and 2, including 

their odds- or hazard ratios and 95% confidence intervals. 
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Table 5.2 results of the quality assessment of individual studies; assessed by QUIPS (163)

Study par-
ticipation

Study 
attrition

Prognostic 
factor 
measurem.

Outcome 
measurem.

Adjustment 
prognostic 
factors

Statistical 
analysis & 
reporting

Aika 1999 (166) +/- - +/- +/- +/- +/-

Berg 2001 (165) + - +/- +/- - +/-

Dlugos 2001 (167) + - +/- +/- +/- +/-

Hitiris 2007 (169) + - +/- + +/- +

Hui 2007 (170) +/- - +/- +/- +/- +

Ko 1999 (171) +/- - +/- +/- +/- +/-

Kwong 2003 (172) +/- - +/- +/- +/- +

Ohtsuka 2001 (168) +/- - +/- +/- +/- -

Oskoui 2005 (173) +/- + +/- +/- +/- -

Ramos Lizana 2009 (174) + - +/- +/- +/- +/-

Schiller 2009 (38) +/- - +/- - +/- +

+ denotes a high quality; +/- denotes a moderate quality; - denotes a low quality

Table 5.3 Type of candidate prognostic factors considered in each study 

Age 
on-
set

Gender Etiology 
sympt./ 
idiopath.

Seizure 
type 
focal/ 
gener-
al.

Sei-
zure 
freq.

Med-
ical 
historya

Testsb Phar-
ma- 
cology

Genetics/ 
biomark.

Aika 1999 (166) X X X V X

Berg 2001 (165) X V X X X X X

Dlugos 2001 (167) V na c X X X

Hitiris 2007 (169) V X X X

Hui 2007 (170) V V X X V

Ko 1999 (171) X X X V X X

Kwong 2003 (172) V V V X X V

Ohtsuka 2001 (168) V V X X X X V

Oskoui 2005 (173) V V V X X X V

Ramos Lizana 2009 
(174)

X V X V X V V

Schiller 2009 (38) V V V V V V X

a history of febrile seizures/ status epilepticus/ mental retardation b EEG/MRI/Neuropsychology c not 
applicable (only temporal lobe epilepsy) v = factor considered, included in uni- or multivariable anal-
ysis; not significant in multivariable. Analysis X = factor considered, included in uni- or multivariable 
analysis; significant in multivariable. analysis
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Discussion 

This systematic review summarizes the evidence for independent prognostic 

factors for medically intractable epilepsy derived from eleven identified cohort 

studies. Although the heterogeneity, and inconsistent results meant that 

the evidence for any individual factor was limited, several prognostic factors 

were identified. Included studies were mostly of moderate quality, frequently 

lacked a conceptual model for the choice of candidate prognostic factors and 

inadequately described study attrition. The moderate quality of included studies 

may have influenced the reported results, with high quality studies presumably 

providing the most reliable prognostic factors. However, we refrained from 

weighing the quality items or using a summary score since this is often difficult 

to justify (which quality item to assign as most important), and potentially 

misleading since a low quality score may also reflect poor reporting. (163,  

175-177) The inconsistency in independent predictors of intractability across 

studies may also result from multi-collinearity between several factors. For 

example, age at onset, EEG or MRI characteristics as such may be associated with 

intractability yet not consistently found predictive by multivariable analysis. 

These factors may be correlated to epilepsy classification or medical history 

and thus may not turn out a valid individual predictor of intractability.

The strongest prognostic factors were symptomatic etiology and focal seizures; 

however, studies define and classify these factors differently, which makes it 

difficult to draw firm conclusions. The use of different definitions is a problem 

in epilepsy research in general, and for this reason Berg et al. recently suggested 

revised terminology and concepts for epilepsy and seizure classification, to 

facilitate comparisons among studies. (16) Younger age at onset, a high initial 

seizure frequency, epileptic EEG abnormalities, and several clinical items, such 

as a history of febrile seizures, status epilepticus, and a neurodevelopmental 

delay, were also found to predict intractability, reflecting the multifactorial 

character of intractable epilepsy. 

Presented factors are in accordance with results from other studies that 

also reported symptomatic etiology to be associated with a higher rate of 

intractability. (154, 178, 179) Although applying the same determinants and 

outcome, these studies were not specifically designed as prognostic cohort 

studies, and did not assess factors out of a larger set of candidate predictors by 

multivariable analysis.
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Several large cohort studies have been performed on the prediction of seizure 

remission, among which the UK National General Practice Study of Epilepsy (180) 

and the Dutch Study of Epilepsy in Childhood. (181) These identified prognostic 

factors such as idiopathic etiology, related to long lasting seizure remission as the 

opposite of intractability. (180, 181) Similar studies not designed as predictor-

finding studies, found an older age at onset, a low seizure load and a normal EEG 

to be associated with long lasting seizure remission. (182-187) Though this may 

strengthen the findings in our review, these studies were not included in this 

review since seizure remission does not necessarily imply ‘tractable epilepsy’. 

Furthermore, as the nature (causal or non causal) of risk factors is irrelevant in 

prognostic research, risk factors in their ‘negative form’ may not be predictive 

for a reverse outcome. (160, 162) Factors found to be predictive for intractability 

are thus not necessarily in their ‘negative form predictive of seizure remission.

Few studies considered pharmacological factors. Two studies assessing failure of 

previous AED attempts found treatment failure to be prognostic of intractability 

with a convincingly large effect size. (38, 167) Failure of adequate AED trials 

is inextricably linked to intractable epilepsy. Usually it is incorporated in the 

definition of intractability (although this was only explicitly stated in six of the 

included studies). In these cases failure of AED trials becomes self-evident and 

can no longer be considered as a prognostic factor. In clinical practice, when 

the aim is to predict intractability as early as possible, i.e. soon after diagnosis, 

repeated AED failure as prognostic factor is not going to be very helpful. Again, 

a clear and uniform definition of ‘early’ prediction is essential, which was not 

given in the studies under review.

Many researchers have suggested that genetic or autoimmune mechanisms have 

a role in epileptogenesis, (161, 188, 189) and several studies have demonstrated 

specific genotypes or biomarkers to be associated with intractable epilepsy. 

(159, 190, 191) Surprisingly, neither neurobiological, immunological markers, 

nor genetic factors have been investigated as potential prognostic factors in 

the multivariable analysis in the retrieved cohort studies. As early as 1992, the 

Collaborative Group for the Study of Epilepsy stated that research should focus 

on biological markers to ascertain the origin of AED resistance. (184) Sillanpaa 

and Schmidt, recently concluded that current research misses important factors 

that determine or predict seizure outcome in (childhood-onset) epilepsy and 

suggest several neurobiological factors as candidate factors. (161) 

Although the eleven studies identified factors associated with intractability, firm 
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statements on independent factors and their prognostic value are not possible. 

Qualifications of our findings are complicated by heterogeneity in population, 

design, outcome definitions, and prognostic factor characterization, which 

precluded meta-analysis of the data. Potential prognostic factors do not come 

out consistently. This may be due to the choice of prognostic factors or because 

studies only presented statistically significant factors, whereas lack of significance 

does not necessarily imply lack of prognostic value, as studies may have been 

underpowered to detect factors of prognostic value. (192) We included cohort 

studies consisting of newly diagnosed as well as chronic epilepsy patients with 

varying durations of follow-up. This may have influenced the intractability rates 

that were reported and could have influenced the factors that were found to 

be prognostic. None of the included studies examined interactions between 

variables, such as epilepsy classification and age of onset, (presumed) genetic 

etiology, or EEG characteristics. (16) Studies also used different definitions of the 

outcome of therapy (seizure reduction or seizure freedom) and of the duration of 

seizure-free periods. This again highlights the need for standardized definitions. 

(33) We were not able to pool data to perform a meta-analysis or to stratify data 

by clinically important subgroups (such as focal versus generalized epilepsies).

Moreover, the evidence provided comes mainly from hospital-based cohorts. 

The included studies mainly involve patients receiving specialized care, probably 

because of diagnostic certainty in these patients. However, these are likely to 

include the more difficult-to treat patients complicating the study of predictors 

of intractability requiring the inclusion of a representative group. In population-

based studies, lack of diagnostic certainty may give rise to biased estimates of 

intractability which may be a major drawback as certainty about the diagnosis of 

epilepsy is crucial in studies related to intractability, as is epilepsy classification, 

(180) in itself an issue that is very much debated. Yet only large well-defined 

prospective population-based cohort studies are appropriate to identify the 

effects of multiple potential prognostic factors and their interactions, (155) if 

a strict definition of the outcome, i.e. intractable epilepsy is applied. To limit 

heterogeneity and for feasibility and generalization purposes, the ideal study 

population should encompass all new-onset epilepsies from the general 

population, especially if the aim is to predict intractability as early as possible. 

In these patients maximal efforts should be made to accurately characterize 

the seizure and epilepsy type and include all potential prognosticators ranging 

from demographic items, seizure and medical history, and diagnostic tests 
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(neurological exam, EEG, MRI, as well as immunological or genetic markers). 

The latter may include autoimmune markers (such as anti-glutamate receptor 

antibodies) or candidate genes such as SCN1A that are already tested for certain 

clinical management purposes. These genetic mutations are related to specific 

etiology, still they may provide important additional prognostic information 

or even make others, for example phenotype that may be more difficult to 

characterize, redundant. Genome wide screening is not feasible for inclusion 

in prognostic research, however several identified epigenetic mechanisms as 

the REST-factor (193, 194) may be worthwhile testing for its prognostic value 

for intractable epilepsy. The choice of potential prognostic factors should thus 

be chosen depending on current literature taking into account the number of 

patients to be included and the availability of data in daily practice.

Conclusion

A symptomatic etiology and focal seizures, younger age at onset, a high initial 

seizure frequency, epileptic EEG abnormalities, and several clinical items such as 

a history of febrile seizures, status epilepticus, and neurodevelopmental delay, 

have been identified as potential predictors of intractable epilepsy. However, 

the lack of study homogeneity, inconsistency in assessed candidate factors, as 

well as the bias toward hospital-based studies means that the evidence does not 

yet provide a clinically reliable picture. No single factor could be convincingly 

identified as independent early predictor of intractability.

We believe that additional, well-designed prospective population-based 

cohort studies are warranted. These should consider the predictors identified 

in this review, but also new predictors such as pharmacological, genetic, 

neurobiological, and immunological factors. Such a systematic study could 

lead to the development of a prediction model for clinical practice, to identify 

intractability at an early therapeutic stage. In turn, this will facilitate patient 

management and stimulate the development of more effective therapeutic 

strategies, reducing the medicosocial and economic burden of intractable 

epilepsy.
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Appendix 5A: literature search strategy 

Search Medline: epilepsy [majr] or epilepsy AND (cohort studies OR cohort OR 

consecutive OR longitudinal OR follow up OR follow-up OR followed up) AND 

prospect* AND (treatment OR therapy OR medication OR effect OR management 

OR outcome OR drug OR medicine OR AED OR antiepileptic OR anticonvulsant) 

NOT (animals [mesh] NOT humans [mesh]) NOT (review[pt] OR case reports[pt] 

OR randomized controlled trial[pt] OR (clinical trial[pt] NOT multicenter study) 

OR editorial[pt] OR letter[pt] OR meta-analysis[pt] OR practice guideline[pt])

Search Embase: ‘epilepsy’/exp/mj OR ‘epilepsy’ AND ‘cohort studies’ OR ‘cohort’ 

OR ‘consecutive’ OR ‘longitudinal’ OR ‘follow up’ OR ‘follow-up’ OR ‘followed 

up’ AND prospect* AND ‘treatment’ OR ‘therapy’ OR ‘medication’ OR ‘effect’ OR 

‘management’ OR ‘outcome’ OR ‘drug’ OR ‘medicine’ OR ‘aed’ OR ‘antiepileptic’ 

OR ‘anticonvulsant’ NOT [animals]/lim NOT [humans]/lim NOT ‘review’/it OR 

‘case report’/exp OR ‘randomized controlled trial’/exp OR (‘clinical trial’/exp 

NOT ‘multicenter study’) OR ‘editorial’/it OR ‘letter’/it OR ‘meta analysis’/exp OR 

‘practice guideline’/exp
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Abstract

Mesial temporal lobe epilepsy syndrome (MTLE) with specific electroclinical 

characteristics and hippocampal sclerosis (HS) on MRI is considered the 

prototype of syndromes with good surgical prognosis. Recent studies, 

however, question its status as a sharply delineated (surgical) syndrome. 

Ictal onset zones have been found outside the hippocampus. Temporal lobe 

(‘plus’) epilepsies (TLEs), due to a lesion or dual pathology, may imitate MTLE 

electroclinically and may also be associated with a similar surgical prognosis. 

We therefore compared MTLE with HS with these ‘lesional’ TLEs and assessed 

if the MTLE characteristics influenced surgical outcome.

We performed a retrospective cohort study including 389 persons with 

temporal MRI abnormalities who underwent temporal lobe resection, and 

divided them into ‘HS only’ or ‘lesional’ TLE. We assessed surgical outcome and 

fulfillment of the MTLE criteria in both groups. We defined MTLE according 

to 9 electroclinical criteria, adapted from Engel.

57% patients had ‘HS only’. Five electroclinical signs (age at onset, febrile 

seizures, memory dysfunction, auras and contralateral dystonic posturing) 

distinguished ‘HS only’ from ‘lesional’ TLE. Freedom of disabling seizures 

(Engel class 1) rates after surgery were similar; 66% in ‘HS only’ and 67% 

in ‘lesional’ TLE. Neither presence of HS, nor electroclinical criteria were 

associated with surgical outcome.

Our findings support the idea that MTLE is not a sharply delineated syndrome 

but more likely to be part of a larger spectrum of temporal lobe or temporal 

‘plus’ epilepsies with similar characteristics and outcomes. MTLE with ‘HS 

only’ does not stand out from ‘lesional’ TLEs with respect to surgical outcome, 

questioning the prognostic relevance of discerning this syndrome.
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Introduction

Mesial temporal lobe epilepsy syndrome (MTLE) is frequently associated with 

intractable seizures.(55, 195) It is defined by a constellation of electroclinical 

signs and symptoms and is usually associated with the presence of hippocampal 

sclerosis (HS). (196, 197) The term MTLE can, however, be confusing. Temporal 

lobe epilepsy (TLE) due to structural lesions such as a tumor, a vascular or 

ischemic lesion or cortical dysplasia, may resemble the electroclinical MTLE 

syndrome. (55) There is no diagnostic rule that clearly defines the syndrome 

based on electroclinical and or radiological criteria. (196) In practice, MTLE 

is likely to be diagnosed in case of characteristic seizure semiology with HS 

present on MRI. (198) This is based on the diagnostic importance of recognizing 

MTLE with HS for early surgical referral and treatment. (16, 199) MTLE with HS is 

considered the prototype of surgically remediable syndromes demonstrating 

favorable outcomes after amygdalo-hippocampectomy with resection of a 

varying amount of anterior temporal lobe. MRI is used to distinguish HS from 

lesional TLE. HS on MRI is defined by hippocampal atrophy and loss of internal 

architecture, a T2 increase (best visible on coronal FLAIR), usually with a T1 

decrease, with or without temporal pole white-gray matter blurring. (196) 

When HS is present with another lesion, this is called dual pathology. HS in 

these cases is thought to be the result of seizures, or secondary to the lesion. It 

is the lesion that is considered the primary epileptogenic abnormality, though 

the underlying physiopathology is not clearly established. (200) 

MTLE with HS is increasingly viewed as a dynamic network disease rather than 

a sharply delineated surgical syndrome. (56) This is supported by evidence from 

intracerebral EEG recordings (201-204) and neuroimaging studies. (205-209) 

These suggest that complex temporo-insular and temporo-opercular networks 

are involved in seizure generation in patients with MTLE with HS. Ictal onset zones 

are rarely confined to the hippocampus and many extratemporal areas in the 

brain show subtle morphometric changes in HS. (56) Not only the hippocampus, 

but also related structures thus seem to be involved in epileptogenicity. (210, 

211) This may explain most of the failures of standard mesial and temporopolar 

lobectomies. From this perspective, MTLE with HS can be considered part of 

a larger spectrum of temporal lobe or temporal ‘’plus’’ epilepsies involving 

neighboring structures. (56) It is not surprising, therefore, that neocortical 

lesions may give rise to similar electroclinical signs and symptoms and may 

masquerade electroclinically as MTLE. 
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We took criteria to define the MTLE syndrome and studied MTLE in a cohort 

of people who underwent temporal lobectomy. We compared electroclinical 

criteria in people with ‘HS only’ with those having other temporal lesions or 

dual pathology, to ascertain if different pathologies give rise to different seizure 

characteristics. We also assessed if the radiological distinction (‘HS only’ versus 

‘lesional’ TLE) is relevant with respect to surgical outcome, and if electroclinical 

and radiological criteria influence this outcome.

Methods

Population and setting

People with medically intractable epilepsy may be referred to the Dutch 

Collaborative Epilepsy Surgery Program (DCESP). If deemed appropriate, each 

will undergo a standard stepwise pre-surgical screening including clinical 

history, video-EEG with seizure monitoring, MRI, neuropsychological tests and, 

if necessary, ancillary tests (PET, SPECT, MEG, functional MRI, intracranial EEG 

monitoring, intracarotid sodium amobarbital procedure). All are evaluated 

by a multidisciplinary team of neurologists, clinical neurophysiologists, 

neurosurgeons, neuropsychologists and neuroradiologists. Between 1987 

and 2004, a total of 651 people were referred to the DCESP for screening 

and evaluation for temporal lobectomy candidacy. People without MRI 

abnormalities, or only extratemporal MRI abnormalities or who were 

rejected for temporal lobe resection were excluded. Finally, 389 persons were 

retrospectively included in this study. Figure 6.1 presents a flowchart showing 

numbers and reasons for in- and exclusion. 

Data collection

Pre-surgical screening results were collected from notes and DCESP records. 

Data were collected on clinical history (gender, age, age at onset of nonfebrile 

seizures, a history of febrile seizures and seizure semiology), video-EEG 

(lateralized interictal abnormalities defined as spikes or sharp waves, ictal 

patterns of temporal seizure onset, extratemporal interictal abnormalities and 

seizure semiology; i.e. presence of auras, automatisms, positive motor symptoms 

(dystonic posturing), postictal confusion or memory deficits including amnesia 

and aphasia) and 1.5T (until 1996) or 3.0T (from 1996 onwards) MRI images 

including coronal FLAIR according to a standardized epilepsy protocol 
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(presence of HS, temporal or extratemporal lesions). We also collected data from 

neuropsychological tests on visual or verbal memory dysfunction and IQ, and 

ancillary tests (FDG-PET, SPECT or electrocorticography) if applicable. Surgical 

data were collected on lateralization, resection size and whether or not surgery 

included complete amygdalohippocampectomy. Results from histopathology 

on resected tissue and surgical outcome were collected. Surgical outcome was 

assessed according to the Engel outcome classification (195) from postoperative 

follow-up visits at 2 years. 

Figure 6.1 Flowchart of the in- and exclusion process

MTLE syndrome definition

The original publication on MTLE provides a number of electroclinical criteria 

from history, seizure semiology and video-EEG, (55, 195) of which we scored 9 

for each individual. These 9 criteria were pragmatically selected, i.e. commonly 

used, (196, 212, 213) and considered important from a clinical diagnostic 

perspective by 3 DCESP neurologists. These include:
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1) history of febrile seizures in the first 5 years of life

2) seizure onset between 6 and 14 years of age

3) aura (epigastric or experiential with symptoms such as fear or déjà vu)

4)  complex partial seizures with automatisms (excluding violent, hypermotor 

automatisms, assumed to have a frontal lobe origin)

5) dystonic posturing of one arm contralateral to the ictal EEG discharge

6)  altered consciousness including a postictal phase with disorientation, 

recent-memory deficit or amnesia for the event or dysphasia if seizures 

start in language-dominant hemisphere

7) unilateral or bilateral independent anterior temporal EEG spikes

8)  temporal seizure onset i.e. temporal initial or delayed focal rhythmic onset 

pattern of complex partial seizures evidenced on extracranial ictal EEG

9) visual or verbal memory dysfunction at neuropsychological investigation

Other MTLE characteristics mentioned in the original report seem less specific 

and have been variably reported in subsequent studies. These included a family 

history of epilepsy, occurrence of secondarily generalized seizures, remission 

periods, interictal behavioral disturbances, results from neurologic examination 

and intracarotid sodium amobarbital procedure. Criteria from FDG-PET, SPECT 

and magnetic resonance spectroscopy results were excluded as they were not 

performed routinely. 

Data analysis

Those with HS without other lesions (‘HS only’) on MRI were compared with 

those with a temporal lesion or dual pathology (hereafter referred to as ‘lesional’ 

TLE). Differences in seizure semiology, clinical history, video-EEG results, 

memory dysfunction, IQ, additional tests and surgical characteristics were 

compared between both groups and differences in surgical outcome after 2 

years (seizure free, i.e. Engel class 1; free from disabling seizures or Engel class 

1A; complete seizure freedom, versus not seizure free) were assessed. using chi-

square, student’s T or Mann-Whitney tests. Electroclinical characteristics were 

evaluated as potential predictors of ‘HS only’ by multivariable logistic regression 

analysis with backward selection using a p-value of < 0.20. Within both groups we 

estimated how many fulfilled the 9 MTLE electroclinical criteria and whether the 

corresponding proportion of seizure freedom 2 years post-surgery depended 

on the number of MTLE criteria fulfilled. We then assessed which of these 
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electroclinical and radiological (‘HS only’, lesion or dual pathology) criteria, 

were predictive of seizure freedom 2 years post-surgery using multivariable 

logistic regression analysis with backward selection using a p-value of < 0.20. 

Missing values were imputed by multiple imputation techniques to prevent 

biased estimates of results. All statistical analyses were performed using IBM 

SPSS statistics for windows, version 20.0 (Armonk, NY: IBM Corp).

Results

Of the 389 people included, 57% (221) had ’HS only’ on MRI. Dual pathology 

was present in 7% (26), and 37% (142) presented with a temporal lesion. For 

numbers per type of lesion see Figure 6.1. 

Compared with histological findings, the accuracy (number of true positives 

and true negatives divided by the total number) of MRI to detect HS was 82%. 

In 13% (47) HS was identified on histopathology, but missed on MRI (i.e. false 

negative). The accuracy of the 3.0T MRI (performed after 1996) was somewhat 

higher (86%) compared with the 1.5T MRI (performed before 1996) (77%). This 

was mainly due to the reduction in false positive results of the 3.0T, however, 

this was not statistically significant (p=0.09). The accuracy of MRI to detect a 

lesion was 73%. the 3.0 T MRI performed slightly better, due to increased true 

positive results, with an accuracy of 75% and 71%, respectively (p=0.43).

Baseline characteristics are presented in Table 6.1, including a comparison 

between ‘HS only’ versus ‘lesional’ TLE. Half of the population (51%) was female. 

Most (69%) had their first non-febrile seizures before the age of 14 years (median 

10.0; IQR 4-17). The median duration between age at onset and temporal 

lobe surgery was 24 years. Most presented with temporal seizure semiology 

with automatisms (83%) and postictal memory deficits or postictal confusion 

(89%) and with EEG characteristics of interictal (70%) and ictal (86%) temporal 

abnormalities. 

Those with ‘HS only’ were younger at seizure onset (median 8 vs. 12 years) but 

older at surgery (median 34 vs. 32 years) compared with those with ‘lesional’ TLE. 

People with ‘HS only’ more frequently had a history of febrile seizures, memory 

dysfunction and presented with automatisms and contralateral dystonic 

posturing. In this group a FDG-PET and complete amygdalo-hippocampectomy 

were more frequently performed. (Table 6.1)
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A low age at seizure onset, febrile seizures, memory dysfunction and seizures 

consisting of an epigastric or experiential aura and contralateral dystonic 

posturing were individually predictive of the presence of ‘HS only.’ (Table 

6.2). The combination of these determinants accurately predicted ‘HS only’ in 

67%. The model fit was calculated by the Hosmer-Lemeshow test, indicating 

good calibration (p= 0.32). The proportion of seizure freedom (Engel class 1) 2 

years post-surgery was 66.7% in ‘HS only’, similar to the 67.3% in ‘lesional’ TLE. 

Complete seizure freedom (Engel class 1A) was achieved in nearly half, with no 

difference between ‘HS only’ (49%) and ‘lesional’ TLE (48%) (Table 6.3).

Table 6.1 Baseline characteristics

Total 
population

(n = 389)

‘HS only’
(n = 221)

‘Lesional’ TLE
(n = 168)

P 
value

Male gender (%) 49.1 45.7 53.6 0.322

History of febrile seizures (%) 40.9 50.4 28.5 0.003

Age at onset (years), median (IQR) 10.0
(4.0-17.0)

8.0
(2.0-13.0)

12.0
(7.0-20.0)

< 
0.001

Onset between 6 and 14 years (%) 37.0 38.9 34.5 0.375

Age at surgery (years), median (IQR) 34.0
(26.0-40.0)

34.0
(27.0-41.0)

32.0
(23.0-39.8)

0.015

Epigastric/ experiential aura (%) 36.9 40.4 32.3 0.135

Automatisms (%) 82.9 87.5 76.9 0.023

Positive motor signs (contralateral dystonic 
posturing) (%)

37.3 45.6 26.3 0.007

Impaired consciousness/ postictal signs (memory 
deficits/ postictal confusion) (%)

89.0 91.8 85.5 0.181

Interictal temporal spikes on video-EEG (%) 70.2 72.2 67.5 0.361

Ictal temporal onset on video-EEG (%) 86.1 85.7 86.5 0.812

Interictal extratemporal abnormalities on video-
EEG (%)

37.0 35.2 39.4 0.458

Extratemporal MRI abnormalities (%) (white matter 
abnormalities/ vascular lesions/ tumors/ dysplasia)

16.1 19.3 11.9 0.052

Visual or verbal memory dysfunction on 
neuropsychology (%)

66.9 73.8 57.8 0.001

IQ neuropsychology, median (IQR) 104.5
(99.5-
109.1)

104.3
(99.5-
108.3)

105.0
(100.2-112.0)

0.330

Ancillary tests performed (FDG-PET, interictal 
SPECT or electrocorticography) (%)

33.2 39.8 24.4 0.002

Lateralization of epileptic focus (side of surgery) 
(% right)

50.9 51.1 50.6 0.124

Resection size (cm), median (IQR) 4.5
(3.5-5.0)

4.0
(3.4-5.0)

4.5
(3.5-5.2)

0.122

Complete amygdalohippocampectomy (%) 86.2 89.8 79.0 lesion/ 
95.4 dual path

0.030
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Table 6.2 Model including the independent predictors of ‘HS only’

 OR 95% CI P value

Age at onset (years) 0.95 0.92 - 0.97 < 0.001

History of febrile seizures 2.37 1.32 - 4.25 0.005

Epigastric/ experiential aura 1.60 0.93 - 2.75 0.091

Positive motor signs(contralateral dystonic posturing) 1.80 0.91 - 3.56 0.090

Visual or verbal memory dysfunction 2.23 1.37 - 3.65 0.001

Table 6.3 Surgical outcome at 2 years post surgery

 Total population 
(n = 389)

‘HS only’ 
(n = 221)

‘Lesional’ TLE 
(n = 168)

P value

Free of disabling seizures (ENGEL 1)
 at 2y follow up (%)

66.7 66.3 67.3 0.857

Complete seizure free (ENGEL 1A) 
at 2y follow up (%)

48.7 49.1 48.2 0.861

Few presented with more than 6 of the 9 electroclinical MTLE criteria. Those with 

‘HS only’ fulfilled slightly more electroclinical criteria (median 6) than those with 

‘lesional’ TLE (median 5). Only four people (2%), all with ‘HS only’, conformed 

to all 9 criteria. People fulfilling more electroclinical MTLE criteria were not 

more likely to become seizure free than those fulfilling less criteria (Table 6.4), 

irrespective of having ‘HS only’ or being ‘lesional’. 

None of the 9 electroclinical criteria was individually predictive of surgical 

outcome in either univariable or multivariable analysis, nor was the presence 

of ‘HS only’ on MRI (Table 6.5).
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Table 6.4 Classification according to electroclinical MTLE criteria in patients with ‘HS only’ or with 
‘lesional’ TLE.

Electroclinical criteria of the MTLE 
syndrome according to Engel

Total population (n = 389) ‘HS only’ 
(n = 221)

‘Lesional’ TLE 
(n = 168)

% fulfilling 
criteria

% seizure free at 
2y follow up

% fulfilling 
criteria

% fulfilling 
criteria

1 criterion a 100 66.7 100 100

2 criteria a 99.7 66.7 100 99.4

3 criteria a 97.2 66.6 98.9 95.0

4 criteria a 89.5 66.6 93.6 84.0

5 criteria a 74.9 65.8 83.5 63.6

6 criteria a 52.4 67.3 64.5 36.4

7 criteria a 24.6 71.2 33.0 13.6

8 or 9 criteria a 7.6 69.9 11.2 2.9
 a out of 9 criteria: 1) history of febrile seizures in first 5y of life, 2) seizure onset between 6 and 14 
years of age, 3) an aura (epigastric or with psychic symptoms), 4) CPS with automatisms, 5) dystonic 
posturing of one arm contralateral to the ictal discharge, 6) altered consciousness including postictal 
phase with disorientation, recent-memory deficit or amnesia for the event or dysphasia if seizures start 
in language-dominant hemisphere, 7) unilateral or bilateral independent anterior temporal EEG spikes, 
8) temporal seizure onset i.e. temporal initial or delayed focal rhythmic onset pattern of CPS evidenced 
on extracranial ictal EEG, 9) verbal or visual memory dysfunction at neuropsychology

Table 6.5 Surgical outcome (Engel 1) 2 years post surgery according to MRI and electroclinical MTLE 
criteria

 Seizure free 
at 2y follow up

(n = 260)

Not seizure free 
at 2y follow up 

(n = 129)

P value

‘HS only’ on MRI (%) 56.5 57.5 0.857

History of febrile seizures (%) 39.8 43.4 0.582

Age at onset between 6 and 14 years (%) 38.4 34.2 0.420

Epigastric or experiential aura (%) 39.3 32.1 0.217

Automatisms (%) 83.9 80.8 0.469

Contralateral dystonic posturing (%) 35.3 41.1 0.300

Impaired consciousness/ postictal signs (memory 
deficits/ postictal confusion) (%)

88.4 90.4 0.572

Visual or verbal memory dysfunction (%) 67.2 66.5 0.896

Interictal anterio-temporal spikes on video-EEG (%) 69.6 71.3 0.751

Ictal temporal onset on video-EEG (%) 86.5 85.2 0.721
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Discussion 

Principal findings

In this retrospective analysis of a consecutive cohort of patients who underwent 

temporal lobectomy, and presented with a temporal lobe epileptogenic 

abnormality on MRI, the majority (57%) presented with ‘HS only‘, although 

only 1% fulfilled all 9 electroclinical MTLE criteria. Certain electroclinical criteria 

were more prevalent in the ‘HS only’ group and some of these can be used to 

distinguish both groups. A diagnosis of ‘HS only’ was not related to a superior 

post-surgical outcome compared to ‘lesional’ TLEs. A succesful surgical outcome 

was not associated with any of the electroclinical criteria, nor was the presence 

of ‘HS only’.

The MTLE syndrome lacks a diagnostic rule defining the minimal set of required 

electroclinical or radiological criteria. (196) It is unclear if the presence of ‘HS 

only’ is a prerequisite; for many ‘HS only’ seems to have become the equivalent 

of the MTLE syndrome. A characteristic seizure semiology is considered the only 

essential criterion for a diagnosis of MTLE with HS. (196)

Most accept the syndrome to be electroclinically defined and assume the 

absence of HS on MRI as false negative. This lack of clear definition hampers 

prevalence studies. For example, if a diagnosis of MTLE is based on the single 

criterion of ‘HS only’ on MRI, the prevalence in our surgical sample of TLE patients 

is 57%. The prevalence, however, would drop to 14% if all 4 semiological seizure 

criteria had to be met, and would be only 1% when all criteria were required. 

On average, people with ‘HS only’ were younger at seizure onset and presented 

more frequently with memory dysfunction and febrile seizures. They also 

show more often a ‘temporal’ seizure semiology with an aura, automatisms 

and contralateral dystonic posturing. These five factors have frequently been 

associated with MTLE with HS. (197) They can be used to predict the presence 

of 'HS only' and can be helpful to distinguish 'HS only' from 'lesional' TLE. Yet, 

these criteria were not exclusively found in patients with MTLE with 'HS only'. 

(214) They were found in about 30-60% of patients with 'lesional' TLE in our 

study population. Unlike earlier reports, we found no discriminative role for 

the temporal epileptiform discharges on interictal EEG. (213) The electroclinical 

criteria were not found predictive of surgical outcome. Surgical outcome was 

not different between 'HS only' and 'lesional' TLE. Our finding of 67% seizure 

freedom 2 years after surgery was in line with earlier reports. (215-217)
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Many studies indicated ‘HS only’ on preoperative MRI as a strong predictor of 

seizure remission after temporal lobectomy. (215, 218) Similar to earlier reports, 

our findings didn’t show favorable surgical results of ‘HS only’ compared to 

‘lesional’ TLE. (219, 220) The conflicting findings are likely to be the result of 

methodological issues, such as design, selection criteria, sample size and 

outcome definitions. (221) Our findings support the assumption that the mesial 

temporal structures such as the hippocampus are involved in many types of 

TLE, so that mesial temporal seizure semiology is part of the spectrum of a lot 

of different forms of TLE. (56) This may be even more complex if we realize that 

different temporal lobe structures seem to be involved in the epileptogenesis 

of hippocampal seizures such as the entorhinal cortex. (210, 211) 

We didn’t find any of the electroclinical criteria associated with surgical success. 

Studies have inconsistently found a predictive role for some criteria such as 

temporal interictal EEG discharges and secondary generalized tonic-clonic 

seizures. (221-223) Rates of postsurgical seizure freedom were not worse 

in patients with HS presenting with extratemporal or atypical electroclinical 

features. (212, 224) The role of these electroclinical criteria may be overestimated. 

(221)

Even though MTLE with ‘HS only’ is distinguishable from ‘lesional’ TLEs based on 

radiology and electroclinical characteristics, our findings question whether the 

distinction matters with respect to surgical prospects. Our data supports the 

idea that MTLE with ‘HS only’ is not a sharply delineated syndrome with more 

favorable surgical relevance compared with other temporal lobe epilepsies. 

MTLE with ‘HS only’ is likely to be part of a broader spectrum of temporal lobe 

epilepsy types with related signs and symptoms that are difficult to subtype 

without intracranial EEG.(56) In our opinion, ‘HS only’ should not be the criterion 

for early referral, also ‘lesional’ TLEs with similar signs and symptoms should be 

referred. 

Strengths and weaknesses

Our data comprised a large and complete nationwide cohort of all patients who 

underwent temporal lobectomy between 1987 and 2004 and presented with 

temporal MRI abnormalities. All patients were referred and evaluated in a similar 

way. Our data were almost complete with respect to both pre- and postsurgical 

characteristics. The diagnostic workup hardly changed over the years, though 

in 1996 a 3T MRI became available. This advanced imaging may have led to a 

30656 Wassenaar.indd   90 25-10-14   16:33



91

MTLE syndrome

6

better classification of HS and lesions. The accuracy of MRIs performed before 

1996 (1.5T) was indeed somewhat lower for both HS and lesions compared to 

those after 1996 (3T), however, this failed to reach statistical significance and 

thus expected not to have largely influenced our classification.

A potential limitation of our study was that we grouped patients into ‘HS only’ 

or ‘lesional’ TLE based on preoperative MRI results. Results from histopathology, 

considered the gold standard, classified some patients differently. Predicting 

surgical outcome, however, is only clinically relevant in the pre-surgical phase 

when histopathology is not available. The accuracy of MRI compared with 

histopathology, moreover, was quite good for both HS as well as other structural 

lesions (an accuracy of 82 and 73% respectively). Histopathology is not always 

accurate either, as it depends on the sampling of tissue. A diagnosis of HS can 

be missed if en bloc resection fails and only tissue fragments are available for 

pathological examination. We included a group of patients with dual pathology 

on MRI, i.e. showing a temporal lesion together with HS, which we categorized 

as ‘lesional’ TLE. This choice was based on the generally accepted assumption 

that these patients have their HS secondary to this lesion, so HS as a result 

of seizures with neocortical onset. A primary HS that co-exists with another 

epileptogenic lesion, however, cannot be excluded as there is currently no 

test for this possibility. (196) The number of dual pathologies in our sample 

was limited (< 7%). It is thus not likely to have largely influenced our findings, 

consequently we believe that our method remains valid. 

We excluded patients without temporal abnormalities on MRI (’negative’ MRIs 

or purely extratemporal abnormalities). This is a group with different surgical 

eligibility and more likely to harbor more widespread pathology (such as type 

1 cortical dysplasia). A report of ‘MRI negativity’, however, may be misleading 

as lesions may have been missed. (225) We chose to classify patients based on 

their original MRI report because this reflects clinical practice. We also refrained 

from including FDG-PET results, in surgical decision making may compensate 

an inconclusive MRI. (226) This would have introduced selection bias, because 

only in 35% of the total cohort FDG-PET has been performed and not in all cases 

in which MRI was negative (78%). 

Our findings suggest that a diagnosis of MTLE syndrome with HS is not especially 

relevant with respect to surgical outcome, compared to ‘lesional’ TLE. The minimal 

difference (1%) in surgical outcome between both groups, suggests that even 

with a larger study sample it is very unlikely that a clinically relevant difference 
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would emerge. One should realize that a diagnosis is normally set at an early 

stage, before referral for pre-surgical evaluation. It could be that patients with 

electroclinical features suggestive of MTLE were more likely to be diagnosed 

with temporal abnormalities on MRI. (225) This may have resulted in referral bias 

in which people with a lesion are more similar to people with ‘HS only’. This could 

explain our inability to find electroclinical differences between both groups 

when looking at surgical outcome. As this is the standard diagnostic work-up, 

this will hold for any surgical series. Such a bias will be difficult to detect or avoid. 

What pleads against such bias, is that none of the electroclinical criteria for MTLE 

was , even cumulatively, associated with surgical outcome. This indicates that 

even if the included ‘lesional’ patients would look more like those with MTLE with 

‘HS only’, this would not have influenced their probability of surgical success. 

Conclusion

Electroclinical MTLE criteria such as age at onset, history of febrile seizures, 

memory dysfunction, epigastric or experiential auras and contralateral dystonic 

posturing distinguish ‘HS only’ from ‘lesional’ TLE. Showing all criteria is rare. None 

of the electroclinical criteria, nor the MRI findings of ‘HS only’ versus ‘lesional’ 

TLE, were predictive of surgical outcome. MTLE with HS seems not a sharply 

delineated syndrome as it confers the same good surgical prognosis as ‘lesional’ 

TLEs, questioning the prognostic relevance of discerning this syndrome. 
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One would expect that over the last decades treatment outcomes, including 

quality of life, of people with epilepsy, should have improved due to the 

increased number of available antiepileptic drugs and the expansion of the 

use of epilepsy surgery. In reality, complete seizure control remains difficult to 

achieve in 20-30% of people with epilepsy and for many of them treatment is 

still hampered by adverse effects. (60, 61) This is probably due to a complex 

interplay between many different factors involved in treatment availability, 

choices and outcomes: (227) 

•  physiological and disease-related characteristics of people with epilepsy: 

their epileptic syndrome, type and severity of seizures, co-morbidities, 

genetic constitution, age and gender

• drug-related characteristics: mechanisms of action, molecular drug 

properties, pharmacokinetic and pharmacodynamics properties, tolerability 

and safety

• healthcare-related characteristics: setting, infrastructure and organization of 

health care as well as knowledge, experience, perspectives and performance 

of health care professionals

• psychosocial-related characteristics of people with epilepsy; individual 

perspectives, coping style, treatment compliance, resilience, social and 

cultural environment and lifestyle

The challenge is to gain a better understanding of the major determinants 

involved in treatment response, and how treatment success should be defined. 

Knowledge of these determinants and their interactions may provide clues for 

the improvement of currently available treatment approaches as well as the 

development of meaningful novel approaches including new antiepileptic 

drugs to optimize treatment results. The current evidence on treatment 

outcomes is largely based on clinical trials or observational studies performed 

in specialized care settings which are not representative for the generality of 

people with epilepsy treated in daily clinical practice. The next challenge is then 

to adapt research in a way that findings better reflect and can be implemented 

in daily clinical practice.

The objective of this thesis was to identify determinants of treatment outcomes 

in a representative community-based sample of people with epilepsy, and in a 

group of people referred for epilepsy surgery. In defining treatment outcomes 
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we took a special interest in the individual perspectives of people with epilepsy, 

i.e. their quality of life, in addition to the ‘traditional’ disease and treatment related 

perspective. We, thereby, aimed to contribute to a more holistic understanding 

of epilepsy and its treatment. 

In this final chapter we will discuss some of the major issues that influence 

treatment outcomes. First of all, we will describe treatment success and clinical 

and psychosocial determinants of treatment outcomes that contain valuable 

information to optimize epilepsy care. Secondly, we will reflect on quality of 

life as the most important treatment outcome and the way in which treatment 

outcomes are assessed in clinical practice. Finally, we will provide directions for 

future research and recommendations for clinical practice.

Successful treatment: incorporating quality of life as 
treatment outcome 

Current medical and surgical treatment seems suboptimal as almost 30% 

of people with epilepsy continue to experience seizures. (1, 65, 228) Even in 

people with epilepsy who are well-controlled by medication, adverse effects 

are a major concern due to their impact on health and well-being. (40, 66, 69) 

Chapter 2 showed that in our population-based setting only 54% of people 

with epilepsy have seizure control and the majority (82%) report adverse effects 

of their medical treatment. Treatment efficacy does not seem to have improved 

since 2000, despite the regular use of ‘new’ antiepileptic drugs (AEDs), such as 

lamotrigine and levetiracetam, that became available in the last two decades. 

(144) 

In clinical practice, treatment is focused on obtaining the best balance between 

seizure control and adverse effects. From the perspective of people with 

epilepsy, the ultimate goal is to maintain a normal daily life, preferably with 

absence of seizures and adverse effects. (57, 227) This demands a different, more 

comprehensive, outcome measure such as health-related quality of life. (97) 

Seizure control and adverse effects are important contributors to this outcome 

measure. (58, 71, 72) This was confirmed by our study in which 58% of the 

variance in quality of life (QOLIE-31 score) was explained by these determinants. 
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(Chapter 2) (144) Other potential contributors to a person’s health related 

quality of life are their individual perspectives, needs and coping styles. (97) 

This may explain why individuals may have a reasonable quality of life, despite 

lack of seizure control or presence of adverse effects. Quality of life is rarely 

assessed in clinical practice. Physicians frequently consider quality of life a less 

objective measure as it is presumed to be influenced by general emotions or 

depressed mood that seem not always directly related to the epilepsy itself. (91) 

Physicians involved in epilepsy care may feel that it is not their primary task to 

address depressive thoughts even though depressive episodes are a frequent co-

morbidity, occurring in one of every three persons with epilepsy. (229) Or they may 

not know how to incorporate these feelings and perspectives in their standard 

epilepsy care in an appropriate way. (91, 230) These perspectives, subjective or not, 

may still influence treatment effectiveness as they may underlie non-compliance, 

disengaged coping reactions and stress (due to fear of ineffectiveness or adverse 

events) known to negatively affect seizure control. (120, 231-233)

A paradigm shift towards patient-oriented determinants and outcomes may 

be needed in our search to improve epilepsy treatment. Together with the 

clinical disease and pharmacological related determinants that have been the 

focus of research and care to date, these could be used in practice to predict 

an individual’s probability on treatment failure or success. This can be used to 

facilitate treatment decisions such as the most optimal AED dose and type, who 

to refer for surgery early on or who to refer to a specialized epilepsy care center. 

They may also emphasize the need for ‘alternative’, more patient-oriented 

management strategies that may involve lifestyle or coping style advice to 

contribute to an improved quality of life. (57, 117) 

Determinants of treatment outcomes

Clinical determinants 

Several clinical disease-related and drug-related determinants have found 

to be associated with medical intractability. (38, 165-174) In chapter 5, we 

systematically reviewed the potential predictors of intractability. Most of the 

identified determinants can usually be obtained in clinical practice such as the 

etiology, seizure type and seizure frequency at onset, age at onset, history of 
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febrile seizures, history of a status epilepticus and neurodevelopmental delay 

together with epileptic abnormalities on EEG. (234) Evidence for the contributive 

role of these determinants is, however, weak. Studies do not provide a reliable 

clinical picture. No single factor could be unanimously identified as independent 

predictor of intractability and most studies did not describe the prognostic 

value (i.e. explained variance) of their presented models. In addition, potentially 

important disease-related predictors such as genetic, neurobiological and 

immunological determinants were not even considered. Pharmacological 

factors were also rarely addressed as potential determinants. Failure of the first 

AED attempt, though, is a well-known determinant of medical intractability. 

(38, 167, 235) The combined contributive role of all these determinants requires 

further assessment to be able to develop a proper clinical prediction model to 

support treatment decisions such as early referral to surgery. 

Surgical resection of epileptogenic brain tissue is a therapeutic option in a 

selected group of people with intractable epilepsy. Determinants of surgical 

success include a younger age at surgery, a history without tonic-clonic seizures, 

a history without status epilepticus, semiology without dystonic posturing, and 

presence of ipsilateral hippocampal sclerosis (HS) or a space occupying lesion 

in the temporal lobe, either shown on MRI or revealed as unilateral temporal 

hypometabolism on FDG-PET. (236) There is abundant evidence that the mesial 

temporal lobe epilepsy (MTLE) syndrome with HS is associated with a good 

surgical prognosis. (196, 199) Early recognition of this syndrome thus seems 

important for early referral and surgery. (16) Accumulating evidence, however, 

seems to suggest that MTLE with HS is not such a sharply delineated syndrome 

but part of a broader spectrum of temporal lobe (or even insular-opercular-

mesial temporal) epilepsies (TLEs) presenting with similar electroclinical 

signs and similar prognosis after surgery. (56) This idea is supported by our 

findings that surgical outcome in terms of freedom of (disabling) seizures was 

similar between patients with ‘HS only’ and those with neocortical ‘lesional’ 

TLE. (Chapter 6) In addition, none of the electroclinical criteria associated 

with MTLE with ‘HS only’ had individual prognostic value in terms of surgical 

outcome. The value of early identification of this specific syndrome within the 

spectrum of TLE’s in current clinical practice is thus questionable with respect 

to surgical outcome. The MTLE syndrome seems not an essential determinant 

for management decisions as surgical referral and eligibility. 
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Our lack of understanding of the major contributors of treatment outcomes 

may explain some current treatment failures. A narrow focus on directly disease-

related determinants only will never reveal the complex interactions between 

different clinical, pharmacological, healthcare and psychosocial characteristics. 

A broader approach is thus needed in assessing the important contributors of 

treatment outcomes. 

A wider perspective on determinants: the perspectives of people with epilepsy

Individual prediction of who can be successfully treated by drug or surgical 

treatment remains difficult. Evidence on the most important contributors is 

up to now inconclusive and several determinants are not even addressed. It 

is striking that individual perspectives of people with epilepsy are frequently 

neglected even though these may largely influence the treatment response and 

may be interrelated with clinical or pharmacological determinants. 

There is a large discrepancy between the predominant ‘physician’s perspective’ 

and the perspectives of people with epilepsy themselves with regard to the 

treatment of epilepsy. Many clinical professionals seem to take a somewhat 

narrow approach to epilepsy care. They mainly focus on seizure control and fail 

to recognize the way the condition affects all aspects of daily functioning. (237) 

Physicians tend to rely on clinical and diagnostic information, even when these 

conflict with the information reported by people with epilepsy themselves. 

Our study on seizure precipitants (Chapter 3) provided an example of how 

perspectives of physicians and people with epilepsy may diverge. A large 

number of people with epilepsy (47%) report their seizures to be provoked 

by a certain precipitant. Most often these seizures occur as a result of stress, 

fatigue or flickering lights. (238) Physicians, however, tend to rely on diagnostic 

confirmation of seizure precipitants by laboratory tests of hyperventilation, 

sleep deprivation or stroboscopic stimuli during video-EEG monitoring, before 

acknowledging their status as precipitant. Such a discrepancy is illustrated 

by an example of the influence of weather (atmospheric pressure) on seizure 

occurrence. Bad weather as seizure precipitant is widely reported by people 

with epilepsy and has been described already in 1977, based on self-reports. 

(239) It took, however, until 2007 before it was ‘unexpectedly’ discovered in a 

diagnostic setting and acknowledged by researchers who sought to negate this 

claim. (240) The problem is that diagnostic evidence is frequently difficult to 
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obtain as laboratory circumstances do not reflect daily practice. Physicians may 

thereby overlook potentials to improve treatment outcomes such as the need 

for alternative management strategies in addition to regular therapy. (237) 

These strategies may include social support, to reduce stress, improve sleeping 

patterns or treatment compliance which can be obtained by the provision of 

information, lifestyle measures or coping style advice. (241) These may prevent 

certain (provoked) seizures to occur and can provide people with a better sense 

of control over their seizures. Paying attention to these perspectives can thereby 

contribute to improved treatment outcomes. 

Chapter 4 assesses an important ‘traditional’ clinical pharmacological 

determinant of treatment outcome interrelated with the individual perspectives 

of those with epilepsy. In this chapter, we demonstrated that each additional 

change in AED treatment is associated with a decrease in quality of life score. 

The need for subsequent AED changes reflects previous treatment failure due 

to lack of efficacy or the occurrence of adverse effects. The decrease in quality 

of life score can be partially explained by individual perspectives such as loss 

of hope in additional AED attempts, or fear of (subsequent) adverse effects. In 

these cases, a subsequent AED attempt may not always be the best strategy. 

People with epilepsy can be expected to benefit more from a thorough review 

of their epilepsy type or from early referral to other options such as surgery, 

(235) or to an epilepsy care center. (227) These centers are more focused on 

a more ‘holistic’, multidisciplinary, type of epilepsy care. This includes the 

provision of information and support to influence expectations and coping 

styles to deal with the psychosocial consequences of epilepsy. (227) The need 

for subsequent AED changes can thus serve as red flag indicating suboptimal 

treatment outcomes necessitating adaptations in epilepsy care. 

Incorporating the perspectives of people with epilepsy and physicians in the 

assessment of treatment outcomes and acknowledging their disparities in 

perspectives is thus important. It may reveal hitherto unknown, important 

determinants contributing to treatment failure or success. This may contribute 

to a more holistic epilepsy care, including alternative management strategies 

aimed to improve quality of life. Its benefits have been shown in other fields of 

medical care, such as several studies on the use of patient-reported outcomes 

in people with cancer. (242)
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Assessment of treatment outcomes: the OPPEC study

Results from current research on treatment outcomes do not always translate 

into clinical practice. (62) The results reported in our community-based sample 

(Chapter 2), do not confirm the largely optimistic trial results from clinical trials 

or hospital-based observational studies. (1) Discrepancies can be explained by 

the fact that these studies are performed in a selected subset of people with 

epilepsy that is not representative of the heterogeneous group of people with 

epilepsy in the general community. (62) Different coping styles may also explain 

the contrast between a community- and hospital-based setting. Individuals, 

who are not under specialized care, may have a lower seizure frequency, less 

severe or less disabling seizures, or simply a better way of coping with their 

condition. This assumption can be inferred from the fact that the quality of life, 

in our community-based sample, was somewhat better than reported in studies 

performed in a clinical setting. (58, 72, 89)

A more community-based type of research is more likely to reflect treatment 

outcomes in daily clinical practice. This was one of the strengths of the Out-

Patient Population-based Epilepsy Cohort (OPPEC) study, underlying most of 

the studies described in this thesis. In the OPPEC study, people with epilepsy 

were identified based on public pharmacy records of AED prescription. Most 

people in the Netherlands obtain their medication from a single public 

pharmacist, independent of prescriber. This offered the unique opportunity to 

reach people with epilepsy who were using AEDs but were not under specialist 

care. Participation of public pharmacies, who selected individuals based on AED 

use and who sent out the first mailing with a request to participate, was high 

(>85%). Selected individuals were asked to provide informed consent and the 

indication for AED use. We were therefore able to exclude those using AEDs 

for other conditions such as migraine, neuropathic pain or panic disorders. 

Participants were sent an extensive questionnaire and we requested the medical 

history from their epilepsy care providers (neurologist or general practitioner). 

Final eligibility for study participation was based on a consensus decision after 

discussion of medical history and questionnaire results by four neurologists 

assessing the diagnosis and type of epilepsy. 
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Another strength of the OPPEC study was that we included the individual 

perspectives of people with epilepsy as well as the determinants from 

a ‘traditional’ clinical pharmacological perspective, to relate them to 

treatment outcomes as quality of life. Therefore, we combined information 

on epilepsy and treatment characteristics retrieved from participants, 

based on a questionnaire assessing epilepsy characteristics, demographic 

characteristics, AED use, adverse effects and quality of life, with information 

retrieved from the health care professionals, i.e. medical history and 

pharmacy records. Pharmacy records provided a nearly complete drug 

history of AEDs and co-medication over at least the last 2 years prior to 

selection. Medical history offered detailed and reliable information 

on diagnosis including diagnostic tests (EEG and MRI) performed. The 

questionnaire offered an opportunity to assess how individuals perceive 

their epilepsy and their treatment. Unfortunately, we did not succeed in our 

goals, as our approach was hampered by a low response rate. This can partly 

be explained by the target population, as individuals who are well controlled 

and without frequent contact with their physician may be less likely to 

participate in research. Affinity with the treating physician, who personally 

asks for participation, is important in the decision to participate in research. 

(243) The approach by a pharmacist instead of their physician may have 

influenced participation rates. People with epilepsy may feel less committed 

to their pharmacist as they normally do not discuss their epilepsy with this 

health care professional. This may be enhanced by feeling of stigmatization, 

which occurs frequently (25% to 50) in people with epilepsy, and may limit 

disclosure of their condition. (244-246)

Another reason that may explain our low response rate was related to our 

aim to include assessment of genetic components related to treatment 

outcomes. This imposed tight regulations by the Medical Ethics Committee. 

The information provision had to include detailed paragraphs and a general 

brochure on risks involved in (genetic) research. This included paragraphs 

that were not applicable to our study, such as the possibility of treatment 

adaptations, and may have caused unnecessary concerns about participation. 

This comprehensive information and the reluctance to participate in genetic 

research in general (247), is expected to have negatively contributed to our 

response rate. Unfortunately, the low response rate led to the withdrawal of 
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financial resources which limited follow-up and made it impossible to assess 

treatment outcomes over time, or gather more detailed information on co-

morbidity. In subsequent studies, a different approach seems warranted.

Future perspectives on optimization of treatment 
outcomes

Implications for research

Despite all attempts to reduce the burden of epilepsy, current treatment of 

epilepsy is still suboptimal. In a large group of people with epilepsy, seizure 

control is difficult to obtain, adverse effects are common and the quality of life 

is usually lower than in the general population. 

It is paramount to find reasons as to why medical or surgical treatment is not 

so effective in a large group of people with epilepsy. Future research requires:

•  A continuous focus on determinants of treatment outcomes. The ideal 

research should be designed as large prospective cohort studies with 

a community-based approach (including individuals with and without 

specialized care). Only these will provide valid and generalizable results to 

be used in clinical practice. 

•  This research should address all potential determinants involved and assess 

their combined value and potential interactions in determining treatment 

outcome. As shown in this thesis, several determinants have been largely 

neglected, some of which concern the perspectives of people with epilepsy 

themselves. In addition to the clinical disease-, drug and healthcare 

characteristics, their perspectives deserve an important role as the use 

of this kind of patient-reported information has shown beneficial results, 

for example in oncology research. This information can systematically be 

obtained using patient-reports or (validated) questionnaires on coping 

style (Utrecht Coping List), seizure acceptability, seizure triggers, treatment 

compliance and treatment satisfaction. 

•  Incorporation of quality of life as main outcome measure, to better grasp 

the total impact of epilepsy on the daily life of people with epilepsy. Several 

validated questionnaires are available for this purpose such as the QOLIE-31 

or RAND-36 or even simpler versions such as the EQ-5D or VAS (Visually 

Analogue Scale) scores can be used for outcome assessment. Traditional 
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outcome measures as seizure control and adverse effects can be maintained 

as secondary endpoints. 

•  A strong collaboration between health care professionals and people with 

epilepsy, for example by involving patient associations, is essential. This will 

lead to patient-based or patient-supported research designs. This is likely 

to raise confidence to participate and to provide results that are directly of 

concern to people with epilepsy.

•  Assessment of the effect of incorporating the perspectives of people with 

epilepsy on the choice for subsequent care interventions and their effect on 

treatment outcome.

Implications for clinical practice

A better understanding of determinants of treatment outcomes can guide 

clinical practice in predicting who will benefit from (medical or surgical) 

treatment and help to facilitate treatment choices. It is not expected that this 

will completely resolve the lack of treatment success in the near future. It can, 

still, contribute to a reduction of seizures and an improvement of quality of life 

in a number of people with epilepsy.

In daily clinical practice, a reduction of the impact of epilepsy on daily life of 

people with epilepsy cannot be achieved by a focus on seizure control and 

adverse effects only. Acknowledgement of the major determinants contributing 

to successful treatment, including the perspectives of people with epilepsy is 

needed, in addition to regular treatment, to achieve this goal. This requires: 

•  Recognition and documenting of factors that patients perceive as important 

determinants related to their seizure control or quality of life, even without 

clear clinical or diagnostic evidence or logic causal pathway. This can be used 

to generate evidence on potentially important determinants and to guide 

information provision aimed at improved epilepsy management.

•  Acknowledgement of well-known determinants such as the need for 

multiple AED changes or certain epilepsy types, that may serve as a red flag 

to indicate the need for reviewing or adapting epilepsy treatment strategies. 

•  Regular assessment of quality of life using simple questionnaires such as 

the EQ-5D or VAS score to better understand the impact of a diagnosis 

of epilepsy. This seems self-evident as people with epilepsy and patient 

associations, such as the Dutch epilepsy association (EVN) or the Epilepsy 

Society in the UK, acknowledge quality of life as the most important 
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aspect, however, this assessment is not commonly performed. Preferably, 

this kind of patient-reported outcome questionnaires will be administered 

electronically, directly coupled to the digital medical patient file, before each 

visit or at least on a yearly basis.

•  Improved communication between physicians and people with epilepsy on 

perspectives, fears and needs with respect to their condition and treatment. 

A simple question on what the patient needs to feel better and expects from 

treatment may reveal options to improve treatment. In some individuals 

subsequent AED attempts will not be efficacious and may even introduce 

adverse effects. In these cases referral to a specialized epilepsy care center 

or offering social support, coping style advice or more detailed information 

for example on treatment expectations and compliance may empower them 

which can largely contribute to an improved quality of life. This also holds 

for people well-treated by AEDs or surgery as fear of drug dependence or 

recurrent seizures may still persist and continue to have a large impact on 

their well-being.
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Summary

Epilepsy is a serious chronic brain disorder associated with clinical seizures. 

These result from neuronal discharges in the brain due to underlying genetic, 

microstructural, immunological or structural pathology. Worldwide over 

50 million people suffer from epilepsy. The impact of epilepsy on a person’s 

daily life can be substantial due to the combined physical and psycho-social 

consequences such as feelings of fear, dependence or social isolation. This 

frequently results in a reduced quality of life.

Epilepsy is mainly treated with antiepileptic drugs (AEDs) and sometimes 

by epilepsy surgery. Seizure control is achieved in 70% and drug-related 

adverse effects occur frequently. It is still unknown why treatment remains 

suboptimal in clinical practice. Individual treatment responses vary largely and 

are difficult to predict. Treatment often remains a trial-and-error based search 

for the optimal regimen balancing efficacy and tolerability. Knowledge of the 

important determinants of treatment outcomes could largely facilitate clinical 

management decisions. 

Current evidence on treatment results is mainly obtained from clinical trials or 

hospitalized/specialized-care settings. These are mostly performed in selected 

groups of people, and therefore not representative of persons with epilepsy 

in general, and are frequently not designed to assess the contributive role of 

several determinants of treatment outcomes. Moreover, most studies focused 

on seizure control. For some people with epilepsy this may be less important 

than coping with other aspects of their condition influencing their quality of life. 

In this thesis, we aimed to identify important determinants of treatment 

outcomes in epilepsy from both a traditional disease- and treatment-related 

perspective as well as the patients’ individual perspective determining quality 

of life. This was assessed in both a community-based and a surgical epilepsy 

population. 

In Chapter 2 we assessed the current state of epilepsy treatment and its 

outcomes. In the past decades several new AEDs have become available, but 

their influence on treatment outcomes in daily practice was not yet known. We 

therefore assessed current treatment outcomes in a Dutch community-based 

study and compared them to those reported 10 years earlier. 

In 2010, there was an increased use of the newly introduced AEDs (9% in 2000 
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versus 34% in 2010). We found that treatment results remained suboptimal. 

There was no evidence that treatment outcomes had improved over the last 

decade. Seizure control was somewhat above 50% and similar in both study 

samples. Adverse effects were reported by the majority (82%) of people with 

epilepsy. There were no significant differences in quality of life scores either (72.6 

in 2000 versus 72.4 in 2010). Quality of life was found to be predicted by seizure 

control and adverse effects as main independent determinants explaining 58% 

of the variance. Other clinical disease and treatment related factors were not 

found predictive of quality of life.

Chapter 3 assessed the perspectives of people with epilepsy on potential 

seizure precipitants and its potential contribution to treatment outcomes. It 

is well-known that seizures can be provoked by several internal or external 

factors. In daily practice, their recognition relies on clinical or video-EEG 

evidence which can be difficult to obtain. The perceived occurrence of seizure 

precipitants and its associated characteristics are rarely studied. Self-reports 

of people with epilepsy may herald information to optimize epilepsy care. We 

therefore assessed patient-perceived seizure precipitants using questionnaires 

in a community-based sample of people with epilepsy.

Our results showed that almost half of all participants (47%) reported one or 

more factors that could provoke seizures. This was especially more frequent than 

in studies using clinical or EEG evidence. Stress (35%), sleep deprivation (25%) 

and flashing-lights (17%) were the most reported precipitants. Several factors 

were found more prominent in people reporting to have provoked seizures. 

Idiopathic generalized epilepsy, a lower age at seizure onset and having auras 

or prodromes were found independent prognostic determinants of provoked 

seizures. Their assessment may facilitate early recognition of seizure precipitants 

in daily clinical practice. Its recognition is important to be able to provide people 

with epilepsy with necessary information and lifestyle measures that may result 

in a better sense of control and reduce (provoked) seizures. This may contribute 

to optimized treatment outcomes in a large group of people with epilepsy who 

suffer from provoked seizures. 

Antiepileptic drug changes are commonly regarded as indicator of adverse 

treatment outcomes. This inference underlies epilepsy management and 

research, yet AED changes are not regularly assessed. In chapter 4, we assessed 
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the occurrence of changes in AED regimens and their association with quality 

of life in a community-based setting. We aimed to determine whether these 

changes indeed indicated suboptimal treatment outcomes warranting 

adaptations in epilepsy care. 

Our results showed that changes in AED treatment occur frequently even in 

people with longstanding epilepsy. 31% had at least one AED change during 

the study period. People who changed their treatment, especially those who 

intensified their treatment (drug addition, substitution or dose increase), 

showed a significantly lower quality of life (score of 73) than those without AED 

changes (score of 79). Each additional change was associated with a further 

reduction of 4.9 points in quality of life score. Changes thus seemed to indicate 

suboptimal treatment outcomes. Reasons for a reduced quality of life were 

unknown but may range from ineffectiveness or adverse effects to loss of hope 

or fear of adverse effects in subsequent attempts. The necessity of subsequent 

drug changes should be acknowledged in daily practice as ‘red flag’ indicating 

that these are not likely to result in improved outcomes. It warrants a review 

of treatment regimen and may require a more thorough evaluation and early 

referral to specialized-care centers to optimize epilepsy care. Changes should 

also be acknowledged in future research to be able to better interpret and 

translate the results to general practice. 

Chapter 5 includes a systematic review on determinants that may predict 

medically intractable epilepsy. Medically intractable epilepsy is common, 

occurring in one-third of all people with epilepsy. Knowledge of factors that 

may in an early therapeutic stage predict intractability can largely facilitate 

epilepsy management. We therefore assessed and summarized the evidence 

for independent prognostic determinants of medically intractable epilepsy. 

Only eleven cohort studies were appropriately designed to study prognostic 

factors of intractability and were included in our review. 90% of them were 

hospital-based. Most studies were of moderate quality only, assessed by the 

QUIPS checklist, as they frequently lacked a conceptual model for the choice of 

predictors. Several determinants were documented as independent prognostic 

factors of intractability in at least two out of the eleven studies, but none of 

them was reported in all studies. These were a younger age at seizure onset, 

symptomatic etiology, high initial seizure frequency, epileptic EEG abnormalities, 

and failure of previous AEDs. These factors may be considered as relevant 
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prognosticators of medically intractable epilepsy, but the evidence for these 

determinants was inconsistent. Genetic, neurobiological or immunological 

determinants were not even considered by any of the studies. Heterogeneity 

in study design, population, candidate prognostic factors, and outcome 

definitions precluded statistical pooling. Consequently, there is an urgent 

need for well-designed prognostic population-based cohort studies that also 

include currently neglected (pharmacological, genetic, neurobiological, and 

immunological) determinants of medically intractability. Such a model for 

the early prediction of treatment outcomes could largely improve epilepsy 

management. 

In chapter 6 we assessed clinical characteristics and treatment outcomes in 

people with temporal lobe epilepsy (TLE) who underwent epilepsy surgery. 

Mesial TLE syndrome (MTLE) with specific electroclinical characteristics and 

hippocampal sclerosis (HS) on MRI is considered the prototype of syndromes 

with good surgical prognosis. Recent studies, however, questioned this 

status as sharply delineated syndrome. TLE due to a lesion, may imitate MTLE 

electroclinically and may also be associated with a similar surgical prognosis. 

We therefore compared people having MTLE with HS or lesional TLEs, classified 

based on MRI abnormalities, and assessed if the MTLE characteristics influenced 

surgical outcome.

57% of our sample presented with MTLE with HS. Several electroclinical signs 

(age at onset, febrile seizures, memory dysfunction, auras and contralateral 

dystonic posturing) were found to distinguish HS from lesional TLE forms. 

Outcomes in terms of seizure control were similar in both groups. 66% of those 

with MTLE with HS was free of disabling seizures (Engel class 1) and 49% had 

complete seizure control (Engel class 1A), in those with lesional TLE this was 67% 

and 48%, respectively. The presence of HS was not found associated with surgical 

outcome, neither were any of the electroclinical MTLE criteria. Our findings seem 

to support the idea that MTLE is not a sharply delineated syndrome but more 

likely part of a larger spectrum of TLEs with similar characteristics and outcomes. 

MTLE with HS does not stand out from lesional TLE with respect to surgical 

outcome, questioning the prognostic relevance of discerning this syndrome. 

In chapter 7 the results presented in this thesis and some of the major issues 

that influence treatment outcomes are discussed.
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Treatment outcomes do not seem to have improved despite increased treatment 

options. A large proportion continues to have seizures and the majority reports 

adverse effects. These have been the focus of epilepsy treatment to date. 

From the perspective of people with epilepsy, the ultimate goal is to maintain 

a normal quality of life, as such this can be considered the most important 

outcome measure in epilepsy. Seizure control and adverse effects were found 

important contributors to quality of life, however didn’t explain all of its variance. 

Individual perspectives on health and well-being may as well be relevant factors  

explaining quality of life.

To date several, mainly clinical disease related, determinants, such as the 

type of epilepsy, have been found associated with medical intractability or 

surgical outcome. Evidence for their role in explaining treatment response is 

weak, lacking predictive power. A broader focus, including yet unaddressed 

determinants seems necessary to unravel reasons for treatment inefficacy. 

This may, amongst others, consist of individual perspectives, needs and 

coping styles of people with epilepsy. These are hardly addressed in clinical 

practice and research, probably due to its subjectivity. Patient reports such as 

on perceived seizure precipitants or the influence of subsequent AED changes 

on quality of life may serve as red flags indicating the need for adaptations in 

epilepsy care. These may include the need for a more thorough review, referral 

or a more holistic type of care including psychosocial support or life- and coping 

style advice. The assessment of quality of life is likely to contribute to improved 

epilepsy care in clinical practice. A better understanding and recognition of 

all determinants predicting treatment response requires further assessment, 

preferably in a community-based and patient-oriented setting, to provide 

generalizable results for clinical practice. 
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Wereldwijd lijden meer dan 50 miljoen mensen aan epilepsie. Dit is een ernstige 

chronische hersenaandoening die gekenmerkt door klinische aanvallen 

(insulten). Deze kunnen zich o.a. uiten in spiertrekkingen, vallen, afwezigheid 

of opvallend gedrag. Epileptische aanvallen ontstaan door plotselinge 

zenuwontladingen in de hersenen. Epilepsie kan aangeboren zijn of op 

latere leeftijd optreden. Het kan veroorzaakt worden door een aantoonbare 

hersenafwijking (bijvoorbeeld door een tumor, infectie of bloeding) maar ook 

door genetische afwijkingen. Epileptische aanvallen kunnen een zeer grote 

impact hebben op het dagelijks leven. Epilepsiepatiënten ondervinden vaak 

naast de fysieke gevolgen, ook psychosociale problemen van hun aanvallen 

zoals bijvoorbeeld angst- of afhankelijkheidsgevoelens of sociale isolatie. Deze 

gevolgen leiden vaak tot een verminderde kwaliteit van leven. 

Epilepsie wordt meestal behandeld met medicatie (anti-epileptica) en soms door 

middel van epilepsiechirurgie. Behandeling is niet altijd effectief. In slechts 70% 

wordt aanvalsvrijheid bereikt. Ook hebben veel mensen last van bijwerkingen van 

de medicatie. Het is nog niet duidelijk waarom de behandeling niet bij iedereen 

even effectief is. Het is dan ook lastig te voorspellen bij wie de behandeling 

effect zal hebben en bij wie niet. Het blijft daardoor vaak een zoektocht naar 

de meest optimale behandelmethode, met zo groot mogelijk effect en zo min 

mogelijk bijwerkingen. Om de meest geschikte behandelmethode te kiezen is 

een beter begrip van de factoren die van invloed zijn op de behandeluitkomst 

noodzakelijk. De huidige kennis over behandeluitkomsten is vooral gebaseerd 

op klinische trials of uit onderzoek dat is uitgevoerd onder een groep patiënten 

die specialistische epilepsiezorg krijgen (epilepsiekliniek/ ziekenhuis). Deze 

onderzoeken zijn vaak niet representatief voor epilepsiepatiënten die door de 

huisarts of poliklinisch behandeld worden. Ook zijn deze onderzoeken meestal 

niet ontworpen om de bijdrage van de diverse factoren die een rol spelen in 

de behandeling te onderzoeken. Bovendien is behandeling en onderzoek vaak 

sterk gericht op het onder controle krijgen van de aanvallen, terwijl patiënten 

het soms belangrijker vinden om te leren omgaan met andere aspecten van 

hun aandoening die hun kwaliteit van leven beïnvloeden (zoals angst en 

afhankelijkheidsgevoelens). 

In dit onderzoek, zijn we op zoek gegaan naar factoren die van invloed zijn op 

de uitkomst van de behandeling van epilepsie. Naast de traditionele ziekte- 

30656 Wassenaar.indd   116 25-10-14   16:33



117

Samenvatting

en behandelings-gerelateerde factoren, hebben wij ook gekeken naar de 

perspectieven van de patiënten zelf die de kwaliteit van leven mede bepalen. 

In hoofdstuk 2 hebben we gekeken naar de huidige manier van behandeling van 

epilepsie en de uitkomsten hiervan. In de laatste decennia zijn er verschillende 

nieuwe medicijnen (anti-epileptica) beschikbaar gekomen. Er was nog niet 

onderzocht of dit heeft geleid tot betere resultaten in de dagelijkse praktijk. 

In dit onderzoek hebben we de staat van behandeling in 2010 vergeleken met 

die van 10 jaar daarvoor onder een groep epilepsiepatiënten in de Nederlandse 

samenleving.

In 2010 gebruikten 34% van alle epilepsiepatiënten een van de nieuwere anti-

epileptica, terwijl in 2000 slechts 9% van de patiënten nieuwere medicijnen 

gebruikte. De uitkomsten van behandeling zijn echter nauwelijks verbeterd in 

deze tijd. Uit onze studie blijkt dat, zowel in 2000 als in 2010, slechts iets meer dan 

50% van de behandelde patiënten aanvalsvrij waren en de meeste mensen (82%) 

meldden last te hebben van bijwerkingen. Ook de kwaliteit van leven, gemeten 

met de QOLIE-31, is niet veranderd in deze 10 jaar (gemiddelde score van 72 

op een schaal van 100). Aanvalscontrole en bijwerkingen bleken in belangrijke 

mate de kwaliteit van leven te kunnen voorspellen (deze verklaarden samen 

58% van de variantie hierin). Andere klinische factoren gerelateerd aan ziekte 

of medicatie bleken geen voorspellers van kwaliteit van leven in onze studie. 

Epileptische aanvallen ontstaan niet altijd zomaar, maar worden in sommige 

gevallen uitgelokt door een specifieke interne (stress, vermoeidheid, hormonen) 

of externe (alcohol, licht, geluid, temperatuur) factor. In de praktijk worden dit 

soort aanvallen niet altijd onderkend. Dit komt doordat het, zowel klinisch als 

op video-EEG, vaak moeilijk te bewijzen is dat de betreffende factor inderdaad 

een aanval heeft uitgelokt. Er is nog weinig onderzoek gedaan naar hoe de 

epilepsiepatiënt zelf denkt over dit soort uitgelokte aanvallen. Hun opvattingen 

zouden echter belangrijke informatie kunnen bevatten om de epilepsiezorg te 

verbeteren. In hoofdstuk 3 hebben we daarom een groep epilepsiepatiënten uit 

de Nederlandse samenleving gevraagd of er factoren zijn die bij hen aanvallen 

kunnen uitlokken en zo ja welke. 

Iets minder dan de helft (47%) van de deelnemers gaf aan dat er een of meer 

factoren waren die aanvallen konden uitlokken (triggers). Dit aantal is veel hoger 

dan in studies die klinisch of EEG bewijs gebruiken om triggers aan te tonen. 
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Stress (35%), vermoeidheid/ slaaptekort (25%) en flikkerend licht (17%) waren 

de meest gerapporteerde triggers. Verschillende kenmerken lijken gerelateerd 

aan het hebben van uitgelokte aanvallen. Zoals een bepaalde vorm van epilepsie 

(idiopathisch gegeneraliseerde epilepsie), epilepsie die begint op jonge leeftijd 

en het hebben van aura’s of prodromen (waarschuwingssignaal voorafgaand 

aan de aanval). Deze kenmerken kunnen helpen bij het eerder herkennen van 

triggers van aanvallen, hetgeen belangrijk is voor de behandeling. Hierdoor kan 

de arts de patiënt beter informeren en er kunnen leefstijlmaatregelen genomen 

worden om de triggers zoveel mogelijk te vermijden. Dit kan leiden tot een 

beter gevoel van controle over- en zelfs tot het verminderen van (uitgelokte) 

aanvallen bij een grote groep mensen met epilepsie. 

Herhaalde verandering in het gebruik van anti-epileptische medicatie wordt 

vaak beschouwd als indicator van onvoldoende functionerende behandeling 

in termen van aanvalsvrijheid of bijwerkingen. De invloed van deze herhaalde 

medicatieverandering op de kwaliteit van leven is zelden onderzocht. 

Veranderingen leiden echter niet altijd tot betere resultaten. De noodzaak 

tot herhaalde medicatieverandering kan een belangrijke aanwijzing zijn dat 

er andere maatregelen nodig zijn om betere behandelresultaten te krijgen. 

In hoofdstuk 4 hebben we daarom onderzocht hoe vaak veranderingen in 

medicatiebeleid plaatsvinden en hoe dit de kwaliteit van leven beïnvloedt. 

Ons onderzoek in een algemene epilepsiepopulatie toont aan dat 

medicatieverandering, ook bij mensen met al lang bestaande epilepsie, 

veel voorkomt. 31% van de patiënten veranderde ten minste één keer van 

behandeling in de laatste 2 jaar. Degenen die van behandeling veranderden 

ervaarden over het algemeen een lagere kwaliteit van leven (score van 73) dan 

degenen die niet veranderden (score van 79). Dit gold vooral voor de patiënten 

bij wie de medicatie of dosering toenam. Elke extra verandering leidde tot een 

vermindering van 4,9 punten op de kwaliteit van leven, gemeten op een schaal 

van 1 tot 100. De redenen voor deze vermindering van kwaliteit van leven zijn 

niet duidelijk. Dit zou kunnen komen doordat de medicatieverandering geen 

effect heeft of bijwerkingen veroorzaakt. Maar ook verlies van hoop of angst 

voor bijwerkingen bij een nieuwe behandelpoging zou hiervoor een oorzaak 

kunnen zijn. Medicatieverandering leidt dus lang niet altijd tot verbetering 

in termen van kwaliteit van leven. In de dagelijkse praktijk is de noodzaak tot 

medicatieverandering daarom dus een belangrijke indicator voor herziening 

30656 Wassenaar.indd   118 25-10-14   16:33



119

Samenvatting

van de behandelstrategie. Een her-evaluatie van de diagnose of een verwijzing 

naar een gespecialiseerd centrum met meer psychosociale steun en aandacht 

voor het leren omgaan met de aanvallen zou kunnen worden overwogen. Het 

is van belang eerdere medicatieveranderingen ook mee te nemen als factor in 

het onderzoek naar de resultaten van epilepsiebehandeling. Uitkomsten zijn 

daardoor nauwkeuriger te interpreteren en beter te vertalen naar de dagelijkse 

praktijk waar medicatieveranderingen frequent voorkomen. 

Hoofdstuk 5 is een systematisch literatuuronderzoek naar factoren die 

onbehandelbare epilepsie kunnen voorspellen. Ongeveer 30% van de mensen 

met epilepsie heeft een vorm die onbehandelbaar is. Kennis van de factoren 

die in een vroeg stadium kunnen voorspellen of de epilepsie wel of niet 

behandelbaar is, is essentieel om lange trajecten van medicatiepogingen met 

eventueel bijbehorende bijwerkingen te voorkomen. In dit hoofdstuk geven 

we een overzicht van de factoren die belangrijk kunnen zijn in het voorspellen 

van onbehandelbare epilepsie. 

Er waren slechts 11 studies die de prognostische factoren van onbehandelbare 

epilepsie hebben onderzocht. Deze hebben we opgenomen in onze studie. 

Tien hiervan waren uitgevoerd onder epilepsiepatiënten uit gespecialiseerde 

zorgcentra. Slechts één, op een groep patiënten uit de algemene samenleving. 

De meeste studies waren van middelmatige kwaliteit, gemeten met de QUIPS 

kwaliteitschecklist. Dit kwam vooral doordat in veel studies een conceptueel 

model voor de keuze van de onderzochte factoren ontbrak. Er zijn diverse factoren 

gevonden die het ontstaan van onbehandelbare epilepsie mogelijk kunnen 

voorspellen en die in minimaal twee van de studies werden gerapporteerd. 

Zoals het ontstaan van epilepsie op jonge leeftijd, een onderliggende 

symptomatische oorzaak, een hoge frequentie van aanvallen, epileptische EEG-

afwijkingen en het falen van eerdere medicatie. Geen van deze factoren werd 

echter consistent in alle onderzoeken gevonden als voorspeller. Ook werd er in 

de studies niet gekeken naar genetische, neurobiologische of immunologische 

factoren als mogelijke voorspellers. Diversiteit in onderzoeksmethode, 

onderzochte populatie of factoren en definities van onbehandelbare epilepsie 

zorgden ervoor dat het niet mogelijk was om de voorspellende waarde van de 

verschillende factoren te bewijzen. Goede prognostische studies, uitgevoerd 

in de algemene epilepsiepopulatie, zijn dus hard nodig om voorspellers voor 

onbehandelbare epilepsie te vinden. Een goed model met de juiste voorspellers 
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kan leiden tot een verbeterde behandeling zoals het eerder doorverwijzen of 

meer psychosociale begeleiding. 

In hoofdstuk 6 hebben we de klinische kenmerken en de behandeluitkomsten 

bestudeerd en vergeleken van mensen met temporaalkwabepilepsie (TLE) 

die epilepsie chirurgie hebben ondergaan. Mesiaal TLE syndroom (MTLE) 

met specifieke elektro-klinische kenmerken en hippocampale sclerose (HS), 

bewezen op een MRI, wordt bij uitstek gezien als een syndroom dat chirurgisch 

goed te behandelen is. Recente studies lijken echter aan te tonen dat MTLE 

niet zo specifiek als syndroom te onderscheiden is van andere vormen van TLE. 

De door een laesie (zoals een tumor of bloeding in de hersenen) veroorzaakte 

TLE kan elektro-klinisch erg lijken op MTLE en heeft vaak ook een goede 

chirurgische uitkomst. Om te onderzoeken of er daadwerkelijk verschillen 

waren in kenmerken en uitkomsten na chirurgie tussen patiënten met MTLE 

met HS en patiënten met TLE met een laesie (gedefinieerd op basis van MRI 

afwijkingen), hebben we deze beide groepen vergeleken. Vervolgens hebben 

we de relatie van specifieke MTLE kenmerken en aanvalsvrijheid na chirurgie 

onderzocht. 

Van onze onderzoekspopulatie had 57% MTLE met HS. Verschillende elektro-

klinische factoren zoals beginleeftijd van de epilepsie, koortsstuipen, 

geheugenstoornissen, aura’s (waarschuwingssignaal voorafgaand aan de 

aanval) en een bepaalde verkrampte stand (dystonic posturing) tijdens de 

aanval, kunnen MTLE met HS onderscheiden van TLE veroorzaakt door een 

laesie. Er was geen verschil tussen beide groepen in resultaat ten aanzien van 

aanvalsvrijheid na chirurgie. In beide groepen werd ongeveer twee derde van de 

patiënten succesvol behandeld met epilepsiechirurgie; bijna de helft (49%) werd 

compleet aanvalsvrij en nog eens 18% werd vrij van ernstige aanvallen. Zowel 

het hebben van HS als het hebben van een of meer elektro-klinische kenmerken 

van het MTLE syndroom kon niet worden gerelateerd aan aanvalsvrijheid na 

chirurgie. Onze bevindingen ondersteunen daarmee dat MTLE niet zo duidelijk 

te onderscheiden is als syndroom maar eerder een onderdeel is van een groter 

scala aan TLE vormen met vergelijkbare kenmerken en uitkomsten. Aangezien 

MTLE met HS niet leidt tot een significant betere uitkomst na epilepsiechirurgie, 

is de waarde van het herkennen van dit syndroom mogelijk niet zo relevant in 

de dagelijkse praktijk. 
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In hoofdstuk 7 worden de resultaten uit dit proefschrift en enkele belangrijke 

punten in de behandeling van epilepsie bediscussieerd. 

Uitkomsten van de behandeling van epilepsie lijken niet verbeterd ondanks 

toegenomen behandelmogelijkheden. Een groot deel van de patiënten blijft 

aanvallen houden en de meerderheid meldt bijwerkingen. Aanvalscontrole 

en bijwerkingen worden vaak gezien als belangrijkste uitkomstmaten van de 

behandeling van epilepsie. Vanuit het perspectief van de epilepsiepatiënt, 

is het handhaven van een zo normaal mogelijke kwaliteit van leven echter 

vaak het belangrijkste. Kwaliteit van leven kan daarom gezien worden als 

belangrijkste uitkomstmaat. Naast aanvalscontrole en bijwerking zijn dus ook 

andere factoren, zoals de individuele visie van de op zijn epilepsie en de fysieke 

en psychosociale invloed hiervan op het dagelijks leven, van belang. 

Er is tot nu toe weinig bekend over het totaal aan factoren die de uitkomst 

van medicamenteuze of chirurgische behandeling van epilepsie kunnen 

voorspellen. Er zijn wel verschillende, voornamelijk klinische ziekte-

gerelateerde, factoren gevonden (zoals het type epilepsie), die gerelateerd 

lijken te zijn aan deze uitkomsten. In de praktijk voorspellen deze factoren 

de behandeluitkomst echter niet goed genoeg. Om meer duidelijkheid te 

krijgen over de oorzaken voor het wel of niet slagen van een behandeling 

en het voorspellen hiervan, is een breder perspectief op de behandeling van 

epilepsie nodig. Er zou meer gekeken moeten worden naar tot nu toe nog niet 

onderzochte factoren, zoals de individuele perspectieven van de patiënten op 

zijn of haar aanvallen en zijn of haar manier om hiermee om te kunnen gaan 

en de daaruit voortvloeiende gevolgen. Patiënten perspectieven, zoals de door 

hen gemelde bijwerkingen, waarneming van uitlokkende aanvalsfactoren, of de 

invloed van herhaalde medicatieverandering op kwaliteit van leven, worden in 

de praktijk zelden onderzocht, waarschijnlijk vanwege het subjectieve karakter. 

Deze perspectieven kunnen echter aanknopingspunten bevatten voor een 

verbetering van de epilepsiezorg. Om een beter beeld te krijgen van het totaal 

aan factoren die van invloed is op het slagen van de epilepsiebehandeling 

is verder onderzoek nodig. Vooral onderzoek met een breed perspectief 

in een algemene epilepsie populatie. In de praktijk zou meer focus op de 

kwaliteit van leven kunnen leiden tot een kritische evaluatie van de gekozen 

behandelstrategie. Dit kan bestaan uit een herziening van de diagnose, andere 

medicatiekeuze, eerdere verwijzing voor chirurgie of naar een gespecialiseerd 

centrum, maar ook tot een meer holistische aanpak met psychosociale steun, 
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adviezen over leefstijlmaatregelen en hoe om te gaan met de gevolgen van de 

epilepsie. Dit zou een belangrijke bijdrage kunnen leveren aan een betere zorg 

aan mensen die lijden aan epilepsie.n. 
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