Effect of lamotrigine on cognition in children with epilepsy
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Article abstract

Background: Lamotrigine does not affect cognition in healthy adult volunteers or adult patients
with epilepsy, but its effect on cognition in children is uncertain.

Obijective: To compare the effect of lamotrigine and placebo on cognition in children with well-
controlled or mild epilepsy.

Method: In a double blind, placebo-controlled, cross-over study, 61 children with well-controlled
or mild epilepsy were randomly assigned to add-on therapy with either lamotrigine followed by
placebo or placebo followed by lamotrigine. Each treatment phase was 9 weeks, the cross-over
period 5 weeks. A neuropsychological test battery was performed during EEG monitoring at
baseline and at the end of placebo and drug phases. The paired Student’s t-test was used for
statistical analysis for neuropsychological data (2-tailed) with a p-value of 0.01 considered
significant. Carry-over and period effect were analyzed with generalized linear modeling (SPSS
10).

Results: Forty-eight children completed the study. Seizure frequency was similar during both
treatment phases. No significant difference was found in continuous performance, binary choice
reaction time, verbal and non-verbal recognition, computerized visual searching task, verbal and
spatial delayed recognition and verbal and non-verbal working memory between placebo and
lamotrigine treatment phase. There was no significant carry-over and period effect when corrected
for randomization.

Conclusion: Lamotrigine exhibits no clinically significant cognitive effects in adjunctive therapy

for children with epilepsy.
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Over 100 studies have investigated the cognitive side effects of antiepileptic drugs (AEDS),
mostly in adults. Many of these studies were criticized for small sample size, short observation
period, open label studies, no or inappropriate controls, no or inadequate randomization and
inappropriate statistical methods.! A further confounding factor can be an improvement of seizure
control during active treatment. Seizure frequency is known to influence cognitive performance,
thus better seizure control may conceal a potential negative effect of an AED.

Even modest cognitive side effects in children may have significant consequences because they
can influence learning of new skills and the ability to develop social strategies.? Cognitive
impairment is likely to occur with phenobarbitone, may occur with phenytoin and carbamazepine
and is less evident with sodium valproate.® Despite the rising concern about the effect of AEDs on
neurodevelopment there are very few controlled studies examining the cognitive effects of newer
AED:s in this population.

Studies in adults suggest that lamotrigine is better tolerated than most long-established
antiepileptic drugs. Sedation and other CNS side effects in particular are less common and
quality-of-life studies suggest that it has comparatively few cognitive side effects.* Only limited
data exists on formal cognitive test performance in adults. Meador et al. directly compared the
cognitive and behavioral effects of carbamazepine and lamotrigine in 25 healthy adults using a
double-blind, randomized, crossover design with two 10-week treatment periods. Test results on
lamotrigine were significantly better compared to results on carbamazepine in more than half of
the 40 variables (e.g., cognitive speed, memory, mood factors, sedation, perception of cognitive
performance, and other quality of life perceptions).® Similar results were reported by others.®’ In
adult patients with refractory epilepsy lamotrigine did not differ from placebo in its effect on
concentration and psychomotor performance.?®

There are few open studies and case reports in children suggesting that lamotrigine has a similar

CNS profile in children'®! but there is no randomized and controlled study using formal
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neuropsychological testing. We conducted the first placebo controlled study on the cognitive

effects of lamotrigine in children with epilepsy.

Methods

Patients

Patients were recruited between September 1996 and January 1998 from pediatric outpatient
clinics at three study sites: Guy’s Hospital, King’s College Hospital and The National Centre for
Young People with Epilepsy (NCYPE, formerly St Piers Lingfield), UK. Patients aged 7 to 17
years were eligible if they had a confident diagnosis of epilepsy and were seizure free or were
having occasional seizures but in whom the responsible clinician or parent/carers felt that further
adjustments to AEDs were not warranted. The inclusion criteria for ‘occasional seizures’ took
account of seizure severity and were defined as: no more than one generalized tonic-clonic seizure
in the last six months, no more than one complex partial seizure or two simple partial seizures in
the last month, no more than five absences occurring on any one day within the last three months.
Other inclusion criteria were an 1Q of > 70 or mental age of at least 7 years. For ethical reasons,
some evidence of cognitive impairment or psychosocial dysfunction was required to justify
participation. Specifically, parents were sufficiently concerned about their child’s behavior or
cognition to seek help. The protocol was approved by the ethics committees at all three study sites
and written informed consent was obtained from all parents and all patients aged 16 years or over.

Oral agreement was obtained from patients aged less than 16 years.

Methods
Patients were randomly assigned to receive lamotrigine (Lamictal, GlaxoWellcome, now
GlaxoSmithKline, Stevenage, UK) followed by placebo or placebo followed by lamotrigine in

addition to the current antiepileptic drug regime. During an initial 4-week single blind phase all
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subjects received placebo to familiarize patients and parents with trial procedures and to provide a
reference point if the subsequent phases showed an order effect. The initial drug escalation was
over 4 weeks and the first treatment phase 9 weeks followed by a 5 week cross-over phase and the
second treatment phase of 9 weeks (figure E-1 on the Neurology web site: www.neurology.org).
Randomization was computer generated in blocks of four with randomization stratified by the
presence or absence of interictal EEG discharges. Details of study protocol and randomization
have been published elsewhere.*? The dose of lamotrigine depended on age, weight and
concomitant AEDs according to the recommendations current at the time the study was
conducted. For children on sodium valproate lamotrigine was escalated to 2 mg/kg/day (12<years
old) or 150 mg/day (>12 years old). For children not on sodium valproate lamotrigine was
escalated to 10 mg/kg/day (12<years old) or 300 mg/day (>12 years old). All investigators and
patients/parents were blinded to group assignment until after all patients had completed the study.
At entry, physical and neurological examination, history, routine and ambulatory EEG, standard
biochemical tests, antiepileptic drug concentrations, neuropsychological tests and I1Q tests
(Wechsler Intelligence Scale for Children, WISC-I111) were performed and behavioral scales
completed by parents and teachers. Patients were assessed at the end of each treatment phase after
eight weeks on a stable dose (weeks 17 and 31) when the following were performed: physical
examination, lamotrigine blood levels, ambulatory EEG, neuropsychological tests, behavioral
scales for parents and teachers and documentation of compliance, seizures and possible adverse
events. Seizures were classified according to the criteria of the International League against
Epilepsy.

Ambulatory monitoring was performed for a 12 to 24 hour period using the Oxford Medilog 8-
channel cassette system or the digital Embla recording system. EEG recordings were analyzed
visually and epileptiform discharges were defined as spikes, sharp waves, spike wave complexes

or multiple spike discharges. Discharges were considered subclinical where ‘the available
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methods of clinical observation, applied under particular circumstances, failed to show any

changes in the patient”.*3

Behavior was assessed with the Conners’ Rating Scales for parents and teachers. For more detail

on methods of ambulatory EEG analysis and behavioral assessment see Pressler et al.*?

The following computerized cognitive tests were performed at baseline and the end of both

placebo and lamotrigine treatment phases during EEG monitoring. All tests were considered

suitable for repeat testing.

e FePsy Recognition Probe Test: We used the verbal and non-verbal subtests with 2, 4 or 6
words and 3 or 4 figures according to clinically assessed memory span abilities (remaining
constant throughout the study).** Both number of correct responses and reaction time were
recorded.

e Yes-No Delayed Recognition Test (serial matching to sample tests: SMTS-16): “Words’ and
‘Faces’ have been shown to be sensitive to hemispherically lateralized cognitive deficits in
patients with temporal lobe epilepsy.'® The main outcome measure of the test is the number of
items (words or faces) correctly identified as targets minus the number of items incorrectly
identified (d' = discrimination score). The test also measures "yes" or "'no™ response bias (¢’ =
bias score). Two outcome measures derived from Signal Detection Theory® were computed
on the test data, where d” (discrimination)= z(Hits) — z(False Alarms), and ¢’ (‘yes’ or ‘no’
Response Bias) = -0.5 [z(Hits) + z(False Alarms].

e FePsy Computerized Visual Searching Task (CVST) with 10 patterns for younger and 24
patterns for older children. Error rate and reaction time give an indication of the accuracy of
information processing and mental speed which have been proven useful in evaluating
cognitive effects of anticonvulsants.*

e Binary Choice Reaction Time Test: In a computerized binary choice reaction time task the
target (a tiger) is shown on the left or right hand side of the computer screen and the patient

has to press the key of the keyboard with the corresponding left or right hand. The speed of
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presentation was self-paced. Thirty stimuli were presented each side, with positions pseudo-
randomized. The median reaction speed and accuracy for each hand were recorded. By
introducing a decision component the reaction time reflects not only motor speed but also the
decision making process.

Continuous Performance Test (Tracker test): This is a computerized test of sustained attention
and vigilance. A target moving randomly around the touch-screen has to be followed with the
index finger. The variable of interest was the difficulty level achieved, based on achieving
more than 40% of the time on target. It was performed without EEG co-registration.

Ngrams Working Memory Test: The Ngrams test!’ measures working memory and has been
developed from the computerized 'Modified Corsi' test.®> Words for Ngrams-Words were
matched for frequency, age-of-acquisition, imagery and concreteness. The test consists of
presenting a sequential string of items on a touch-screen within a 3x4 spatial array in a
pseudo-randomized sequence. Recall of the string was indicated by the subject by touch-
selecting items from a menu of 12 possibles, then entering them into the array. String length
was automatically adapted to each patient's working memory capacity ranging from three to
five items. Outcome measures are reaction time and a derived compound score as a general
measure of performance. Thus for Ngrams-Words the compound score includes indices for
item identity and sequential order of identity and item location and sequential order of

location, while for Ngrams-Corsi the compound score combines only the latter two indices.

Analysis

The primary analysis was a series of paired t-tests for placebo versus lamotrigine across the

neuropsychological variables. As 13 variables were examined the level of significance was

reduced to 0.01 to correct for multiple comparisons. If the correct Bonferroni method (c= k!/2!(k-

2)!) were to be used, only a p-value of 0.001 would be considered significant. As we were

concerned to detect a possible deterioration of cognition, a significance level of 0.01 errs on the
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side of caution. To inspect the consistency of the findings and because extreme values were
anticipated, data were also analyzed by comparing the raw means for all variables using the non-
parametric Sign test. If significant differences between placebo and active treatment were detected
an ANCOVA would be used to exclude effects due to multiple comparisons. An ANCOVA with
Greenhouse-Geisser test was used to examine period and carry-over effects as well as to examine
whether the effect of lamotrigine on discharges influenced the result (with ‘reduction of

discharges’ comprising a between-subjects factor). Analysis was by intension to treat.

Results

Of the 64 children screened, 61 were included (39 boys, mean age: 11.5 years, range 7-17 years).
Sixteen children had idiopathic partial epilepsy, 19 had idiopathic generalized epilepsy and 26 had
symptomatic partial epilepsy. Forty-one children had interictal discharges in the initial ambulatory
recording. All patients underwent randomization and entered the single-blind baseline phase; 31
were randomized to receive first lamotrigine and then placebo and 30 in the reverse order (figure
E-1 on the Neurology web site: www.neurology.org). However, two children were not enrolled in
the treatment phase: seizure control deteriorated in one child and the parents of the other withdrew
consent. The demographic characteristics of both groups were similar (table E-1 on the Neurology
web side: www.neurology.org). Lamotrigine levels according to dose and concomitant AED were
as follows: < 12y (2 mg/kg), on sodium valproate: mean 7.6pug/ml (SD £4.3); < 12y (10 mg/kg),
not on sodium valproate: mean 3.5ug/ml (SD +2.4); >12y (150 mg), on sodium valproate: mean

8.9ug/ml (SD +£1.2); >12y (300 mg), not on sodium valproate: mean 4.6pg/ml (SD +3.5).

Effect of lamotrigine on frequency of seizures and interictal EEG-discharges
Seizure frequency did not change significantly during the study. In the three months preceding

baseline the mean seizure frequency was 3.43 (SD 13.4, range 0-90) seizures per month, during
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the placebo phase 3.24 (SD 10.38, range 0-50) seizures per month and during the lamotrigine
phase 3.21 (SD 14.69, range 0-90). Twenty-one patients (44%) had a reduced frequency of
discharges, whilst 16 patients (33%) either had no change or an increase in the frequency of
discharges and 11 patients (23%) had no discharges during either lamotrigine or placebo phase.
Twenty-three patients (48%) had a reduced duration of discharges whilst 14 patients (29%) either
had no change or an increase of discharge duration and 11 patients (23%) had no discharges in
either lamotrigine or placebo phase. Cessation of all interictal discharges during lamotrigine phase
was seen in five patients. The effect of lamotrigine on discharges was similar across the types of

epilepsies. For more detailed results see Pressler et al.*?

Adverse events

Adverse events were evaluated for 59 patients after exclusion of the two patients who were
withdrawn in the single blind baseline phase. Apparent treatment related adverse events were
observed in 23 of 59 patients (39%) during the lamotrigine phase and in 19 of 52 patients (37%)
in the placebo phase (Table 1). Of the seven children who developed a rash during the lamotrigine
phase, three were on sodium valproate, two on carbamazepine and two on no other antiepileptic
drugs. All adverse events were mild and transient. Adverse events led to withdrawal from the
study of six patients (all during lamotrigine phase): in five due to a rash and in one due to

dizziness and nausea. The latter was later found to have a high phenytoin level of 32ug/ml.

Effect of lamotrigine on neuropsychological performance

The means of neuropsychological test results for baseline, placebo and lamotrigine (£SD) are
given in Table 2. Comparison of mean values of performance on placebo with those on
lamotrigine revealed slightly better performance on lamotrigine in one variable (CVST error rate),
no change in seven (FePsy recognition non-verbal score, binary choice reaction time right and left

hand, continuous performance test, Ngrams-Corsi compound score, Ngrams-Corsi reaction time,
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Ngrams-Words compound score) and slight deterioration of performance in five (FePsy
recognition verbal score, delayed recognition faces and words, CVST reaction time, Ngrams-
Words reaction time). None of these differences were significant for p=0.01 (Table 2).

The Sign tests similarly showed that the number of means favoring one condition over the other
was not significant in any of the 13 variables (Table 2). Thus, no condition was superior over the
other for any of the variables.

There was no significant difference between patients with a reduction of discharges during active
treatment and patients without a reduction in discharge frequency in respect to the effect of
lamotrigine on cognition (humber of discharges: F(26,86)=1.95; ns; duration of discharges:
F(26,86)=1.81; ns).

An ANCOVA with repeated measures was used to examine period and carry-over effects. Test
values of first, second and third test session were compared with randomization as the between-
subject factor. In 10 out of 13 variables each consecutive session produced a better result. For two
variables (FePsy non-verbal recognition and continuous performance test) the second session was
better than the third and in one (delayed recognition faces) the first session was better than the
second and the third was best. Comparison using ANCOVA with repeated measures reveals a
tendency for each consecutive test to show better performance, but this did not reach significance
at a 0.01 level (F(26,98)=1.64; p=0.02). Four out of the 13 variables showed significance at a 0.05
level: binary choice reaction (right and left hand), CVST error rate and reaction time. All
significant variables showed the typical learning profile, with each consecutive session improving.
However, when randomization was taken into account, there was no significant difference

between sessions (F(26,98)=1.07; p=0.4).

In the delayed recognition test (SMTS-16) there was no relevant response bias at baseline, or on
placebo or lamotrigine in either of the tests (faces/words). Thus response bias scores fell within a

small range around neutral bias (mean £SD for 'faces' at baseline: 0.8+0.25; at placebo:
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0.14+0.25; at lamotrigine: 0.3+0.29; for 'words' at baseline: 0.12+0.28, at placebo: 0.16+0.24; at
lamotrigine 0.2+0.25). No significant change in bias comparing placebo with lamotrigine was
found.

Cognitive side effects of lamotrigine were similar in patients with and without reduction of
discharges during lamotrigine treatment. Table E-2 on the Neurology web site

(www.neurology.org) shows the mean differences of test results placebo and lamotrigine between

the two patient groups. Using ANCOVA there was no significant difference between them (the
number of discharges: F(26,86)=1.95; ns; duration of discharges: F(26,86)=1.81;ns). The number

of patients with complete suppression of discharges was too small for statistical analysis.

Discussion

In this controlled study evaluating cognitive side effects of lamotrigine in children with mild
epilepsy using formal cognitive testing we report no significant cognitive impairment during
active treatment compared with placebo. Our findings are concordant with previous reports in
healthy volunteers®® and adults with epilepsy.®® Due to our double blind, placebo-controlled,
cross-over design, patient selection and broad test battery employed for this study, we have
avoided several methodological pitfalls described earlier.*

We found a tendency for test performance to improve with each consecutive session. This
improvement can be plausibly explained by a learning effect but a placebo effect has to be
considered also. Despite the use of tests thought to be appropriate for serial testing such as choice
reaction time or the CVST we nevertheless found a learning effect. This illustrates the importance
of using appropriate randomization methods and a control group, as in our study. It also
demonstrates the fallibility of studies where the cognitive function of the active drug phase is

compared to baseline.®


http://www.neurology.org/
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Animal experiments suggest that lamotrigine has no effect on either the induction or the
maintenance of long-term potentiation of memory fuction'® and may even protect against
excitotoxic and ischemic insults.?

Several uncontrolled studies have reported improved psychosocial functioning during lamotrigine
treatment in patients with epilepsy. This included concentration, school or work performance and
behavior, particularly in children with learning difficulties.'®?! The following confounding factors
have to be considered in the open studies without formal testing: (1) bias in patient selection (2)
placebo effect, (3) reduction of seizure frequency during active treatment, (4) spontaneous
fluctuations of seizure variables and EEG abnormalities (5) spontaneous fluctuations of cognition
and behavior in patients with learning difficulties.

A higher seizure frequency is associated with an impairment of cognition and behavior.?? 2 Thus,
a reduction of seizure frequency may result in improvement of cognitive function and behavior.
Even a small change of seizure frequency may have an impact, or changes in seizure severity may
have cognitive effects in some patients even if the absolute number of seizures remains the same.
Furthermore, it is unclear whether EEG discharges improved in these patients. In our study we
avoided this confounding factor by studying patients with mild or well-controlled epilepsy. Yet a
drastic improvement in behavior and cognition has been described in patients with a reduction of
discharges even when no change in seizure frequency was observed.?* The subjective
improvement of cognition in quality of life measurements described in open and controlled
studies*® may also be explained by improvement in mood.?

Most controlled studies in either healthy volunteers or adult patients with epilepsy could not
confirm an improvement in cognitive performance using formal and controlled testing. Only
Aldenkamp and colleagues’ found evidence for a positive effect of lamotrigine on cognition.
There are however, several methodological shortcomings®® including (1) incomparable doses of
antiepileptic drugs, (2) inconsistent changes of test results, for example in a visual reaction time

test, results using the dominant hand were better for placebo, but the results using the non-
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dominant hand were better for lamotrigine, (3) inappropriate statistical methods, (4) possible
confounding factors (5) the use of a parallel design with small numbers of volunteers. Thus, the
findings may have been due to chance and may lack clinical relevance.?

We could not detect a significant improvement of cognitive function in any of our variables. Most
of our patients were seizure-free and in the remaining patients seizure frequency did not change
significantly. Thus, seizure frequency was not a confounding factor in contrast to many open
studies described above. There is evidence that interictal discharges are associated with cognitive
impairment!3 and a reduction of discharges may be associated with an improvement in
cognition.?*?* However, we found no difference in the cognitive effects of lamotrigine in patients
with or without reduction of discharges. This may be explained by the fact that there was only a
relatively small effect on discharges in our group of patients with mild or well-controlled
epilepsy.t? This is in contrast to patients with severe or on-going epilepsy where lamotrigine
significantly reduced interictal discharges.??* The effect of lamotrigine on cognition may be
clinically only relevant in patients with more severe epilepsy and greater suppression of
discharges. Nevertheless we described a significant improvement of behavior in those patients
with a reduction of discharges compared to patients without change in discharges.'? Cognitive
function may be more susceptible to the amount and duration of discharges occurring during the
test'3?’, rather than changes within a 24-hour period. Thus, a measurable effect may only be
expected if there is a cessation of all discharges.

In contrast, aggressive behavior has been associated with lamotrigine, particularly in children and
adults with learning difficulties.'*?® However, no formal cognitive testing or behavioral scales
were used. It has been suggested that this behavior is related to patients becoming more alert,
active, and demanding. Insomnia has also been reported in a small proportion of patients®, but
most of these patients were taking a relatively high dose of lamotrigine. In addition, ‘being more

alert’ and “suffering from insomnia’ are changes, which relate to the same process.
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Although a proportion of the children were recruited from tertiary referral centres, our group of
patients is representative in respect to the distribution of epilepsy syndromes and response to
treatment in school-age children with epilepsy: nearly 50% have symptomatic epilepsies, 25%
idiopathic partial epilepsies, 25% idiopathic generalised epilepsies and about 70% of children are
well controlled on one or two AEDs. The results of our study suggest that lamotrigine per se has
minimal or no cognitive side effects in children with epilepsy. Further studies are needed to
evaluate the effects of lamotrigine on cognition in children taking monotherapy, especially with
newly diagnosed epilepsy. In addition, longer term studies in children directly comparing AEDs,
which have demonstrated differential cognitive effects in adults, are needed to determine if AEDs

differentially impact cognitive neurodevelopment.
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Table 1: Most frequently reported drug related adverse events

Number of patients (%)

Adverse Event

Lamotrigine (n=59) Placebo (n=52)

Cold or viral illness 9 (15) 9(17)
Rash 7(12) 2(4)
Nausea 5(8) 2 (4)
Injury or accident 4(7) 0
Pharyngitis 4(7) 1(2)
Headache 1(2) 2 (4)
Dizziness 1(2) 2(4)
Abdominal pain 0 2(4)
Patients withdrawn 6 (10) 0

Pressler - 18



Table 2: Mean scores, reaction times and difference between placebo and lamotrigine as well as results of paired-t tests and Sign test. Mean 8: mean

difference between placebo and lamotrigine. * higher score signify a worse result. $Binomial distribution used.

Mean (xSD) Paired t-test Sign test
Baseline Placebo Lamotrigine Mean 6 (xSD) p value Z p value
FePsy Recognition verbal 18.2(3.7) 19.6 (3.4) 19.1 (3.5) 0.7 (2.4) 0.07 -1.64 0.10
FePsy Recognition non-verbal  14.5(3.3) 15.1(3.8) 15.1 (3.5) 0.3(3.1) 0.60 -0.74 0.46
Delayed recognition, faces 2.1 (0.8) 2.4 (0.6) 2.2 (0.7) 0.2 (0.7) 0.14 0.00 1.00
Delayed recognition, words 2.2 (0.8) 2.6 (0.7) 2.4 (0.8) 0.2 (0.7) 0.17 -1.44 0.15
CVST, error rate* 1.4 (2.1) 0.8 (1.5) 0.6 (1.2) -0.3(1.2) 0.14 1 0.26
CVST, reaction time* 82(35)  7.0(1.9) 7.4(2.2) -0.4 (1.6) 0.14 0.00 1.00
Binary choice reaction right * 0.5 (0.1) 0.4 (0.1) 0.4 (0.1) 0.0 (0.1) 0.52 -0.31 0.76
Binary choice reaction left * 0.4 (0.1) 0.4 (0.1) 0.4 (0.1) 0.0 (0.1) 0.06 -1.19 0.23
Continuous performance test 5.8 (1.5) 6.4 (1.2) 6.4 (1.1) 0.0(1.1) 1.00 1 1.00
Ngrams-Corsi compound 0.7 (0.2) 0.8(0.2) 0.8(0.1) 0.0 (0.1) 0.34 -47 0.64
Ngrams-Corsi reaction time* 1.4 (0.8) 1.1 (0.3) 1.1(0.4) -0.1 (0.3) 0.05 -2.14 0.03
Ngrams-Words compound 0.7 (0.1) 0.7 (0.1) 0.7 (0.1) 0.0 (0.1) 0.66 -0.15 0.88

Ngrams-Words reaction time * 3.7 (1.5) 3.4 (1.5) 3.6 (1.1) -0.2(1.2) 0.23 -1.83 0.07
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