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E pi l e p s y

Epilepsy is a neurological disorder characterised by recurrent unprovoked seizures. 
Epilepsy is not a uniform condition, but comprises many different seizure types and 
epilepsy syndromes based on heterogeneous etiologies1. An epileptic seizure is the 
clinical manifestation of epilepsy. These clinical manifestations are sudden and tran-
sient and can include a wide variety of movement, feeling or psychic disturbances, 
with or without alteration in consciousness. Seizures are broadly divided into two 
categories: partial and generalised. Partial seizures arise in an epileptogenic region 
in one hemisphere of the cerebral cortex. They are subdivided into simple partial 
seizures, which occur without alteration of consciousness, and complex partial 
seizures in which consciousness is impaired or lost. These seizures may generalise 
into a secondary generalised tonic clonic seizure. Primary generalised seizures are 
characterised by more diffuse neuronal discharges involving both hemispheres of the 
brain at once and always result in loss of consciousness.
 The point prevalence of epilepsy is around 0.5–1% and it is assumed that there 
are about 100,000 persons with epilepsy in the Netherlands. The incidence rate 
of epilepsy is age related. The highest incidence rate (ranging from 100 to 233 per 
100,000) is observed in children younger than 1 year. Subsequently, this declines in 
early childhood to around 60 per 100,000. The incidence rate plateaus in adolescents 
and adults to around 30-40 per 100,000 and rises again in elderly people to 100-170 
per 100,000 after the age of 65 years2. Epilepsy and side effects of epilepsy treatment 
have a great impact on patients’ lives3. The evaluation of side effects should receive 
more attention in daily practice4.

T r e at m e n t  of  e pi l e p s y

Drug therapy is the mainstay of epilepsy treatment. In very severe treatment resistant 
cases, some patients are candidates for brain surgery (in the Netherlands approxi-
mately 50/year). For other patients implantation of a nervus vagus stimulator is a 
treatment option. Finally patients can be treated with a ketogenic diet.
 However, almost every patient with epilepsy is treated with anti-epileptic drugs 
(AEDs). The aim of drug treatment is to prevent the occurrence of seizures completely. 
Approximately 20-30% of the patients do not become seizure free on anti-epileptic 
drugs. In addition, many patients suffer from side effects. Therefore it is important 
to find new anti-epileptic drugs and to evaluate them adequately, i.e. with outcomes 
that clinicians recognize as clinically relevant. If seizure freedom cannot be achieved 
than the aim of drug therapy should be a good balance between seizure control and 
optimal quality of life.

Thesis_Bootsma_v15.indd   8 9-4-2009   11:30:28
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For a good interpretation of the results presented in this thesis it is important to 
realise that the likelihood to respond to drug therapy is probably a function of the 
past treatment history. Drug resistance seems to be a graded process that follows 
a mono-exponential course with a half-decay constant of 1.5–2 antiepileptic drugs. 
Thus for every two AEDs that proved ineffective in the past, the percentage of patients 
who responded with a greater than 50% reduction in seizure frequency decreases by 
twofold5. 

Org a n i s at ion  of  c a r e  for  e pi l e p s y  pat i e n t s

In the Netherlands newly diagnosed epilepsy patients are treated by their neurologists 
in general hospitals. Patients can be referred to an epilepsy center if their epilepsy 
does not respond well to drug therapy. These patients suffer from seizures despite 
drug therapy. Their epilepsy is called refractory. In the Netherlands there are two 
specialised epilepsy centers. The studies in this thesis were carried out in Epilepsy 
Center Kempenhaeghe (www.kempenhaeghe.nl). In Kempenhaeghe clinical produc-
tion/year for epilepsy patients is 2000 admissions, 33,000 hospital days (short stay), 
106,000 hospital days (long stay) and 12,000 outpatient visits6.

De v e l opm e n t  of  n e w  a n t i-e pi l e p t ic  drug s

The European Medicines Agency (EMEA) offers a note for guidance on clinical 
investigation of medicinal products in the treatment of epileptic disorders7. A new 
draft guideline on this topic is expected to be released for consultation in the first 
quarter of 2009. In chapter 2 we discuss the outcome measures which are used in 
regulatory trials and compare them to guidelines from the FDA and ILAE.
 Before their market approval new anti-epileptic drugs are tested in patients with 
refractory epilepsies. The new anti-epileptic drug or a placebo is added to their 
medication and the patients are followed for 3-6 months. Patients are considered 
responders if they experience a 50% seizure reduction or more during a predefined 
period within this 3-6 months trial duration. If the new anti-epileptic drug is more 
effective than placebo, and the drug has a good tolerability, it gains market approval. 
However, market approval is not similar to clinical approval. This requires evalua-
tion of much longer periods. In fact ‘seizure free’ would imply in some trials that a 
patient did not have any seizures during the last month of a 3 months trial.
 During the last years, a number of new anti-epileptic drugs were introduced in 
clinical practice in the Netherlands. Some were withdrawn because of idiosyncratic 
side-effects (such as vigabatrin or felbamate), some because of disappointing efficacy 

Thesis_Bootsma_v15.indd   9 9-4-2009   11:30:28



10

Chapter | one

(such as tiagabine) others because of potentially better effects in other indications 
such as gabapentin. The most important new drugs that have a stable position in 
clinical practice were lamotrigine (introduced in 1996), topiramate (introduced in 
1999) and levetiracetam (introduced in 2001). These new anti-epileptic drugs were 
considered effective and safe after the regulatory trials but no comparative informa-
tion was available The drugs were not directly compared in a prospective trial. Also 
safety data were scarce. Before market introduction of levetiracetam, for example, 
only 5000 patients were treated with the drug. Finally only data for limited time-
periods were available (months, whereas patients with epilepsy are treated for years).

S t ruc t u r e  of  t h e  t h e si s

In order to assess the value of three important new anti-epileptic drugs in daily prac-
tice we decided to evaluate the first patients who were treated with lamotrigine, topi-
ramate or levetiracetam by neurologists in a tertiary referral centre (epilepsy center 
Kempenhaeghe). Each patient group consisted of 300-400 patients. We collected data 
from our electronic medical information system (MIS) and from individual patient 
records. If necessary, treating neurologists were asked for additional information. We 
chose retention rate as our primary outcome measure. In chapter 2 we outline why 
the retention rate is a useful composite parameter which reflects the combined effect 
of efficacy and tolerabity of a new anti-epileptic drug. The retention time is the time 
that an individual patient continues to use a new drug when in fact he or she needs 
treatment. The retention rate is the number of patients who still continue taking the 
drug after a given time interval divided by the number of patients that started with 
this drug. It is assumed that the retention rate reflects the combination of efficacy 
and tolerability in the real world8.
 We think that a patient continues to take a drug if it is effective and tolerated well. 
Therefore this is considered to be the most clinical relevant measure in patients with 
chronic refractory epilepsy.
 While studying retention time and retention rate additional parameters were 
collected: reasons for continuation or discontinuation of the drug, the role of efficacy 
and tolerability in drug withdrawal, the occurrence (and possible disappearance) 
of side-effects over time, the persistence of efficacy over time or indications for the 
development of tolerance.
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S c ope ,  g oa l s  a n d  obj e c t i v e  of  t h i s  s t u dy

We aimed at developing clinical useful information on the newer anti-epileptic drugs 
in the population of patients with refractory epilepsy. We used retention rate as the 
clinical relevant outcome parameter. Our electronic patient records and chart system 
allowed us to study all aspects around retention rate in detail. This provided much 
more information than simple calculation of the retention rate: “The devil is in the 
details”. Not all newer anti-epileptic drugs were included in our studies: only those 
drugs that were “here to stay” lamotrigine, topiramate and levetiracetam.

Ou t l i n e  of  t h e  t h e si s

This thesis follows the subsequent analysis of the different drugs and in two chap-
ters shows comparative data. The introductional chapter 2 evaluates the outcome 
measures that are generally used in anti-epileptic drug trials.
 In chapter 3 we describe our experience with topiramate. In chapter 4 the results of 
our levetiracetam study are reported. In chapter 5 efficacy and safety of lamotrigine 
is evaluated. Plasma levels were monitored for this drug and related to the use of 
enzyme-inducing anti-epileptic drugs and valproate. Chapter 6 compares the efficacy 
and the side effect profiles of topiramate and levetiracetam. Chapter 7 focuses on the 
cognitive side effects of topiramate versus the cognitive side effects of levetiracetam 
which we found in clinical practice. In chapter 8 the effect on mood of topiramate is 
compared with the mood-modulating profile of levetiracetam. In chapter 9 the impact 
of side effects on long-term retention of topiramate, levetiracetam and lamotrigine is 
presented.
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A b s t r ac t

Study objectives: To describe the pros and cons of regulatory clinical trials for our 
current knowledge with respect to the use of anti-epileptic drugs.

Method: A systematic search of the literature on clinical trial designs and outcome 
measures for the evaluation of anti-epileptic drugs.

Results: Regulatory authorities have made guidelines for the measurement of drug 
efficacy in anti-epileptic drug trials, however the current process of drug trials do not 
always provide clinical relevant information.

Discussion: The antiepileptic drug approval process is based primarily on short-term, 
randomised, placebo-controlled, parallel-group, add-on studies. These studies find 
anticonvulsive molecules which are more effective than placebo but cannot tell us 
which new anti-epileptic drug will be best in clinical practice. Long-term studies can 
give valuable information on effectiveness in clinical practice.
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I n t roduc t ion

Drug development must satisfy different goals1. The goal of the pharmaceutical 
industry is to obtain drug approval from regulatory authorities. The goal of regula-
tory authorities is to obtain reliable evidence that a new anti-epileptic drug (AED) 
is approvable based upon efficacy and safety criteria. The goal of physicians is to 
obtain information that enables them to select the best treatment for their individual 
patients. Is the new AED an improvement to existing drugs or not? Physicians also 
want to know how to use a new AED in order to get a good balance between effective-
ness and side effects. In this article we describe the requirements for regulatory trials 
on AEDs. The guidelines of the EMEA, the ILAE and the FDA are described.The 
questions which are left unanswered by regulatory trials are discussed. Limitations 
of regulatory trials can be divided in three categories: selected patient population, 
short duration of the trial and differences between treatment according to the trial 
protocol versus treatment in clinical practice. We review other trial designs and other 
outcome measures that may help physicians to select the best treatment for their indi-
vidual patients.
 We studied regulatory guidelines of the EMEA, ILAE and the FDA and performed 
a systematic search on the relevant literature on the topic of outcome measures in 
evaluating efficacy of AEDs. We searched three databases (PubMed, Medline en 
Cochrane Library). We did not restrict the timeframe of selected literature.

Regulatory authorities and guidelines for anti-epileptic drug trials

Authorities for registration such as The European Agency for the Evaluation of 
Medicinal Products (EMEA), have developed a note of guidance in which advice is 
being given on the use of different measures of efficacy2. Also primary outcomes, 
which are recommended by the ILAE and the FDA, are discussed.

Primary outcomes as described by the EMEA, ILAE and the FDA

European Agency for the Evaluation of Medicinal Products (EMEA)
According to the EMEA the initial evaluation process for a new AED involves a deter-
mination of its efficacy in reducing the frequency of seizures in patients who continue 
to have them despite therapy with an adequate dosage of appropriate drug(s). Usually, 
partial epilepsies represent the first target, since they are the most frequent, and a 
substantial percentage of them are not well controlled. In these add-on trials a new 
AED/or placebo is added to the 1 or 2 pre-existing AEDs of the the patient. Whenever 
possible, the dose of the pre-existing drugs is kept stable.

Thesis_Bootsma_v15.indd   15 9-4-2009   11:30:29
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Once the efficacy of the new AED in combination with other AEDs has been deter-
mined, it is important to assess the efficacy of the product when given as mono-
therapy. The monotherapy studies are generally conducted in the following settings: 
conversion to monotherapy in patients with multiple-drug treatment, monotherapy 
trials in newly diagnosed patients, monotherapy in patients undergoing presurgical 
evaluation for refractory partial epilepsy. The monotherapy indication is usually 
granted when the efficacy and safety of the new AED has been proven in newly diag-
nosed patients.
 The EMEA states that the assessment of efficacy should be based primarily upon 
seizure frequency. The period during which seizures are counted has to be known 
prior to the start of the trial. In doing so the chance of introducing bias is minimised. 
In order to facilitate accurate analysis of seizure data one has to dichotomise the 
data into responders and non-responders. Categories can be made using an arbitrary 
seizure reduction of at least 50%2. In monotherapy studies measures of efficacy are 
primarily based on the group of patients that is being studied. In newly diagnosed 
patients, the primary efficacy variable should be based on the proportion of patients 
remaining seizure free for at least six months. In conversion of add-on to mono-
therapy, a treatment retention time may be an acceptable endpoint.
 In addition to these so-called primary endpoints, secondary endpoints can be used 
in studying an AED. Secondary endpoints can be: the distribution of responders (e.g. 
seizure reduction <50%, from 50% to 75%, and >75%) retention rate (persistence), 
seizure severity and Quality of Life (QOL)2. The Dutch authority for registration 
(CBG) uses the EMEA guidelines3.

International League Against Epilepsy (ILAE)
The Commission on Outcome Measurement in Epilepsy (division of the Interna-
tional League Against Epilepsy) has developed guidelines based on the duration of 
a trial4. This commission states that in short-term studies time-to-nth-seizure after 
randomisation or after reaching the predefined maximum dose is the outcome 
measure of first choice. In long-term studies time to 1-year seizure remission (or 
for a shorter or longer period), frequency or number of seizures over predetermined 
intervals and proportion of patients remaining seizure-free after achievement of the 
initial target maintenance dosage should be used. Further, this commission advises 
to monitor adverse effects more closely. Adverse effects of medication have a much 
larger negative impact on peoples’ QOL than do (fear of having) seizures4.

Food and Drug Administration (FDA)
The Food and Drug Administration (FDA) in the USA has also developed its own 
guidance on the topic of drug evaluation and research5. The FDA states that there are 
six methods for measuring efficacy of antiepileptic drugs. These efficacy measures 
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are: 1. reduced seizure frequency, 2. increased seizure-free intervals/time between 
seizure clusters, 3. decreased total seizure time, 4. improved functional capacity, 5. 
decreased incidence of adverse reactions and 6. decreased generalization of focal 
seizures. To allow accurate and reliable recording of these outcome measures pre-
trial observations have to be obtained5.
 Besides using these measures of efficacy, the FDA recommends serum level deter-
minations of both the investigational and concomitant antiepileptic drugs. This has to 
be done to gain information about therapeutic and toxic ranges of the investigational 
drug and to study pharmacokinetic interactions with the concomitant antiepileptic 
drugs.
 The primary endpoints in the guidelines from EMEA, FDA and ILAE are shown 
in table 1.

Limitations of regulatory trials

Patient population in the trial
Most regulatory trials are performed in patients with partial epilepsy and complex 
partial seizures, with or without secondary generalization6. As a result, many AEDs 
have been approved for treatment of partial seizures and comparatively few for other 
types, such as absence, myoclonus and infantile spasms.
 Patients who are included in add-on trials of new AEDs have very frequent seizures, 
a long duration of epilepsy and have failed numerous AEDs . Inclusion criteria usually 
require a minimum of 3 to 4 complex partial or secondarily generalized seizures per 
month. Often seizure frequency is even higher in many patients included in such 
trials. The use of such patients may negatively bias the true effectiveness of a new 
AED.

Table 1  Primary endpoints to be used in clinical trials of anti-epileptic drugs.
EMEA FDA ILAE

Seizure frequency + + +
Decreased total seizure time +
Increased seizure free intervals +
Improved functional capacity +
Decreased incidence of adverse effects + +
Decreased generalization of focal seizures +
Time to nth seizure +
Percentage of patients remaining seizure free for at least 6 months + +
Treatment retention time +
Time to 1 year seizure remission +

Thesis_Bootsma_v15.indd   17 9-4-2009   11:30:29
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Most clinical trials study patients between 18 and 65 years of age. The first peak of 
incidence of epilepsy however, is in the first decade of life7. In the first year of life 
the incidence is approximately 120 per 100,000, decreasing to 40 per 100,000 for the 
remainder of the first decade. The cause of epilepsy is often prenatal or a conse-
quence of acute circulatory failure. The second peak of incidence is in the elderly. The 
incidence rises to approximately 120 per 100,000 in those older than 60 years. Causes 
of epilepsy at that age are often stroke, brain tumor, head injury and Alzheimer’s 
disease. This leaves us with questions whether the results of the regulatory trials can 
be generalized to the patient groups with highest incidence, i.e. children and elderly.

Duration of the trial
The most important limitation of regulatory trials, though, is its short duration, 
considering the chronic use of a AED in clinical practice. It leaves us with questions 
how effectiveness is maintained over time, whether tolerance occurs, how side effects 
resolve after adaption and whether new side effects develop after continuous use. 
Patients who became seizure-free cannot be followed after completion of the trial. 
This is a problem because the goal of the anti-epileptic drug therapy is to become 
seizure-free. A short-term remission of the seizure activity is not what the patient 
asks for and can actually introduce new problems for the patients in terms of adapting 
to the condition. Moreover antiepileptic treatment is usually chronic treatment, i.e. 
treatment over periods of many years. In such periods other types of side-effects may 
occur than in the limited period of a drug trial. One example is osteoporosis that 
may occur after extended periods of treatment with enzyme inducing AEDs. Other 
examples are excessive weight gain or weight loss, hormonal changes, hair loss and 
effects on mood and behaviour. Safety problems may also arise when side effects 
are serious but uncommon. Rare idiosyncratic side effects and teratogenicity will be 
detected only after widespread use.
 Trials from the surgical withdrawal design are considered too short to provide 
any information on tolerability problems. Results of these trials can therefore not be 
extrapolated to chronic use.

Trial protocol versus clinical practice
In trials patients are often titrated to fixed doses which may be too high or too low 
for that individual. This design does not allow patients to reach their own best dose. 
The results of these trials may therefore both underestimate the efficacy of the tested 
AEDs or overestimate the adverse effects. Note also that the dose requirements for 
refractory patients in add-on trials may differ from the dose-requirements for newly 
diagnosed patients in monotherapy trials. This is due both to the difference in patient 
characteristics and to the absence of drug-drug interactions in newly diagnosed 
patients.
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Most anti-epileptic drugs must be carefully titrated to an effective dose. When the 
trial is designed the chosen titration scheme is not “rocket science” but an educated 
guess. Fast titration schemes reduce the cost of a clinical trial but can lead to higher 
drop out rates. In clinical practice titration schemes are often slower than in regula-
tory trials. Instead of rigid titration schemes doses are adjusted individually.
 In clinical practice it is common to down-titrate and later discontinue pre-existing 
AEDs. These pre-existing AEDs may either induce or inhibit the metabolism of the 
new AED. Hence, upon withdrawal changes in serum level of the new AED can be 
expected. This leaves us with the question whether the dose of new AED should be 
changed in order to maintain the same serum level. Regulatory trials usually cannot 
provide this information.
 Side effects that are unpleasant may limit the usefullness of a new AED. These can 
occur in a high percentage in add-on trials. When pre-existing AEDs are withdrawn 
however the incidence of these side effects can be much lower8. Most of the data on 
new AEDs are from regulatory add-on trials so tolerability problems may be exagger-
ated.

Monotherapy

Designs
Trials studying conversion to monotherapy in patients with multiple-drug treatment 
only provide evidence that the study drug is better than placebo. Some monotherapy 
trials in newly diagnosed patients use a low dose “pseudoplacebo” arm. If similar 
efficacy is measured in the low dose and in the high dose arm it may be concluded 
that the study drug is not effective. However it is also possible that both doses are 
effective. Other monotherapy trials use an “active control” design in which a new 
drug is compared with a standard drug. This design provides useful information to 
physicians.
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Alternatives to regulatory trials

In this section we will discuss first outcome measures for anti-epileptic drug testing. 
In the second part we will review new trial designs that provide useful information 
to physicians.

Outcome measures for anti-epileptic drug testing.
To evaluate the efficacy of AEDs, standardized outcome measures must be used. The 
current accepted outcome measures are ‘time to nth seizure’ , ‘seizure-freedom for 1 
year or another time-interval, ‘seizure frequency’, ‘proportion of responders’,‘seizure 
severity’, retention rate, and less frequently ‘NNT or OR’ (Number needed to treat 
and Odds ratio’s)9, 10. Recently, more attention is given to ‘quality of life’ of patients 
and to the measurement of adverse effects. The exact definitions of the outcome 
measures will be given in the next sections.
 An important distinction is that between effectiveness and efficacy10. To measure 
efficacy all outcome measures mentioned above, except retention rate, can be used. 
According to Mohanraj and Brodie retention rate is an excellent measure of effective-
ness. Effectiveness is a function of efficacy and tolerability10. Recent developments in 
measuring efficacy of AEDs are focused on efficacy as well as tolerability. Measuring 
quality of life (QOL) and retention rate (persistence) are examples hereof. These 
outcome measures are better capable of giving an image of routine daily practice than 
do changes in seizure frequency, time to nth seizure and seizure severity. However, 
QOL and retention rate are not relevant as a proof of efficacy in regulatory trials.
 The accuracy and validity of a possible outcome measure has to be considered 
prior to every trial. Factors that determine the usefulness of an outcome measure are 
design of the study, group of patients being studied, type of seizures that the patients 
experience9. Not every outcome measure is suitable for every study design and group 
of patients.

Difficulties in handling seizure data
Prior to understanding the pro’s and contras of every outcome measure, one needs to 
know the difficulties in handling seizure data. In a vast majority of patients, seizures 
do not occur randomly11. Clustering of seizures is fairly common. Seizure clustering 
might imply that secondary alterations due to a seizure facilitate the precipitation of a 
next seizure similar to a positive feedback mechanism. Clusters of seizures can occur 
just outside the study period, or at baseline suggesting an apparent change where 
none has in fact occurred12. Furthermore, occurrence of seizures is very variable 
between and in patients12. The non-normal distribution of seizures over time makes 
counting and analysing seizures within a limited time-frame of a trial difficult12. 
The chance of counting a seizure wrongly (double or not), by physicians as well as by 
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patients, is increasing when seizures occur with very small intervals. Also, changes 
in seizure severity are often difficult to assess12. Therefore, video recordings are more 
often used to achieve more reliable seizure counts. EEGs are also becoming more 
important e.g. when counting absence seizures4. Because of the non-normal distribu-
tion of seizures in time, parametric analytic tests are not possible. In order to use 
parametric tests, efficacy measures that are dichotomous or categorized have been 
developed.

Efficacy measurement in short-term studies

Time to nth seizure.
Time to nth seizure (=number of seizure-free days) is an efficacy measure that is 
valid in studies with newly diagnosed patients14. The time to a first seizure following 
randomisation allows immediate determination of the proportion of patients at 
different points in time who remain seizure-free on the agents being compared4.
 The major advantage of this outcome measure is the protective effect for patients. 
As soon as a one, maximal two or three seizure(s) have occurred patients are with-
drawn from the study15. Furthermore, this outcome measure has the largest statis-
tical power in studies in newly diagnosed patients16. This endpoint may, however, 
lack clinical significance because the goal for the treatment of patients is long-term 
seizure freedom16.
 Unfortunately, when restricting the number of seizures that a patient is allowed 
to experience, the power of the trial declines10. Another pitfall in using this outcome 
measure is that little information about optimal dosing regimen and time needed to 
reach a maximum effect is known10.

Change in seizure frequency/Proportion of responders
When analysed as a continuous variable, seizure frequency is the most sensitive 
measure of efficacy and should be used whenever possible. However, in studies with 
newly diagnosed patients it is a less relevant efficacy measure as most of these patients 
have had only a few seizures16.
 To allow a reliable interpretation of this efficacy measure it is important that the 
period of time during which seizures are counted is known prior to the start of the 
trial. Measurement during a too short timeframe does not render clinically signifi-
cant results4.
 Percentage reduction in seizure frequency can be used when seizure counts 
exhibit a wide range of variation. Mostly a reduction of >50% or >75% is used here 
(this is called responder rate). This distinction is arbitrary and may miss important 
differences between treatments when placed at an insensitive cut-off point. Using a 
categorization of the seizure frequency, e.g. 0-19%, 20-39%, 40-59%, 60-79%, 80-99% 
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and 100% can be a better alternative measure. It is more informative and less likely to 
mislead readers10.
 It is an advantage that a seizure frequency reduction of more than 50% has been 
used in many studies, thus enabling comparison among AEDs. Note that the seizure 
frequency can increase (i.e. >100%) after the introduction of a new AED. This should 
be measured as an adverse effect/non-responder. 

Efficacy measurement in long-term studies

Seizure freedom
The primary goal of treatment with AEDs is the achievement of seizure freedom. 
This is based on the assumption that most patients only have a significantly improved 
quality of life when full seizure remission is achieved13, 14. This measure of efficacy is 
however only appropriate in long-term studies as the clinical relevance of this param-
eter strongly depends on the (predefined) time interval during which patients have 
to be free from seizures. Freedom from seizures during a few weeks (often used as 
a criterion in 12 weeks trials) can hardly be called an improvement, also given the 
non-parametric distribution of seizures in individual patients.
 A major disadvantage of this outcome parameter is that a reliable determination 
of seizure freedom of e.g. one year has to be done using a follow up period of at least 
three years4.

Retention rate (persistence)
Retention rate is an excellent parameter to measure both efficacy and tolerability. 
Retention rate is a function of efficacy and tolerability (e.g. adverse events)4, 10. Persis-
tence is the time that patients continue to use an AED, when in fact they need one . 
It is being presented as that part of all patients who have had a prescription for the 
drug that is still using it after a predefined period of time. Although this approach is 
less suitable for the current regulatory trials, it conforms to everyday practice and can 
provide useful clinical information. A drug that is only modestly efficacious but has 
excellent tolerability might fare better than one that is more efficacious but is more 
prone to produce side effects10. Therefore, this efficacy parameter is hardly ever used 
in trials that are conducted for a proof of efficacy.

Seizure severity
Even if a treatment does not control seizures completely, reduction in severity can 
often be achieved. The severity of seizures and their clinical manifestation is often of 
equal or greater impact on patient well-being than is the total number of seizures4.
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Three scales are available to measure the severity of seizures. These are the Veterans 
Administration (VA) Seizure Severity and Frequency Rating Scale, the Liverpool 
Seizure Severity Scale and the National Hospital Seizure Severity Scale(NHS3)4.
 The VA scale was the first scale developed specifically for clinical trials to measure 
seizure severity. The rating is modified by a variety of factors reported by patients 
as important in determining the severity of their seizures, e.g. sleep deprivation, 
warning/aura, nocturnal timing, fever or illness, and missed doses of AEDs4.
 The Liverpool Seizure Severity Scale was developed on the assumption that 
seizure severity is based on two main factors: patients’ perceptions of control over 
their seizures (Percept subscale) and severity of ictal and postictal phenomena (Ictal 
subscale). Patients rate major and minor seizures on a 5-point scale. This scale needs 
further evidence of sensitivity before it can be accepted as a reliable method for 
assessing the severity of seizures in clinical trials4.
 The NHS3 assigns a score to seizures based on interference with patient function. 
This scale uses information gathered from the patient and witnesses, if available, 
during a structured interview4.
 There are several problems associated with these scales. Seizure severity may be 
evaluated differently by the physician and the patient. Second, the scales have only 
validity when used in a prospective study design. If researchers use these scales in 
a retrospective design, they largely become dependent of patients’ memories. The 
major advantage of these scales is though that the outcomes are highly associated 
with patients’ perceived quality of life and thus gives different results compared to 
other efficacy measures.
 Although the psychometric properties of these scales are well established, there is 
little evidence to support their clinical utility.

Number Needed to Treat (NNT) and Odds Ratio (OR)
These efficacy measures are not used very often in trials with AEDs. Thus these two 
outcome measures can not be used to compare studies.
 However, in meta-analyses the OR is an extremely efficient outcome measure. 
The advantage of NNT is that it is well understood by physicians. It provides an 
estimate on how many patients they need to treat with the AED to prohibit one event. 
Maybe in the future NNT can be used in relation to the efficacy measures mentioned 
above. By coupling the NNT to one of the regular outcome measures, both regulatory 
authorities and physicians are satisfied.

Quality of life
Health related quality of life measurements have been an area of increasing interest in 
recent years. However, quality of life is heavily dependent on seizure freedom and is 
thus unlikely to be an independent outcome variable in clinical trials. Furthermore, 
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it will not be accepted as a proof of efficacy by regulatory authorities, because it is a 
highly subjective measurement.
 A number of health related quality of life measures (for epilepsy) have been 
developed over the last several years. These measures enable assessment of patients’ 
perception of the impact of their disease on their social, mental, and physical health. 
Four disease-targeted instruments exist: Liverpool HRQOL Battery, ESI-55 (Epilepsy 
Surgery Inventory), QOLIE-31 and QOLIE-89 which is an extension of de QOLIE-31 
(QOL in Epilepsy) and the Impact of Childhood Illness Scale. Generic quality of 
life measures that can be used are the SF-4, RAND-4 HSI scoring procedure, SF-12 
which is a subset of SF-4, Nottingham Health Profile, Sickness Impact Profile (SIP), 
Dartmouth COOP Function Charts and EUROQOL4. The central focus among the 
instruments is to ascertain what types of (epilepsy-related) problems are affecting the 
life of the individual patient17.

Measures of efficacy that can be used in the future

Monitoring adverse events
In many patients, QOL is affected more adversely by the side effects of treatment 
than by the seizures themselves. Therefore, evaluation of side effects represents an 
essential component in the assessment of overall clinical outcome. The evaluation of 
adverse events is, however, burdened with problems. One is the lack of standardiza-
tion in methods of detection and quantification of side-effects. In most AED trials 
performed to date, recording of adverse effects has been based on patient’s sponta-
neous reporting. Spontaneous reporting has clear advantages in highlighting effects 
that are clinically relevant but is associated with extreme variability in sensitivity and 
accuracy of detection and, overall, with significant underreporting18. An alternative 
to spontaneous reporting is use of standardized procedures with respect to patients’ 
questioning and physical examination19. The use of checklists ensures that specific 
effects are adequately explored, but may produce bias towards detection of effects 
that are already known or expected. Furthermore, underreporting can be solved by 
giving permanent attention to adverse drug reactions. This can be done by educa-
tion of the medical staff, by encouraging electronic and telephone reporting (one 
will report sooner if reporting is easier) and by sending reminder letters20. However, 
performing these encouraging measures costs a lot of time and of all the work that has 
to be done, encouraging of reporting adverse drug reactions is generally not consid-
ered a top priority, especially by the pharmaceutical industry. A second problem is 
difficulty in determining the relationship between a recorded adverse event and the 
treatment. Unless precise guidelines are provided, physicians will differ widely in 
judging the likelihood of a cause-effect relationship. Patients also may not associate 
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some types of subtle problems or ‘covert problems’ (such as cognitive effects) and the 
AED therapy.
 One of the most clinically relevant types of side-effects, i.e. idiosyncratic reactions 
are extremely rare. Regulatory trials do not involve sufficient numbers of patients to 
uncover these events. Post-marketing surveillance is therefore extremely important 
in detecting these uncommon but potentially serious problems21.
 A recently developed tool to measure quality of life related to side effects of AEDs 
is the SEALS inventory (Side Effects And Life Satisfaction). It contains 38 questions 
related to the patient’s feelings and behaviour over the past week. The questions 
are grouped into five subscales termed: worry, temper, cognition, dysphoria, and 
tiredness. Each question is answered on a four-point scale (0=never, 1=occasionally, 
2=sometimes, 3=many times). Answers are summed to provide a score for each factor, 
and factor scores are totalled to generate an overall SEALS score22. Another scale is 
the ABNAS neurotoxicity scale, that provides estimates for the cognitive side-effects 
of an AED23.

Antiepileptogenic properties
The epileptic process (epileptogenesis) consists of three phases: (1) the initial insult 
(brain damage, genetic malformation, stroke, infection, status epilepticus), (2) the 
latency period during which the actual process of epileptogenesis is taking place 
(neuronal death, gliosis, plasticity, neurogenesis, angiogenesis, reorganization of 
extracellular matrix, reorganization of receptors and channels) and (3) the onset of 
spontaneous and recurrent seizures24. Epileptogenesis is thus the process by which a 
brain becomes epileptic or starts generating spontaneous seizures25. The treatment 
of epilepsy focuses exclusively on preventing or suppressing seizures (anticonvulsive 
properties), which are the end products of the epileptic process. The challenge is 
whether epileptogenesis can be prevented by therapeutic intervention. Achieving this 
goal is becoming more realistic now there is a better understanding of the neurobi-
ology of the epileptic process and the factors that predict the risk for progression in 
individual patients.
 Several animal models of epileptogenesis exist, but we do not know which, if 
any, accurately reflects the process in humans. These models include the kindling 
model, status epilepticus induced by chemicals and application of alumina gel, iron 
compounds, or penicillin to the brain25. Sometimes the kainic acid and the pilo-
carpine models are used24. These models have an interval between the initial insult 
and the development of spontaneous seizures. In the presented models interventions 
have been performed during this interval to see whether they decrease or delay the 
onset of spontaneous seizures. The efficacy measures that are used to determine anti-
epileptogenic properties of an AED are a change in seizure frequency and sometimes 
seizure severity24.
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Although laboratory models can be very helpful in elucidating mechanisms and 
pointing out drugs that are likely to have an antiepileptogenic effect, one needs to 
perform clinical trials to confirm these effects in humans. Nowadays, several trials 
have been performed in humans. In these trials there are no antiepileptogenic effects 
observed26. At present, no studies have investigated the antiepileptogenic effects of 
AEDs after other epileptogenic insults such as stroke or head trauma.
 Another issue relates to study design. There are no evidence-based data that could 
be used to decide when to start treatment and how long to continue it. Studies of 
antiepileptogenesis are further complicated by the fact that there are no data on the 
molecular mechanisms of epileptogenesis after brain insults other than status epilep-
ticus24.

Proposal for new designs in anti-epileptic drug trials

Long-term studies are particularly useful in providing an insight into the natural 
history of treated epilepsy. These data can help to identify patients who are likely to 
achieve remission and those who have a more progressive seizure disorder. The basic 
requirement for any long-term outcome study is that it follows routine clinical prac-
tice as closely as possible. Exclusion criteria should be kept to a minimum10. These 
studies can be observational where each patient’s treatment is chosen clinically. 
Dosing schedules should be flexible, tailoring therapy for the individual patient. This 
allows the therapeutic potential of each AED to be maximised10. There is an unavoid-
able risk of selection bias and differences in outcomes might not always be due to 
differences in treatment. Adjustments for identifiable variation in patient character-
istics at the analysis stage can mitigate this10.
 A limitation of these long-term studies is that this type of studies is expensive and 
labour-intensive. Therefore, the willingness to conduct this type of studies is minimal 
among investigators of the pharmaceutical industry. They are also not relevant in 
proving efficacy during the registration phase. As a consequence of these drawbacks 
there are not much long-term studies available.
 The randomized “use” trial is even more useful1. In this design patients are random-
ized to one of the new drugs, titrated to their own ideal dose, and followed over a 
long period of time. An example of this approach is the SANAD study27. Primary 
outcomes were time to treatment failure (inadequate seizure control, intolerable side-
effects or both) and the time from randomisation to a 1-year period of remission of 
seizures. Analysis was by both intention to treat and per protocol. The randomized 
“use” trial has a potential to inform clinicians on the relative tolerabilities and the 
relative efficacies of new anti-epileptic drugs in a clinical practice setting. Again the 
pharmaceutical industry is not very interested in performing these trials. The manu-
facturer of the old drug can not invest in such a trial because there is no return on 

Thesis_Bootsma_v15.indd   26 9-4-2009   11:30:30



27

C
lin

ic
al

 e
va

lu
at

io
n 

of
 a

nt
i-

ep
ile

pt
ic

 d
ru

gs

investment. The manufacturer of the new drug does not want to take the risk that the 
new drug turns out to be equal or inferior to the old drug.
 Novel add-on time-to-nth-seizure designs (ie, studies where patients exit after 
having a predefined number of seizures) enable patients to exit a trial when they are 
doing poorly and should be promoted.
 Monotherapy trials with historical controls instead of a pseudoplacebo solve some 
ethical problems.
 Uncontrolled trials can be useful to investigate drug-drug interactions and to 
detect signals of potential efficacy in subpopulations.

Di s c us sion  a n d  c onc lusions

Regulatory trials are necessary to prove the efficacy and the safety of new AEDs. 
Mostly these trials are performed in refractory patients who suffer from partial 
epilepsy between 18 and 65 years of age. Fast titration schemes and fixed doses are 
studied in short-term studies. Doses of pre-existing AEDs do not change during the 
trial. Therefore generalization of the results to clinical practice is difficult.
 There is some room for improvement of regulatory trials. When a patient does 
not respond to the new AED in a monotherapy trial other treatment is delayed for at 
least 4-6 months. Patients can be protected against this delay by using the efficacy 
parameter “time-to-the-nth-seizure”.
 Seizure frequency reduction is still a very important efficacy parameter. More 
attention must be given to the non-normal distribution of seizures.
 In addition to improvements in the design of regulatory trials other designs should 
be promoted. There is a need for long-term studies. Important efficacy parameters 
for these studies are seizure freedom and retention rate. More attention should be 
given to the monitoring of side effects because tolerability problems often lead to 
discontinuation of AED therapy.
 Special attention should be given to the measurement of seizure freedom in long-
term studies28. Usually, intention-to-treat analysis is employed with the principal 
of last observation carried forward when patients discontinue therapy prior to the 
end of the treatment period. In this way seizure freedom results are overestimated. 
Gazzola et al suggested that dropout by definition cannot be counted as seizure free 
(pragmatic intention-to-treat analysis)28.
 From the clinical perspective the randomized “use” trial is very useful. In this 
design patients are randomized to one of the new drugs, titrated to their own ideal 
dose, and followed over a long period of time. The randomized “use” trial has a poten-
tial to inform clinicians on the relative tolerabilities and the relative efficacies of new 
anti-epileptic drugs in a clinical practice setting. It takes time however to organize 
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these trials and funding is a problem. It would help if a “reward” could be offered to a 
sponsor, for instance prolongation of the patent of the AED. In the mean time it should 
be promoted that long-term studies are started right after market approval of a new 
AED. These studies are particularly useful in providing an insight into the natural 
history of treated epilepsy. These data can help identify patients who are likely to 
achieve remission and those who have a more progressive seizure disorder. The basic 
requirement for any long-term outcome study is that it follows routine clinical prac-
tice as closely as possible. Exclusion criteria should be kept to a minimum10. These 
studies can be observational where each patient’s treatment is deliberately chosen. 
Dosing schedules should be flexible, tailoring therapy for the individual patient. This 
allows the therapeutic potential of each AED to be maximised10. 
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A b s t r ac t

For the treatment of patients with chronic refractory epilepsies, information about 
the long-term efficacy and safety profile of any new antiepileptic drug is crucial. 
Topiramate has been proven to be effective in patients with refractory chronic partial 
epilepsies in short-term controlled clinical trials, but the long-term retention, long-
term efficacy, and long-term side-effect profile have not been sufficiently investi-
gated. We analyzed all patients who had been treated with topiramate in the Epilepsy 
Centre Kempenhaeghe from the introduction of the drug in the spring of 1993 up to 
a final assessment point in mid-2002. In total, 470 patients were identified.
 The data show that the clinical dose achieved was about 200 mg/day, reached after 
approximately 6 months of treatment. Further dose escalation in the survivors was 
slow, with a mean dose of about 300 mg/day after 24 months of treatment. Mean 
titration dose is 25 mg/week, but titration strategy is mostly individual and responds 
to patient complaints. With respect to seizure frequency, 10– 15% of the patients were 
seizure-free at the 6-month evaluation; 4 patients achieved a 2-year remission. Reten-
tion rate was 53% after 1 year, 45% after 2 years, 38% after 3 years, and 30% after 
4 years. At 4 years, almost 70% of the patients had discontinued to-piramate. The 
main reason was adverse events, which accounted for about 65% of the discontinua-
tions. Behavioral side effects were dominant, with mental slowing (27.6%), dysphasia 
(16.0%), and mood problems (agitation: 11.9%) being the most frequently reported 
side effects. In about 10% of the patients side effects led to discontinuation despite 
the obvious favorable effects on seizure frequency. Comparisons between the patients 
who discontinued topiramate treatment and those who continued topiramate showed 
that discontinuation was associated with comedication (vigabatrin and lamotrigine). 
Our conclusion is that TPM is associated with a high incidence of side effects in 
clinical practice, affecting long-term retention. Meaningful prognostic factors that 
may help us in clinical decision making, i.e., to prevent the side effects or to help us 
identify those at risk, have not been found.
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For the 20–30% of patients with pharmacoresistant epilepsies, the recent introduc-
tion of new antiepileptic drugs (AEDs) is an important and welcome development1. 
One of these new AEDs is topiramate (TPM), a sulfamated monosaccharide, which 
has multiple mechanisms of action2. TPM has been proven to be effective in patients 
with refractory chronic partial epilepsies in short-term controlled clinical trials3. For 
patients with refractory epilepsy, however, the value of a drug in clinical practice 
cannot be derived simply from the outcomes of such controlled trials. For example, 
a mere 11% of the patients discontinued treatment in most of the controlled clinical 
trials, whereas this rate seems to be much higher in clinical practice4. The main 
reason is the relatively short duration of clinical trials - 12 weeks on average for 
most trials designed for registration purposes. Patients with refractory epilepsy will, 
however, as a rule, need long-term treatment. Therefore more information is needed 
about the long-term profile of a new drug in clinical practice. Several studies have 
shown retention rate to be the best indicator of the long-term clinical usefulness of 
a particular drug5. Retention rate is considered to be a composite of drug efficacy 
and drug safety and expresses the willingness of patients to continue drug treat-
ment. It is therefore clinically the most relevant parameter of an antiepileptic drug. 
The 1- year retention rate for TPM is reported to be 55%6, comparable to the 1-year 
retention rates for lamotrigine (LMT, 60%), vigabatrin (VGB, 58%), and gabapentin 
(GBP, 45%)7. In a follow-up study, the 2-year retention rate for TPM was 42%, and the 
3-year rate, 30%5.
 Previous studies have clearly shown that treatment with TPM is associated with 
all kinds of side effects. CNS-related side effects are the most frequently reported 
side effects and have the most serious impact on daily life4, especially with respect 
to neurocognitive effects8. Most of the side effect reports come from clinical trials 
and thus represent the adverse effects of the drugs in the short term and in relatively 
controlled circumstances. It is not clear whether the tolerability problems are long-
term, although some evidence indicates that habituation for TPM occurs at a later 
stage than for most AEDs9.
 We were particularly interested in which factors influence long-term retention. 
TPM was first introduced as an experimental drug in The Netherlands in 1993 and 
became licensed in 1999. As yet, however, the long-term profile of the drug in refrac-
tory patients is not available for clinical decision making. For our specific patient 
group (i.e., patients with refractory epilepsies in a tertiary epilepsy referral and care 
center) such data become increasingly more important as more drugs and non-phar-
macological options become available. We therefore performed a systematic audit 
of TPM use in the ‘‘real life’’ setting of our center, analyzing all patients who had 
received or who are still using TPM.
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M et hod s

The study was approved by the ethics committee. All patients who had been treated 
with TPM in the Epilepsy Centre Kempenhaeghe from the introduction of the drug 
in spring 1993 up to a final assessment point mid-2002 were identified by means 
of our automated medical information system (MIS) and subsequently analyzed. 
Of the 470 patients who were identified, 37 (7.9%) were already exposed to TPM on 
referral to our center. These patients were also included in the analysis, but were not 
used in analyzing the retention rate and the starting dose to avoid a survival bias. A 
standardized data form was developed. The data were obtained from our MIS and 
individual patient medical records. If needed, in case of any uncertainty, treating 
neurologists were asked for additional information. Variables that were included in 
the database were: patient characteristics (age, sex, weight, epilepsy duration at start 
of treatment with TPM, mental retardation, CT/MRI abnormalities), history of drug 
use, titration schedule for TPM, length of treatment with TPM, efficacy, reported side 
effects, and reasons for discontinuation of TPM. Epilepsy and seizures were classified 
using the International League Against Epilepsy (ILAE) classification. Treatment was 
evaluated every 6 months. If no visit was available at these assessment points, the 
nearest visit within 3 months was used. Efficacy was measured using a 3-point scale: 
increase in seizure frequency, reduction in seizure frequency, or seizure remission. 
Reason for discontinuation of TPM was entered into the database using a 4-point 
scale of no efficacy, side effects, both, and other. Data forms were entered into a 
computerized database for analysis. Statistical analysis was performed using SPSS 
10.0 for Windows. For each point descriptives were calculated. Retention rate of TPM 
was calculated by using Kaplan–Meier survival analysis10. Patients who did not reach 
a specific assessment point because of a recent start with the drug were excluded from 
each time point in the retention rate analysis.
 Therefore the retention rate for 1 year represents the percentage of patients 
who reached the 1-year point, i.e., those for whom treatment started at least 1 year 
earlier.
 Comparisons between patients who continued on TPM and those who discon-
tinued were analyzed using non-parametric statistics: Mann–Whitney U test for 
ordinal (rank) data and Pearson χ2 .

R e su lt s

Table 1 lists the main characteristics of the patients.
 Four hundred seventy patients were identified. Thirtyseven patients (7.9%) had 
already received TPM before referral to our center. The mean age of the study group 
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was 34.9 (SD 8.6); patients were equally distributed with respect to gender. Patients 
had epilepsy for a mean of 20.7 years (SD 13.6). Localization related epilepsy was the 
most frequent type of epilepsy, while partial-onset seizures were the most frequent 
seizure type. CT and MRI abnormalities were seen in respectively 86 (18.3%) and 174 
patients (37.0%). One hundred sixty-six patients (35.3%) were known to be mentally 
retarded. Thus, the group of patients on TPM represent the typical group of refrac-
tory patients referred to a tertiary epilepsy center. In this study TPM was added to the 
antiepileptic drugs the patient already used. The mean length of TPM treatment for 
all patients (470 patients) was 415.1 (SD 448.5) days.
 The mean titration dose is 23.5 mg/week; this was calculated for the 470 patients 
minus the 69 patients who were in the first steps of titration at the final evaluation 
time point (first or second dose step) (Table 2). We also analyzed the titration schedule 
as this is a subject of frequent discussion among clinicians. The most frequently 
applied strategy is not a fixed schedule, but varies in response to patient complaints 

Table 1  Patient demographics and characteristics.
Total number of patients included 470
Age (years) Mean: 34.9 (sd 8.6)
Age range 1 – 73
Age distribution 115 < 18 years
Sex (F/M) 225/245
Weight (kg) Mean: 53.8 (sd 26.9)

Type of epilepsy
Localization related  354 (75.3%)
Generalized  94 (20.0%)
Undetermined  10 (2.1%)
Not classified  12 (2.6%)

Seizure type 
Partial onset  383 (81.5%)
Generalized (including secondarily generalized)  219 (46.6%)
Not classified  21 (4.5%)
Non epileptic attacks  33 (7.0%)

Age at onset of seizures (years) Mean: 10.2 (sd 11.5)
Duration of epilepsy before TPM introduction (years) Mean: 20.7 (sd 13.6)
Mental retardation (n and %) 166 (35.3%)
CT +/-/not reported* 86/109/275 
MRI +/-/not reported* 174/107/189 
TPM treatment time (days) Mean: 415.1 (sd 448.5)
* + = abnormalities – no abnormalities found.
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and seizure frequency (29.4%). The most frequent fixed titration schedule is 25 mg/
week (28.5%). A mean dose of 217.3 mg/day is achieved at 6 months. After that, dose 
escalation levels off. After 24 months the mean dose is 323.1 mg/day. The highest 
dose achieved in an individual was 1100 mg/day. The longest period on TPM was 96 
months (1 patient).
 Seizure reduction at 24 months is summarized in Table 3. After 24 months the 
number of patients was too small to provide meaningful data. This shows that 
between 9.6 and 14.6% of the patients became seizure free (during the 6 months 
between each assessment point). In a larger group (about 50%) the drug had no effect 
on seizure frequency or was associated with an increase in seizure frequency. Only 4 
patients were seizure-free for 24 months.
 The most frequently reported side effects are listed in Table 4 (with both the 
patient and the neurologist as sources). The data were analyzed up to 24 months of 
follow-up. After that, the number of patients taking the drug was too small to provide 
meaningful data. Table 4 lists only those complaints affecting more than 5% of the 
patients. Mental slowing and language problems (dysphasia) were present in a large 
percentage of patients at 6, 12, and 18 months, but did not occur in more than 5% of 
the patients at 24 months. Weight loss was reported in more than 5% of the patients 
only in the early stage of treatment (i.e., at 6 months). Mood problems reached the 5% 
threshold only at the 18-month time point (agitation), and urogenital problems, at 24 
months.

Table 2  Topiramate titration schedules.
Titration schedule Frequencya

Individual schedules  138 (29.4%)
25 mg/week  134 (28.5%)
25 mg/week up to 100 mg followed by 50 mg/week  47 (10.0%)
12.5 mg/week up to 50 mg followed by 25 mg/week  46 (9.8%)
25 mg/2 weeks  36 (7.7%)
Mean titration dose/week  23.5 mg/week
a No. of patients (%).

Table 3   Seizure reduction.
Change from  
baseline  
to 6 months

Change from  
6 months  
to 12 months

Change from  
12 months  
to 18 months 

Change from  
18 months  
to 24 months

Seizure-free (during 6 months)  26 (9.0%)  17 (9.6%)  20 (16.1%)  13 (14.6%)
Lower seizure frequency  134 (46.2%)  34 (19.2%)  15 (12.1%)  11 (12.4%)
No efficacy  36 (12.4%)  56 (31.6%)  44 (35.5%)  20 (22.5%)
Higher seizure frequency  34 (11.7%)  25 (14.1%)  20 (16.1%)  17 (19.1%)
Not reported  60 (20.7%)  45 (25.4%)  25 (20.2%)  28 (31.5%) 
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Reaching the threshold of 5% is more subject to chance as the number of patients 
decreased. We therefore do not provide data after 24 months of follow-up. Addition-
ally, we analyzed the percentages of patients with reported side effects per assessment 
point. At 6 months this percentage was 49.0%; at 12 months, 47.2%; at 18 months, 
48.4%; and at 24 months, 38.2%.
 Table 5 and Figure 1 indicate that 269 of the 470 patients discontinued TPM treat-
ment at some point. The main reasons for drug discontinuation were adverse events 
in 109 of the 470 patients (23.2%), lack of efficacy in 81 patients (17.2%), and a combi-
nation of reasons (no efficacy and adverse events) in 66 patients (14.0%).
 Other reasons like death and pregnancy were mentioned by 13 patients (2.8%). 
The mean duration of drug treatment for patients continuing TPM was 584.3 days, 
and for patients who discontinued TPM, 287.5 days.
 The most frequently reported side effects at discontinuation (Table 6) were cogni-
tive slowing in 27.6%, dysphasia (word-finding difficulties) in 16.0%, mood disorders 
(agitation, hyperirritability, aggression) in 11.9%, and gastrointestinal complaints 
(nausea, vomiting, stomachache) in 10.1% of the patients. Other side effects occurred 
in less than 10% of the patients. Side effects that are frequently reported in other 
studies, such as paresthesia and weight loss, occurred in 7.5 and 6.3% of the patients 
who stopped TPM treatment in our study. Excessive weight loss (>10%) was reported 
in 9 patients (3.4%), nephrolithiasis was reported in 3 patients (1.1%), and 3 patients 

Table 4   Most frequently reported side effects.
Reported side effects

6 months Mental slowing (13.8%) Dysphasia1 (6.6%) Weight loss (5.2%)
12 months Mental slowing (13.6%) Dysphasia1 (5.7%)
18 months Mental slowing (8.1%) Dysphasia1 (6.5%) Mood disorders2 (5.7%)
24 months Urogenital complaints3 (5.6%)
Only side effects reported that occurred in >5% of the patients are included in the table; 1 Dysphasia; word 
finding difficulties; 2 Mood disorders; agitation, aggression, hyperirritability; 3 Urogenital complaints; 
impotence, amenorrhoea, micturation problems, etc.

Table 5   Reasons for discontinuing TPM and mean duration of TPM use.
Reasons for stopping TPM Frequency
Lack of efficacy  81 (17.2%)
Adverse events  109 (23.2%)
Both  66 (14.0%)
Other  13 (2.8%)
Number of patients withdrawn from TPM  269 (57.2%)
Number of patients continuing on TPM  201 (42.8%)
Patients continuing on TPM/withdrawals  
(mean duration of drug treatment in days)

 584.3 days (sd: 530.8) / 287.5 days (sd: 318.9)
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(1.1%) manifested psychosis. Cognitive dysfunction is therefore the most frequent 
reason for drug discontinuation.
 Seven patients (2.6%) were seizure-free when they discontinued TPM, 26 patients 
(9.7%) had a lower seizure frequency, 91 patients (33.8%) showed no efficacy, and 73 
patients (27.1%) had a higher seizure frequency.
 Seventy-one patients (26.4%) had no reported seizure reduction when stopping 
TPM treatment (Table 7).
 Retention rate is illustrated with the Kaplan–Meier survival curve in Figure 2. 
The retention rate was 53.4% after 1 year, 45.4% after 2 years, 38.4% after 3 years and 
30.2% after 4 years. The curve shows that the largest percentage of discontinuations 

Patients identified on TPM
(n: 470)

Discontinued TPM
(n: 269)

Continued TPM
(n: 201)

No efficacy
(n: 81)

Adverse event
(n: 109)

Both
(n:66)

Other
(n: 13)

Figure 1  Flowchart of numbers of patients who discontinued and number of patients who  
continued TPM treatment during the evaluation period.

Figure 2  Kaplan-Meier cumulative survival plot for discontinuation of TPM.
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Table 6  Reported adverse events in patients who discontinued TPM.
Frequency

Mental slowing  74 (27.6%)
Dysphasia (word-finding difficulties)  43 (16.0%)
Mood disorders1  32 (11.9%)
Gastrointestinal complaints  27 (10.1%)
Paresthesia  20 (7.5%)
Skin complaints  19 (7.0%)
Weight loss  17 (6.3%)
Appetite loss  17 (6.3%)
Mood disorders2  16 (6.0%)
Headache  15 (5.6%)
CNS other complaints  14 (5.2%)
Dizziness  13 (4.9%)
Memory complaints  12 (4.5%)
Weight loss (>10%)  9 (3.4%)
Non-CNS other complaints  8 (3.0%)
Ataxia  6 (2.2%)
Sleeping complaints  6 (2.2%)
Muscle & bone complaints  6 (2.2%)
Urogenital complaints  5 (1.9%)
Double vision  5 (1.9%)
Eye complaints  4 (1.5%)
Nephrolithiasis  3 (1.1%)
Psychosis  3 (1.1%)
Cardiovascular complaints  3 (1.1%)
Endocrine complaints  3 (1.1%)
Respiratory complaints  2 (0.8%)
Weight gain  1 (0.4%)
1 Mood disorders; agitation, aggression, hyperirritability; 2 Mood disorders; depression, apathy.

Table 7  Seizure reduction in patients who discontinued TPM.
TPM termination1

Seizure free  7 (2.6%)
Lower seizure frequency  26 (9.7%)
No efficacy  91 (33.8%)
Higher seizure frequency  73 (27.1%)
Not reported  71 (26.4%)
1 Seizure reduction in the period following the last standard assessment point up to discontinuation of 
TPM treatment.
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occurred in the first period of treatment (i.e., up to 12 months). After 1 year of treat-
ment the number of discontinuations is more or less steady.
 From the beginning of 1993 (first patient on TPM in our center) to the final assess-
ment point, 269 patients discontinued TPM treatment and 201 patients continued 
treatment, irrespective of duration of treatment. We subsequently analyzed whether 
differences existed between those who discontinued the drug and those who continued 
TPM treatment. However, as this comparison is independent of duration of drug 
treatment, our analysis considered the first 12-month period and only those patients 
who were able to reach this assessment point (n = 330) (see Table 8). The differences 
between patients who continued and those who discontinued TPM were tested for 
statistical significance, using χ2 comparisons. This analysis shows small differences 
in titration strategy that do not reach statistical significance; also, the mean titration 
doses of the two groups were similar. The mean dose of TPM in patients continuing 
TPM is significantly higher than in patients who discontinued TPM treatment.
 When comedication was investigated, lamotrigine and vigabatrin were more 
frequently used as comedication in the discontinuation group. There is no significant 
difference in seizure control between the patient groups, although there is a trend 
that the patients who discontinued TPM had better seizure control. The major differ-
ence concerns the occurrence of side effects, for which there was a highly significant 
difference between the two groups, with more than four times the number of patients 
who discontinued TPM reporting side effects. Of the four most frequently discussed 
side effects in clinical practice excessive weight loss, nephrolithiasis, dysphasia, 
and psychosis, only dysphasia occurred statistically significantly more often in our 
patients who discontinued TPM.

Di s c us sion

The clinical experience with topiramate has been reported in a few studies6,8. The 
added value of this study is the large number of patients included (n = 470), the long 
period of evaluation (almost 10 years, from first patient in 1993 up to our assessment 
in 2002), and the unselected group (i.e., all patients who received TPM treatment in 
our center). Our study produced results that may be used in clinical practice:
 First, the clinical dose achieved in our patient group was about 200 mg/day and 
was reached after approximately 6 months of treatment. Further dose escalation 
in the survivors was slow to a maximum of about 300 mg/day after 24 months of 
treatment. This relatively low dose was also reported in the U.K. clinical experience 
report5, which stated an average dose of about 300 mg/day after 1 year of treatment. 
This is much lower than the original doses used in the clinical trials and the official 
dosing information and also lower than the U.S. experience reported by the PADS 

Thesis_Bootsma_v15.indd   42 9-4-2009   11:30:32



43

T
op

ir
am

at
e 

in
 c

lin
ic

al
 p

ra
ct

ic
e

group8 with an average dose almost twice as high (385 mg/day) after 6 months. This 
possibly reflects the opinion of many clinicians in Europe that some of the side effects 
are dose-related and lower dosages are preferable. The mean titration dose (25 mg/
week) follows the current recommendations, but most neurologists do not follow 
the recommended fixed strategy of 25 mg/week dose escalation up to clinical dose, 
but rather individualize the approach in response to patient complaints and seizure 
frequency. Employing such a strategy means that sometimes the dose remains the 
same for 4 weeks or even several months before patient and neurologist decide 
to escalate further. Higher starting dose and large titration steps were almost not 
reported in our study group. Only some of the patients who started TPM before 1999 
received a higher starting dose and underwent larger dose escalation steps. Also, the 
titration speed is lower (23.5 mg/week) than the speed used in the U.S. PADS group8 
(with an average titration dose of 35.5 mg/week).
 Second, the effects of TPM on seizure frequency are rather impressive in our 
refractory group. If we use 6-month evaluations, about 10–15% of the patients become 
seizure-free. In about 30% of the patients the drug has a reported favorable effect on 
seizure frequency.
 Third, in line with reports of comparable clinical evaluation studies8, cogni-
tive impairments are the most frequently reported side effects of TPM treatment, 
specifically cognitive slowing and dysphasia (word-finding difficulties). The relevance 
of the reported side effects is illustrated when we inspect long-term retention rates. 
In total, 269 of the 470 patients stopped TPM at some point. Our study recorded a 
53.4% retention rate after 1 year, 45.4% after 2 years, 38.4% after 3 years, and 30.2% 
after 4 years. These data are similar to earlier reported retention rates of 55, 42, and 
30% from 1-, 2-, and 3-year follow-up studies5–7. By 4 years almost 70% of the patients 
had discontinued TPM. The Kaplan–Meier survival curve shows that the largest 
percentage of withdrawals occurred in the first period of treatment (i.e., up to 12 
months). After 1 year of treatment the number of withdrawals more or less remained 
steady at a lower rate. This suggests that surviving the early stage of drug introduc-
tion (6 months) is a good indicator of long-term retention.
 Fourth, the main reasons for drug discontinuation were adverse events: In 109 of 
the 470 patients (23.2%), side effects were the only reason for discontinuation, and in 
66 patients (14.0%) discontinuation was decided because of a combination of lack of 
efficacy and adverse events. Therefore, side effects played a role in discontinuation of 
TPM in almost 40% of the total study group. When only those patients who discon-
tinued TPM are considered, side effects are the only or one of the reasons for 65% 
of the discontinuations. When the types of side effects that led to discontinuation 
are considered, then undoubtedly behavioral side effects are dominant, with mental 
slowing (27.6%), dysphasia (16.0%), and mood problems (agitation: 11.9%) being the 
most frequently reported. In about 10% of patients, side effects led to discontinua-
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tion despite the obvious favorable effects on seizure frequency. In these patients the 
side effects can therefore be considered very serious. It must be emphasized that the 
severity of behavioral side effects is uncommon in AED treatment11. Side effects 
frequently discussed in clinical practice were less frequent in this study: paresthesia 
was reported by 7.5% of those who discontinued TPM (this is confirmed in other 
reports of patients using combination therapy); large percentages are reported only 
in monotherapy4. Excessive weight loss was reported for 3.4% of the patients, nephro-
lithiasis for 1.1%, and psychosis for 1.1% of the patients.
 Fifth, an important aspect of our evaluation was analysis of differences between 
patients who discontinued TPM therapy and patients who continued treatment. Such 
a comparison could provide factors prognostic of TPM failure that could be used in 
clinical decision making. To avoid artifacts due to survival bias or small samples, 
this analysis was performed for the 12-month assessment point and only for those 
patients who were able to reach that point, i.e., for whom treatment started at least 
1 year earlier. The 1-year point provides sufficient information on long-term effects 
as this represents the period in which a clinical dose is established and habituation 
occurs. This yields two groups: the discontinuation group contained 164 patients, 
and the continuation group, 166 patients. Some important conclusions may be drawn 
from our comparisons. Although the U.S. PADS study8 showed a relationship between 
titration speed and discontinuation our study did not show such a relationship. This 
is probably due to the higher titration speed used in the U.S. PADS group compared 
with our study group. Nonetheless our lower titration speed did not prevent discon-
tinuation due to cognitive impairment. Therefore, our earlier suggestion that slow 
titration (25 mg per week) may prevent most of the cognitive side effects9,12 does not 
hold in clinical practice. Similar to the U.S. PADS study8, the dose in patients who 
continued TPM was statistically significantly higher than that in patients who stopped 
TPM, but this is due to an artifact, caused by survival bias: further dose escalation 
was possible only in those patients who continued medication. The more frequent 
use of lamotrigine and vigabatrin as comedication in the patients who stopped TPM 
is interesting but is difficult to interpret in an observational study. The patients who 
discontinued TPM did not, however, seem to have a more refractory epilepsy than the 
patients who continued on the drug. This has also been reported by the U.S. PADS 
study8. The only major difference is the occurrence of side effects, with cognitive 
side effects being predominant. This finding is not very helpful for clinical decision 
making, i.e., in preventing those side effects.
 Similar to other observational studies the major conclusion of this study is there-
fore that TPM treatment is frequently associated with side effects, with cognitive 
impairment as the dominant patient complaint. These side effects are clinically 
relevant because they often require drug discontinuation, even when the drug has a 
favorable effect on seizure frequency. We did not find meaningful prognostic factors 
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that may help us in clinical decision making, i.e. help us to prevent those side effects 
or help us to identify those at risk. Our earlier suggestion9,12 that slower titration, a 
low starting dose (25 mg), and slow dose escalation (25 mg/dose-escalation steps), as 
well as a lower maintenance dose (200 mg/day), may prevent most of the side effects 
was not confirmed in this study. On the contrary, we found a similar pattern of long-
term retention, efficacy, and side effect profile as reported in the U.S. PADS study, 
which used a higher titration speed and higher maintenance dose.
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A b s t r ac t

Objective. For the treatment of patients with chronic refractory epilepsies, develop-
ment of new antiepileptic drugs is crucial. Three regulatory trials have demonstrated 
that add-on levetiracetam is efficacious in patients with localization-related epilepsy. 
However, results from these highly controlled short-term clinical trials cannot simply 
be extrapolated to everyday clinical practice. Therefore, more information is needed 
about the long-term profile of a new antiepileptic drug in clinical practice.

Method. We analyzed all patients who had been treated with levetiracetam in the 
Epilepsy Centre Kempenhaeghe from the introduction of the drug in early 2001 up to 
a final assessment point, at the end of 2003, using a medical information system.

Results. In total, 301 patients were included. One hundred thirty-eight patients 
(45.8%) discontinued LEV treatment during the 24- month follow-up period. 
Reasons for discontinuation were lack of efficacy in 15.9% of patients, adverse events 
in 6.0% of patients, and a combination of lack of efficacy and adverse events in 16.3% 
of patients. By Kaplan–Meier survival analysis, the continuation rate was 65.6% after 
1 year and 45.8% after 2 years. About 15% of patients in this highly refractory group 
had a 3-month remission, whereas 10% of patients became seizure-free for longer 
periods. The most frequently reported side effects at the time of discontinuation were 
mood disorders, tiredness, and sleepiness. Variables predicting (dis)continuation of 
levetiracetam treatment could not be identified.

Conclusion. Levetiracetam is a new antiepileptic drug that appears to be a useful 
add-on treatment in patients with refractory epilepsy. Its side effect profile is mild, 
with mood disorders being the most dominant adverse event.
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I n t roduc t ion

Epilepsy, one of the most prevalent neurological disorders, affects about 1% of the 
world’s population. It is a chronic condition that is often difficult to treat, because 
20–30% of patients have a refractory form. Therefore, the introduction of new anti-
epileptic drugs (AEDs) in the nineties could be an important development for this 
group of patients1.
 One of those recently introduced AEDs is levetiracetam (LEV), an S-enantiomer 
pyrrolidine derivative that acts by binding to and modulating the synaptic vesicle 
protein SV2A2 and differs, therefore, from the other AEDs, with possible conse-
quences on efficacy and safety profile. However, its exact mechanism of action 
remains unknown.
 LEV is rapidly and almost completely absorbed following oral administration; it 
exhibits linear pharmacokinetics, it is excreted largely unchanged by the kidneys, 
and because it has less than 10% plasma protein binding and is not cytochrome P450-
dependent, LEV is unlikely to produce drug interactions3.
 Three pivotal trials have demonstrated that add-on LEV is efficacious in patients 
with localization-related epilepsy4–6. However, these trials were focused on regula-
tory purposes and indicate only that the drug is more efficacious than placebo and 
that the safety profile is favorable in the short term. The most frequently reported 
side effects of LEV in clinical trials were asthenia, headache, somnolence, dizziness, 
and infection. These data reflect the side effect profile of the drug in the short term 
and in controlled circumstances.
 We must critically evaluate the effects in clinical practice, which requires long-
term use and combination therapy in many patients with refractory epilepsy. Several 
studies have mentioned the problems in extrapolating results from regulatory trials 
to everyday clinical practice7.
 Among those problems are the strictly defined inclusion and exclusion criteria in 
drug trials. Some patients with refractory epilepsy are always excluded from these 
regulatory trials, especially patients with a mental handicap, who constitute an 
important group of patients with refractory epilepsy in a tertiary epilepsy clinic. The 
safety and efficacy of new AEDs in this group of patients are thus largely unknown. 
Moreover, drug titration schedules in clinical trials are very rigid, leading to specific 
problems.
 For example, some of the adverse events reported in topiramate trials may have 
been due partly to the rapid titration that occurred during these trials8. At present, 
slower titration and individual titration schedules are recommended for clinical use 
of topiramate.
 Therefore, more information is needed about the long-term profile of a new AED 
in clinical practice. The anecdote that safety problems developed after launch of 
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three new AEDs (progabide, felbamate, vigabatrin) despite years of clinical trials 
demonstrates that other study designs with a long follow-up of several years can be of 
additional value in the research on new AEDs.
 Finally, seizure freedom should be the ultimate goal in the treatment of refractory 
epilepsy9. In clinical trials, the primary outcome measure for new AEDs as add-on 
therapy has become a greater than 50% reduction in seizure frequency. This surro-
gate measure of efficacy indicates only that the drug has an anticonvulsive effect; 
this does not mean that this outcome measure is clinically important. Patients whose 
seizures are reduced from four to one per month are still not free from the stigma of 
epilepsy and its psychosocial consequences.
 To date, the long-term profile of LEV in terms of efficacy and tolerability is not 
available for clinical decision making, although several studies mention data that 
suggest a similar favorable efficacy and tolerability profile as presented in clinical 
trials10,11. For our specific patient group, such data become increasingly more impor-
tant as more treatment options become available. We therefore performed a system-
atic audit of LEV use in the ‘‘real-life’’ setting of a tertiary epilepsy center. The aim of 
this study was to determine the long-term effects of LEV, specifically retention time, 
tolerability problems, and efficacy in clinical practice.

M et hod

The study was approved by the Medical Ethics Committee. All patients who had been 
treated with LEV in the Epilepsy Centre Kempenhaeghe from the introduction of 
the drug in early 2001 to a final assessment point at the end of 2003 were identified 
by means of our automated medical information system (MIS) and subsequently 
analyzed.
 A standardized data form was developed. The data were obtained from our MIS 
and individual patient medical records. Variables included in the database were: 
patient characteristics (age, sex, weight, age at onset of seizures, duration of epilepsy 
at the introduction of treatment with LEV, mental retardation [IQ < 70], CT/MRI 
abnormalities), history of drug use, titration schedule for LEV, length of treatment 
with LEV, efficacy, reported side effects, and reasons for discontinuation of LEV. 
Epilepsy and seizures were classified using the International League Against Epilepsy 
(ILAE) classification. The percentages for seizure type refer to the proportions of 
patients who had each particular seizure type. Treatment was evaluated every 3 
months up to 24 months.
 At 21 months an insufficient number of patients remained to provide meaningful 
data. If no visit was available at these assessment points, the nearest visit within 1.5 
months was used. Efficacy was measured using a 5-point scale: seizure remission, 
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any reduction in seizure frequency, no efficacy, any increase in seizure frequency, 
or not classified. Reason for discontinuation of LEV was entered into the database 
using a 4-point scale: no efficacy, adverse events, both, or other. Adverse events were 
derived from the neurologist’s notes in medical files. Mood disorders due to use of 
AEDs were classified into activating and deactivating effects, with the former leading 
to aggression, hyperirritability, and agitation, and the latter leading to apathy and 
depression12,13.
 Data forms were entered into a computerized database for analysis. Statistical 
analysis was performed using SPSS 14.0 for Windows. The retention rate of LEV was 
calculated using Kaplan–Meier survival analysis14. Comparisons between patients 
who continued on LEV and those who discontinued were analyzed using an inde-
pendent t test and Pearson’s χ2.

R e su lt s

Demographics

Of the 304 patients who were identified, 3 were excluded: one patient had already been 
exposed to LEV on referral to our center, and for two patients, data were lacking.
 Table 1 lists the main characteristics of the patients. The mean age was 32.5 (SD 
16.8) years, with almost 20% being children (<18 years old). There was an equal distri-
bution with respect to gender. The mean age at onset of seizures was 11.7 (SD 11.7), 
with a mean duration of epilepsy of 21.3 (SD 12.9) years before introduction of LEV. 
Almost one in three patients (32.6%) was mentally retarded. CT abnormalities were 
recorded in 17.3% of patients, and MRI abnormalities in 31.9%. Localization-related 
epilepsy was the most prevalent epilepsy in the study group (72.1%), with partial 
onset seizures being the most frequent type of seizure (80.7%). Five patients (1.7%) 
received LEV as monotherapy, 195 (64.8%) were taking one or two other concomitant 
AEDs, and 101 (33.6%) were taking three or more other concomitant AEDs. Thus, 
the group of patients on LEV represent the typical group of patients with refractory 
epilepsy referred to a tertiary epilepsy center.

Long-term retention

One hundred thirty-eight patients (45.8%) discontinued LEV treatment sometime 
during the 24-month follow-up period (Table 2). Reasons for discontinuation were 
lack of efficacy in 15.9% of patients, adverse events in 6.0% of patients, and a combi-
nation of lack of efficacy and adverse events in 16.3% of patients. By Kaplan–Meier 
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Table 1  Patient demographics and characteristics. 
Total number of patients 301
Mean age 32.5 (16.8)a 

Age range 1–75
Age distribution 19.9% <18
Sex (F/M) 156/145
Weight (kg) 50.5 (21.6)a 

Type of epilepsy
Localization-related  217 (72.1%)
Generalized  54 (17.9%)
Undetermined  16 (5.4%)
Not classified  14 (4.7%) 

Seizure type
Partial onset  243 (80.7%)
Generalized (including secondarily generalized)  138 (45.8%)
Not classified  19 (6.3%)
Nonepileptic seizures  28 (9.3%)

Age at onset of seizures 11.7 (11.7)a 
Duration of epilepsy before drug introduction (years) 21.3 (12.9)a 

Number of concomitant AEDs 2.16 (0.827)a 

Number of mentally retarded patients 98 (32.6%) 
CT (+/−/not reported, %)b 17.3/27.2/55.5
MRI (+/−/not reported, %)b 31.9/25.2/42.9 
a Mean (SD); b+, abnormalities; −, no abnormalities. 

Table 2  Reasons for discontinuing LEV over a follow-up period of 24 months. 
Total study group
(n = 301) 

Localization-related epilepsy
(n = 217)

Generalized epilepsy
(n = 54) 

Number of patients who 
discontinued treatment 

 138 (45.8%)  101 (46.5%)  25 (46.3%) 

Reason for discontinuation 
Lack of efficacy  48 (15.9%)  37 (17.1%)  7 (13.0%) 
Adverse events  18 (6.0%)  12 (5.5%)  4 (7.4%) 
Both  49 (16.3%)  37 (17.1%)  8 (14.8%) 
Other  23 (7.7%)  8 (3.7%)  5 (9.3%) 
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survival analysis, the continuation rate was 76.0% after half a year, 65.6% after 1 year, 
55.7% after 1.5 years, and 45.8% after 2 years (Figure 1A). Retention rates for patients 
with and without a mental handicap are illustrated in Figure 1B, which shows no 
difference in retention rate. The retention curves for patients with localization-
related and generalized epilepsy are illustrated in Figure 1C, which indicates a lower 
retention rate for generalized epilepsy in the earlier phase, with a maximal difference 
at 67 days (P = 0.005), and a pattern similar to that for localization-related epilepsy at 
a later stage. The mean length of LEV treatment for all patients was 392.2 (SD 235.7) 
days. The mean duration of drug treatment in patients who continued LEV was 516.7 
days, compared with 243.8 days in the discontinuation group.

Efficacy

Seizure remission in patients on LEV is illustrated in Figure 2A. Between 12.9 and 
16.7% of patients became seizure-free for a period of 3 months between baseline and 
18 months of follow-up. An additional 10.6 to 36.0% of patients experienced a lower 
seizure frequency. Between 20.1 and 34.0% experienced no efficacy at all. About 10 
to 15% reported a higher seizure frequency.
 We have also investigated seizure remission from baseline up to all other assess-
ment points (Figure 2B). About 14% of patients were seizure-free for half a year, and 
less than 10% for 1 year. Of all the patients who reached the last assessment point (24 
months, n = 10), one patient was seizure-free from baseline.
 Seizure freedom rates (~15%) only slightly differed at each assessment point 
between patients with localization-related epilepsy and patients with generalized 
epilepsy.
 There are hardly any differences in discontinuation rates and reasons for discon-
tinuation in both groups (Table 2).
 Comparison of patients with and without a mental handicap indicates a different 
outcome (Table 3). Although a seizure reduction in 20–35% of patients with a mental 
handicap was noted at each assessment point, remission was attained by only a few 
patients. However, patients in this group do not more often discontinue LEV treat-
ment than patients without a mental handicap. In addition, in the same number of 
patients, lack of efficacy was the main reason for discontinuation in both groups.

Safety and tolerability

The most frequently reported side effects per assessment point are listed in Table 
4. We list only those adverse events affecting more than 5% of patients. The most 
prevalent adverse events in patients on LEV at almost each assessment point were 
activating mood disorders and tiredness.
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Figure 1  Kaplan–Meier survival curve illustrating the percentage of patients still being treated with LEV. 
(A) Total study group. (B) Comparison between patients with and without a mental handicap.  

(C) Comparison between patients with generalized epilepsy and those with localization-related epilepsy. 

Thesis_Bootsma_v15.indd   54 9-4-2009   11:30:33



55

Le
ve

ti
ra

ce
ta

m
 in

 c
lin

ic
al

 p
ra

ct
ic

e
A remarkable side effect of LEV was positive behavior, reported by about 7% of 
patients at 3, 6, 9, and 15 months of follow-up. Patients reported that they felt more 
energetic, active, and cheerful.
 The most frequently reported side effects at the time of discontinuation were 
mood disorders-both activating (13.8%) and deactivating (13.1%)-tiredness (13.8%), 
and sleepiness (8.5%) (Table 5). Tiredness and sleeplessness were more frequently 
noted in patients without a mental handicap than in patients with a mental handicap. 
Behavioral adverse events, however, were more frequently reported in patients with a 
mental handicap (Table 3).

Titration and dose

Results with respect to titration and dose are listed in Table 6. The mean starting dose 
at baseline was 617.5 mg/day. The mean titration dose for LEV was 453.8 mg/week. 
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Figure 2   Seizure remission in patients being treated with LEV. (A) Seizure remission per  
3-month interval. (B) Seizure remission from baseline up to all other assessment points. 
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Table 3  Comparison between patients with and without a mental handicap. 
With mental 
handicap (n = 98) 

Without mental 
handicap (n = 152) 

Number of patients who 
discontinued treatment 

 41 (41.8%)  70 (46.1%)

Reason for discontinuation 
Lack of efficacy  13 (13.3%)  24 (15.8%)
Adverse events  5 (5.1%)  9 (5.9%)
Both  12 (12.2%)  25 (16.4%)
Other  5 (5.1%)  9 (5.9%)

Seizure freedom 
  3 months  3 (5.5%)  17 (17.2%)
  6 months  1 (2.0%)  18 (23.1%)
  9 months  3 (8.3%)  11 (18.3%)
12 months  2 (5.0%)  13 (22.0%)
15 months  0  6 (14.6%)

Side effects at discontinuation
Tiredness  0  11 (15.7%)
Sleepiness  4 (9.8%)  6 (8.6%)
Sleeplessness  0  3 (4.3%)
Mood disorders 
 Aggression, agitation,  8 (19.5%)  9 (12.9%)
 hyperirritability 
 Depression, apathy  5 (12.2%)  6 (8.6%)

Table 4  Most frequently reported side effectsa

3 months Tiredness 9.5% 
Positive behaviorb 7.8% 
Sleepiness 5.6% 
Mood disordersc 5.0% 

6 months Mood disordersc 8.1% 
Tiredness 7.4% 
Positive behavior 7.4% 

9 months Mood disordersc 7.3% 
Positive behavior 7.3% 

12 months Mood disordersc 5.2% 
15 months Positive behavior 6.3% 
18 months Mood disordersc 10.6% 

Tiredness 6.4% 
a Only side effects that occurred in >5% of the patients are reported; b Positive behavior: being in a better 
condition; taking more initiatives; being more calm, active, cheerful, etc.; c Agitation, aggression, hyper-
irritability.
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Table 5  Side effects reported by patients who discontinued drug treatment over a follow-up period of 
24 months.
Agitation, aggression, hyperirritability  18 (13.8%)
Tiredness  18 (13.8%)
Depression, apathy  17 (13.1%)
Sleepiness  11 (8.5%)
Skin complaints  6 (4.6%)
Asthenia  5 (3.8%)
Headache  5 (3.8%)
Endocrine complaints  5 (3.8%)
Sleeplessness  4 (3.1%)
Dizziness  4 (3.1%)
Ataxia  4 (3.1%)
Gastrointestinal complaints  4 (3.1%)
Double vision  2 (1.5%)
Cardiovascular complaints  2 (1.5%)
Other CNS complaints  2 (1.5%)
Other non-CNS complaints  2 (1.5%)
Eye complaints  1 (0.8%)
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Table 6  Levetiracetam titration schedules and dosages. 
Titration schedule Frequencya 
Individual schedule  211 (70.1%)
500 mg/day/2 weeks  25 (8.3%) 
500 mg/day/4 weeks  0
1000 mg/day/2 weeks  44 (14.6%)
1000 mg/day/4 weeks  2 (0.7%) 
Starting dose (mg/day)  617.5 (299.6)b 
Titration dose (mg/week)  453.8 (195.6)b 
Dose of patients who discontinued treatment because of 
 Lack of efficacy  2281.3 (789.9)b

 Side effects  1500.0 (870.3)b

Dose of patients in remission  1970.6 (659.4)b 
a Number (%) of patients; b Mean (SD).
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Table 7  Comparison between patients discontinuing and those continuing LEV at 12 months.
Patients who discontinued 
treatment 

Patients who continued  
treatment 

(n = 103) (n = 168)  P 
Variables predicting (dis)continuation 
Age  34.3 (17.7)a  31.5 (16.1)a 0.191
Sex (F/M)  55/48  87/81 0.796
Weight  51.6 (16.6)a  49.6 (23.2)a 0.972
Age at onset of seizures  12.7 (11.3)a  11.7 (11.8)a 0.572
Duration of epilepsy before drug  
introduction (years)

 22.4 (14.1)a  20.5 (12.1)a 0.268

Number of mentally retarded patients  25 (24.3%)  57 (33.9%) 0.093
CT abnormalities  21 (20.4%)  24 (14.3%) 0.190
MRI abnormalities  40 (38.8%)  49 (29.2%) 0.100 

Type of epilepsy
Localization-related  74 (71.8%)  123 (73.2%) 0.806
Generalized  21 (20.4%)  26 (15.5%) 0.300 

Seizure type 
Partial onset  87 (84.5%)  135 (80.4%) 0.394 
Generalized  
(including secondarily generalized) 

 46 (44.7%)  75 (44.6%) 0.998 

Number of AEDs started and stopped  
before drug introduction 

 4.37 (2.1)a  4.52 (SD 2.4)a 0.534 

Starting dose (mg/day)  599.5 (274.2)a  623.5 (289.5)a 0.500 
Titration dose (mg/week)  438.9 (193.1)a  457.7 (197.7)a 0.475 
Dose (mg/day)  1951.5 (898.0)a  1988.9 (843.0)a 0.725 
Patients with individual titration  
schedule (%)

76.3 73.2 0.626 

Mean drug load of other AEDs  1.73  1.73

Mean [SD] dose (mg/day) of comedication (% of patients) 
Diamox  187.5 [88.4] (1.9%)  535.0 [267.9] (4.9%)
CBZb  944.4 [479.0] (35.0%)  804.0 [335.4] (36.9%)
CLB  19.9 [18.1] (35.9%)  20.4 [15.9] (33.0%)
CLN  4.5 [8.2] (6.8%)  2.3 [1.6] (4.9%)
ETS  729.3 [236.4] (2.9%)  791.7 [260.2] (2.9%)
FBM  1200.0  (1.0%) —
PHB —  125.0 [35.4] (1.9%)
PHT  309.9 [111.6] (13.6%)  338.2 [99.2] (19.4%)
GBP  600.0  (1.0%) —
LMT  329.3 [241.1] (35.0%)  379.1 [210.3] (35.0%)
OXC  1340.0 [499.0] (14.6%)  1457.1 [400.9] (13.6%)
TPM  321.9 [276.3] (7.8%)  112.5 [123.7] (1.9%) 
VPA  1472.2 [945.1] (17.5%)  1206.7 [742.4] (14.6%)
VGB  3000.0  (1.0%)  — 
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Very soon after baseline, a dose between 2000 and 2500 mg/day was reached, with 
continuation of this dose until 24 months after baseline. The highest dose achieved 
was 4000 mg/day.
 We have also analyzed the different titration schedules for LEV as recommended 
by the manufacturer, as these schedules are a subject of frequent discussion among 
clinicians. The most frequent fixed titration schedule was 1000 mg/day/2 weeks 
(14.6%). The most frequently applied strategy was an individual approach (70.1%), 
which means a faster titration compared with the recommendations of the manu-
facturer. The most cautious recommended titration schedule is not applied. Patients 
who discontinued treatment because of side effects reached a dose of 1500 mg/day 
instead of the 2281 mg/day reached by patients who discontinued because of a lack of 
efficacy. This is remarkable because the manufacturer recommends doses up to 3000 
mg/day. Only a quarter of all patients at each assessment point reached that dose. The 
mean dose for patients who became seizure-free was less than 2000 mg/day.

Variables predicting (dis)continuation

From the beginning of 2001 to the final assessment point, 138 patients discontinued 
LEV treatment and 163 patients continued treatment. We subsequently analyzed 
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Patients who discontinued 
treatment  
(n = 103)

Patients who continued  
treatment  
(n = 168)

Seizure reduction 
Seizure free  1 (1.0%)  13 (7.7%)
Lower seizure frequency  4 (3.9%)  15 (8.9%)
No efficacy  58 (56.3%)  27 (16.1%)
Higher seizure frequency  25 (24.3%)  19 (11.3%)
Change not reported  15 (14.6%)  94 (56.0%)

Side effects
Mood disorders
 Aggression, agitation,  12 (11.7%)  4 (2.4%)
 hyperirritability
 Depression, apathy  14 (13.6%)  1 (0.6%)
Tiredness  16 (15.5%)  4 (2.4%)
Sleepiness  11 (10.7%)  3 (1.8%)
a SD in parentheses; b CBZ, carbamazepine; CLB, clobazam; CLN, clonazepam; ETS, ethosuximide; 
FBM, felbamate; PHB, phenobarbital; PHT, phenytoin; GBP, gabapentin; LMT, lamotrigine; OXC, oxcar-
bazepine; TPM, topiramate; VPA, valproic acid; VGB, vigabatrin.
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whether differences existed between those who discontinued the drug between base-
line and the first 12 months of treatment and those who continued LEV treatment. 
Our analysis considered only those patients who where able to reach this 12-month 
assessment point (n = 271) (Table 7). This analysis indicates only small differences 
with respect to demographic variables. Results with respect to titration and dose are 
the same in both groups. Even the mean drug load of AEDs other than LEV and the 
percentages of patients on other AEDs do not differ. Thus, no variables predicting 
(dis)continuation can be identified. Only major differences were seen in the outcome 
variables seizure reduction and side effects.

Di s c us sion

LEV was recently introduced into clinical practice with a potentially favorable effi-
cacy and tolerability profile and a unique mechanism of action. Clinical experience 
with this drug has been reported in some studies. The added value of this study is due 
to the large study population (n = 301), the long follow-up period (up to 24 months), 
and the low risk of selection bias by inclusion of all patients who received LEV in the 
period 2001–2003 in a tertiary epilepsy center. This is illustrated by the character-
istics of our study population, specifically by the wide age range and large numbers 
of children and mentally retarded individuals. In total, 138 of 301 patients (45.8%) 
stopped LEV treatment at some point during a follow-up period of 2 years. Our study 
recorded retention rates of 65.6% after 1 year and 45.8% after 2 years using Kaplan–
Meier survival analysis. Previous studies have reported higher continuation rates of 
74% after 1 year and 58% after 2 years10. Depondt et al. reported a retention rate 
of 58% after 3 years11. It is not clear whether this variation is caused by differences 
in study populations. However, another study including a large number of mentally 
retarded patients reported a similar retention rate after 1 year15. Compared with 
other new AEDs, LEV seems to have a superior retention rate, considering the 1-year 
retention rates of 55% for topiramate16, 60% for lamotrigine17, 58% for vigabatrin17, 
and 45% for gabapentin17. Nevertheless, it is disappointing to see that after 2 years, 
more than half of the patients who started with LEV have already discontinued treat-
ment. The Kaplan– Meier curve illustrates that the largest percentage of withdrawals 
occurred in the first period of treatment up to 6 months. After 6 months, the number 
of withdrawals more or less remained steady at a lower rate.
 The main reason for discontinuation was lack of efficacy. In one-third of the total 
study group on LEV, lack of efficacy played a role in discontinuation of treatment.
When only those patients who discontinued treatment are considered, lack of efficacy 
is the only or one of the reasons for 70% of the discontinuations. Discontinuation due 
to adverse events only was reported in a mere 6% of patients. In line with our study, 
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results of other postmarketing studies indicate that lack of efficacy led more often to 
discontinuation of treatment than adverse events18–20.
 Compared with other new AEDs, the effects of LEV on seizure frequency are 
promising. About 15% of patients in this highly refractory group have a 3-month 
remission, whereas 10% of patients become seizure-free for longer periods. The 
numbers of patients in remission are comparable to long-term data from RCTs, with 
10.2% seizure free for at least 6 months, compared to 13% seizure remission in regula-
tory clinical trials (RCTs)20.
 Our study shows that LEV is efficacious in patients with localization-related 
epilepsy as well as in patients with generalized epilepsy. A comparable seizure remis-
sion of about 15% of patients is achieved at almost every assessment point for both 
types of epilepsy. Retention curves also indicate similar patterns. Other studies have 
already demonstrated that LEV appears to be useful add-on treatment in patients 
with resistant generalized epilepsy, with the achievement of similar remission 
rates21,22. Thus, evidence is expanding that LEV may be used in clinical practice as a 
broad-spectrum AED.
 The percentages of patients with a mental handicap achieving seizure remission 
is, however, low. Nevertheless, retention rates for patients with and without a mental 
handicap are the same. With similar discontinuation rates (due to lack of efficacy or 
adverse events) and with the assumption that LEV is far less efficacious in patients 
with a learning disability, there must be another reason why patients in this group 
continue treatment. One explanation may be that these patients experienced a posi-
tive effect on their behavior and therefore did not discontinue treatment, although 
LEV was not efficacious in terms of achieving seizure remission. Only one study has 
reported the occurrence of positive behavior in patients with epilepsy receiving LEV19. 
Accordingly, LEV has been found to reduce hyperactivity, impulsivity, and aggres-
sion in an open study in a limited number of autistic children without epilepsy23.
 In our study, activating mood disorders, tiredness, and positive behavior are the 
most frequently reported side effects per assessment point. Clinically of greater 
importance are the reported side effects in patients who discontinued treatment. 
Mood disorders, activating and deactivating, are (one of) the most important side 
effects leading to discontinuation of drug treatment, implying that activating mood 
disorders are better tolerated than deactivating mood disorders, which seem to lead 
to immediate discontinuation of LEV treatment. This is remarkable because LEV 
is characterized as an activating drug in the literature24. RCTs indicate that only 
somnolence, asthenia, dizziness, headache, and infection are major adverse events. 
However, as already mentioned, our study demonstrates that mood disorders are the 
most important side effect, reported in more than 26% of patients who discontinued 
treatment. In line with our study, White et al. reported that behavioral side effects 
were the most common reason for drug discontinuation25. These results highlight 
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the need for clinical studies in addition to RCTs. Mood disorders were also the most 
frequently reported adverse event in patients with a mental handicap, whereas tired-
ness and sleeplessness were not noted at all in this group. Of course, this may reflect 
report bias. However, sleep behavior was not scored on the basis of self-reports but by 
observation of nursing staff, similar to the behavioral adverse events.
 Easy titration with LEV is illustrated by data indicating that the most cautious 
titration schedule was not applied in a single patient and that neurologists often 
chose a faster titration schedule than recommended by the manufacturer. Among the 
individual schedules, by far the most frequently applied was 500 mg/day/week.
 The mean starting dose was lower than those applied in some clinical trials4–6, 
in which 1000 mg/day (in some patient groups) was a frequently chosen starting 
dose. The clinical dose achieved in our population was between 2000 and 2500 mg/
day (adults only), and this dose was reached within a few weeks. Nevertheless, the 
maximum dose of 3000 mg/day as recommended by the manufacturer was achieved 
in only a minority of patients. Explanations may be the achievement of seizure 
remission on lower dosages or the development of side effects: the mean dose for 
patients who became seizure-free was less than 2000 mg/day, and patients who 
discontinued treatment due to adverse events did not reach doses higher than 1500 
mg/day. However, in some cases, higher dosages seem feasible, as illustrated by data 
indicating that the mean dose for patients who discontinued treatment because of 
lack of efficacy was 2281 mg/day. It is not clear why neurologists did not try to reach 
higher dosages. However, pooled data from the three pivotal trials indicate that there 
is hardly a difference in responder rates between 2000 and 3000 mg/day26.
 An important aspect of our evaluation was analysis of differences between patients 
who continued and patients who discontinued treatment. Such a comparison could 
provide factors prognostic of LEV failure/success that could be used in clinical deci-
sion making. A high maximum dose, a low starting dose, the presence of generalized 
seizures, and a smaller number of AEDs at baseline have been reported as positive 
prognostic variables for continuation in a previous study20. However, no variables 
predicting (dis)continuation could be identified in our study. Obviously, most clinical 
factors are not useful in clinical decision making.

C onc lusion

LEV appears to be a useful broad-spectrum AED. Its side effect profile is mild, with 
mood disorders being the most important adverse event. Even in patients who are 
mentally retarded, treatment with LEV may be valuable, although the drug is not 
efficacious in terms of seizure remission in this group of patients.
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A b s t r ac t

Lamotrigine (LTG, Lamictal), one of the newer antiepileptic drugs, was admitted to 
the Dutch market in 1996. It was first used as adjunctive therapy and later as a mono-
therapy in partial and generalized epilepsy. All patients who started on LTG in 1996 
or 1997 in the Epilepsy Centre Kempenhaeghe (n = 314) were enrolled in this study 
and followed for 48 months. The data indicate that the retention rates for LTG after 
1, 2, 3, and 4 years are respectively 74.4, 69.3, 63.1, and 55.6%. Patients with normal 
cognitive function were more likely to continue than patients with mental retarda-
tion. The main reason for discontinuing LTG therapy was lack of efficacy (19.1%).
 Four patients (1.4%) were seizure-free for the total follow-up period of 48 months. 
The most frequently reported negative side effects were dizziness and headache, both 
in patients who continued and in those who discontinued therapy. A large percentage 
of patients also reported positive side effects like ‘‘feeling/being more active’’ and 
‘‘feeling more clear/more responsive.’’ For the whole patient group, the plasma level 
of LTG was measured 277 times. Plasma levels of LTG were influenced by the patients’ 
comedications. Plasma levels of LTG in groups taking LTG in monotherapy, LTG plus 
an inducer, and LTG plus valproate were 8.7, 4.8, and 8.7 mg/L, respectively.
 The correlation between measured plasma level and dose confirm the manufac-
turer’s dose recommendations. The manufacturer recommends half the dosage of 
lamotrigine monotherapy when the patient also uses valproate. When the patient uses 
an inducer, the dosage of LTG must be two times the dose used in monotherapy.
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I n t roduc t ion

Lamotrigine (LTG, Lamictal), one of the newer antiepileptic drugs (AEDs), was 
admitted to the Dutch market in 1996. It was first used as adjunctive therapy and 
later as monotherapy in partial and generalized epilepsy. LTG is also used to treat 
patients with Lennox–Gastaut syndrome and other childhood epilepsies1.
 This study is part of a series of studies on new antiepileptic drugs in our own 
tertiary epilepsy referral and care center, Kempenhaeghe. Information on the use 
(retention rate), efficacy, side effects, and plasma levels of LTG was collected for all 
patients who started LTG within a specific period. Topiramate and levetiracetam 
have been covered in previous studies in this series2,3.
 The retention rate (RR) of a drug can be used as a predictor of the efficacy and 
tolerability of that drug. In the case of serious side effects or lack of efficacy, patients 
usually discontinue the treatment, leading to lower RRs4–7.
 There is a linear relationship between plasma LTG concentration and dosage, 
but there is considerable interindividual variability8. This is one of the reasons why 
therapeutic drug monitoring (TDM) may be useful in LTG therapy8. Because patients 
have seizures at irregular intervals, and some patients have infrequent seizures, it 
can be difficult to select a dose based on titration to effective seizure control. In such 
patients, it may be useful to select a reasonable initial target serum level. Further-
more, clinical signs and symptoms of toxicity may be difficult to detect and interpret, 
particularly in patients with intellectual disabilities who may not be able to report 
symptoms. In these patients, TDM can also be useful9.
 Plasma levels of LTG measured in the first phase 2 and phase 3 studies indicated 
an average plasma level of 1– 3 mg/L10–16. When LTG was used in clinical practice, 
patients appeared to tolerate higher plasma levels, sometimes with greater efficacy. 
According to Hirsch et al.17, plasma levels of LTG <10 mg/L rarely result in toxic 
reactions. Morris et al.18,19 and others20–22 advise a plasma LTG level of 3–14 mg/L.

M et hod

This study was approved by the medical ethics committee. All patients who started 
on LTG in 1996 and 1997 in the Epilepsy Centre Kempenhaeghe were selected using 
the automated medical information system (MIS).
 A database was created in Microsoft Access to contain the information on the 
selected patients. Parameters in the database included patient characteristics (age, 
sex, weight), age at onset of seizures, mental retardation (IQ <709), CT/MRI abnor-
malities, history of drug use, titration schedule for LTG, efficacy, start and possible 
stop dates, reported side effects, and reasons for discontinuation of LTG. Reasons for 

Thesis_Bootsma_v15.indd   67 9-4-2009   11:30:34



68

Chapter | five

discontinuation were entered into the database using the following five identifiers: 
lack of efficacy, adverse events, both, other, and unknown. Type of epilepsy and types 
of seizures were classified using the International League Against Epilepsy (ILAE) 
classification. All data were acquired from the MIS and the written individual patient 
files.
 All selected patients were followed at 6-month intervals for 48 months. Every 6 
months, side effects and efficacy were evaluated. Efficacy of LTG was entered into 
the database using a 4-point scale consisting of: seizure-free for the 6 months, 
lower seizure frequency, no efficacy, higher seizure frequency, and not reported. All 
measured plasma LTG levels were acquired from the MIS.
 Statistical analysis was performed using SPSS 14.0 for Windows. Descriptive 
statistics were calculated for each point. The RR of LTG was calculated using Kaplan–
Meier survival analysis. Other data were evaluated using an independent-sample t 
test, the Mann–Whitney U test, or the Pearson χ2 test.

R e su lt s

A total of 392 patients were identified who started LTG treatment in 1996 and 1997. 
In total, 78 patients (19.9%) were excluded. There were three different reasons for 
exclusion: the patient had used LTG before referral to our center (12.8%), data were 
missing (4.1%), and the patient died before the end of the study (3.1%). Many analyses 
were performed on the remaining 314 patients. Analysis of RR was performed on a 
smaller group, that is, excluding patients lost to follow-up before the end of the 4-year 
follow-up period (n = 293).
 Table 1 lists the main characteristics of the patients. The mean age of the study 
group was 32.1 years (SD 16.3). Patients had had epilepsy for a mean of 21.3 (SD 
14.2) years before LTG introduction. Most patients had localization-related epilepsy; 
generalized seizures were the most frequent seizure type.
 RRs were calculated using Kaplan–Meier survival analysis. All patients were 
included in this analysis (Figure 1).
 Of 293 patients, 130 (44.4%) discontinued LTG treatment over the 4 years (RR = 
56.6%). The RR for patients with mental retardation was 50% after 4 years. Patients 
with normal cognitive function were more likely to continue (42% discontinued, RR 
= 58%). The RRs of the total group after 1, 2, 3, and 4 years are listed in Table 2.
 Most patients discontinued LTG because of lack of efficacy (19.1%); 12.3% of the 
patients stopped because of adverse effects (Table 3). Mentally retarded patients did 
not differ from other patients with respect to reasons for discontinuing LTG.
 Percentages of seizure reduction in four classes in patients who continued LTG are 
listed in Table 4.

Thesis_Bootsma_v15.indd   68 9-4-2009   11:30:35



69

La
m

ot
ri

gi
ne

 in
 c

lin
ic

al
 p

ra
ct

ic
e

Seizure reduction in patients who discontinued LTG is outlined in Table 5. Most of 
the patients who discontinued during the first 6 months experienced an increase in 
seizure frequency (42.3%). Most patients who discontinued LTG therapy after 12 or 24 
months had no change in seizure frequency or had an increase in seizure frequency.
 Thirty (10.2%) patients were seizure-free after 6 months of LTG treatment. After 
2 years of follow-up, 5 remained seizure-free. Four patients remained seizure-free for 
the full 4-year follow-up period (Table 6). All these patients had generalized epilepsy. 
Three of the four patients had generalized seizures. Three of these four patients used 
LTG in combination with valproate.
 The most frequently reported side effects in the total group (n = 314), spontane-
ously reported by patients, are listed in Table 7. A large percentage of patients expe-
rienced dizziness at each interval. The side effect ‘‘more active’’ can be considered a 

Table 1  Patient demographics and characteristics.
Total no. of patients 314 
Age 32.1 (16.3)a

Age range 1 – 74 
Age distribution < 18 years old: n = 66 (21%) 
Age at onset of seizures 11.1 (11.2)a

Duration of epilepsy before LTG introduction (years) 21.3 (14.2)a

Sex (M/F) 153/161 (48.7/51.3%)
Weight (kg) 63.8 (20.4)a 

Type of epilepsyb

Localization-related  218 (69.4%)
Generalized  57 (18.2%)
Undetermined whether focal or generalized  6 (1.9%)
Special syndromes  1 (0.3%)

Seizure typeb

Partial seizures  303 (96%)
Generalized (including secondarily)  340 (108.3%)
Unclassified  22 (7.0%)
Other seizure types  40 (12.7%)

Mentally retarded (yes/no/unknown) 101/177/36 (32.2/56.4/11.5 %)
CT (yes/no/unknown) 62/117/135 (19.7/37.3/43.0 %)
MRI (yes/no/unknown) 82/68/164 (26.1/21.7/52.2 %)

No. of concomitant AEDs at baseline including LTG 3.38 (0.98) [1-7]c

Total drugload at baseline including LTG 2.60 (1.51) [0.08-8.79]c

a Mean (SD); b ILAE classification; c Range.
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Figure 1  Kaplan-Meier survival analysis.
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Table 3  Reasons for discontinuing LTG during the 4-year follow-up (n=293).
Reasons for discontinuing LTG
Lack of efficacy 56 (19.1%)
Adverse events 36 (12.3%)
Both 22 (7.5%)
Other 9 (3.1%)
Unknown 7 (2.4%)

Table 2  RRs of LTG after 1, 2, 3, and 4 years for 293 patients who could be followed over 4 years.
Year No. who continued RR
1 218 74.4%
2 203 69.3%
3 185 63.1%
4 163 55.6%
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Table 4  Seizure reduction in patients who continued LTG (n=293).
change from
0-6 
months

6-12
months

12-18
months

18-24
months

24-30
months

30-36
months

36-42
months

42-48
months

Seizure-free for  
6 months

30
10.3%

25
10.4%

21
9.6%

27
13.0%

28
13.8%

26
13.3%

38
20.9%

35
20.8%

Lower seizure 
frequency

78
26.6%

67
27.8%

49
22.5%

39
18.8%

30
14.8%

38
19.4%

29
15.9%

28
16.7%

No efficacy 90
30.7%

78
32.4%

81
37.2%

66
31.9%

69
34.0%

56
28.6%

58
31.9%

57
33.9%

Higher seizure 
frequency

51
17.4%

35
14.5%

31
14.2%

38
18.4%

29
14.3%

31
15.8%

18
9.9%

13
7.7%

Not reported 44
15.0%

36
14.9%

36
16.5%

37
17.9%

47
23.2%

45
23.0%

39
21.4%

35
20.8%

Total 293
100%

241
100%

218
100%

207
100%

203
100%

196
100%

182
100%

168
100%
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Table 5  Seizure reduction in patients who discontinued LTG during the follow-up period. 
Months Seizure free Lower seizure 

frequency
No effect Higher seizure 

frequency
Not reported Total

6  2 (3.8%)  1 (1.9%)  13 (25.0%)  22 (42.3%)  14 (26.9%)  52 (100%)
12  2 (8.7%)  2 (8.7%)  8 (34.8%)  8 (34.8%)  3 (13.0%)  23 (100%)
18  0 (0%)  1 (16.7%)  6 (60%)  2 (20%)  1 (10%)  10 (100%)
24  0 (0%)  1 (16.7%)  2 (33.3%)  2 (33.3%)  1 (16.7%)  6 (100%)
30  0 (0%)  0 (0%)  3 (60%)  1 (20%)  1 (20%)  5 (100%)
36  0 (0%)  1 (6.7%)  8 (53.3%)  3 (20.0%)  3 (20%)  15 (100%)
42  1 (11.1%)  1 (11.1%)  6 (66.7%)  1 (11.1%)  0 (0%)  9 (100%)
48  1 (10%)  1 (10%)  6 (60%)  2 (20%)  0 (0%)  10 (100%)
Total  6 (4.6%)  8 (6.2%)  52 (40.0%)  41 (31.5%)  23 (17.7%)  130 (100%)

Table 6  Number of patients in seizure remission (n=293).
Months   N  %

6 30 10.2
12 12 4.1
24 5 1.7
36 5 1.7
48 4 1.4

Table 7  Most frequently reported side effects in the total study population (n=314). 
  6 months Dizziness 14.6% More active 12.6% More active/more responsive 9.1%
12 months Dizziness 14.3% More active 12.0% Headache 9.8%
18 months Dizziness 22.6% More active 15.1% Tiredness 10.8%
24 months Dizziness 13.8% More active 12.6% Tiredness 9.2%
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positive effect of the drug. A large percentage of patients experienced this effect. They 
felt more active and more responsive.
 The most frequently reported side effect at discontinuation (Table 8) was dizziness 
(15.7%). Headache was the second most frequently reported side effect (8.4%). Being/ 
feeling ‘‘more active’’ was reported by 7.7% of the patients.
 The plasma LTG level was measured 277 times in the patient group. At each 
6-month interval, comedications taken by the patients were recorded. Every patient 
was classified into one of the following groups at each interval: taking LTG and a 
CYP3A4 inducer (phenobarbital, primidone, phenytoin, carbamazepine), taking 
LTG and valproate, taking LTG and both an inducer and valproate, or taking LTG 
in monotherapy. By monotherapy is meant only LTG or LTG together with medica-
tion that has no LTG enzyme-inducing or -inhibiting action. Figure 2 illustrates the 
plasma levels measured for the different doses of LTG relative to the comedication. 
Seven plasma levels were above the recommended upper limit of 14 mg/L (five in those 
on LTG monotherapy, one in a patient taking LTG with valproate and an inducer, and 
one in a patient taking LTG with an inducer). Seventy-one plasma levels were below 
the recommended lower limit of 3 mg/L (9 in those taking LTG with an inducer and 
valproate, 1 in a patient on monotherapy, and 61 times in those taking LTG with an 
inducer).
 Figure 2 also demonstrates that patients taking LTG in combination with valproate 
never received more than 400 mg LTG daily. However, when taking LTG in combina-
tion with an inducer, some patients received 1200 mg LTG daily. Many dosages are 
above the recommendations of the Dutch SMPC of GlaxoSmithKline. In Version 21.1, 
October 2006, they recommended a lamotrigine dosage between 100 and 500 mg. In 
combination with an inducer, they recommended a LTG dosage between 200 and 400 
mg daily, and in combination with valproate, a dosage between 100 and 200 mg daily. 
These recommendations are illustrated in Figure 2 as vertical lines. Higher-than-
recommended dosages were prescribed for 42% of the patients on monotherapy; for 
62% of the patients taking LTG with an inducer; and 63% of the patients taking LTG 
and valproate.
 That a combination of valproate and LTG results in higher plasma LTG levels is 
confirmed by Figure 2. The slope of the trend line is inversely related to LTG clear-
ance.
 Clearance of LTG taken in combination with valproate is 56% that of LTG mono-
therapy. Clearance of LTG taken in combination with an enzyme inducer is 190% 
that of LTG monotherapy. These values correlate well with the dosage recommenda-
tions of GlaxoSmithKline. The manufacturer recommends half the dosage of LTG 
monotherapy when the patient also takes valproate. The patient taking LTG with an 
enzyme inducer requires two times the dose used in monotherapy.
Mean plasma levels were calculated for the four groups. Patients taking LTG in 
monotherapy had a mean plasma level of 8.7 mg/L (SD 4.0). Patients taking valproate 
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had a mean plasma level of 8.7 mg/L (SD 2.4). According to a two-tailed independent-
sample t test with a significance level of 0.05, these groups did not differ with respect 
to plasma level (P = 0.960). The plasma levels of patients taking an inducer (4.8 mg/L, 
SD 2.6) or an inducer and valproate (4.9 mg/L, SD 1.9) in addition to LTG were much 
lower. The latter two groups did not differ from each other (P = 0.797), but did differ 
from the first two groups (P < 0.001).
 In this population the mean dosage of LTG in patients on monotherapy was 529 
mg (SD 208). Patients taking LTG in combination with an inducer received a mean 
dosage of 533 mg (SD 222). These two mean dosages are the same (P = 0.914), which 
exemplifies the low plasma levels of patients taking LTG and an inducer.
The numbers of side effects of LTG therapy observed in groups with different plasma 
levels (Table 9) indicates that the number of negative side effects per total number of 
patients increased with plasma level. We did not find a relationship between specific 
side effects and plasma levels.

Table 8  Adverse events reported by patients who discontinued treatment.
Adverse event Frequency  %
Dizziness 41 15.7
Headache 22 8.4
More active 20 7.7
Skin reaction 19 7.3
Sleeping complaints/ insomnia 19 7.3
Sleeping complaints/ sleepiness 17 6.5
Vision disorders 16 6.1
Exhaustion 16 6.1
More clear/ more responsive 12 4.6
Gastrointestinal complaints 10 3.8
Mood disorders – agitation 9 3.4
Other non-CZS 8 3.1
Tremor 7 2.7
Mood disorders – aggression 7 2.7
Endocrine complaints 7 2.7
Other CZS 6 2.3
Cardiovascular 6 2.3
Ataxia 5 1.9
Mood disorders – hyperirritability 4 1.5
Rheumatologic 3 1.1
Confusion 2 0.8
Mood disorders – depression 1 0.4
Mood disorders – apathy 1 0.4
Eye complaints 1 0.4
Otorhinolaryngology (ENT) 1 0.4
Asthenia 1 0.4
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The relationship between plasma LTG levels and gender was tested with an indepen-
dent sample t test. The mean plasma LTG level in males was 5.6 mg/L (SD 3.4), and in 
females, 5.5 mg/L (SD 2.8). There was no significant difference in mean plasma LTG 
levels between the genders.
 Of the total 265 plasma level measurements, 60 were in patients (>18 years old) 
who discontinued LTG therapy.
 Most patients (N = 39) discontinued LTG therapy because of lack of efficacy (mean 
plasma level = 5.6 mg/L, SD 2.6).
 Patients who discontinued therapy because of adverse events, because of both lack 
of efficacy and adverse events, or for an unknown reason had respective mean plasma 
levels of 5.2 (SD 2.4), 4.9 (SD 2.3), and 3.5 (SD 2.5) mg/L.
 These data show that there is no relationship between reason for discontinuation 
and plasma LTG level. We examined the plasma LTG levels of patients who continued 
LTG therapy and patients who discontinued LTG therapy.
 There was no difference between these groups with respect to mean plasma LTG 
levels. Patients who continued therapy had a mean plasma level of 5.7 (SD 3.3) mg/L, 
and patients who discontinued therapy had a mean plasma level of 5.2 (SD 2.5) 
mg/L.
 The mean LTG doses of groups with different reasons for discontinuation are 
listed in Table 10. The dosage for those who cited lack of efficacy as their reason for 
discontinuation was significantly higher than the dosages of those who cited adverse 
events (P = 0.016) and those who cited both (P = 0.016).

age of 533 mg/L (SD 222). These two mean dosages are the
same (P = 0.914), which exemplifies the low plasma levels
of patients taking LTG and an inducer.

The numbers of side effects of LTG therapy observed in
groups with different plasma levels (Table 9) indicates that
the number of negative side effects per total number of
patients increased with plasma level. We did not find a rela-
tionship between specific side effects and plasma levels.

The relationship between plasma LTG levels and gender
was tested with an independent sample t test. The mean
plasma LTG level in males was 5.6 mg/L (SD 3.4), and
in females, 5.5 mg/L (SD 2.8). There was no significant dif-
ference in mean plasma LTG levels between the genders.

Of the total 265 plasma level measurements, 60 were in
patients (>18 years old) who discontinued LTG therapy.
Most patients (N = 39) discontinued LTG therapy because
of lack of efficacy (mean plasma level = 5.6 mg/L, SD 2.6).
Patients who discontinued therapy because of adverse
events, because of both lack of efficacy and adverse events,
or for an unknown reason had respective mean plasma lev-
els of 5.2 (SD 2.4), 4.8543 (SD 2.3), and 3.5 (SD 2.5) mg/L.
These data show that there is no relationship between rea-
son for discontinuation and plasma LTG level. We exam-
ined the plasma LTG levels of patients who continued
LTG therapy and patients who discontinued LTG therapy.

There was no difference between these groups with respect
to mean plasma LTG levels. Patients who continued ther-
apy had a mean plasma level of 5.7 (SD 3.3) mg/L, and
patients who discontinued therapy had a mean plasma level
of 5.2 (SD 2.5) mg/L.

The mean LTG doses of groups with different reasons
for discontinuation are listed in Table 10. The dosage for
those who cited lack of efficacy as their reason for discon-
tinuation was significantly higher than the dosages of those
who cited adverse events (P = 0.016) and those who cited
both (P = 0.016).

To determine which variables predicted continuation
and discontinuation of LTG therapy, the differences
between patients who continued and those who discontin-
ued LTG after 12 months were evaluated. Dose was signif-
icantly lower in patients who discontinued LTG therapy
than in patients who continued therapy. But the total drug
load (

P
(AED dose/DDD)) [23] without LTG was higher

in patients who discontinued within 12 months. In terms of
percentage, patients who discontinued therapy seemed to
have experienced more negative side effects and more posi-
tive side effects. In addition to these differences between
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Fig. 2. Plasma LTG level versus dose.

Table 9
Negative side effects versus plasma level

Plasma level (mg/L) No. of side effects/total No. of patients

0–4 44/95 (46.3%)
4–8 85/134 (63.4%)
8–12 32/36 (88.9%)
12–16 10/11 (90.9%)

Table 10
Reason for discontinuation versus dose and comedication

Reason for
discontinuation

Mean LTG
dose (mg)

N SD
(mg)

Minimum
(mg)

Maximum
(mg)

Lack of efficacy 609 39 257 50 1200
Adverse events 363 8 234 50 600
Both 336 7 195 50 600
Other — 0 — — —
Unknown 400 6 253 100 700
Total 523 60 269 50 1200

266 H.P.R. Bootsma et al. / Epilepsy & Behavior 12 (2008) 262–268

Figure 2  Plasma LTG level versus dose.
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To determine which variables predicted continuation and discontinuation of LTG 
therapy, the differences between patients who continued and those who discontinued 
LTG after 12 months were evaluated. Dose was significantly lower in patients who 
discontinued LTG therapy than in patients who continued therapy. But the total drug  
load (∑(AED dose/DDD))23 without LTG was higher in patients who discontinued 
within 12 months. In terms of percentage, patients who discontinued therapy seemed 
to have experienced more negative side effects and more positive side effects. In addi-
tion to these differences between patients, there were no variables that predicted 
either continuation or discontinuation.

Di s c us sion

The RR of a drug can be used as a predictor of the efficacy and tolerability of that 
drug. The long-term retention of LTG has been described in several other studies. 
Collins et al.24 compared gabapentin (GBP), LTG, topiramate (TPM), and vigabatrin 
(VGB). It appeared that LTG was the drug least likely to be discontinued. The time to 
50% dropout, expressed in months, was >43 months for LTG in contrast to 13 months 
for GBP, 9.5 months for TPM, and 29 months for VGB. In the study by Lhatoo et al.25, 
more patients appeared to continue TPM compared with LTG or GBP. At the end 
of the first year of therapy, RRs were 52% (TPM), 46% (LTG), and 23% (GBP). The 
difference between the RRs for TPM and LTG was not statistically significant. The 
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Table 9  Negative side effects versus plasma level. 
Plasma level (mg/L) No. of side effects/total no. of patients
0-4 44/95 (46.3%)
4-8 85/134 (63.4%)
8-12 32/36 (88.9%)
12-16 10/11 (90.9%)

Table 10  Reason for discontinuation versus dose and comedication. 
Reason for discontinuation Mean LTG  

dose (mg)
N SD  

(mg)
Minimum  
(mg)

Maximum  
(mg)

Lack of efficacy 609 39 257 50 1200
Adverse events 363 8 234 50 600
Both 336 7 195 50 600
Other - 0 - - -
Unknown 400 6 253 100 700
Total 523 60 269 50 1200
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main reason for discontinuing LTG therapy was lack of efficacy; the second reason 
was adverse effects. Wong et al.26 described the long-term use of GBP, LTG, and VGB 
in patients with chronic epilepsy. Patients were less likely to discontinue LTG than 
GBP or VGB. Kaplan–Meier analysis of all 1050 patients yielded estimated RRs for 
LTG of 60% at 1 year, 40% at 5 years, and 38% at 8 years after the start of therapy27.
 Faught et al.28 performed a 6-year continuation study with LTG. They concluded 
that long-term LTG use was associated with a low incidence of adverse effects. The 
added value of our study lies in the large number of patients included (n = 314), the 
long period of evaluation, and the unselected group (all patients who received LTG 
treatment in our center). The RRs of LTG in this study after 1, 2, 3, and 4 years were 
74.4, 69.3, 63.1, and 55.6%, respectively. This contrasts with the RR for topiramate of 
38.3% after 2 years and that for levetiracetam of 45.8% after 2 years2,3. Most patients 
discontinued LTG therapy because of lack of efficacy. However, the efficacy was 
not greater in patients who continued LTG therapy. It is possible that patients with 
unsatisfactory seizure control continued LTG nonetheless because of its positive side 
effects. In general, LTG was very well tolerated. A special observation is that rash did 
not occur in the included patients.
 Plasma LTG levels are described in many publications. In older publications, the 
recommended plasma level was 1–3 mg/L10–16. Since 1998, a plasma LTG level of 
3–14 mg/L has been recommended18–22. There is high variability in the plasma levels 
measured in the total patient group in this study. This may be caused by interin-
dividual variability or the time between intake of LTG and measurement. Because 
of the large number of measurements, this variability does not influence trend 
lines. Of 277 plasma LTG levels measured, 199 were between 3 and 14 mg/L, 7 were 
above 14 mg/L, and 71 were below 3 mg/L. To achieve plasma levels as high as 14 
mg/L, a LTG dosage higher than that recommended by the manufacturer was used. 
Among patients on monotherapy, higher-than-recommended dosages were used in 
42%; among patients taking LTG with an inducer, 62%; and in patients taking LTG 
with valproate, 63%. The manufacturer recommends that patients taking LTG and 
valproate receive half the dosage of LTG monotherapy, and that patients taking LTG 
with an inducer receive twice the monotherapy dose. These recommendations were 
confirmed by this study. The mean plasma LTG level for patients taking LTG with an 
inducer (4.8 mg/L) was lower than that of patients on LTG monotherapy or on LTG 
and valproate (8.7 and 8.7 mg/L, respectively).
 After this study, it is still difficult to provide variables that predict continuation 
or discontinuation. Only the drug load can predict continuation or discontinua-
tion. The drug load without LTG was higher in patients who discontinued within 12 
months. The LTG dose was significantly lower in patients who discontinued within 
12 months. The plasma LTG level could not be used to predict discontinuation or 
continuation. The mean plasma level was the same for both groups.
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a b s t r ac t

Objective: Two of the most commonly prescribed new antiepileptic drugs as add-on 
therapy for patients with chronic refractory epilepsies are topiramate and leveti-
racetam. In regulatory trials, both drugs were characterized as very promising new 
antiepileptic drugs. However, results from these highly controlled short-term clinical 
trials cannot simply be extrapolated to everyday clinical practice, also because head-
to-head comparisons are lacking. Therefore, results from long-term open label obser-
vational studies that compare two or more new AEDs are crucial to determine the 
long-term performance of competing new antiepileptic drugs in clinical practice.

Method: We analyzed all patients referred to a tertiary epilepsy centre who had been 
treated with topiramate from the introduction of the drug in spring 1993 up to a final 
assessment point mid-2002 and all patients who had been treated with LEV in the 
same centre from the introduction of the drug in early 2001 up to a final assessment 
point end-2003 using a medical information system.

Results: Three hundred and one patients were included for levetiracetam and 429 
patients for TPM. Retention rate after 1 year was 65.6% for LEV-treated patients and 
51.7% for TPM-treated patients (p = 0.0015). Similarly, retention rates for LEV were 
higher at the 24-month mark: 45.8% of LEV-treated patients and 38.3% of TPM-
treated patients were still continuing treatment (p = 0.0046). Adverse events led to 
drug discontinuation in 21.9% of TPM-treated patients compared to 6.0% of LEV-
treated patients (p < 0.001). The number of patients discontinuing treatment because 
of lack of efficacy was similar for both groups. Seizure freedom rates varied between 
11.6 and 20.0% for TPM and between 11.1 and 14.3% for LEV per 6-months interval. 
Several important AED specific adverse events leading to drug discontinuation were 
identified, including neurocognitive side effects from TPM and mood disorders from 
LEV.

Conclusion: The retention rate for LEV is significantly higher than for TPM. LEV had 
a more favourable side effect profile than TPM with comparable efficacy. Patients on 
TPM discontinued treatment mainly because of neurocognitive side effects. In the 
treatment with LEV, the effects on mood must not be underestimated.
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I n t roduc t ion

The introduction of several new antiepileptic drugs (AEDs) in the past decades may 
be a welcome development for patients with refractory epilepsy.1 Two of the most 
commonly prescribed ‘‘new generation’’ AEDs in the Netherlands are topiramate 
(TPM) and levetiracetam (LEV). Both drugs were found to be an effective and safe 
therapeutic option as adjunctive therapy for partial seizures in adults during the 
regulatory well-controlled trials.2–9 Even though only TPM has also FDA approval 
for primary generalized seizures, evidence is growing that LEV may be a useful 
broad-spectrum AED as well.10 The most frequently reported side effects associated 
with the use of LEV in pooled analyses of the regulatory trials were somnolence, 
asthenia, headache and dizziness.11 TPM-associated adverse events were predomi-
nantly central nervous system-related symptoms, including somnolence, dizziness 
and psychomotor slowing.12

 However, these clinical trials were designed for registration purposes. Regulatory 
studies only show antiepileptic activity compared with placebo. It is impossible to 
transfer findings derived from such trials to everyday clinical practice13 and make 
comparisons between AEDs. In order to overcome the shortcomings of those trials 
and to provide data that can help clinicians in making treatment decisions, other 
methods must be used to compare competing new AEDs. Ideally, evidence-based 
treatment guidelines will use information from large multicenter randomized 
controlled trials that compare AEDs. These studies are, however, rarely performed. 
Therefore, results from meta-analysis and long-term open label observational studies 
may give clinicians a possibility to compare the newer AEDs despite the limitations 
of indirect comparisons.
 One way to compare the long-term performance of AEDs in clinical practice is 
to evaluate retention rates. Retention rate is considered to be a composite of drug 
efficacy and drug safety and expresses the willingness of patients to continue drug 
treatment. It is therefore clinically the most relevant parameter of an antiepileptic 
drug.14 Although TPM and LEV were characterized as very promising AEDs in regu-
latory trials, a long-term study that retrospectively compared the retention rates of 
five new AEDs has shown retention rates of 44% for TPM and 54% for LEV15 after 2 
years of follow-up. This implies that about half of the patients will discontinue treat-
ment within a period of 2 years. Prospective data from long-term open-label studies 
showed seizure freedom rates of about 10% for at least 6 months in patients on TPM 
and LEV. However, withdrawal rates due to adverse events were higher for TPM.16,17

 Presently, only few data are available to show how TPM compares to LEV in the 
long-term in a single tertiary epilepsy centre. We therefore performed a systematic 
audit of TPM and LEV in the ‘real life’ setting of our centre with the aim to compare 
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the long-term effects of both drugs in a broad population, specifically retention time, 
efficacy and tolerability in clinical practice.

M et hod

The study was approved by the Medical Ethics Committee. All patients who had been 
treated with TPM in the Epilepsy Centre Kempenhaeghe from the introduction of 
the drug in spring 1993 up to a final assessment point mid-2002 and all patients who 
had been treated with LEV in the same centre from the introduction of the drug in 
early 2001 up to a final assessment point end-2003 were identified by means of our 
automated medical information system (MIS) and subsequently analyzed. Patients 
whom had TPM or LEV prescribed initially elsewhere were not included. The follow-
up period for both drugs was 24 months. A standardized data form was developed. 
The data were obtained from our MIS and individual patient medical records. Vari-
ables that were included in the database were patient characteristics (age, sex, weight, 
age at onset of seizures, duration of epilepsy at the introduction of drug treatment, 
mental retardation [defined as IQ < 70], CT/MRI abnormalities), length of treatment, 
efficacy, reported side effects and reasons for discontinuation. Epilepsy and seizures 
were classified using the International League Against Epilepsy (ILAE) classification. 
Treatment was evaluated every 6 months for both drugs. Efficacy was measured using 
a 5-point scale: seizure remission, any reduction in seizure frequency, no efficacy, any 
increase in seizure frequency or not classified. Reason for discontinuation of LEV and 
TPM was entered into the database using a 4-point scale: no efficacy, adverse events, 
both or other. Mood disorders due to use of AEDs were classified into activating and 
sedating effects, with the former leading to aggression, hyperirritability and agita-
tion, and the latter leading to apathy and depression.18,19 Data forms were entered into 
a computerized database for analysis. Statistical analysis was performed using SPSS 
15.0 for Windows. Retention rates were calculated by using Kaplan–Meier survival 
analysis,20 and comparisons between the retention curves of TPM and LEV were 
analyzed using log-rank tests. Comparison between both drugs in terms of seizure 
remission and reason for discontinuation was analyzed using Pearson χ2.

R e su lt s

Three hundred and four patients were identified using LEV and 470 patients using 
TPM. For LEV, three patients were excluded; one patient was already exposed to LEV 
on referral to our centre and of two patients data were lacking. For TPM, 41 patients 
were excluded; 37 patients were already exposed to TPM on referral to our centre and 
of 4 patients data were lacking.
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Table 1 lists the main characteristics of the patients. The mean age was 32.5±16.8 years 
for LEV and 34.9±8.6 years for TPM. There was an equal distribution with respect 
to gender. Age at onset of seizures was in the 11th and 9th year, respectively, with a 
duration of active epilepsy (= years with seizures) of more than 20 years. Localization-
related epilepsy was by far the most prevalent type of epilepsy and, consequently, 
partial onset seizures the most frequently recorded type of seizure. Children and 

Table 1  Patient demographics and characteristics.
Levetiracetam Topiramate

Total no. of patients 301 429
Age 32.5 ± 16.8 34.9 ± 8.6
Age range 1-75 1-73
Age distribution 19.9% < 18 24.5% < 18
Sex (F/M) 156/145 204/225
Weight (kg) 50.5 ± 21.6 54.0 ± 26.6

Type of epilepsy
Localization-related  217 (72.1%)  323 (75.3%)
Generalized (including secondarily generalized)  54 (17.9%)  86 (20.1%)
Undetermined  16 (5.4%)  10 (2.3%)
Not classified  14 (4.6%)  10 (2.3%)

Seizure type
Partial onset  243 (80.7%)  352 (82.1%)
Generalized  138 (45.8%)  209 (48.7%)
Not classified  19 (6.3%)  19 (4.4%)
Nonepileptic attacks  28 (9.3%)  31 (7.2%)

Age at onset of seizures 11.7 ± 11.7 9.7 ± 11.1
Duration of epilepsy before drug introduction (years) 21.3 ± 12.9 21.1 ± 13.4
No. of mentally retarded 98 (32.6%) 158 (36.8%)
CT abnormalities 17.3% 18.9%
MRI abnormalities 31.9% 36.4%
No. of concomitant AEDs 2.16 ± 0.827 2.04 ± 0.779

Most frequently used concomitant AEDs at baseline
carbamazepine 39.9% 44.8%
clobazam 37.6% 34.3%
phenytoin 15.6% 19.3%
lamotrigine 42.5% 47.1%
oxcarbazepine 16.3% 14.5%
valproic acid 19.3% 18.4%
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mentally handicapped patients were substantially and equally represented in both 
study groups. The number of patients with abnormalities on CT and MRI were similar 
for the two groups. No difference could be identified in the number of concomitant 
AEDs and the most frequently used AEDs. Thus, both populations were comparable 
for the most important demographic and clinical variables and represent the typical 
group of refractory patients referred to a tertiary epilepsy centre.
 Retention rates for TPM and LEV are illustrated with Kaplan–Meier survival 
curves in Figure 1. Retention rate after 1 year was 65.6% for LEV-treated patients and 
51.7% for TPM-treated patients (p = 0.0015). Similarly, retention rates for LEV were 
significantly higher at the 24-month mark: 45.8% of LEV-treated patients and 38.3% 
of TPM-treated patients were still continuing treatment (p = 0.0046). However, at 6 
months follow-up, there was no significant difference between the two profiles (p = 
0.1088). For both drugs, it is shown that the largest percentage of discontinuations 
occurred in the first period of treatment with a rapid drop of retention rates until 
about 400 days, after which a plateau seems to be reached.
 The main reasons for drug discontinuation are shown in Figure 2. Adverse events 
led to drug discontinuation in 21.9% of TPM-treated patients compared to 6.0% of 
LEV-treated patients (p < 0.001). The number of patients discontinuing treatment 
because of lack of efficacy or the combination of lack of efficacy and adverse events 
was similar for both groups.
 For LEV, adverse events were the most important reason for drug discontinuation 
during the first 3 months. Thereafter, lack of efficacy played the most important role 
in drug discontinuation. For TPM, however, tolerability issues lasted much longer 
and were the main reason for drug discontinuation in the first 18 months.

comparable for the most important demographic
and clinical variables and represent the typical
group of refractory patients referred to a tertiary
epilepsy centre.

Retention rates for TPM and LEV are illustrated
with Kaplan—Meier survival curves in Fig. 1. Reten-
tion rate after 1 year was 65.6% for LEV-treated
patients and 51.7% for TPM-treated patients
( p = 0.0015). Similarly, retention rates for LEV
were significantly higher at the 24-month mark:
45.8% of LEV-treated patients and 38.3% of TPM-
treated patients were still continuing treatment
( p = 0.0046). However, at 6 months follow-up,
there was no significant difference between the
two profiles ( p = 0.1088). For both drugs, it is shown
that the largest percentage of discontinuations
occurred in the first period of treatment with a
rapid drop of retention rates until about 400 days,
after which a plateau seems to be reached.

The main reasons for drug discontinuation
are shown in Fig. 2. Adverse events led to drug
discontinuation in 21.9% of TPM-treated patients
compared to 6.0% of LEV-treated patients
( p < 0.001). The number of patients discontinuing
treatment because of lack of efficacy or the com-
bination of lack of efficacy and adverse events was
similar for both groups.

For LEV, adverse events were the most important
reason for drug discontinuation during the first 3
months. Thereafter, lack of efficacy played the most
important role in drug discontinuation. For TPM,
however, tolerability issues lasted much longer
and were the main reason for drug discontinuation
in the first 18 months.

Seizure freedom rates per 6-month interval are
illustrated in Fig. 3A. Seizure freedom rates varied
between 11.6 and 20.0% for TPM and between 11.1
and 14.3% for LEV. No statistically significant dif-
ferences between TPM and LEV could be identified
at 6 months ( p = 0.468), 12 months ( p = 0.653)
and 18 months ( p = 0.244). Fig. 3B shows the
number of patients completely seizure-free for
at least 1 year. Seizure remission rates for the
intervals T0—T12 and T0—T18 were higher for LEV,
although not statistically significant ( p = 0.618
and 0.416, respectively). For the interval T6—
T18, remission rates were similar for both drugs
( p = 0.929).

Table 2 shows the most frequently reported
adverse events per assessment point. The most
prevalent adverse events for LEV were activating
mood disorders and tiredness. Some patients experi-
enced a positive effect on their behaviour due to
LEV use. For TPM, mental slowing and dysphasia
were the most important side effects at each assess-
ment point, except for the 24-month assessment
point.

22 H.P.R. Bootsma et al.

Figure 1 Comparison between the Kaplan—Meier survi-
val curves of TPM and LEV (*RR: retention rate).

Figure 2 Reason for discontinuation; comparison
between TPM and LEV.

Figure 3 (A) Seizure freedom rates per 6-month inter-
val; comparison between TPM and LEV. (B) Seizure remis-
sion for at least 1 year; comparison between TPM and LEV.

Figure 1  Comparison between the Kaplan-Meier survival curves of  
TPM and LEV (*RR: retention rate).
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comparable for the most important demographic
and clinical variables and represent the typical
group of refractory patients referred to a tertiary
epilepsy centre.

Retention rates for TPM and LEV are illustrated
with Kaplan—Meier survival curves in Fig. 1. Reten-
tion rate after 1 year was 65.6% for LEV-treated
patients and 51.7% for TPM-treated patients
( p = 0.0015). Similarly, retention rates for LEV
were significantly higher at the 24-month mark:
45.8% of LEV-treated patients and 38.3% of TPM-
treated patients were still continuing treatment
( p = 0.0046). However, at 6 months follow-up,
there was no significant difference between the
two profiles ( p = 0.1088). For both drugs, it is shown
that the largest percentage of discontinuations
occurred in the first period of treatment with a
rapid drop of retention rates until about 400 days,
after which a plateau seems to be reached.

The main reasons for drug discontinuation
are shown in Fig. 2. Adverse events led to drug
discontinuation in 21.9% of TPM-treated patients
compared to 6.0% of LEV-treated patients
( p < 0.001). The number of patients discontinuing
treatment because of lack of efficacy or the com-
bination of lack of efficacy and adverse events was
similar for both groups.

For LEV, adverse events were the most important
reason for drug discontinuation during the first 3
months. Thereafter, lack of efficacy played the most
important role in drug discontinuation. For TPM,
however, tolerability issues lasted much longer
and were the main reason for drug discontinuation
in the first 18 months.

Seizure freedom rates per 6-month interval are
illustrated in Fig. 3A. Seizure freedom rates varied
between 11.6 and 20.0% for TPM and between 11.1
and 14.3% for LEV. No statistically significant dif-
ferences between TPM and LEV could be identified
at 6 months ( p = 0.468), 12 months ( p = 0.653)
and 18 months ( p = 0.244). Fig. 3B shows the
number of patients completely seizure-free for
at least 1 year. Seizure remission rates for the
intervals T0—T12 and T0—T18 were higher for LEV,
although not statistically significant ( p = 0.618
and 0.416, respectively). For the interval T6—
T18, remission rates were similar for both drugs
( p = 0.929).

Table 2 shows the most frequently reported
adverse events per assessment point. The most
prevalent adverse events for LEV were activating
mood disorders and tiredness. Some patients experi-
enced a positive effect on their behaviour due to
LEV use. For TPM, mental slowing and dysphasia
were the most important side effects at each assess-
ment point, except for the 24-month assessment
point.

22 H.P.R. Bootsma et al.

Figure 1 Comparison between the Kaplan—Meier survi-
val curves of TPM and LEV (*RR: retention rate).

Figure 2 Reason for discontinuation; comparison
between TPM and LEV.

Figure 3 (A) Seizure freedom rates per 6-month inter-
val; comparison between TPM and LEV. (B) Seizure remis-
sion for at least 1 year; comparison between TPM and LEV.

Figure 2  Reason for discontinuation; comparison  
between TPM and LEV.
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months. Thereafter, lack of efficacy played the most
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in the first 18 months.

Seizure freedom rates per 6-month interval are
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between 11.6 and 20.0% for TPM and between 11.1
and 14.3% for LEV. No statistically significant dif-
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at 6 months ( p = 0.468), 12 months ( p = 0.653)
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although not statistically significant ( p = 0.618
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( p = 0.929).

Table 2 shows the most frequently reported
adverse events per assessment point. The most
prevalent adverse events for LEV were activating
mood disorders and tiredness. Some patients experi-
enced a positive effect on their behaviour due to
LEV use. For TPM, mental slowing and dysphasia
were the most important side effects at each assess-
ment point, except for the 24-month assessment
point.
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Figure 1 Comparison between the Kaplan—Meier survi-
val curves of TPM and LEV (*RR: retention rate).

Figure 2 Reason for discontinuation; comparison
between TPM and LEV.

Figure 3 (A) Seizure freedom rates per 6-month inter-
val; comparison between TPM and LEV. (B) Seizure remis-
sion for at least 1 year; comparison between TPM and LEV.

Figure 3A  Seizure freedom rates per 6-month interval; comparison  
between TPM and LEV.

Figure 3B  Seizure remission for at least one year; comparison  
between TPM and LEV.
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with Kaplan—Meier survival curves in Fig. 1. Reten-
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compared to 6.0% of LEV-treated patients
( p < 0.001). The number of patients discontinuing
treatment because of lack of efficacy or the com-
bination of lack of efficacy and adverse events was
similar for both groups.

For LEV, adverse events were the most important
reason for drug discontinuation during the first 3
months. Thereafter, lack of efficacy played the most
important role in drug discontinuation. For TPM,
however, tolerability issues lasted much longer
and were the main reason for drug discontinuation
in the first 18 months.

Seizure freedom rates per 6-month interval are
illustrated in Fig. 3A. Seizure freedom rates varied
between 11.6 and 20.0% for TPM and between 11.1
and 14.3% for LEV. No statistically significant dif-
ferences between TPM and LEV could be identified
at 6 months ( p = 0.468), 12 months ( p = 0.653)
and 18 months ( p = 0.244). Fig. 3B shows the
number of patients completely seizure-free for
at least 1 year. Seizure remission rates for the
intervals T0—T12 and T0—T18 were higher for LEV,
although not statistically significant ( p = 0.618
and 0.416, respectively). For the interval T6—
T18, remission rates were similar for both drugs
( p = 0.929).

Table 2 shows the most frequently reported
adverse events per assessment point. The most
prevalent adverse events for LEV were activating
mood disorders and tiredness. Some patients experi-
enced a positive effect on their behaviour due to
LEV use. For TPM, mental slowing and dysphasia
were the most important side effects at each assess-
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Figure 1 Comparison between the Kaplan—Meier survi-
val curves of TPM and LEV (*RR: retention rate).

Figure 2 Reason for discontinuation; comparison
between TPM and LEV.

Figure 3 (A) Seizure freedom rates per 6-month inter-
val; comparison between TPM and LEV. (B) Seizure remis-
sion for at least 1 year; comparison between TPM and LEV.
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Seizure freedom rates per 6-month interval are illustrated in Figure 3A. Seizure 
freedom rates varied between 11.6 and 20.0% for TPM and between 11.1 and 14.3% 
for LEV. No statistically significant differences between TPM and LEV could be 
identified at 6 months (p = 0.468), 12 months (p = 0.653) and 18 months (p = 0.244). 
Figure 3B shows the number of patients completely seizure-free for at least 1 year. 
Seizure remission rates for the intervals T0–T12 and T0–T18 were higher for LEV, 
although not statistically significant (p = 0.618 and 0.416, respectively). For the 
interval T6– T18, remission rates were similar for both drugs (p = 0.929).
 Table 2 shows the most frequently reported adverse events per assessment point. 
The most prevalent adverse events for LEV were activating mood disorders and tired-
ness. Some patients experienced a positive effect on their behaviour due to LEV use. 
For TPM, mental slowing and dysphasia were the most important side effects at each 
assessment point, except for the 24-month assessment point.
 The most frequently reported side effects in patients who discontinued treatment 
are listed in Table 3. For LEV, more than a quarter of patients (26.9%) reported mood 
disorders at the time of discontinuation, with an equal distribution of activating and 
sedating mood disorders. Tiredness and sleepiness were also important side effects 
at time of discontinuation (13.8 and 8.5%, respectively). In patients on TPM, mood 
disorders were also frequently reported (18.9%), although sedating mood disorders 
played a less important role. Side effects other than mood disorders that most often 
led to discontinuation of TPM treatment were mental slowing (27.8%) and dysphasia 
(15.0%). Other side effects that were frequently reported were gastrointestinal 
complaints, paresthesia, appetite loss, skin complaints, weight loss, headache and 
dizziness.
 Table 4 shows seizure reduction in patients who discontinued treatment. One 
patient (0.8%) was seizure-free when discontinuing LEV compared to four patients 
(1.8%) who were seizure-free on TPM.
In spite of the anticonvulsive effect of drug treatment, twice as many patients discon-
tinued TPM.
More patients on LEV experienced no efficacy or even a higher seizure frequency 
compared to patients on TPM.
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Table 2  Most frequently reported side effects .a

Levetiracetam Topiramate
6 Months Mood disorders ↑b (8.1%) Mental slowing (13.8%)

Tiredness (7.4%) Dysphasiac (6.6%)
Positive behaviourd (7.4%) Weight loss (5.2%)

12 Months Mood disorders ↑ (5.2%) Mental slowing (13.6%)
Dysphasia (5.7%)

18 Months Mood disorders ↑ (10.6%) Mental slowing (8.1%)
Tiredness (6.4%) Dysphasia (6.5%)

Mood disorders ↑ (5.7%)
24 Months (Number of patients too small to 

provide meaningful data)
Urogenital complaintse (5.6%)

a Only side effects that occurred in >5% of the patients are reported in the table; b Mood disorders ↑: agita-
tion, aggression, hyperirritability; c Dysphasia: word-finding difficulties; d Positive behaviour: being in a 
better condition; taking more initiatives; being more calm, active, cheerful, etc.; e Urogenital complaints: 
impotence, amenorrhea, micturation problems, etc.

Table 3  Reported side effects in patients who discontinued drug treatment .a

Levetiracetam Topiramate
Mood disorders ↑b (13.8%) Mental slowing (27.8%)
Tiredness (13.8%) Dysphasiac (15.0%)
Mood disorders ↓d (13.1%) Mood disorders ↑ (13.2%)
Sleepiness (8.5%) Gastrointestinal complaints (10.6%)

Paresthesia (7.5%)
Appetite loss (7.0%)
Skin complaints (6.6%)
Weight loss (6.2%)
Mood disorders ↓ (5.7%)
Headache (5.7%)
Dizziness (5.3%)

a Only side effects that occurred in >5% of the patients are reported in the table; b Mood disorders ↑: 
agitation, aggression, hyperirritability; c Dysphasia: word-finding difficulties; d Mood disorders ↓: 
depression, apathy. 

Table 4  Seizure reduction in patients who discontinued drug treatment; follow-up period 24 months.
Levetiracetam Topiramate

Seizure free 1 (0.8%) 4 (1.8%)
Lower seizure frequency 6 (4.7%) 19 (8.6%)
No efficacy 69 (53.5%) 75 (33.8%)
Higher seizure frequency 30 (23.3%) 66 (29.7%)
Not reported 23 (17.7%) 58 (26.1%)
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Di s c us sion

While many studies have been done on each individual new AED as add-on therapy, 
few compare these new AEDs with each other. Especially large multicenter random-
ized controlled trials that compare two or more AEDs are rare but crucial in clinical 
decision-making. Pharmaceutical companies have serious reservations funding 
these trials, unless there was confidence that the sponsor’s drug was very likely to 
prove superior to the comparator. In the absence of such comparative clinical trials, 
indirect comparisons have been made using meta-analyses of controlled trials and 
reviews of long-term open-label studies to adequately evaluate the benefits and 
risks of treatment of epilepsy. The relevance of findings derived from such studies 
to everyday clinical practice is limited by several factors, especially by the indirect 
character of the comparisons due to differences between studies in study design, 
study population and placebo-effect.21,22 However, both methods have gone some 
way to compare new AEDs and provide some evidence of the relative efficacy and 
tolerability of competing new AEDs. Moreover, observational studies are known to 
be useful adjuncts to controlled trials to see whether the demonstrated efficacy and 
safety translates into effective and safe treatment in routine clinical practice.23 
 Our study directly compared the use of TPM with LEV, presently two of the most 
commonly prescribed new AEDs in chronic epilepsy. The study population consisted 
of patients with chronic refractory epilepsy referred to a single tertiary epilepsy centre. 
The added value of this study is due to the head-to-head comparison made between 
TPM and LEV in a single epilepsy centre, the large number of patients included (n 
= 301 for LEV; n = 429 for TPM), the long period of evaluation (24 months) and the 
low risk of selection bias by the inclusion of all patients who were treated with LEV or 
TPM in a certain period. This is illustrated by the characteristics of our study popula-
tion, specifically by a wide age range and a large number of children and mentally 
retarded. The patients on LEV did not differ on any of the clinical or demographical 
variables when compared to the patients on TPM, which allows us to compare TPM 
to LEV and to assume that differences in outcome are drug-related.
 For clinical decision-making, retention rate is a good indicator of the long-term 
performance of a new AED.24 It measures all possible reasons for drug discontinua-
tion, including ineffectiveness and intolerability. In addition, it expresses the consent 
of an individual patient to continue drug treatment, sometimes even with side effects. 
Therefore, the main purpose of our study was to determine long-term retention rates 
for TPM and LEV. Retention rates were 65.6 and 45.8% for LEV and 51.7 and 38.3% 
for TPM after 1 and 2 years, respectively. Other studies showed similar 1-year reten-
tion rates ranging from 60 to 75% for LEV and 40 to 60% for TPM.21 The statistically 
significant difference in 1- and 2-year retention rates is probably the consequence 
of a more unfavourable safety profile of TPM. At 6 months follow-up, no significant 
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difference was seen between both drugs. This implies that it is hard to show differ-
ences in discontinuation rates between TPM and LEV in short-term trials, even when 
a large number of patients are investigated.
 Several findings with regard to retention rates were noteworthy in our study. 
Retention rates could have been influenced by the sequence in which both drugs were 
marketed. Patients on TPM could have been withdrawn from treatment because of 
the availability of the new AED LEV. On the other hand, LEV could have been tested 
in a more refractory population, since LEV was introduced onto the market years 
after TPM.
 Interestingly, the difference between continuation rates for both drugs became 
smaller after 1- year follow-up. We do not know whether there will still be a significant 
difference after many years. This is an important issue, since patients with refractory 
epilepsy often need lifetime treatment. One study that compared the long-term reten-
tion rates of new AEDs in a residential community of adults with chronic epilepsy 
showed a similar difference in 2-year retention rates between TPM and LEV compared 
with our study. However, this difference almost disappeared after 5 years.25

 Elsewhere, our study group showed 1-, 2-, 3- and 4-year retention rates for TPM 
to be 53, 45, 38 and 30%, respectively.26 These data suggest that surviving the early 
stage of TPM introduction is a good indicator of long-term retention, with most 
withdrawals occurring in the first year. With LEV use, we have shown a similar 
pattern with most patients also discontinuing treatment in the first year, after which 
the number of withdrawals more or less remained steady at a lower rate.
 Drugs that were mostly encountered as concomitant therapy were carbamazepine, 
clobazam, phenytoin, lamotrigine, oxcarbazepine and valproic acid. At baseline, no 
differences in the most frequently used concomitant AEDs between TPM and LEV 
could be identified. Since both drugs were prescribed as adjunctive treatment to an 
existing regime, we assume that similar baseline concomitant AEDs characteristics 
prolonged during followup. However, if not so, differences in concomitant AEDs 
between TPM and LEV could have influenced the efficacy and safety profile of each 
individual drug.
 In our study, percentages of patients discontinuing drug treatment because of 
lack of efficacy were similar for both study groups, suggesting TPM and LEV to 
be equally effective. A meta-analysis of well-controlled trials showed comparable 
efficacy between both drugs using a responder rate of ≥50% reduction in seizure 
frequency.22 Zaccara et al. who reviewed long-term open-label studies used seizure-
free outcomes as a measure of efficacy. LEV turned out to be the most effective agent, 
followed by TPM. However, analysis limited to prospective studies showed that TPM 
had the highest percentage of seizure-free patients.21 Main objective in the treatment 
of epilepsy is control of seizures. The achievement of seizure freedom is an essential 
outcome measure, because it has the greatest impact on quality of life27 and it is the 
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efficacy measure that is subject to the least subjectivity. Responder rates, defined as 
a percentage reduction in seizure frequency, do not take into account the duration 
and severity of seizures. In addition, data reflecting the number of seizures are often 
unreliable, especially in retrospective studies. Therefore, our study only presented 
data regarding seizure freedom rates, although seizure remission is not a realistic 
goal for every patient with refractory epilepsy.
 Comparable percentages of patients on TPM and LEV achieved seizure freedom 
for 6 months in our study. Between 11.6 and 20.0% of patients on TPM were seizure-
free compared to 11.1–14.3% of patients on LEV. These figures compare well to those 
presented in literature, although seizure freedom rates vary a lot among different 
studies. Four to twenty-three percent of patients were reported to be free of seizures 
on TPM compared to 9.8–26.0% of patients on LEV, dependent on study design and 
study population.21 The proportion of patients with complete seizure control for 
longer periods of time provides even more clinically meaningful data for predicting 
the long-term efficacy of an AED.23 Therefore, we have also investigated long-term 
seizure remission. From baseline, more patients on LEV achieved seizure remission 
for at least 1 year, although this difference was not statistically significant. Possibly, 
this difference is due to a rapid onset of action of LEV.28 However, if the titration 
period is not taken into account (i.e. in the interval T6–T18), prolonged seizure 
remission was achieved in more than 12% of patients in both the TPM and LEV study 
group, which is a good result in this highly refractory population.
 As a marker of tolerability, we used the percentage of patients withdrawing drug 
treatment because of adverse events. Our study shows that significantly more patients 
discontinued TPM treatment because of adverse events than patients on LEV. This is 
also illustrated by the time period in which adverse events were the main reason for 
drug discontinuation; only in the first 3 months side effects played a more important 
role than lack of efficacy with LEV use compared to the first 18 months in patients on 
TPM. Titration rates are unlikely to be responsible for the high incidence of adverse 
events in patients on TPM.26 Thus, TPM was by far the least well-tolerated drug. 
This finding is supported by other studies reporting that TPM has a higher rate of 
adverse events leading to withdrawal than LEV16,21,22 and by our data showing that 
twice as many patients on TPM discontinued treatment despite the beneficial effects 
on seizure frequency compared to LEV. In these patients, the adverse events can 
therefore be considered very serious.
 Side effect profiles of TPM and LEV are different; neurocognitive complaints are 
very common in TPM treatment and frequently led to drug withdrawal, while the 
impact of LEV on cognitive function is only very mild. One study showed that the 
neurocognitive effects of TPM occurred already at an early stage, while the remaining 
patients do not have such problems.29 However, in our study, the percentage of patients 
with neurocognitive side effects due to TPM use remained high. Mood disorders 

Thesis_Bootsma_v15.indd   90 9-4-2009   11:30:39



91

Lo
ng

-t
er

m
 e

ffe
ct

s 
of

 le
ve

ti
ra

ce
ta

m
 a

nd
 to

pi
ra

m
at

e 
in

 c
lin

ic
al

 p
ra

ct
ic

e

were reported in both drugs, but was the most common reason for discontinuation in 
patients on LEV. This contributes to clinical reports that behavioural adverse events 
are more common in LEV than in TPM30 and that patients taking LEV experience 
more behavioural symptoms than reported in RCTs.31 In our study, mood disorders 
in patients on LEV emerged from the beginning. It is therefore not clear why RCTs 
only reported somnolence, asthenia, headache and dizziness as major side effects. An 
explanation could be that patients with learning disabilities are more prone to behav-
ioural side effects.31 This population is often excluded in well-controlled random-
ized clinical trials and some large scale open-label multicenter trials with reports of 
behavioural adverse events only occurring at a low rate.32,33 In conclusion, the reten-
tion rate for LEV is significantly higher than for TPM. LEV had a more favourable 
side effect profile than TPM with comparable efficacy. Patients on TPM discontinued 
treatment mainly because of neurocognitive side effects. In the treatment with LEV, 
the effects on mood must not be underestimated.
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A b s t r ac t

Introduction: Neurocognitive complaints may interfere with long-term antiepileptic 
drug (AED) treatment and are an important issue in clinical practice. Most data about 
drug-induced cognitive problems are derived from highly controlled short-term 
clinical trials. We analyzed such cognitive complaints for the two most commonly 
used AEDs in a clinical setting using patient perceived problems as primary outcome 
measure.

Method: All patients of the epilepsy center Kempenhaeghe that received topiramate 
(TPM) or levetiracetam (LEV) from the introduction to mid 2004 were analyzed 
using a medical information system, an automated medical file. Patients were 
analyzed after 6, 12, and 18 months of treatment.

Results: Four hundred and two patients used either TPM (n = 260) or LEV (n = 142); 
18 months retention showed a statistically significant difference, revealing 15% more 
patients that continued LEV compared to TPM: 18 months retention 46% for TPM 
and 61% for LEV [F (1.400) = 3.313, p = 0.043].
Neurocognitive complaints accounted for a significant number of drug discontinu-
ations and especially the high frequency of neurocognitive complaints in the first 
period of TPM treatment appeared to be significant different from LEV [F(2,547) 
= 3.192, p = 0.042]. In the remaining patients, the difference in neurocognitive 
complaints was not statistically significant.

Conclusion: cognitive complaints are common in TPM treatment and frequently lead 
to drug withdrawal. The impact of LEV on cognitive function is only mild. This leads 
to a much higher (15%) drug discontinuation rate for TPM compared to LEV.
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I n t roduc t ion

Many of the patients with refractory epilepsy may benefit from the introduction of 
newer antiepileptic drugs (AEDs) in clinical practice1. Two of the more commonly 
used newer AEDs are topiramate (TPM) and levetiracetam (LEV). TPM, a sulfa-
mated monosaccharide, has multiple mechanisms of action2 and was proven to be 
effective in patients with refractory chronic partial epilepsies in shortterm controlled 
clinical trials3. Previous studies have clearly shown that treatment with TPM is asso-
ciated with all kinds of side effects. The CNS-related side effects, and especially the 
neurocognitive effects4-6, are among the most frequent reported and have the most 
serious impacts on daily-life-function7. Most of the side-effects reports come from 
the clinical trials and thus represent the adverse effects of the drugs at short term 
and in relatively controlled circumstances8. It is not clear whether the tolerability 
problems persist at long term, although some evidence exists that habituation for 
TPM occurs in a later stage than for most of the AEDs4,5.
 LEV (ucb L059) has been approved as adjunctive therapy in the treatment of partial 
onset seizures in adults with epilepsy. The mode of action does not involve direct 
interaction with known mechanisms of inhibitory or excitatory neurotransmission. 
Studies in animals have demonstrated that LEV and the major metabolite ucb L057 
present a low risk of toxicity, and LEV is unlikely to interact with other drugs9. In 
the available studies, the most frequently reported adverse events associated with the 
use of LEV, which were not seen at an equivalent frequency among placebo-treated 
patients, were somnolence, asthenia, infection, and dizziness, however, at low inci-
dence10.
 In the regulatory trials, TPM is thus characterized with neurocognitive effects, 
whereas these effects seem to be absent in LEV. Some evidence exists that these effects 
are subject to habituation in long-term TPM treatment, whereas the long-term effects 
of LEV have not yet been reported.
 This illustrates an important point and focus of our study. For patients with refrac-
tory epilepsy, the value of a drug in clinical practice cannot be simply derived from 
the outcomes of short-term trials. For example, a mere 11% of the patients discon-
tinued treatment in most of the controlled clinical trials, whereas this seems to be 
much higher in clinical practice11. Three-year retention for example was in the range 
of 40% for TPM, lamotrigine (LTG), and gabapentin (GBP). This implies that about 
60% of the patients will discontinue treatment within a period of 3 years. The reason 
to discontinue treatment was because of tolerability problems in about half of the 
withdrawals, i.e., about 30%. From previous studies it is expected that neurocognitive 
problems are one of the most commonly reported tolerability problems12 and their 
evaluation during long-term treatment is thus pertinent.
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As yet, the long-term cognitive profile of TPM and LEV is not available for clinical 
decision making. For our specific patient group (i.e., patients with refractory epilep-
sies in a tertiary epilepsy referral and care center) such data become increasingly 
more important as more drugs and nonpharmacological options become available. 
We therefore performed a systematical audit of TPM and LEV use in the “real life” 
setting of our center, analyzing all patients that received or are still using TPM or 
LEV.

M et hod s

The study was approved by the Medical Ethics Committee. All patients who had 
ever been treated with TPM or LEV in the epilepsy center Kempenhaeghe from the 
introduction of the drug in spring 1993 and 1999 (TPM and LEV, respectively) up to 
a final assessment point middle of 2004 were identified by means of our automated 
Medical Information System (MIS) and subsequently analyzed.
 Only patients that used the drug for at least 6 months were included. This latter 
criterion was used because our focus on cognitive complaints. Cognitive side effects 
generally develop gradually and are characterized as a chronic side effect. The method 
of analysis has been described by our research group elsewhere13.
 Period of treatment was evaluated each 6 months for a total of 18 months. Data 
forms were entered in a computerized database for analysis. Statistical analysis was 
performed using SPSS 10.0 for Windows. Nonparametric variables were analyzed 
using chi square test, whereas parametric data were analyzed with analysis of vari-
ance (ANOVA).

R e su lt s

Table 1 shows the main characteristics of the patients: 402 patients were identified, 
260 using TPM and 142 using LEV. Gender is equally distributed in both groups and 
about two-thirds of the patients are in the adult age in both groups. Age at onset is in 
the 10th and 11th year, respectively, and both groups can be characterized as refrac-
tory as they both have patients with an average >20 years of active epilepsy (=years 
with seizures). In line with this, most patients have a cryptogenic or symptomatic 
localization-related epilepsy with partial seizures with or without secondary gener-
alization; distribution of epilepsy and seizure types is similar for the two groups. 
About one third of the patients are mentally challenged. All comparisons between the 
groups show no statistically significant differences: gender (χ2 = 0.102, p = 0.75), age 
(χ2 = 0.131, p = 0.718), type of epilepsy (χ2 = 11.574, p = 0.072), seizure type (χ2 = 7.784, 
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p = 0.061), mental handicap (χ2 = 0.042, p = 0.837) age at onset [F (1, 396) = 1.382, p = 
0.241] duration of epilepsy [F(1.386) = .117, p = 0.732]. The two groups are therefore 
similar for most important clinical and demographic variables.
 Figure 1 shows the 18 months retention for TPM and LEV in our patient group. 
There is a significant difference [F (1.400) = 3.313, p = 0.043] only for the 18 months 
point, with 15% more patients discontinuing treatment for the TPM group (46% of 
patients on TPM still on treatment after 18 months vs. 61 % on LEV). The 100% reten-
tion rate at 6 months is the consequence of our inclusion criteria (i.e., only patients 
were included that used the drug at least 6 months).
 Table 2 and Figure 1 show that the percentage of patients with cognitive complaints 
is only higher (for TPM) in the first assessment after 6 months (statistical significant 

Table 1  Patient demographics and characteristics.
Topiramate (N=260) Levetiracetam (N=142)

Gender: male/female 127 M/133 F 67 M/75 F
Percentage (%) 49%/51% 47%/53%
Age: Child ≤ 12 years/adults 59/201 30/112
Percentage (%) 23%/77 % 21%/79%
Age at onset (SD) 10.47 years (11.35) 11.86 years (10.92)
Duration of ‘active epilepsy’ 
(years with seizures (SD)

20.60 years (12.25) 21.04 years (12.33)

Type of epilepsy
Localization-related idiopathic  3 (1%)  2 (1%)
Localization-related symptomatic  85 (33%)  49 (35%)
Localisation-related cryptogenic  121 (46%)  48 (34%)
Gegeneralized idiopathic  7 (3%)  7 (5%)
Gegeneralized symptomatic  16 (6%)  12 (8%)
Gegeneralized cryptogenic  16 (6%)  8 (6%)
Unclassified or specific syndromes  12 (5%)  16 (11%)

Seizure types
Partial seizures  147 (57%)  71 (50%)
Gegeneralized seizures  35 (14%)  26 (18%)
Partial secondary generalized seizures  71 (27%)  34 (24%)
Unclassified  7 (3%)  11 (8%)

Mental handicap: yes/no 78/182 44/98
Percentage (%) 30%/70% 31%/69%
Mean starting dose 26.4 mg/day 602.5 mg/day 
Mean titration dose/week 23.5 mg 443.6 mg 
Mean clinical dose (at 6 months) 217.3 mg/day 1951.5 mg/day 
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Table 2  Cognitive complaints for topiramate versus levetiracetam.
6 months 12 months 18 months

Cognitive complaints  
(TPM/LEV)

40 patients (pt)/6 pt
15%/4%

14 pt/9 pt
9%/9%

12 pt/4 pt
9%/5%

p-values P=0.042 Ns Ns

1 area of cognitive complaints 
(TPM/LEV)

32 pt/6 pt
12%/4% 

13 pt/9 pt
8%/9%

11 pt/4 pt
9%/5%

2 or more areas of cognitive 
complaints (TPM/LEV)

8 pt/0 pt
3%/0%

1 pt/0 pt
1%/0%

1 pt/0 pt
0%/0%

Total patients 260/142 pt 162/98 pt 128/86 pt
Only the percentage of patients with complaints is tested for statistical significance. Ns, not significant.

40

50

60

70

80

90

100

pe
rc

en
ta

ge
 o

f p
at

ie
nt

s

TPM(%)

LEV(%)

TPM(%) 100 62 46

LEV(%) 100 69 61

6 months 12 months 18 months

TPM

LEV

9

5

Figure 1  Long-term retention (% of patients that continue treatment)  
for topiramate versus levetiracetam.
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[F(2,547) = 3.192, p = 0.042]. In the other assessment points (at 12 and 18 months, the 
percentage are comparable. We have to take into account here the survival rate: the 
number of patients at the 12th and 18th months are lower than at the 6th month (see 
Figure 2). Possibly, the data here reflect a kind of “survival profile”: those patients on 
TPM that do not tolerate the drug because of its neurocognitive effects discontinue 
treatment while the profiles are not different in the remaining “survivors.” In line with 
this finding, the results show that if the analyses are repeated only for the patients 
still on the drug for 18 months, then no difference is found between TPM and LEV, 
also not at the 6-months point [F (1,197) = 1.603, p = 0.207]. Table 3 illustrates these 
findings.
 Finally for all patients that discontinued treatment the actual reason for drug with-
drawal was recorded. This shows that at the 6 months point 24% of the TPM versus 
6% of the LEV withdrawals were due to the neurocognitive complaints; this was 18% 
versus 13% for the 12 months follow-up and 14% versus 0% for the 18 months follow-
up. To test for statistical significance, a 1-factor ANOVA was performed, showing 
that only the difference between TPM and LEV was significant at the 6-months 
point [6-months: F(1,113) = 5.466, p = 0.021; 12-months F(1,54) = 0.205, p = 0.653; 
18-months: F(1,30) = 1.985, p = 0.169]. So although the number of patients on TPM 
that stop because of neurocognitive problems remain high, this is only statistically 
significant different at the 6-months point.

Di s c us sion

The added value of this study is due to the large number of patients included (n = 402), 
the long period of evaluation (18 months) and the unselected group (i.e., all patients 
that were given TPM and LEV treatment from introduction to a recent period in one 
specialized center).
 Moreover, the patients on TPM did not differ on any of the clinical or demograph-
ical variables when compared with the patients on LEV. We may therefore assume 
that the complaints are drug-related. This study shows the importance of complaints 
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Table 3  Cognitive complaints for topiramate versus levetiracetam only for patients that continue 
treatment over the 18 months follow-up.

6 months 12 months 18 months
Number of patients that continue drug 
treatment over 18 months (TPM/LEV)

116 versus 82 116 versus 82 116 versus 82

% of patients (pt) with cognitive 
complaints (TPM/LEV)

10 pt/4 pt
8 %/5 %

9 pt/5 pt
7 %/6 %

12 pt/4 pt
9 %/5 %
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(so subjectively perceived problems) in the neurocognitive area. For TPM, 24% of 
the drug withdrawals after 6 months of treatment are due to such neurocognitive 
complaints. This means that the cognitive side-effects must not be underestimated 
in clinical practice.
 The expected difference between TPM and LEV in terms of impact on the neurocog-
nitive system is confirmed in this study: patients on TPM have significantly more 
complaints about drug-induced cognitive impact than patients on LEV. However, 
this difference is only statistically significant at short term, i.e., at the 6-months 
evaluation point. The complaints contribute significantly to drug discontinuation at 
this point (24% of the withdrawals at 6 months due to the neurocognitive complaints 
alone and possible a higher percentage in whom such complaints played a role in 
drug discontinuation). Therefore, only patients that tolerated the drug (i.e., were not 
sensitive for such cognitive complaints) continued. This contributes to the clinical 
report that some patients do not tolerate the neurocognitive effects of this drug6, 
and that these problems occur already at an early stage, while the remaining patients 
do not have such problems. Nonetheless, the percentage of cognitive complaints for 
TPM remained high (i.e., about 18% and 14% of the TPM drug withdrawals were 
due to neurocognitive problems at the 12- and 18-months evaluations. This factor 
significantly contributed to the lower retention rate for TPM in comparison to LEV.
 At the 18-month evaluation, 46% of the patients still used TPM (i.e., 54% discon-
tinued treatment), whereas 61% were still on LEV. Patients on LEV are not completely 
without neurocognitive complaints, but the cognitive impact of this drug is mild 
compared to TPM.
 In conclusion, cognitive complaints are common in TPM treatment and frequently 
lead to drug withdrawal. The impact of LEV on cognitive function is only mild. This 
leads to a much higher (15%) drug discontinuation rate for TPM compared to LEV.
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A b s t r ac t

Mood-modulating profiles of antiepileptic drugs (AEDs) have been classified by 
Ketter, Post, and Theodore [Neurology 1999; 53 (5, Suppl. 2) S53–76] into two classes: 
the first class is assumed to have deactivating effects related to GABA potentiation, 
and the second class is assumed to have activating effects that are associated with 
glutamate attenuation. We tested this hypothesis by reviewing the multiple mecha-
nisms of action of topiramate (TPM) and levetiracetam (LEV) together with clinical 
behavioral side effects of patients who had been treated with TPM and LEV in a 
tertiary referral center for epilepsy. We found LEV to manifest activating and deac-
tivating side effects equally and TPM to act as a deactivating AED, with tiredness/
sleepiness side effects being predominant. TPM, in comparison to LEV, was found to 
be associated with a high incidence of side effects. Testing the hypothesis of Ketter 
et al. (1999) the deactivating effects of TPM may be coupled to a predominance of 
potentiation of GABA, but the oversimplified basis of the model needs to be acknowl-
edged.
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I n t roduc t ion

AEDs that act on the brain often affect multiple brain areas and brain functions as 
well as those that are targeted for seizure control. For several reasons, availability 
of a single AED with multiple mechanisms of action may be preferable to the use of 
multiple AEDs. These reasons include ease of titration, reduced potential for phar-
macodynamic tolerance, and avoidance of drug–drug interactions1. A single drug 
with multiple mechanisms of action can be desirable when medications developed 
as AEDs are effective in treating depression, anxiety, migraine, bipolar disorder, 
pain, or other central nervous system (CNS) disorders. Unfortunately all have some 
undesirable properties that limit their utility and complicate patient management 
and compliance. In many patients seizure control is achieved only at the expense 
of various types and degrees of severity of AED-related adverse effects. Frequently 
reported neurological problems include asthenia, diplopia, dizziness, fatigue, head-
ache, somnolence, and tremor, whereas behavioral side effects include aggression, 
agitation, anxiety, depression, emotional hostility, hyperactivity, nervousness, and 
psychosis2. The most frequently reported side effects are CNS-related side effects, 
and these have the most serious impact on daily life function3.
 The majority of reports of side effects come from clinical trials of short duration 
so they represent short-term adverse effects in relatively controlled circumstances; 
therefore, it is unclear whether tolerability or habituation is evident over the long 
term. Patients with cognitive and anxiety disorders have been reported to have lower 
incidences of side effects4,5. Cognitive and anxiety symptoms are often even more 
prominent in patients with refractory epilepsy. In general, patients with refractory 
epilepsy require long-term treatment.
 Refractory epilepsy is a difficult condition to treat, and most patients, regardless 
of syndrome, usually try numerous drugs in an attempt to reduce seizure frequency 
or become seizure free6.
 All AEDs can cause similar types of CNS adverse effects despite dissimilar mecha-
nisms of action4. Ketter et al. hypothesized that drugs with GABAergic mechanisms 
differed with respect to their effects on behavior from drugs with antiglutamatergic 
mechanisms7.
 The GABAergic group has ‘‘deactivating’’ effects associated with fatigue, cognitive 
slowing, weight gain, and potential anxiolytic and antimanic effects. Conversely the 
antiglutamatergic group has ‘‘activating’’ effects associated with activation, weight 
loss, and potential anxiogenic and antidepressant effects. In using this classification 
it is essential that we take the baselines of both children and adults into account, as 
we want to avoid exacerbating existing problems and potentially induce favorable 
behaviors. However, the occurrence of various behavioral side effects during trials of 
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every new AED with various mechanisms of action suggests that the problem is not 
specific to a particular drug mechanism.
 This lack of fit may result from using a simple classification that is based only 
on the predominant mechanism of action to classify a drug8. Clinical evaluations of 
more precise relationships of mechanisms of action to behavioral profiles of AEDs 
are clearly needed to assess the validity of this broad proposition and identify excep-
tions to this bipolar hypothesis.
 Topiramate (TPM) and levetiracetam (LEV) have proven to be effective in patients 
with chronic partial epilepsies and are the focus of this study. TPM is derived from 
D-fructose, a naturally occurring monosaccharide, and was developed initially as an 
antidiabetic drug. LEV is the S-enantiomer of α-ethyl-2-oxo-1-pyrrolidine acetamide, 
a piracetam analog. It was first investigated in the 1980s as a drug with cognitive 
enhancing and anxiolytic effects. Both drugs provide protection in a broad range of 
animal models of epilepsy (Table 1). TPM appears to have multiple mechanisms of 
action, while the mode of action of LEV is incompletely understood (Table 2).
 Previous studies have clearly shown that exposure to TPM and LEV is associated 
with all kinds of side effects.
 In patients with refractory epilepsy, eight studies9–16 have evaluated the efficacy of 
TPM and three studies17–19 have evaluated the efficacy of LEV as add-on therapy. In 
these studies the most frequently reported side effects of TPM included somnolence, 
fatigue, anorexia, weight loss, psychomotor slowing and confusion, and headache, 
while the most frequently reported side effects of LEV were dizziness, somnolence, 
asthenia, headache, and infection. These adverse effects are comparable to those 
reported in patients with nonrefractory epilepsy.
 In addition to epilepsy, the molecular targets of TPM and LEV have been associ-
ated with other CNS disorders. The data are mixed regarding the acute antidepres-
sant properties of TPM, whereas the possible antidepressant effect of LEV is just 
beginning to be evaluated.
 A number of open clinical trials in which TPM has been used adjunctively with 
other agents suggest antimanic effects20–22. TPM may have potential for the treatment 
of depression in obese patients, but close monitoring of weight and mood effects is 
warranted23,24.
 There has been no initial description of the positive antidepressant and pycho-
tropic effects of LEV in patients with seizure disorders.
 All AEDs have mechanisms that suppress or control seizure activity, but no two 
drugs have the exact same mechanism of action. Various mechanisms of action lead 
to diverse anticonvulsant and other side effects. It is hypothesized that differences 
between drugs in the side effects manifested may be attributed to differences in the 
multiple brain areas and brain functions that are responsible for anticonvulsant 
action. This article briefly discusses the currently proposed mechanisms of these 
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drugs to offer some observations on the significance of mechanism findings in rela-
tion to behavioral/mood effects from the scientific and clinical perspectives. We refer 
to the ‘‘Ketter model’’ with great emphasis placed on the mood aspects of the model 
relative to the oversimplified direct link between the GABA and glutamate mecha-
nisms of action.

M et hod s

All treatment-resistant patients who had been treated with TPM and LEV in a 
tertiary referral center for epilepsy were identified by means of an automated medical 
information system (MIS). Patients were included if the start date of their medica-
tion was at least 1 year before the cutoff date of April 2004. Of the 773 patients who 
were identified, 6 patients were already on LEV when TPM was introduced and 16 
patients were already on TPM when LEV was introduced. These patients were elimi-

Table 1  Effects in animal models of seizures and epilepsy .a

TPM LEV
Maximal electroshock seizure √ [25] X [26,27]
Pentylenetetrazol X [25,28] X [26,27]
Other chemoconvulsants X [25,28] Modest activity [29]
Genetic spontaneous epileptic rat √ [30] √ [29,31]
Amygdala-kindled √ [32,33] √ [27]
a √ , active; X, inactive

Table 2  Mechanisms of action of TPM and LEV.
Target TPM LEV
GABA Allosteric modulator of some GABAA  

receptors (subunit selective) [1,34]
Acts like benzodiazepine but effect is not 
blocked by the antagonist f lumazenil [35]
Increases GABA brain concentrations [36]
Carbonic anhydrase inhibition may  
influence GABA depolarization [37]

No consistent effect on amplitude [38]
Suppression of inhibition by negative 
modulators [38,39]
Short lived increase in GABA brain 
concentrations (rapid normalisation 
questions anticonvulsant relevance) [40]

Glutamate Inhibits kainate and AMPA currents [41,42] Inhibits AMPA currents [43]
Na+ State-dependent blockade [44,45] No effect [46]
Ca2+ Reduces amplitude of high but not 

low-activated Ca2+ currents [47,48]
Reduces amplitude of high but not 
low-activated Ca2+ currents [49]
Ca2+ mechanisms are hypothesized 
to account for a non-GABAA -related 
antibicuculline effect [50,51]

K+ Activation of conductance [37] Inhibition of the delayed rectifier [52]
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nated from the study, leaving 464 TPM patients and 247 LEV patients. Data were 
obtained from both individual patient records and the MIS. The following variables 
were entered into a database: patient demographics and characteristics (sex, age, age 
of onset of epilepsy, duration of epilepsy when TPM or LEV treatment commenced, 
mental retardation, CT/MRI abnormalities, seizure type), comedication, and side 
effects. Epilepsy and seizures were classified using the International League Against 
Epilepsy (ILAE) Classification. Side effects and comedications were clustered using 
a two-point yes/no scale for the purpose of this study. For the clustered side effects, 
a definition consensus was reached to try to avoid discrepancies between individual 
raters. The following side effects were investigated: activating (aggression, increased 
fitness, energy, alertness, hyperactive, agitated, irritated), deactivating (depressive, 
feeling bad, not sociable, anhedonia), tiredness/sleepiness (the two side effects were 
grouped together because it was not always possible to differentiate between the two 
problems as they were often intertwined), total deactivating (deactivating or tired/
sleepy), headache, rest of CNS, and food problems (anorexia, bulimia, gastrointestinal 
problems). The following medications were clustered according to their behavioral 
effects, but some of the drugs were not clustered due of lack of behavioral overlap as 
reported in the literature: carbamazepine/phenytoin/oxcarbazepine, clobazam/clon-
azepam/phenobarbital/heptobarbital/methylphenobarbital/primidone, gabapentin/
pregabalin/tiagabine, acetazolamide, ethosuximide, lamotrigine, valproate, vigaba-
trin. Time points were also clustered so that we could evaluate from the commence-
ment of drug administration to 6 months and from 6 to 18 months inclusive. The 
periodic time point evaluation was every 6 months. If no visit was available at these 
assessment points, the nearest visit within 6 months was used. Statistical analysis was 
performed using SPSS 10.0 for Windows. The differences in distribution between the 
two groups were tested nonparametrically using Mann–Whitney U tests, and nominal 
data were analyzed using χ2 tests. Nonparametric data are expressed as means and 
SD. Proportions are expressed as percentages. To take into account unequal distribu-
tions of the covariables we calculated unadjusted and adjusted odds ratios to study 
the adjusted association between study medication and side effects. This was done 
with the help of a logistic regression that used side effects as the dependent variable 
and study medication and covariables as the independent variables.

R e su lt s

Table 3 summarizes the main demographics and characteristics of the patients: These 
two groups of patients on LEV and TPM represent a typical group of patients referred 
to a tertiary epilepsy center. Mann– Whitney U analysis revealed no significant differ-
ence (P < 0.05) with respect to age, age at onset of seizure, or duration of epilepsy 
before TPM/LEV introduction.
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χ2 analysis revealed no significant difference (P < 0.05) with respect to seizure type.
 At t = 0 the mean TPM dose was 44 mg/day, and after titration this reached 220 
mg/day. For LEV at t = 0, the mean dose was 670 mg/day, and after titration this 
reached 2000 mg/day. χ2 analysis revealed only minor significant differences (P < 
0.05) between LEV and TPM for comedication (Table 4).
 Table 5 is an overview of the side effects of patients on LEV or TPM. The 22 patients 
who were on both drugs at t = 0 were eliminated from the analysis.

Table 3  Patient demographics and characteristics.
LEV (n= 247) TPM (n= 464)

Age 32.5 (17.2)a 29.7 (16.1)
Age at onset of seizure 11.8 (11.6) 10.2 (11.5)
Duration of epilepsy before TPM/LEV introduction 21.2 (12.7) 20.8 (13.5)
Sex (F) % 45.3 51.9
Minor seizuresb (%) 81.8 80.2
Major seizures (%) 70.9 72.0
Unclassified seizures (%) 4.0 4.5
Nonepileptic seizures (%) 6.9 6.7
Mental retardation (%) 42 35
CT (%) 39 44
MRI (%) 63 63
a Mean (SD); b Minor seizures include simple partial, complex partial, absence and myoclonic seizures. 
Major seizures include partial seizures evolving into secondary generalized, tonic, tonic-clonic and 
atonic seizures.

Table 4   χ2 comparison of comedications between patients on LEV and those on TPM .a

0 Months 6 Months
LEV TPM LEV TPM

Acetazolamide 2.0 1.1 1.7 0.4
Lamotrigine 41.65 44.9 17.2 18.3
TPM/LEV 18.5** 1.3 1.3 1.3
Valproate 18.2 19.8 6.9 11.3
Vigabatrin 3.6 6.2 3.0 0.4
CFOb 65.3 67.7 29.4** 41.9
Benzamidinec   45.5* 1.5 21.8* 28.3
Ethosuximide  4.0* 1.5 1.7 1.1
GABAd 4.6** 0.6 0.7 0.2a

a Results are expressed as percentages, and were analyzed using χ2 tests; b Carbamazepine, phenytoin, or 
oxcarbazepine; c Clobazam/clonazepam/phenobarbital, heptobarbital, methylphenobarbital, or primi-
done; d Gabapentin, pregabalin, or tiagabine; *P < 0.05 vs TPM; **P < 0.01 vs TPM.
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From 0 to 6 months a significantly higher percentage of TPM patients compared with 
LEV patients reported all categories of side effects except food side effects. At 0–6, 
6–18, and 0–18 months, most of the patients who were tired/sleepy reported other 
deactivating side effects and vice versa, but there was much less of an overlap for LEV 
patients reporting tiredness/sleepiness and other deactivating side effects and vice 
versa. There was a decrease in all side effects for TPM and in reports of tiredness/
sleepiness for LEV after the first 6 months of treatment. Across time LEV appears 
to have equipotent activating and deactivating side effects. If we look at the overall 
picture, a large percentage of TPM patients reported activating and deactivating side 
effects, but for refractory patients we are interested in long-term drug administration. 
From 6 to 18 months TPM played a role predominantly as a sedative deactivator.
 There is no significant difference between adjusted and unadjusted odds ratios for 
covariables of occurrence of side effects in TPM as compared with LEV patients for 
all side effects (Table 6).

Table 5  Side effects of patients on LEV and TPM .a

Side effect 0-6 Months 6-18 Months 0-18 Months
LEV 
(n=247)

TPM 
(n=464)

LEV 
(n=197) 

TPM 
(n=278)

LEV 
(n=247)

TPM 
(n=464)

Activating 10*** 36 10 9 15*** 36
Deactivating 13*** 35 9** 3 19*** 36
Tiredness/sleepiness 19*** 48 9** 17 23*** 51
Total deactivating 29*** 50 16 18 36*** 53
Headache 3*** 35 2 3 4*** 35
Rest of CNS 1*** 34 2 3 2*** 35
Food 4 5 7** 1 10* 6
a Results are expressed as percentages, and were analyzed using χ2 tests; * P<0.001 vs TPM; ** P<0.05 vs 
TPM; *** P<0.01 vs TPM.

Table 6  Unadjusted (adjusted) odds ratios of occurrence of side effects in TPM as compared with LEV.
    0-6 Months 6-18 Months 0-18 Months

Activating 5.2 (7.6) 0.8 (0.5) 3.2 (4.7)
Deactivating 3.7 (3.7) 0.3 (0.3) 2.4 (2.1)
Tiredness/sleepiness 4.0 (3.4) 2.0 (1.7) 3.5 (3.4)
Total deactivating 2.5 (2.2) 1.1 (6.2) 2.0 (1.8)
Headache 20.0 (20.0) 1.5 (2.5) 14.0 (1.5)
Rest of CNS 100.0 (33.3) 1.5 (2.5) 33.3 (20.0)
Food 1.2 (1.5) 0.1 (0.1) 0.5 (0.7)
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Di s c us sion

In the literature LEV is characterized as an activating drug8. In this study LEV was not 
found to have a pre-dominant activating or deactivating effect. In psychiatry, TPM 
is classified as a drug with deactivating and possibly antimanic effects8, but other 
depressive side effects in addition to tiredness/sleepiness have also been reported53,54. 
We found TPM to act as a deactivating AED with predominant tiredness/sleepiness 
side effects but not other deactivating side effects such as depression and anhedonia 
during long-term treatment. Compared with LEV, TPM was associated with a larger 
percentage of side effects and a larger percentage of withdrawals up to 6 months, but 
patients who got through the initial 6 months were likely to be suitable candidates for 
long-term treatment. Interestingly, during the first 6 months, there was a tendency 
for TPM patients to experience tiredness/sleepiness together with other deactivating 
effects but for LEV patients, tiredness/sleepiness reports were independent of other 
deactivating effects. The side effects of LEV were consistent over time, with the 
exception of tiredness/sleepiness, which occurred during initial titration of the drug. 
That these mood effects of TPM and LEV in this study were manifested at 18 months 
does not suggest an immediate drug effect that might be related to initial tolerance. 
This percentage is, however, not corrected for time on drug as some patients had 
started the drug recently; therefore, we overestimate the number of patients that will 
continue to take the drug and possibly underestimate the long-term side effects.
 As the exact mode of action of TPM and LEV is incompletely understood, the 
mechanisms underlying the mood effects reported here remain unknown. Because 
the mechanism of action of LEV is still unclear, it is a difficult task to try and couple 
it to the hypothesis of Ketter et al.7. If we test this hypothesis the deactivating effects 
of TPM may be coupled to GABA potentiation. Both LEV and TPM attenuate 
glutamate-excitatory neurotransmission. Only TPM consistently enhances GABA-
inhibitory neurotransmission, and some authors have reported that it is unlikely that 
the action of LEV is mediated through the GABAergic system38,55. It is a possibility 
that there is a weak GABA link, but a simplistic bipolar hypothesis that does not take 
multiple mechanisms of action into account leads to confusing speculation.
 The strengths of this study are the large sample number, the long follow-up 
evaluation, and the well-defined group of refractory patients. The shortcoming of 
this study is that it is a single-center unblinded, retrospective study. Clinician and 
researcher ratings were unblinded and might be biased by drug knowledge; however, 
it is very hard to follow refractory patients in a blinded fashion long term. This study 
was performed in a retrospective fashion, so any findings are limited by the design 
of the study. Due to the design of the study we cannot conclude how hazardous the 
activating and deactivating side effects were, but future studies should categorize 
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both activating and deactivating side effects into desirable and undesirable effects in 
a 2 x 2 factorial design.
 Unfortunately in the literature, the notes on behavior have changed over time 
and among reviewers who adjudicate the drug labeling information with varying 
specification of relevant details2. Because different coding dictionaries are used, 
different understandings of the same symptom may arise. Behaviors that might be 
coded with different terms include depression/apathy and aggression/hostility. The 
differences may be attributable to the way in which the sponsor presented informa-
tion for review or to the way in which staff trained in epilepsy, but not in psychiatry, 
categorized mood56.
 In this study, recording of behavior was subjective and not documented by formal 
objective rating scales. Formalized neuropsychological testing and demonstration of 
sustained behavioral effects would have added strength to the study. If coding were 
standardized the types of side effects related to AED use may be more consistent both 
within and between studies.
 We feel that the data presented here are valid and that the large sample size is 
probably adequate to define typical experiences in patients with treatment-resistant 
epilepsy. However, inferring the precise incidence of adverse effects is hazardous and 
cannot substitute for further prospective investigations. Also, we must acknowledge 
that the side effects reported in this study may be attributable to several factors 
besides TPM or LEV administration. Care must be taken when differentiating 
between drug-related effects and the impact of the medical, psychiatric, and social 
aspects of epilepsy. This study would have been further validated if these variables 
had been investigated.
 In this study we reviewed the literature on the mechanisms of action of TPM and 
LEV and attempted to couple these to the side effect profile of treatment-resistant 
epilepsy patients, paying particular attention to the Ketter et al. hypothesis7. In the 
Ketter model, the distinction between mood-activating and mood-depressing effects 
of AEDs is a strong claim in our opinion, based on both experimental research and 
the clinical experience in both epilepsy and psychiatry; however, there is a much 
weaker link with the mechanisms of action.
 We acknowledge that TPM and LEV have multiple mechanisms of action that are 
incompletely understood and reports of multiple side effects that we cannot conclu-
sively relate to precise mechanisms of action. However, the hypothesis of Ketter et al.7 
has enabled us to speculate that the difference in reported side effects may be partly 
attributable to differences in GABA involvement between TPM and LEV. Further 
research is needed to determine the attribution of both mood and GABA to neuro-
anatomic and neurochemical alterations in the brain both preclinically and clinically. 
This hypothesis may be useful but the association that is claimed in the Ketter model 
of a direct link between the mechanisms of action of the AEDs and mood effects is 
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no more than a hypothetical claim, based partly on a simplified model of the GABA 
versus glutamate mechanisms of AEDs without the consideration of other mecha-
nisms of AEDs that could be relevant. Additionally, it does not take into account the 
precise type of GABA/glutamate modulation. It is likely that more detailed coupling 
of the mechanisms of action and side effects of TPM and LEV and an elaboration of 
the hypothesis of Ketter et al.7 may give less confusing speculations. Understanding 
the mechanisms of action of anticonvulsants integrated with clinical and experi-
mental investigations may ultimately provide new insights into the pathophysiology 
and treatment of epilepsy and psychological outcome measures.
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A b s t r ac t

Objective: To determine long-term retention, percentage of patients withdrawing 
because of adverse events, percentage of patients achieving seizure freedom, safety 
profile of the new anti-epileptic drugs lamotrigine, levetiracetam and topiramate. 

Methods: all patients treated with lamotrigine, levetiracetam or topiramate in the 
Epilepsy Centre were identified. Each drug was analyzed from introduction of the 
drug in the Netherlands up to a final assessment point 2 years later.

Results: data from 1066 patients were included: 336 for lamotrigine, 301 for leve-
tiracetam, 429 for topiramate. Two-year retention rates were 69.2% (lamotrigine), 
45.8% (levetiracetam), 38.3% (topiramate); (LTG vs. LEV at p<0.001; LTG vs. TPM at 
p<0.001; LEV vs. TPM at p=0.005). Seizure freedom rates were lowest for lamotrigine 
and highest for levetiracetam. Adverse events played a role in drug discontinuation 
in 154/429 patients (35.9%) on topiramate, 52/336 patients (15.5%) on lamotrigine 
(p<0.001), 68/301 patients (22.5%) on levetiracetam (p<0.001). Mood and general 
CNS-effects are common in patients on lamotrigine and levetiracetam, and neurocog-
nitive side effects are most prevalent in patients on topiramate. A positive effect on 
cognition is frequently noted in patients on lamotrigine. 

Conclusion: a drug that is only modestly efficacious but has a favourable safety 
profile may look better than a drug that is more efficacious but produces clinically 
meaningful adverse events. Therefore, a drug’s retention rate is mainly determined 
by its side effect profile. As a consequence, retention rate was highest for lamotrigine 
and lowest for topiramate. Intermediate retention rates were seen with levetiracetam 
use.
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I n t roduc t ion

The primary goals of antiepileptic drug (AED) treatment are to achieve complete 
seizure freedom, ideally without adverse events, reduce morbidity, mortality, and 
seizure related accidents, and improve quality of life (Sander, 2004). In two-thirds 
of the patients with epilepsy these goals are feasible with optimum AED therapy. 
For the remaining one-third of patients with refractory epilepsies these goals are not 
reached with existing AEDs and, the introduction of several new AEDs in the recent 
past might be a welcome development for improved patient treatment. Some studies 
(Luciano & Shorvon, 2007; Callaghan et al., 2007) have shown results of treatment 
changes in an apparent refractory population.
 With a growing number of AEDs, it becomes more difficult for clinicians to make 
a rational choice which drug to prescribe for which patient. To date, treatment of 
epilepsy is rather more empirical than evidence-based (Sander, 2004). In an ideal 
situation, treatment guidelines will use information from large multicenter random-
ized controlled trials that compare AEDs in a head to head fashion. These trials are 
however rarely performed. In the absence of such trials, other methods must be used 
to compare new AEDs on their intrinsic properties. The relevance of findings derived 
from meta-analyses to clinical practice is limited. Studies included in meta-analyses 
are typically of short duration among other limitations (Otoul et al., 2005), whereas 
epilepsy is a chronic condition. Therefore, long-term open label observational studies 
and clinical practice audits better reflect everyday clinical practice regarding long-
term efficacy and safety issues (Mohanraj and Brodie, 2003).
 One way to compare the long-term performances of AEDs in clinical practice is to 
evaluate retention rates. Prolonged retention of patients on their AED therapy is now 
accepted as one of the clearest reflections of therapeutic efficiency and represents 
a clinically meaningful composite measure of both efficacy and safety over time 
(Lhatoo et al., 2000). Retention-time studies are especially useful when the actual 
seizure-frequency reduction per patient and the percentage of seizure-free patients 
are determined (Knoester et al. 2005). Presently, it is not clear whether efficacy and 
safety contribute equally to the retention rate of new AEDs. One study mentions that 
retention rate may reflect more of AED tolerability rather than efficacy (Chung et al., 
2007).
 This audit focuses on the three most commonly prescribed new AEDs in patients 
with refractory epilepsies in a tertiary referral center for epilepsy: lamotrigine (LTG), 
levetiracetam (LEV) and topiramate (TPM). Our objectives were to compare the long-
term retention, the percentage of patients withdrawing because of adverse events, the 
percentage of patients achieving seizure freedom, and the safety profile of LTG, LEV 
and TPM.
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M et hod s

The study was approved by the institutional Medical Ethics Committee. All in- and 
out-patients who had been treated with LTG, LEV or TPM in a certain period in the 
Epilepsy Centre Kempenhaeghe were identified by means of our automated medical 
information system (MIS) and subsequently analyzed. Each drug was analyzed from 
the introduction of the drug in the Netherlands up to a final assessment point (TPM 
1993-2002; LTG 1996-1997; LEV 2001-2003). Patients who had the drug of interest 
prescribed initially elsewhere were not included to avoid survival bias. Retention 
times were calculated from the time the patients started to take the drug of interest 
to the time they discontinued treatment, with a maximum follow-up period of 24 
months. Data from patients who were still taking the drug at the time of data collec-
tion were counted as censored data.
 A standardized data form was developed. The data were obtained from our 
Medical Information System and individual patient medical records. Epilepsy and 
seizures were classified using the International League Against Epilepsy (ILAE) clas-
sification. Treatment was evaluated every 6 months for each drug. Mood disorders 
due to the use of AEDs were classified into activating and sedating effects, with the 
former leading to aggression, hyperirritability, and agitation, and the latter leading 
to apathy and depression (Ketter et al., 1999, Roberts et al., 2005). Data forms were 
entered into a computerized database for analysis. Statistical analysis was performed 
using SPSS 15.0 for Windows. Retention rates were calculated by using Kaplan-Meier 
survival analysis (Kaplan, 1958), and comparisons between the retention curves were 
analyzed using log-rank tests. Other comparisons between the drugs were analyzed 
using non-parametric statistics, Pearson χ².

R e su lt s

One hundred of 1166 patients had the drug of interest prescribed initially elsewhere 
or data were lacking. Therefore, data from 1066 patients were included in the analysis: 
429 for TPM, 336 for LTG, and 301 for LEV. The main characteristics of patients are 
given in table 1. Populations representing LTG, LEV, and TPM were similar for the 
most important demographic and clinical variables and represent the typical group 
of refractory patients referred to a tertiary epilepsy centre.
 Kaplan-Meier survival analysis, shown by figure 1, revealed significant differences 
between the drugs. Estimated retention rates of 75.2% (LTG), 65.6% (LEV), and 51.7% 
(TPM) were reported at one year (LTG vs. LEV at p = 0.008; LTG vs. TPM at p < 0.001; 
LEV vs. TPM at p = 0.002). Retention at two years had decreased to 69.2% for LTG, 
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45.8% for LEV, and 38.3% for TPM (LTG vs. LEV at p < 0.001; LTG vs. TPM at p < 
0.001; LEV vs. TPM at p = 0.005).
 Figure 2 shows the percentages of patients that are free of seizures from baseline. 
Seizure freedom rates were lowest for LTG and highest for LEV at all assessment 
points. No statistically significant differences between the seizure freedom rates 
could be identified.
 Adverse events played a role in drug discontinuation in 154 of 429 patients (35.9%) 
on TPM. Significantly less patients discontinued drug treatment because of adverse 
events in the other populations: 52 of 336 patients (15.5%) on LTG (p < 0.001) and 68 
of 301 patients (22.5%) on LEV (p < 0.001). The difference between LTG and LEV is 
also significant (p = 0.028).
 The most frequently reported side effects in patients who discontinued treatment 
are listed in table 2. Effects on mood and general CNS-effects (dizziness, tired-
ness, sleepiness) were common side effects at time of discontinuation in patients 
on LTG, LEV, and TPM. In patients on TPM, the neurocognitive side effects like 
mental slowing and dysphasia were most important and contributed to almost half 
of patients in discontinuing treatment. Rash played a role in drug discontinuation in 
both the LTG and TPM study populations.
 The most frequently reported side effects per assessment point are shown in 
table 3. Similarly, effects on mood and general CNS-effects are common side effects 
in patients on LTG and LEV, and neurocognitive side effects are most prevalent in 
patients on TPM. A positive effect on behaviour is most frequently noted in patients 
on LTG. Improved alertness, emotional stability, and reduced irritability were 
frequently noted. This effect is seen in a substantial number of patients on LEV only 
in the first six months, and not at all in patients on TPM.

Di s c us sion

This audit compared the use of LTG, LEV, and TPM, presently three of the most 
commonly prescribed new AEDs in chronic epilepsy. The study population consisted 
of patients with chronic refractory epilepsy referred to a single tertiary epilepsy 
centre. The added value of this study is due to the direct comparison of the long-
term performance of LTG, LEV, and TPM including seizure freedom rates and safety 
issues, the large number of patients included (n = 336 for LTG; n = 301 for LEV; n = 
429 for TPM), the long period of evaluation (24 months), and the low risk of selec-
tion bias by the inclusion of all patients who were started on LTG, LEV, or TPM in 
a certain period. This is illustrated by the characteristics of our study population, 
specifically by a wide age range and a large number of children (22%) and mentally 
retarded (33%). The patients on each drug did not differ on any of the clinical or 
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demographical variables, which allows us to compare LTG, LEV, and TPM and to 
assume that differences in outcome are drug-related.
 Many studies have been done on individual new AEDs as add-on treatment. 
However, few compare these new AEDs with each other. Ideally, neurologists make 
treatment decisions based on results from long-term randomized controlled trials 
that make head-to-head comparisons. These trials are rarely performed because of 
specific reasons (Privitera, 2006). Therefore, results from long-term observational 
studies become increasingly more important, since these studies give clinicians 
insight in the long-term performance of new AEDs in terms of retention rate, seizure 
control, and safety profile.
 One way to compare the long-term performance of new AEDs in observational 
studies is to evaluate retention rates. Retention rate is considered to be a composite 
measure of drug efficacy and drug safety and expresses the willingness of patients to 
continue drug treatment. Therefore, it is clinically the most relevant parameter of an 
AED. In our study, retention rate at two years was highest with LTG (69.2%), followed 
by LEV (45.8%), and TPM (38.3%). Chung et al showed similar two-year retention 
rates of 74.1% for LTG, 53.6% for LEV, and 44.2% for TPM (Chung et al., 2007). In 
addition, a study executed in a residential community of adults with chronic epilepsy 
and learning disability found a higher retention rate at 5 years in patients on LTG 
(52%) compared to patients on LEV (32%) and TPM (28%). However, two-year reten-
tion rates for LTG and LEV were similar (57% and 56%, respectively) (Simister et al., 
2007).
 Contrary to those studies and most other published follow-up studies, we obtained 
estimates of the proportion of patients with complete seizure control for at least 6 
months. This is relevant, since these figures provide clinically the most meaningful 
data for predicting the long-term efficacy of an AED (Chadwick, 1998). This is 
especially important since in this study the category of patients were regarded as 
drug resistant and the new AEDs have substantially added value in this population. 
Surprisingly, higher seizure freedom rates were not associated with higher retention 
rates. Retention rate for LTG was highest whereas seizure freedom rates, although not 
statistically significant, were lowest. Long-term retention for TPM was dramatically 
lower than for LTG, whereas seizure freedom rates were higher. This suggests that the 
impact of the achievement of seizure remission on long-term retention is considered 
less important. Moreover, it should be noted that not all patients who continue on 
therapy do so because of improvement in seizure frequency. Some patients continued 
drug treatment while experiencing even a higher seizure frequency.
 As a marker of tolerability we used the percentage of patients withdrawing drug 
treatment because of adverse events. TPM was by far the least well-tolerated drug, 
followed by LEV, and LTG. AED-specific adverse events that often led to discontinua-
tion of drug treatment were mental slowing and dysphasia in patients on TPM, mood 
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disorders in patients on LEV, and rash in patients on LTG, as previously reported in 
other studies (Chung et al., 2007, Simister et al., 2007, Tatum et al., 2001, Weintraub 
et al.,2007, White et al., 2003, Blum et al., 2006). As expected, we found a correlation 
between side effects and long-term retention: the higher the percentages of patients 
withdrawing because of adverse events, the lower the retention rate.

Table 1  Patient demographics and characteristics
LTG LEV TPM

Total no. of patients 336 301 429
Age 32.8 ± 16.4 32.5 ± 16.8 34.9 ± 8.6
Age range 1-74 1-75 1-73
Age distribution 20.8% <18 19.9% < 18 24.5% < 18
Sex (F/M) 170/166 156/145 204/225
Weight (kg) 63.3 ± 20.6 50.5 ± 21.6 54.0 ± 26.6

Type of epilepsy
Localization related  231 (68.8%)  217 (72.1%)  323 (75.3%)
Generalized  63 (18.8%)  54 (17.9%)  86 (20.1%)
Undetermined  8 (2.4%)  16 (5.4%)  10 (2.3%)
Not classified  34 (10.1%)  14 (4.6%)  10 (2.3%)

Seizure type
Partial onset  272 (81.0%)  243 (80.7%)  352 (82.1%)
Generalized  182 (54.2%)  138 (45.8%)  209 (48.7%)
Not classified  21 (6.3%)  19 (6.3%)  19 (4.4%)
Nonepileptic attacks  36 (10.7%)  28 (9.3%)  31 (7.2%)

Age at onset of seizures 11.0 ± 11.2 11.7 ± 11.7 9.7 ± 11.1
Duration of epilepsy before  
drug introduction (years)

22.0 ± 14.1 21.3 ± 12.9 21.1 ± 13.4

No. mentally retarded 102 (30.4%) 98 (32.6%) 158 (36.8%)
CT abnormalities 19.0% 17.3% 18.9%
MRI abnormalities 25.0% 31.9% 36.4%
No. of concomitant AEDs 2.09 ± 0.847 2.16 ± 0.827 2.04 ± 0.779

Most frequently used concomitant AEDs at baseline
carbamazepine 53.0% 39.9% 44.8%
clobazam 38.1% 37.6% 34.3%
phenytoin 24.4% 15.6% 19.3%
oxcarbazepine 16.7% 16.3% 14.5%
valproic acid 21.4% 19.3% 18.4%
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Several findings with respect to retention rates were noteworthy in our study. Firstly, 
retention rates could have been influenced by the sequence in which LTG, LEV, and 
TPM were marketed. Patients on drugs that were marketed first could have been 
withdrawn from treatment because of the availability of a new AED. On the other 
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Figure 1  Estimated retention rates by Kaplan-Meier survival analysis;  
comparison between LTG, LEV, and TPM.

Figure 2  Long-term seizure remission from baseline;  
comparison between LTG, LEV, and TPM.
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hand, drugs that were marketed later could have been tested in a more refractory 
population.
 Secondly, if patients did stop taking the audit drug, they were most likely to do this 
in the first 6 to12 months, mostly due to adverse events. This implicates that surviving 
the toxic effects of an AED in the early stage is a good indicator of long-term reten-
tion. This is also mentioned by other studies reporting continuation rates of about 
90% for LTG, LEV, and TPM after surviving the initial stage of AED introduction 
(Chung et al., 2007, Chappell and Crawford, 2005).
 Thirdly, cognitive impairment is a common side effect in patients using AEDs 
(Brunbach and Sabers, 2002). Across studies, LTG adjunctive therapy did not worsen, 
and sometimes improved, preexisting cognitive dysfunction in patients with epilepsy 
(Aldenkamp and Baker, 2001). In one study, only 11 of 81 patients (13.6%) achieved a 
50% reduction in seizure frequency on LTG, whereas more than 50% chose to continue 
LTG therapy, indicating that other factors influenced their decision (Smith et al., 
1993). In contrast, TPM has been associated with cognitive impairment, particularly 
in verbal function, memory, and attention in patients with epilepsy (Tatum et al., 
2001, Aldenkamp et al., 2000, Fritz et al., 2005). In our study, almost half of patients 
on TPM discontinued treatment because of the drug’s negative effects on cognition. 
However, patients on LTG frequently experienced a positive effect on cognition. 
Patients were less irritable, more alert, and emotionally stable. We think that the 
side effect profile, and especially the impact of an AED on cognitive function, is the 
main determinant of retention rate. Therefore, effects on cognition constitute a key 
consideration in selecting antiepileptic drugs.

Figure 3  Percentage of total study population in which adverse events  
played a role in drug discontinuation; comparison between LTG, LEV, and TPM.
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To conclude: the new AEDs have substantially added value in the group of drug 
resistant epilepsy patients. In addition a drug that is only modestly efficacious but 
has a favourable safety profile may seem better than a drug that is more efficacious 
but produces clinically meaningful adverse events. Therefore, a drug’s retention rate 
is mainly determined by its side effect profile. The gain in quality of life after drug 
initiation determines the continuation rate of an individual AED, with the effects on 

Table 3  Most frequently reported side effectsa

LTG LEV TPM
6 months Positive behaviourb (17.2%) Mood disorders↑c (8.1%) Mental slowing (13.8%)

Dizziness (11.2%) Tiredness (7.4%) Dysphasiad (6.6%)
Gastrointestinal (5.7%) Positive behaviour (7.4%) Weight loss (5.2%)

12 months Positive behaviour (9.1%) Mood disorders↑ (5.2%) Mental slowing (13.6%)
Dizziness (6.9%) Dysphasia (5.7%)

18 months Positive behaviour (8.8%) Mood disorders↑ (10.6%) Mental slowing (8.1%)
Dizziness (8.8%) Tiredness (6.4%) Dysphasia (6.5%)

Mood disorders↑ (5.7%)
24 months Positive behaviour (7.2%) (Number of patients too 

small to provide meaningful 
data)

Urogenitale (5.6%)

Dizziness (5.1%)
a Only side effects that occurred in >5% of the patients are reported in the table; b Positive behaviour: 
improved alertness, emotional stability, reduced irritability, etc.; c Mood disorders↑: agitation, aggres-
sion, hyperirritability; d Dysphasia: word-finding difficulties; e Urogenital complaints: impotence, amen-
orrhea, micturation problems, etc.

Table 2   Reported side effects in patients who discontinued drug treatment .a

LTG LEV TPM
Dizziness (14.9%) Mood disorders ↑b (13.8%) Mental slowing (27.8%)
Mood disorders ↑ (11.7%) Tiredness (13.8%) Dysphasiac (15.0%)
Rash (10.6%) Mood disorders ↓d (13.1%) Mood disorders ↑ (13.2%)
Sleeplessness (7.4%) Sleepiness (8.5%) Gastrointestinal (10.6%)
Sleepiness (6.4%) Paresthesia (7.5%)

Appetite loss (7.0%)
Skin (6.6%)
Weight loss (6.2%)
Mood disorders ↓ (5.7%)
Headache (5.7%)
Dizziness (5.3%)

a Only side effects that occurred in >5% of patients are reported in the table; b Mood disorders↑: agita-
tion, aggression, hyperirritability; c Dysphasia: word-finding difficulties; d Mood disorders↓: depression, 
apathy.

Thesis_Bootsma_v15.indd   128 9-4-2009   11:30:45

 .



129

T
he

 im
pa

ct
 o

f s
id

e 
ef

fe
ct

s

cognition being far more important than seizure control. As a consequence, reten-
tion rate was highest for LTG and lowest for TPM. Intermediate retention rates were 
seen with LEV use.
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General discussion

The majority of patients with epilepsy are treated with anti-epileptic drugs (AEDs). 
This treatment is not without complications. Approximately 20-30% of the patients 
do not become seizure free on AEDs. In addition many patients suffer from side 
effects. Therefore it is important to find new anti-epileptic drugs and to investigate 
them thoroughly (Perucca et al., 2007).
 New AEDs are typically tested in patients with partial epilepsies. The new AED or 
placebo is added to the one or two existing AEDs of the patients (add-on trial).
These regulatory trials are valuable but have serious limitations caused by the atypical 
patient population in the trial, the short duration of the trial and the differences 
between a drug trial and clinical practice. Therefore, results from regulatory trials 
cannot be easily translated into guidelines for clinical practice (Sander, 2005). Safety 
data are scarce and the comparative efficacies of the new drugs are not known.
 To overcome these problems the concept of the randomized “use” trial was intro-
duced. In this design patients are randomized to one of the new drugs, titrated to 
their own ideal dose, and followed over a long period of time. These trials are expen-
sive and it is difficult to find a sponsor because the outcome is not predictable.

We decided to evaluate the long-term outcomes of three new anti-epileptic drugs: 
lamotrigine (LTG), levetiracetam (LEV) and topiramate (TPM) in patients of a 
specialized epilepsy centre. Evaluation started immediately after their introduction 
in clinical practice. Instead of randomization a naturalistic observational approach 
was chosen. After introduction, the first 300-400 patients who were prescribed the 
new AED for the first time, were entered in the study. Retention rate was the primary 
outcome measure.
 Retention rate is considered to be a composite measure of drug efficacy and 
drug safety and expresses the willingness of patients to continue drug treatment. 
We compared retention rates of three new anti-epileptic drugs in the same patient 
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population and conclude that it is a useful parameter which can be easily measured 
and reflects the use of a drug in clinical practice. Two and three year retention rates 
was used in all studies (Bootsma et al., 2004; 2007; 2008).
 The effects of these AEDs were studied in the patient group of a tertiary referral 
centre and thus consisted of patients with severe refractory epilepsies. In this patient 
group the efficacy of the new anti-epileptic drugs appeared to be limited. Moreover 
retention rate appeared to be largely determined by its side effect profile. Therefore 
it is very important to consider the side effect profile of a new anti-epileptic drug 
when it is added to the medication of a patient with refractory epilepsy. For evalu-
ation purposes it is not enough to know the retention rate. It is necessary to know 
the details such as the reason why a patient stops taking the drug. Is it for a lack of 
efficacy, or because he is experiencing side effects or both? Which side effects cause 
the discontinuation of the drug? Also vice versa: which side-effects or which balance 
between efficacy and side-effects are accepted by the patients and result in continuing 
drug treatment.

W h ic h  a n t i-e pi l e p t ic  drug  i s  be s t  for  a n  i n di v i dua l 
pat i e n t ?

If only retention rate is considered, lamotrigine is clearly the most favourable drug.
Kaplan-Meier survival analysis, revealed significant differences between the drugs. 
Estimated retention rates of 75.2% (LTG), 65.6% (LEV), and 51.7% (TPM) were 
found at one year. Retention at two years had decreased to 69.2% for LTG, 45.8% for 
LEV, and 38.3% for TPM. A two-year retention rate of almost 70% as obtained for 
lamotrigine is higher than found in most other studies for other anti-epileptic drugs 
(Lhatoo et al., 2000)
 Surprisingly, higher seizure freedom rates were not associated with higher reten-
tion rates. The 6-months seizure freedom rates for LTG were lower than for TPM or 
LEV. Long-term retention for TPM was dramatically lower than for LTG, whereas 
seizure freedom rates were higher. This suggests that the impact of the achievement 
of seizure remission on long-term retention is considered less important.
 On the other hand adverse events had a higher impact on drug discontinuation. As 
a marker of tolerability we used the percentage of patients withdrawing drug treat-
ment because of adverse events. Adverse events played a role in drug discontinuation 
in 35.9% patients on TPM and in 15.5% patients on LTG and in 22.5% patients on 
LEV.
 AED-specific adverse events that often led to discontinuation of drug treatment 
were mental slowing and dysphasia in patients on TPM, mood disorders in patients 
on LEV, and rash in patients on LTG
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We can therefore conclude that lamotrigine is a well tolerated drug. Approximately 
30% of the patients on lamotrigine continued the drug while it had no effect on their 
seizure frequency. This was related to the occurrence of so called positive side effects. 
Patients on lamotrigine often report to feel more active, more clear and are more 
responsive.
 Lamotrigine thus seems to be a good choice for patients when an activating effect 
on cognition or mood is desirable and/or when side effects must be avoided. The 
efficacy is limited, compared to topiramate and levetiracetam.
 Topiramate shows the lowest retention rate. After two years 38% of the the patients 
still used this drug. Tolerability is a real issue for this AED : 10% of the patients 
discontinued topiramate because of side effects while the drug had a clear favour-
able effect on seizure frequency. 3% of the patients stopped topiramate because of 
side effects while being seizure free. Side effects are mentioned as a serious problem 
in 36% of the patients on topiramate. On the other hand our study shows excellent 
efficacy data for this drug. The most commonly reported side-effects are cognitive 
side-effects that are also responsible for the majority of the drug discontinuations.
 Levetiracetam has an intermediate position in this spectrum. It combines good 
efficacy and limited side effects and we conclude it is a very useful anti-epileptic 
drug. However levetiracetam does not cause the activating effects that are reported 
for lamotrigine and, due to the large impact of such factors on retention, the resulting 
retention rate is lower than for lamotrigine.

O t h e r  f i n di ng s  on  l a mo t r igi n e ,  l e v et i r ac eta m  a n d 
t opi r a m at e

Side effects

The side-effect profiles of the 3 drugs are different. For topiramate neurocognitive 
side effects are the most frequent reason for drug discontinuation. A novel observa-
tion in our study is that slower titration, a low starting dose and a lower maintenance 
dose cannot prevent these side effects. For levetiracetam mood disorders are the most 
important side effects leading to discontinuation of the drug. For lamotrigine dizzi-
ness was the most reported side effect in the patients who discontinued treatment.
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Titration schedules

Our study showed that in clinical practice fixed strategies for dose titration are 
seldom used. In contrast, an individualized approach is chosen in response to patient 
complaints and seizure frequency.
 For topiramate the measured mean titration dose (25 mg/week) follows the current 
recommendations. This slow dose escalation however did not prevent the occurrence 
of cognitive side effects and did not improve retention rate.
 The ease in titrating levetiracetam is well illustrated by the finding that the most 
cautious titration schedule was not applied in a single patient. Often faster titration 
schedules were used than recommended by the manufacturer.
 For lamotrigine titration is dependent on comedication. It is generally known that 
slow titration helps to prevent dermatologic side effects.

Prescribed daily dose

In clinical practice the prescribed daily dose of topiramate was 200-300 mg. This was 
much lower than the 600 mg/day which was recommended in the product informa-
tion at that time but is in line with current medical practice.
 Levetiracetam dosing in clinical practice was in accordance with the recommen-
dations of the manufacturer. Very soon after the start of levetiracetam a dose between 
2000 and 2500 mg/day was reached.
 For lamotrigine many patients got higher dosages than recommended by the 
manufacturer.

Drug-interactions

The more frequent use of lamotrigine and vigabatrin as comedication in the patients 
who stopped taking topiramate is interesting but is difficult to interpret in an 
observational study. The pharmacokinetic interactions between lamotrigine and 
valproate and between lamotrigine and enzyme-inducing anti-epileptic drugs could 
be affirmed.

W h at  a r e  t h e  l i m i tat ions  of  ou r  s t u di e s?

Retention rates could have been influenced by the order in which LTG, LEV, and 
TPM were introduced in clinical practice. Lamotrigine was introduced first in 
clinical practice (in 1996), topiramate was introduced in 1999 and levetiracetam in 
2001. Patients on drugs that were introduced first could have been withdrawn from 
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treatment because of the availability of a new AED. On the other hand, drugs that 
were introduced later could have been tested in a more refractory population as only 
those who did not respond to earlier new drugs were available. We have not seen such 
effects as the population in which the three drugs were tested were similar but we can 
not exclude such effects completely.

W h at  l e s s ons  c a n  be  l e a r n e d

Drug trials do not provide sufficient information to use newer AEDs in clinical prac-
tice. Especially the long-term effects of a drug are unknown at the time of introduc-
tion in clinical practice. This implies that issues such as: is it possible that tolerance 
develops (thus: is the efficacy of the drug limited in time), which side-effects occur 
over time (and which side-effects disappear), what is the correct dose at long-term, 
what interactions occur with concomitant treatments.
 It is important that such information is available shortly after introduction of a 
new AED in clinical practice. We had to analyse the data that provide such informa-
tion using different sources in a very time-consuming effort.
 It will be extremely helpful if we are able to measure retention times for a new 
drug automatically in medical information systems or electronic patient files. Such 
recordings provide for a database that can generate the necessary data within one or 
two years after introducing the drug. To avoid bias, data collection should involve 
every patient starting the new drug (Faught et al., 2008).
 Our studies provide the necessary data that should be recorded and therefore 
should be included in the electronic systems:

Retention time in months•	
Seizure recordings (especially periods seizure free). Preferably some form of •	
patient calendar should be available to have continuous data (in the absence of 
such a system, the neurologist will often record non-continuous data such as 
‘doing better’ or ‘does not improve’).
Spontaneously reported side effects•	
Observed side-effects•	
Reason for withdrawal: Lack of efficacy/ Side effects/ Both•	
Which side-effect is the reason for stopping?•	
Other medications and total drug load.•	

Most electronic patient files will already generate such data, allowing linkage with 
multicentre databases for evaluation.
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T h e  rol e  of  t h e  ho spi ta l  ph a r m ac i s t :

The set up of this thesis and the studies carried out, started with the idea of a hospital 
pharmacist. It was thought that the patient records available in the medical and phar-
maceutical databases in our epilepsy center might help us to make rational choices 
between new anti-epileptic drugs. The idea was adopted by our drug research group 
and due to the co-operation of this multidisciplinary team the project could be 
performed. This is an example of a contribution of a hospital pharmacist to the care 
for patients suffering from refractory epilepsy: contributing in a systematic process 
of collecting data that can improve clinical practice.
 There are other options for a hospital pharmacist to contribute in this patient 
group.
 Hospital pharmacists aim at best clinical use of medication for the patients. 
We once admitted a patient who used an oral suspension of oxcarbazepine. This 
product could not be resuspended properly which led to underdosing of the drug. 
The patients epilepsy deteriorated and it took 3 months to get it under control again. 
Changing to the “syringe method” solved this problem. Hospital pharmacists can 
help by changing the formulation of a drug product e.g. midazolam intranasal spray 
as an alternative for rectal diazepam (Knoester et al., 2002) or they can give advice on 
generic substitution in the treatment of epilepsy (Berg et al., 2008).
 Patients with refractory epilepsy often use enzyme-inducing anti-epileptic drugs. 
In fact 75% of our inpatients use an enzyme-inducing AED. These drugs alter the 
pharmacokinetics of numerous other drugs. The hospital pharmacist can make a 
special formulary for this patient population (Bootsma, 2002). The formulary can 
also take into account that some drugs are contra-indicated in epilepsy.
Hospital pharmacists are trained to provide a therapeutic drug monitoring (TDM) 
service. In this way we can help neurologists to find the best AED dose for a patient. 
There is still a need for studies assessing the impact of TDM on the outcome of treat-
ment of epilepsy (Patsalos et al., 2008).
 A new field to explore is pharmacogenetics. Pharmacists can measure (multidrug 
resistance) genes and try to correlate gene profiles to AED drug response.
 Hospital pharmacists are in an ideal position to acquire knowledge on side effects 
of drugs and to distribute this knowledge. And there is the problem of non-adher-
ence to anti-epileptic drugs. In the RANSOM study pharmacy claims were used to 
measure adherence to prescriptions. Non-adherence led to the increased mortality 
and morbidity of epilepsy (Faught et al., 2008). Pharmacists must develop strategies 
to improve adherence to anti-epileptic drug regimens and they are in the position to 
do so.
 Our study shows the possibilities of joint efforts in a multidisciplinary team to the 
benefit of patient treatment.
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Summary

There are about 100,000 patients with epilepsy in the Netherlands. For almost all these 
patients drug therapy is the mainstay of their treatment. The aim of drug therapy is 
to prevent the occurrence of seizures completely. However, approximately 20-30% of 
the patients do not become seizure-free on anti-epileptic drugs (AEDs). In addition 
many patients suffer from side effects. Therefore it is important to find new drugs.
 Patients who do not become seizure free on two, or more than two AEDs, are 
called refractory patients or pharmacoresistant patients. This patient category was 
involved in our long-term studies on three new anti-epileptic drugs: topiramate 
(TPM), levetiracetam (LEV) and lamotrigine (LTG). For a good interpretation of 
the results presented in this thesis it is important to realise that the likelihood to 
respond to drug therapy is a function of the past treatment history. For every two 
anti-epileptic drugs that proved ineffective in the past, the percentage of patients 
who respond with a greater than 50% reduction in seizure frequency decreases by 
twofold. 

In chapter 2 the pros and cons of regulatory clinical trials are described. We performed 
a systematic search of the literature on clinical trial designs and outcome measures 
for the evaluation of AEDs. We found that the anti-epileptic drug approval process 
is based primarily on short-term, randomized, placebo-controlled, parallel-group, 
add-on studies. These studies find anticonvulsive drugs which are more effective 
than placebo but cannot tell us which new anti-epileptic drug will be best in clinical 
practice. Regulatory trials are necessary to prove the efficacy and the safety of new 
AEDs but long-term studies may add valuable information as is pointed out in this 
chapter. Important efficacy parameters for long-term studies are seizure freedom and 
retention rate. Also much more  attention should be given to the monitoring of side 
effects because tolerability problems often lead to discontinuation of AED therapy.
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In chapter 3 we describe our experience with the first 470 patients who were treated 
with topiramate in the Epilepsy Centre Kempenhaeghe. We followed these patients 
for 4 years and used the retention rate as primary outcome parameter. In clinical 
practice the prescribed daily dose was 200-300 mg. This was much lower than the 
600 mg/day which was recommended in the product information at that time but is 
in line with current medical practice. 
 The effects of TPM on seizure frequency were rather impressive in our refractory 
patients. In 6-months evaluations about 10-15% of the patients became seizure-free. 
In approximately 30% of the patients the drug had a favourable effect on seizure 
frequency.
 For topiramate the neurocognitive side effects were the most frequent reason for 
drug discontinuation. We found that a low starting dose, a slower titration and a 
lower maintenance dose cannot prevent these side effects. In about 10% of the patients 
side effects led to discontinuation despite the obvious favourable effects on seizure 
frequency. Retention rate was 53% after 1 year, 45% after 2 years, 38% after 3 years 
and 30% after 4 years. 
 The main reasons for drug discontinuation were side effects. In 23% of the patients 
side effects were the only reason for discontinuation. 14% of the patients experienced 
side effects and a lack of efficacy of TPM and therefore decided to discontinue the 
drug. Therefore, side effects played a role in discontinuation of TPM in almost 40% 
of the total study group. We did not find meaningful prognostic factors that may help 
us in clinical decision making, i.e. help us to prevent those side effects or help us to 
identify those at risk.
 Our conclusion is that topiramate is associated with a high incidence of side effects 
in clinical practice which affects long-term retention.

In chapter 4 we report on our levetiracetam (LEV) study. In total 301 patients were 
included and followed for 2 years. The clinical dose achieved in our population was 
2000-2500 mg/day (adults only) and this was reached within a few weeks. The mean 
titration dose was 454 mg/week. These findings are in accordance with the recom-
mendations of the manufacturer of LEV. 
 Compared with other new AEDs, the effects of LEV on seizure frequency are 
promising. About 15% of patients in this refractory group have a 3-month remission, 
whereas 10% of patients become seizure-free for longer periods.
The percentages of patients with a mental handicap achieving seizure remission is 
low.
 The most frequently reported side effects at the time of discontinuation were mood 
disorders – both activating (13.8%) and deactivating (13.1%) – tiredness (13.8%) and 
sleepiness (8.5%).
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The retention rate was 66% after 1 year and 46% after 2 years. Retention rates for 
patients with and without a mental handicap were the same.
 No variables predicting (dis)continuation can be identified. Only major differ-
ences were seen in the outcome variables seizure reduction and side effects. 
 Our conclusion is that levetiracetam appears to be a useful AED. Its side effect 
profile is mild, with mood disorders being the most important side effects. 

In chapter 5 the results of the lamotrigine study are presented. We included 314 patients 
in this study and followed them for 4 years. Many dosages given in this study were 
higher than recommended by the manufacturer of LTG. Higher-than-recommended 
(100-500 mg) dosages were prescribed for 42% of the patients on monotherapy. For 
patients taking LTG with an inducer 62% got a higher dose than recommended (200-
400 mg). For patients taking LTG with valproate 63% was prescribed a higher dose 
than recommended (100-200 mg).
 Plasma levels were measured and 2.5% were above the recommended upper limit 
of 14 mg/L. 26% of the plasma-levels were lower than the recommended lower limit 
of 3 mg/L. In 85% of the plasma-levels < 3 mg/L patients were taking LTG with an 
enzyme-inducing AED.
 In 6-months evaluations about 10% of the patients became seizure-free. In approx-
imately 20% of the patients LTG had a favourable effect on seizure frequency.
 The most frequently reported side effect at discontinuation was dizziness (15.7%). 
Headache was the second most frequently reported side effect (8.4%). However the 
mean reason for discontinuation of LTG was a lack of efficacy (19.1%). During the 
whole study 12-15% of the patients felt more active. This can be considered as a “posi-
tive” side effect of the drug.
 The retention rate was 74% after 1 year, 69% after 2 years, 63% after 3 years and 
56% after 4 years.
 Our conclusion is that lamotrigine is a drug that is tolerated well by our patients.

In chapter 6 we compared levetiracetam and topiramate. The retention rate for 
LEV was significantly higher than for TPM. LEV had a more favourable side effect 
profile than TPM with comparable efficacy. Patients on TPM discontinued treatment 
mainly because of neurocognitive side effects. In the treatment with LEV, the effects 
on mood must not be underestimated.

In chapter 7 we focused on the effects of levetiracetam and topiramate on cognition. 
Cognitive complaints are common in TPM treatment and frequently lead to drug 
withdrawal. The impact of LEV on cognitive function is only mild. This leads to a 
15% higher drug discontinuation rate for TPM compared to LEV.
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In chapter 8 we studied the effects of levetiracetam and topiramate on mood. We 
tested Ketter’s hypothesis that mood-modulating profiles of AEDs can be divided 
into 2 classes: the first is assumed to have deactivating effects related to GABA poten-
tiation, and the second class is assumed to have activating effects that are associated 
with glutamate attenuation. We found LEV to manifest activating and deactivating 
side effects equally and TPM to act as a deactivating AED with tiredness/sleepiness 
side effects being predominant.

In chapter 9 we compare the retention rates of lamotrigine, levetiracetam and topira-
mate. Two-year retention rates were 69% (LTG), 46% (LEV) and 38% (TPM). Seizure 
freedom rates were lowest for lamotrigine and highest for levetiracetam. Adverse 
events played a role in drug discontinuation in 16% of the patients on LTG, in 23% of 
the patients on LEV and in 40% of the patients on TPM. Mood disorders and general 
CNS-effects are common in patients on LTG and LEV, and neurocognitive side 
effects are most prevalent on topiramate. A positive effect on cognition is frequently 
noted in patients on lamotrigine.
 We conclude that a drug that is only modestly efficacious but has a favourable 
safety profile (e.g. LTG) may look better in retention time analysis than a drug that 
is more efficacious but produces clinically meaningful adverse events (e.g. TPM). 
Therefore, in this refractory patient group, a drug’s retention rate is mainly deter-
mined by its side effect profile.

In the general discussion we try to translate our findings into recommendations 
for clinical practice. We discuss which anti-epileptic drug is best for an individual 
patient.
 Also we propose “a minimal data set” which can become a part of electronic 
patient files for epilepsy patients in order to monitor our experience with new AEDs 
“on line”. I hope we can make this work in the near future.
 Hospital pharmacists aim at the best clinical use of medication for their patients. 
In an epilepsy centre there is a lot to do for a hospital pharmacist of which examples 
are given.
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Samenvatting

Er zijn ongeveer 100.000 patiënten met epilepsie in Nederland. Voor bijna al deze 
patiënten vormt de behandeling met geneesmiddelen het belangrijkste element van 
hun anti-epileptische behandeling. Het doel van de behandeling met geneesmiddelen 
is volledige remissie van epileptische aanvallen. Echter, ongeveer 20-30% van de 
patiënten worden niet aanvalsvrij door gebruik van anti-epileptica (AE). Bovendien 
hebben veel patiënten last van bijwerkingen. Daarom is het belangrijk om nieuwe 
geneesmiddelen te blijven ontwikkelen.
 Patiënten die niet aanvalsvrij worden op twee of meer anti-epileptica worden 
refractaire of farmacoresistente patiënten genoemd. Deze categorie patiënten was 
betrokken bij onze lange-termijn onderzoeken met drie nieuwe anti-epileptica: topi-
ramaat (TPM), levetiracetam (LEV) en lamotrigine (LTG). Voor een goede interpre-
tatie van de resultaten, die in dit proefschrift worden gegeven, is het belangrijk dat 
men zich realiseert dat de kans om goed te reageren op anti-epileptica afhankelijk is 
van de behandelhistorie. Voor elke twee anti-epileptica die in het verleden ineffectief 
zijn gebleken halveert het percentage patiënten dat reageert met een aanvalsreductie 
van meer dan 50%.

In hoofdstuk 2 worden de voor- en nadelen van registratie-onderzoeken beschreven. 
Wij voerden een systematisch literatuuronderzoek uit naar onderzoeksmethoden en 
uitkomstvariabelen voor klinisch onderzoek met anti-epileptica. Wij stelden vast 
dat het oordeel van de registratie-autoriteiten voornamelijk gebaseerd is op korte-
termijn, gerandomiseerde, placebo-gecontroleerde, parallelgroep, add-on studies. 
Dit type onderzoek vindt anticonvulsieve geneesmiddelen die effectiever zijn dan een 
placebo maar zij kunnen ons niet vertellen welk nieuw anti-epilepticum het beste zal 
zijn in de klinische praktijk. Registratie-onderzoeken zijn nodig om de effectiviteit 
en de veiligheid van nieuwe anti-epileptica vast te stellen maar lange-termijn studies 
kunnen belangrijke informatie toevoegen zoals wordt aangegeven in dit hoofdstuk.
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Belangrijke maten voor de effectiviteit in lange-termijn studies zijn aanvalsvrijheid 
en retentie. Verder moet er veel meer aandacht worden gegeven aan het bespreken en 
registreren van bijwerkingen omdat deze vaak leiden tot het stoppen van de behande-
ling met een anti-epilepticum.

In hoofdstuk 3 beschrijven wij onze ervaringen met de eerste 470 patiënten die werden 
behandeld met topiramaat in het Epilepsiecentrum Kempenhaeghe. Wij volgden deze 
patiënten gedurende 4 jaar en gebruikten de langere-termijn retentie als de primaire 
uitkomstvariabele. In de klinische praktijk was de voorgeschreven dagelijkse dose-
ring 200-300 mg. Dit was veel lager dan de 600 mg/dag die werd aanbevolen in de 
bijsluiter op dat moment maar was in overeenstemming met de doseringen die elders 
werden gebruikt.
 De effecten van topiramaat op de aanvalsfrequentie waren nogal indrukwekkend in 
onze refractaire patiëntengroep. 10-15% van de patiënten werden aanvalsvrij (waarbij 
een termijn van 6 maanden werd gehanteerd). In ongeveer 30% van de patiënten had 
het geneesmiddel een gunstig effect op de aanvalsfrequentie.
De cognitieve bijwerkingen van topiramaat werden het meest genoemd als reden om 
weer met het geneesmiddel te stoppen. Wij stelden vast dat een lage startdosering, 
een langzamer titratieschema en een lagere onderhoudsdosering het optreden van 
deze bijwerkingen niet kan voorkomen. Bij ongeveer 10% van de patiënten leidden 
bijwerkingen tot het stoppen van topiramaat ondanks het gunstige effect dat het 
geneesmiddel had op de aanvalsfrequentie. De retentie was 53% na 1 jaar, 45% na 2 
jaar, 38% na 3 jaar en 30% na 4 jaar.
 De belangrijkste redenen voor het staken van de behandeling waren bijwerkingen. 
Voor 23% van de patiënten waren bijwerkingen de enige reden voor het stoppen van 
topiramaat. 14% van de patiënten gaf aan bijwerkingen te hebben en geen gunstig 
effect te ondervinden en stopte daarom met de behandeling. Dus bijwerkingen 
speelden een rol als stopreden bij bijna 40% van de gehele patiëntengroep. Wij vonden 
geen betekenisvolle prognostische indicatoren die ons zouden kunnen helpen bij 
klinische besluitvorming, bijvoorbeeld factoren die ons kunnen helpen bij het voor-
komen van bijwerkingen of factoren die patiënten kunnen identificeren die een hoger 
risico hebben op bijwerkingen.
 Wij concluderen dat topiramaat veel bijwerkingen geeft in de klinische praktijk en 
dat daardoor de langere-termijn retentie negatief wordt beïnvloed.

In hoofdstuk 4 rapporteren wij over onze levetiracetam studie. In het totaal werden 
301 patiënten geincludeerd en gedurende 2 jaar gevolgd. De onderhoudsdosering die 
werd bereikt in onze populatie bedroeg 2000-2500 mg/dag (voor volwassenen) en 
deze dosering werd binnen enkele weken bereikt. Bij het insluipen was de gemiddelde 
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dosisverhoging 454 mg/week. Deze bevindingen waren in overeenstemming met de 
aanbevelingen van de fabrikant van levetiracetam.
 Vergeleken met de andere nieuwe anti-epileptica waren de effecten van leve-
tiracetam op de aanvalsfrequentie veelbelovend. Ongeveer 15% van de patiënten 
in deze refractaire groep werd  aanvalsvrij (hier werd een periode van 3 maanden 
gehanteerd), terwijl 10% van de patiënten gedurende een langere periode aanvalsvrij 
bleef.
 Van de patiënten met een verstandelijke handicap werd een veel kleiner percentage 
aanvalsvrij.
 De meest voorkomende bijwerkingen op het moment van stoppen waren stem-
mingsstoornissen – zowel activerende (13,8%) als deactiverende (13,1%) – vermoeid-
heid (13,8%) en slaperigheid (8,5%).
 De retentie was 66% na 1 jaar en 46% na 2 jaar. De retentie voor patiënten met en 
zonder verstandelijke handicap waren gelijk.
 Wij konden geen factoren vinden die een verband hadden met het stoppen van 
levetiracetam.  Er werden alleen grote verschillen gezien in de uitkomstvariabelen 
aanvalsreductie en bijwerkingen.
 Wij concluderen dat levetiracetam een bruikbaar anti-epilepticum is. Het bijwer-
kingenprofiel is mild waarbij stemmingsstoornissen de belangrijkste bijwerkingen 
zijn.

In hoofdstuk 5 worden de resultaten van de lamotrigine studie gepresenteerd. Wij 
includeerden 314 patienten in deze studie en volgden ze gedurende 4 jaar. In deze 
studie werd vaak hoger gedoseerd dan de aanbevolen dosering van de fabrikant. Voor 
monotherapie werd een dosering tussen de 100-500 mg aanbevolen maar 42% van de 
patiënten kreeg een hogere dosering. Van de patiënten die naast lamotrigine ook een 
enzym-inducerend anti-epilepticum slikten kreeg 62% een hogere dosering dan in de 
bijsluiter werd aanbevolen (200-400 mg). Ook voor 63% van de patiënten die zowel 
lamotrigine als valproaat kregen was de dosering hoger dan aanbevolen (100-200 
mg).
 Wij hebben plasmaspiegels van lamotrigine gemeten en 2,5% van de metingen 
bleek hoger te zijn dan de aanbevolen bovengrens van 14 mg/L. 26% van de gemeten 
spiegels waren lager dan de aanbevolen ondergrens van 3 mg/L. In 85% van deze lage 
meetwaarden ging het om patiënten die naast lamotrigine ook een enzym-inducerend 
anti-epilepticum gebruikten.
 Ongeveer 10% van de patiënten werd aanvalsvrij gedurende een periode van 6 
maanden. In ongeveer 20% van de patiënten gaf lamotrigine een gunstig effect op de 
aanvalsfrequentie.
De meest gerapporteerde bijwerking op het moment van stoppen met lamotrigine was 
duizeligheid (15,7%). Op de tweede plaats kwam hoofdpijn (8,4%). Echter de belang-
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rijkste reden voor het staken van lamotrigine was het gebrek aan effectiviteit (19,1%). 
Gedurende de gehele studie voelden 12-15% van de patiënten zich meer actief. Dit 
zou beschouwd kunnen worden als een positieve bijwerking van dit geneesmiddel.
 De retentie was 74% na 1 jaar, 69% na 2 jaar, 63% na 3 jaar en 56% na 4 jaar.
Wij concluderen dat lamotrigine een geneesmiddel is dat in het algemeen goed wordt 
verdragen door onze patiënten.

In hoofdstuk 6 hebben wij levetiracetam en topiramaat met elkaar vergeleken. De 
retentie voor levetiracetam was significant hoger dan die voor topiramaat. Leveti-
racetam had een gunstiger bijwerkingenprofiel dan topiramaat terwijl de middelen 
ongeveer even effectief bleken te zijn. Patienten die topiramaat gebruikten stopten 
vooral vanwege het optreden van cognitieve bijwerkingen. Bij de behandeling met 
levetiracetam moeten de effecten op de stemming niet onderschat worden.

In hoofdstuk 7 richtten wij ons op de effecten van levetiracetam en topiramaat op 
cognitie (kenvermogen). Cognitieve bijwerkingen komen veel voor bij de behande-
ling met topiramaat en leiden vaak tot staken van het geneesmiddel. Het effect van 
levetiracetam op de cognitieve functie is daarentegen gering. In onze studie stopten  
54% van de patiënten die topiramaat gebruikten tegenover 39% van de patiënten die 
levetiracetam gebruikten in een behandelperiode van 18 maanden (dus 15% meer 
stoppers door topiramaat).

In hoofdstuk 8 bestudeerden wij de invloed van levetiracetam en topiramaat op 
stemming. Wij testen Ketter’s hypothese dat anti-epileptica, voor wat hun invloed op 
de stemming betreft, in 2 klassen ingedeeld kunnen worden: de eerste klasse wordt 
verondersteld deactiverende effecten te hebben door potentiering van GABA, en de 
tweede klasse wordt verondersteld activerende effecten te hebben door verzwakking 
van het effect van glutamaat. Wij vonden dat levetiracetam in gelijke mate zowel acti-
verende als deactiverende eigenschappen had. Topiramaat daarentegen had deactive-
rende eigenschappen waarbij vooral vermoeidheid en slaperigheid als bijwerkingen 
optraden.

In hoofdstuk 9 vergelijken wij de retentiewaarden van lamotrigine, levetiracetam en 
topiramaat. De retentiewaarden waren na 2 jaar 69% (LTG), 46% (LEV) and 38% 
(TPM). Het percentage patiënten dat aanvalsvrij werd was het laagste voor lamotri-
gine en het hoogste voor levetiracetam. Bijwerkingen speelden een rol bij het staken 
van de behandeling bij 16% van de patiënten op lamotrigine, bij 23% van de patiënten 
op levetiracetam en bij 40% van de patiënten op topiramaat. Stemmingsstoornissen 
en algemene bijwerkingen op het zenuwstelsel kwamen veel voor bij patiënten op 
lamotrigine en levetiracetam en cognitieve bijwerkingen kwamen het meest voor 
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bij het gebruik van topiramaat. Een positief effect op cognitieve functies werd vaak 
gezien bij patiënten die lamotrigine gebruikten.
 Wij concludeerden dat een geneesmiddel dat slechts matig effectief is maar een 
gunstig veiligheidsprofiel heeft (bv LTG) leidt tot een hogere retentiewaarde  dan een 
geneesmiddel dat een beter effect heeft op de epilepsie maar daarnaast hinderlijke 
bijwerkingen geeft (bv TPM). Daarom wordt, in deze refractaire patiëntengroep, de 
retentiewaarde van een anti-epilepticum vooral bepaald door het bijwerkingenpro-
fiel.

In de algemene discussie proberen wij onze bevindingen te vertalen in aanbevelingen 
voor de klinische praktijk. Wij gaan in op de vraag welk van deze nieuwe anti-epilep-
tica het beste voorgeschreven kan worden aan een bepaalde patiënt. Verder stellen 
wij een “minimale gegevensverzameling” voor die deel zou kunnen worden van een 
elektronisch patiëntendossier voor epilepsiepatienten met het doel onze ervaringen 
met nieuwe anti-epileptica “on line” te kunnen volgen.
 Ik hoop dat wij dit spoedig kunnen gaan implementeren.

Ziekenhuisapothekers stellen zich tot doel dat hun patiënten een optimaal resultaat 
krijgen met hun geneesmiddelen. In een epilepsiecentrum is er van alles te doen voor 
een ziekenhuisapotheker. Aan het einde van de algemene discussie worden daar nog 
wat voorbeelden van gegeven.
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bedanken voor het creëren van een werkomgeving waarin professionals kunnen 
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voor mijn vraagstelling. Ik ben jullie allemaal veel dank verschuldigd en Danielle 
en Marian in het bijzonder. Ook de inbreng van onze liaison in Maastricht Marc de 
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studenten Frank Coolen, Lukas Ricker, Astrid Vos en Loes Jacobs. Samen hebben wij 
veel geleerd. Ik vind het geweldig dat jullie allemaal een prachtige carrière tegemoet 
gaan en dat Lukas ook zal promoveren. 
 I also want to thank Gloria Roberts for her help with the data collection in the topi-
ramate project and the levetiracetam project. All the way from Ireland you studied 
our medical files which were written in the Dutch language! Your work resulted in a 
fine paper on the Ketter’s hypothesis (chapter 8 of this thesis) and at the moment you 
are working on a thesis yourself. Marian Majoie is de motor geweest achter dit project 
waarvoor dank.
 De hulp van Loes Leenen en Leonie Diepman bij het verwerken van onderzoeksge-
gevens heb ik ook erg gewaardeerd. Zij schoten te hulp als ik dat echt even nodig had.
Ook zeer veel dank aan alle neurologen van Kempenhaeghe die hun patiënten-gege-
vens met mij wilden delen: Johan Arends, Albert Colon, Mariette Debeij-van Hall, 
Jan Doelman, Saskia Ebus, Gerard van Erp, Guus Janssen, Bert Kornips, Danielle 
Lambrechts, Richard Lazeron, Anton de Louw, Marian Majoie, dr Oei, Theo Rent-
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 Een speciaal woord van dank voor Paul Griep en zijn medewerkers van de automati-
seringsafdeling. Jullie waren altijd bereid mee te denken over “queries” en doordat jullie 
al jaren geleden begonnen zijn met een infrastructuur voor het systematisch verzamelen 
van informatie, beschikken wij over betrouwbare gegevens voor onderzoek.
 Tenslotte wil ik dan toch stilstaan bij mijn thuisfront. Als je op verkenning gaat 
is het goed af en toe weer een schuilplaats op te kunnen zoeken. Eén van de schuil-
plaatsen werd gevormd door onze vakgroep van ziekenhuisapothekers met Christian, 
Emmeke en Janneke die altijd belangstelling voor het onderzoek hebben getoond en 
mij hebben geholpen waar dat mogelijk was. De andere schuilplaats is mijn beste 
schuilplaats maar die houd ik geheim.
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