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Abstract

Objective: Excitotoxic injury involving A-methyl-p-aspartate (NMDA) receptor hyperactivity
contributes to epilepsy-related memory dysfunction (ERMD). Current treatment strategies for
ERMD have limited efficacy and fail to target the underlying pathophysiology. The present pilot
study evaluated the efficacy of memantine, an NMDA receptor antagonist, for the treatment of
ERMD in adults with focal-onset seizures.

Methods: Subjects underwent cognitive testing at baseline, after a 13-week randomized, parallel-
group, double-blinded phase (of memantine titrated to 10 mg bid or placebo), and following a 13-
week open-label extension phase (of memantine titrated to 10 mg bid). The selective reminding
test (SRT) continuous long-term retrieval (CLTR) score and 7/24 Spatial Recall Test learning score
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served as the primary outcome measures. Secondary measures included tests of attention span,
fluency, visual construction, and response inhibition, as well as assessments of quality of life,
depression, sleepiness, and side effects.

Results: Seventeen subjects contributed data to the blinded phase (n = 8 memantine, n =9
placebo). No significant differences were seen between groups on the primary or secondary
outcome measures. Pooled data at the end of the open-label phase from 10 subjects (initially
randomized to memantine n = 3 or placebo n = 7) demonstrated statistically significant
improvement from baseline in CLTR score, memory-related quality of life, spatial span, and
response inhibition. No significant changes were evident in depression, sleepiness, side effects, or
seizure frequency throughout the trial.
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1. Introduction

Cognitive deficits are common in the setting of epilepsy, affecting patients who are newly
diagnosed as well as those with chronic seizures [1,2]. Deficits may affect multiple domains,
including attention, executive function, visuospatial skills, language, and memory [1]. While
patients with left temporal lobe seizures often have particular deficits in verbal memory [3],
memory difficulties are also evident in other forms of focal-onset epilepsy, both pre-and
postsurgical resection [4]. These memory deficits may be the most distressing aspect of
epilepsy for patients.

Unfortunately, treatment options for epilepsy-related memory dysfunction (ERMD) are
limited, and there are no approved medications for this purpose. Memantine, a
noncompetitive A-methyl-D-aspartate (NMDA) receptor antagonist, has been proposed as a
novel treatment for ERMD. It is believed that excitotoxicity, mediated by glutamate acting
on hippocampal NMDA receptors, causes hippocampal sclerosis [5]. This process leads to
further seizures and memory dysfunction. Blocking the pathological activation of NMDA
receptors has shown promising results with respect to memory function in animal models of
epilepsy. In rats, MK-801 injection prior to electrical stimulation-induced seizures reduced
seizure frequency and intensity and mitigated impairments in spatial memory [6]. N-[1-(2-
thienyl)cyclohexyl] piperidine (TCP), causing NMDA receptor blockade, improved spatial
memory test performance in the setting of soman-induced seizures in guinea pigs [7]. When
memantine was administered to pentylenetetrazol-kindled rats, spatial learning and memory
improved [8]. In contrast, when memantine was administered to nonkindled rats, there was
task impairment. These findings suggested that the benefit from memantine in this animal
model occurred only in the setting of excitotoxicity.

Memantine is approved for the treatment of moderate to severe Alzheimer’s disease, with
studies suggesting significant cognitive improvements [9,10]. In Tariot et al. [9] and
Reisberg et al. [10], improvements were noted in the Severe Impairment Battery, which
measures performance on a number of low-level tasks that may be impaired by severe
dementia, including tests of attention, orientation, language, memory, visuospatial ability,
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and construction. These studies also noted improvements in completion of activities of daily
living, ratings of neuropsychiatric symptoms, clinicians’ ratings of change, and behavior.
The time course of benefit is less clear, however, with some studies demonstrating sustained
improvement and slowed decline [9] and others showing more transient benefits over the
first several weeks of treatment [10].

It is unknown if an NMDA antagonist such as memantine would be of benefit in humans
with focal-onset epilepsy and ERMD. One prior randomized, controlled, double-blinded
study reported greater improvements in memory performance for memantine-treated
subjects with various types of epilepsy compared with placebo, supporting the need for
further study [11]. The present randomized, double-blind, parallel-group, placebo-controlled
study tested the hypothesis that treatment with memantine would improve memory test
performance compared with placebo in subjects with focal-onset epilepsy. We also evaluated
the hypothesis that the benefit of memantine would be specific to memory, predicting no
improvement in verbal and nonverbal span and fluency, visual construction, and response
inhibition. Such findings would lend support to the hypothesis that blockade of NMDA
receptor hyperactivity in the hippocampus would lead to improved performance on cognitive
tasks that depend specifically on the integrity of that hippocampus, provide evidence for the
use of memantine in the treatment of ERMD, and more generally substantiate the hypothesis
that NMDA receptor hyperactivity is an appropriate target for intervention.

Methods

This study was conducted in two phases. In Phase 1, subjects were assigned by stratified
block randomization to either a memantine treatment or placebo group, with randomization
performed by the research pharmacy using an online tool (http://www.randomization.com).
The blocks were stratified by sex and seizure frequency (< 1 focal-onset seizure per month
or = 1 focal-onset seizure per month). Investigators, who were conducting enroliment,
testing, and data analysis procedures, and subjects were blinded to group assignment, with
randomization records held by the pharmacy. The treatment group was placed on
memantine, slowly titrated to 10 mg bid over Weeks 1-4. This dosage was maintained
during Weeks 4-13 (Fig. 1). The placebo tablets, which were also taken for 13 weeks, were
indistinguishable in appearance and number.

Upon completion of Phase 1, subjects entered a 13-week open-label extension period (Phase
2). This was offered midway through the study, based on subject request. Hence, a smaller
subset of participants completed Phase 2. All participants in Phase 2 were placed on
memantine, with the same titration schedule as in Phase 1, slowly increasing to 10 mg bid
over Weeks 14-17. The subjects then remained on memantine at 10 mg bid, until the
conclusion of the study at Week 26. The subjects assigned to the memantine group in Phase
1 completed the titration procedure along with the subjects originally assigned to placebo,
thus having their dosage reduced and then increased. Subjects were asked to return unused
medication at the final study visit to monitor compliance.
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2.2. Subjects

Subjects were outpatients recruited from tertiary epilepsy centers in the Boston and Atlanta
areas from 2008 to 2013, with final follow-up in 2014. Participants were diagnosed with
focal-onset epilepsy, either symptomatic or idiopathic, based on clinical history, imaging
studies, and ictal and/or interictal electroencephalography (EEG). All subjects had self-
reported memory dysfunction. Additional inclusion criteria were age 18-65 years, normal
intelligence quotient (1Q) (= 80) as estimated by the Wechsler Test of Adult Reading
(WTAR), fluency in English, ability to give consent, capability of living independently and
completing activities of daily living, and a stable frequency of seizures.

The anticonvulsant drugs had to remain unchanged during the 26-week trial or the subject
would be withdrawn from the study.

Exclusion criteria included nonepileptic seizures, pregnancy, breastfeeding, renal tubular
acidosis, urinary tract infections, and severe renal impairment (creatinine clearance < 29 mL/
min). Patients with conditions that may affect memory by other mechanisms were also
excluded, such as progressive neurologic illness, current alcohol or drug abuse, Alzheimer’s
disease, nutritional deficiencies, infections, metabolic/electrolyte disorders, and narcotic,
anticholinergic or older generation antihistamines (i.e. diphenhydramine) taken within three
days of testing. Seizures must not have occurred within three days of testing. If clinical
seizures occurred during testing, data from that session were excluded. If blood pressure was
persistently elevated from baseline when checked at Weeks 5, 13, 18, and 26, defined as a
systolic or diastolic blood pressure increase =10 points with use of the study drug, the
subject would be excluded from further participation. Status epilepticus, a generalized tonic—
clonic seizure (if there was no prior history of convulsions), or a doubling of seizure
frequency during the trial would also cause the subject to be withdrawn.

2.3. Cognitive testing

Subjects completed three testing sessions: prior to treatment (base-line), Week 13 (end of the
Phase 1 blinded period), and Week 26 (end of the Phase 2 open-label extension period).
Cognitive testing included measures of anterograde verbal memory (Buschke selective
reminding test [SRT]) [12,13], anterograde visual learning and memory (7/24 Spatial Recall
Test) [14], auditory-verbal working memory and immediate span (Digit Span) [15],
visuospatial working memory and span (Spatial Span) [15], visuospatial construction (Block
Design) [16,17], verbal fluency [18], design fluency [18], and executive function (Stroop
Color— Word Interference) [19]. Subjects also completed questionnaires to assess impact on
medication side effects (Adverse Events Profile [AEP]) [20], quality of life (quality of life in
epilepsy inventory [QOLIE-89]) [21], sleep quality (Epworth sleepiness scale [ESS]) [22],
and mood (neurological disorders depression inventory for epilepsy [NDDI-E]) [23].

The SRT continuous long-term retrieval (CLTR) score and 7/24 Spatial Recall Test learning
score were the primary outcome measures. In the SRT, subjects recall a list of 12 words over
6 repeated trials. They are “selectively reminded” of the missed words prior to each
immediate recall trial. The CLTR score represents the words recalled on all subsequent
trials, reflecting long-term storage (LTS), with possible scores ranging from 0 to 80
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(maximum — women: 72; men < 60 years of age: 77; men = 60 years of age: 80, when
adjusted for sex and age). In the 7/24 Spatial Recall Test, subjects reproduce spatial
arrangements of disks within a grid using short-term memory. The learning score is the sum
of all correctly placed disks over five trials, with possible scores ranging from 0 to 35.
Alternate forms were used for both tests to minimize practice effects, with the order of test
form administration counterbalanced across subjects (ABA vs. BAB). Details regarding each
test are provided online in Supplement Table 1.

All study procedures took place at Emory University, Newton—Wellesley Hospital, and
Massachusetts General Hospital. The study was approved by their respective institutional
review boards, and over-sight was provided by an independent medical monitor. Signed
informed consent was obtained from all subjects before participation.

2.4. Statistical analysis

2.4.1. Phase 1—A “change score” was calculated for each neuropsychological measure,
subtracting the pretreatment (Session 1, baseline) score from the post-double-blind (Session
2, Week 13) score. To evaluate the hypothesis that treatment with memantine would lead to
improved performance on memory tasks, the SRT-CLTR and 7/24 Spatial Recall Test
learning change scores were compared between the placebo and memantine treatment
groups. The prediction was that the mean change scores would differ between the two
groups, with greater positive change scores reflecting improvement in performance in the
memantine treatment group.

To assess the hypothesis that improvement was selective for memory, change scores on the
digit span, spatial span, block design, verbal fluency, design fluency, and Stroop tasks were
compared between the placebo and memantine treatment groups. We predicted no
significant differences between the mean change scores in the two groups.

The change scores on the memory subscale from the QOLIE-89 were evaluated to test the
hypothesis that treatment with memantine would result in subjective memory improvement.
The expectation was that the mean change scores would differ between the placebo and
memantine treatment groups, with greater positive change scores reflecting improvement of
subjective memory in the memantine treatment group.

2.4.2. Phase 2—The prediction was that subjects taking placebo would demonstrate
improvement in the SRT-CLTR and 7/24 Spatial Recall Test learning scores between the first
(baseline) and third (post-open-label, Week 26) testing sessions. The expectation was that
subjects randomized to memantine would also demonstrate improved memory test scores
between pretreatment and post-open-label testing sessions, reflecting sustained benefit.
Because of the small sample size, the two subject groups were pooled.

If a subject had missing data for a given cognitive measure, his/her data were excluded only
for that specific task. A missing response to a single item on the AEP was replaced by the
subject’s mean response for the remaining items on the questionnaire (n = 2).
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For each comparison, if the distributions were normal based upon skew, kurtosis, histogram
plots, and Shapiro—Wilk tests, we would per-form #tests. Should the distributions appear
non-normal, we would proceed with nonparametric Wilcoxon rank sum and Wilcoxon
signed-rank tests for analyses of Phases 1 and 2, respectively. A two-tailed p-value of < 0.05
was considered as the threshold for statistical significance.

3. Results
3.1. Subjects

A total of 29 subjects entered the study, with 13 randomized to memantine treatment and 16
randomized to the placebo group (Fig. 2). Twenty subjects completed the blinded Phase 1
(10 subjects in each group); reasons for noncompletion or exclusion are noted in Fig. 2.
Fourteen subjects entered the open-label phase. Given the small number of participants,
Phase 2 data were pooled. A total of 10 pooled subjects yielded data included in the Phase 2
analysis (n = 3 initially randomized to memantine and n = 7 initially randomized to
placebo), with reasons for noncompletion noted in Fig. 2.

One subject in the memantine treatment group had a focal-onset seizure with impairment of
awareness during both baseline and post-double-blind testing sessions, and the data were
removed from the analysis.

Demographics of the participants who completed the double-blind trial are reported in Table
1. Wilcoxon rank sum tests were used to assess potential differences in baseline performance
between subjects in the memantine and control groups that contributed data to the Phase 1
portion of the trial. While raw scores suggested better performance in the memantine group
on the SRT, the 7/24 Spatial Recall Test, spatial span, block design, the Stroop task, and
design fluency, as well as better memory-related quality of life (Table 2), these differences
were not statistically significant.

3.1.1. Phase 1—As results were of non-normal distributions, Wilcoxon rank sum tests
were used to compare the change scores (from baseline to post-double-blind) for each
cognitive measure across the memantine and placebo groups. None of the group differences
in change score reached statistical significance (all p values > 0.05; Table 2). Wilcoxon
signed-rank tests were used to assess differences between baseline and post-double-blind
(Session 2, Week 13) performance in each group. In the memantine group, improvement in
SRT-LTS was marginally significant at p = 0.05 (Session 1 mean 40.63, standard deviation
(sd) 9.81; Session 2 mean 47.63, sd 12.13). Significant improvements were noted for SRT-
CLTR (Session 1 mean 24.67, sd 12.55; Session 2 mean 32.78, sd 14.47; p = 0.033) and
spatial span (Session 1 mean 14.67, sd 1.50; Session 2 mean 17.11, sd 2.37; p = 0.042) in
the placebo group.

3.1.2. Phase 2—As results were of non-normal distributions, Wilcoxon signed-rank tests
were used to compare the change in performance on each cognitive measure from baseline
(Session 1) to post-open-label (Session 3, Week 26) in the pooled sample (Table 3).
Statistically significant improvement was noted in the SRT-CLTR score (Session 1 mean
25.70, sd 11.04; Session 3 mean 40.30, sd 17.28; p = 0.013), a primary outcome measure of
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memory performance. All other comparisons of objective memory task performance were
nonsignificant (p values N 0.05). Subjective memory-related quality of life scores
significantly improved (Session 1 mean 36.36, sd 18.36; Session 3 mean 47.89, sd 22.14; p
=0.015).

Assessment of the secondary cognitive outcome measures demonstrated significant
improvement in spatial span (Session 1 mean 13.60, sd 2.91; Session 3 mean 16.00, sd 2.83;
p = 0.014) and total Stroop score (Session 1 mean 125.99 s, sd 36.11; Session 3 mean
109.92 s, sd 27.67; p = 0.011, with shorter times of completion reflecting better
performance). All other comparisons of secondary cognitive measures were nonsignificant
(p values > 0.05).

Change scores from baseline to the final study visit (Week 26) were also compared between
subjects originally assigned to the memantine group and those in the placebo group using
Wilcoxon rank sum tests post hoc. No significant differences across groups were found for
any outcome measure (p values > 0.05).

3.2. Additional post hoc analyses

3.2.1. Individual analysis—Hair plots of individual subjects, organized by randomized
group assignment, were created for the two primary outcome measures, the SRT-CLTR, and
7/24 Spatial Recall Test learning scores (Fig. 3).

3.2.2. Seizure frequency—A Wilcoxon signed-rank test was used to compare the
change in average number of seizures per month from baseline (Session 1) to post-double-
blind (Session 2, Week 13) in subjects who completed the two sessions and had available
seizure data (n = 7 memantine group, n = 5 placebo group). No significant changes in
seizure frequency were evident, with comparisons yielding p values > 0.05 (memantine
group: Session 1 mean 0.88/month, sd 1.85 and Session 2 mean 0.55/month, sd 1.12;
placebo group: Session 1 mean 9.43/month, sd 19.89 and Session 2 mean 4.7/month, sd
9.96). The apparent difference in baseline seizure frequency was not statistically significant
(Wilcoxon rank sum test p > 0.05) and was driven by one subject in the placebo group with
very frequent seizures. In a subset of subjects who completed the open-label extension phase
and had available seizure data, change in seizure frequency was evaluated from baseline
(Session 1) to post-open-label (Session 3, Week 26) using a Wilcoxon signed-rank test (n =
8, 3 of whom were originally in the memantine group and 5 were originally in the placebo
group). No significant change was evident (Session 1 mean 6.17/month, sd 15.74 and
Session 3 mean 0.56/month, sd 1.59, p > 0.05).

3.2.3. Side effects—No significant difference was evident when AEP change scores
from baseline (Session 1) to post-double-blind (Session 2, Week 13) were compared across
groups using a Wilcoxon rank sum test (memantine group, n = 8: mean change - 3.64, sd
6.23; placebo group, n = 9: mean change -2.19, sd 4.10; p > 0.05). Similarly, no significant
change in AEP score was evident when comparing baseline (Session 1) to the post-open-
label extension phase (Session 3, Week 26) using a Wilcoxon signed-rank test in the pooled
sample (n = 10; Session 1 mean 37.20, sd 7.74, Session 3 mean 34.70, sd 8.43; p > 0.05).
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No significant changes in depression were found when comparing NDDI-E change scores
from baseline (Session 1) to the post-double-blind phase (Session 2, Week 13) using a
Wilcoxon rank sum test (memantine group, n = 8: mean change —1.75, sd 3.01; placebo
group, n = 9: mean change —1.78, sd 2.77; p > 0.05). There were also no significant changes
evident in the NDDI-E score when comparing baseline (Session 1) to the post-open-label
extension phase (Session 3, Week 26) using a Wilcoxon signed-rank test in the pooled
sample (n = 10; Session 1 mean 13.00, sd 5.64, Session 3 mean 12.10, sd 5.86; p > 0.05).

A small subset of subjects also completed the ESS, with no significant changes in sleep
quality when comparing change scores from baseline (Session 1) to the post-double-blind
phase (Session 2, Week 13) using a Wilcoxon rank sum test (memantine group, n = 3: mean
change 2.00, sd 4.36; placebo group, n = 5: mean change 1.00, sd 1.23; p > 0.05). There
were also no significant changes evident in the ESS when comparing baseline (Session 1) to
the post-open-label extension phase (Session 3, Week 26) using a Wilcoxon signed-rank test
in a pooled sample (n = 8, 3 of whom were originally in the memantine group and 5 were
originally in the placebo group; Session 1 mean 6.50, sd 3.46, Session 3 mean 6.50, sd 4.18;
p > 0.05).

4. Discussion

The present study was a randomized, double-blind, placebo-controlled trial of memantine
for the treatment of ERMD, a drug currently Food and Drug Administration (FDA)-
approved for the management of Alzheimer’s disease. Use of this drug was intended to
target the excitotoxic pathways mediated by glutamate acting on NMDA receptors in the
hippocampus that contribute to hippocampal sclerosis, further seizures, and memory
dysfunction. Alteration of this excitotoxic path-way would be a novel, and potentially safe,
approach to the treatment of memory loss.

Results demonstrated no overall effect of memantine on cognition when assessed at the end
of the blinded period (Week 13). In the memantine group, improvement in SRT-LTS was
only marginally statistically significant when baseline performance and posttreatment
performance were compared. Significant improvements from baseline were noted for SRT-
CLTR and spatial span scores but only in the placebo group. Pooled data at the end of the
open-label phase (Week 26), however, showed significant improvement over baseline
performance in verbal memory (SRT-CLTR), executive function (Stroop Color-Word
Interference), spatial attention (spatial span), and memory-related quality of life. These
improvements, however, may be due to practice effects, the expectation of improvement,
and/or multiple comparisons and should be interpreted with caution. As subjects knew they
were receiving active medication during Phase 2, they may have inflated quality-of-life
ratings, believing that they were “supposed to” have improvement. While the present study
design does not allow direct assessment of practice effects at Week 26, there are data to
suggest that at test—retest intervals of 8.7-13.6 months in healthy subjects, there is poor to
marginal reliability of the 10-item CLTR, with moderate practice effects of the CLTR and
Stroop tasks [24].
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In contrast, a recent randomized, controlled, double-blinded study in patients with epilepsy
found robust benefits with the use of memantine when compared with placebo, as assessed
by a global measure of cognition (Mini-Mental State Examination), memory testing
(Wechsler Memory Scale), and quality of life [11]. In Marimuthu et al. [11], memory
enhancement was evident in as little as 8 weeks with 5-mg daily dosing, and greater
improvements were seen over time at 10 mg daily in their 16-week study.

The reason for a positive response with a lower dose and shorter duration of treatment in the
Marimuthu et al. study [11], however, is unclear. Marimuthu et al. [11] included patients
with various seizure types of unreported localization and etiology while the present study
was restricted to focal-onset epilepsy. Localization in the current study was variable (Table
1), however, as other than exclusion of progressive neurological disease, additional
etiological, imaging, or pathological data were not available. It is unknown whether certain
subgroups of patients may benefit most. It is possible that subjects in Marimuthu et al. [11]
were more impaired at baseline, leaving more room for improvement, although data are not
available to allow direct comparison. Conversely, subjects in the current trial had a longer
mean duration of epilepsy, which could correspond to greater hippocampal damage and less
healthy tissue on which to act. While the cognitive test batteries differed across the studies,
the SRT, our primary outcome measure, is particularly sensitive to changes in verbal
memory in patients with epilepsy [13,25,26]. Perhaps most importantly, subjects in
Marimuthu et al. [11] had a decline in seizure frequency during the trial. Based on its
NMDA receptor-blocking properties, one might expect memantine to have an anticonvulsant
effect, as demonstrated in the animal literature [27]. Whether anticonvulsant regimens
remained stable in the Marimuthu et al. [11] study, however, was not specified. The degree
to which seizure frequency improved and the extent to which this may account for their
results are unknown. Seizure frequencies and medication regimens in the present study
remained unchanged.

Both studies suggest safety and tolerability of memantine in patients with epilepsy. The
present data demonstrated no significant changes in seizure frequency, medication side
effects, depression, or sleep quality. One subject, originally randomized to memantine,
withdrew during the open-label phase because of an increase in seizure-like episodes of
uncertain etiology, after having tolerated the drug well during the blinded phase. No other
withdrawals were due to side effects of the active treatment. These data are also important
for patients with Alzheimer’s disease, for whom memantine is commonly prescribed, as they
are at significantly higher risk of developing epilepsy than the general population.

Limitations of the present study include the small sample size that may have limited our
ability to detect medication effects. Data do not suggest a robust effect of short-term
treatment with memantine, but small changes may have been missed. Compliance was not
well-documented, as pill bottles or remaining tablets were rarely returned. Future trials may
consider the use of electronically monitored opening of pill bottles. In addition, raw baseline
objective performance measures were slightly better in the memantine group on 10 out of 12
tasks, which could lead to ceiling effects or regression to the mean on some measures. The
baseline differences across groups, however, did not reach statistical significance. The
treatment and placebo groups were not systematically different with respect to the
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distribution of baseline CLTR scores from normative samples. Scores on the 7/24 Spatial
Recall Test, however, suggested poorer performance in the placebo group compared to
established norms. The poorer performance in controls may have further contributed to the
relative lack of an effect in the treatment group, as the placebo group had a greater change in
performance from baseline to Week 13 on the primary outcome measures, likely
representing regression to the mean. While such scores would likely leave room for
improvement in the treated group should the drug have been effective, lack of baseline
impairment in the memantine group is a limitation of the study. Based upon hair plots of
individual subjects (Fig. 3), however, it did not appear that participants clustered into clear
groups of “responders” or “nonresponders” or that improvements were restricted to subjects
with lower baseline scores. Future trials may consider using a specified degree of objective
impairment as an inclusion criterion or stratified randomization based on degree of objective
impairment. Finally, the study was of limited duration.

4.1. Other approaches to ERMD treatment

Current treatment options for ERMD are limited, and if effective, memantine would provide
a much needed alternative. Cognitive rehabilitation remains the primary approach but often
yields only partial compensation. Benefits of verbal memory rehabilitation are particularly
limited postleft temporal resection, in patients who are likely the most in need of treatment
for verbal memory deficits [28]. Overall, cognitive therapy may be useful in selected patients
to improve coping mechanisms, but it does not treat the memory loss or address the
underlying pathologic process.

Studies of acetylcholinesterase inhibitors in the setting of ERMD have shown inconsistent
results and questionable benefits. A pilot study by Fisher et al. [13] suggested promise for
the use of donepezil, with improved verbal memory performance after three months of open-
label treatment. A subsequent randomized, double-blind, placebo-controlled crossover trial
of donepezil, however, showed no effect on memory [29] nor did a trial of galantamine
demonstrate an effect on memory in patients with epilepsy [30]. Furthermore, although data
are insufficient to establish causality, seizure exacerbation has been raised as a concern
regarding the use of this drug class in patients with epilepsy [13,31].

Data regarding stimulant medications for the treatment of ERMD are similarly inconsistent.
A small open-label, nonrandomized three-month pilot study of methylphenidate in patients
with focal-onset epilepsy demonstrated improvements in multiple cognitive measures,
including objective and subjective memory [32]. The effects of methylphenidate on memory
were not confirmed, however, in a single-dose, double-blind, randomized, crossover trial
[33]. The drug was found to improve attention and processing speed, but effects on memory
were not significant. A case report also suggested the benefits of modafinil for the treatment
of cognitive deficits due to anticonvulsant use, but no objective neuropsychological data
were presented [34]. Seizure exacerbation has been raised as a concern with the use of
stimulant medications, but increased seizure frequency has not been conclusively
demonstrated [35].

Vinpocetine, a phosphodiesterase (PDE) type 1 inhibitor, maintains activation of proteins
implicated in memory formation and synaptic plasticity. Data suggested improvements in
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Clinical Global Index in patients with various dementias [36], as well as decreased seizure
frequency in patients with epilepsy [37,38], with the use of vinpocetine. Vinpocetine was
shown to improve attention and memory in patients with cognitive deficits due to epilepsy or
dementia, with greater benefit in patients with epilepsy [39]. The latter study was limited,
however, by the unblinded design and absence of controls.

4.2. Future directions

Future studies will be required to address several issues. Marimuthu et al. [11] suggested the
benefit of longer treatment duration, and it is possible that a longer duration of study is
needed to attain a clear benefit in our subjects. Interestingly, the Alzheimer’s disease
literature suggests that memantine may slow the progression of dementia, in addition to its
more immediate beneficial effects. In a 24-week randomized, double-blind, placebo-
controlled study in patients with moderate to severe Alzheimer’s disease, performance
curves suggested the maintenance of cognitive function with memantine, compared with the
decline of cognition seen with placebo. Treated subjects also exhibited less decline in
independence with daily activities and overall clinical status [9]. In patients with epilepsy, it
may be that the long-term use of memantine should also be assessed for its ability to prevent
the chronic progression of ERMD [40].

Data suggest that if benefit from memantine is attained, it is likely a broad cognitive
improvement, rather than a selective effect on memory. Hence, modulating NMDA receptor
activity may affect distributed pathological networks, not restricted to the hippocampus.
Other mechanisms may also be at play. Both epilepsy and Alzheimer’s disease involve
abnormal amyloid deposition [41] and hyperphosphorylated tau pathology [42], and the
possible benefit of memantine in these disorders may reflect a mechanism related to this
shared pathology. Ultimately, trials of longer duration, with larger numbers of subjects,
comprehensive neuropsychological test batteries, and analyses of underlying
pathophysiology, will be necessary to determine whether, and how, memantine is effective
for the treatment of epilepsy-related cognitive dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance:

Results demonstrated no significant effect of memantine on cognition when assessed at
the end of the blinded period. Pooled data at the end of the open-label phase showed
significant improvement over baseline performance in measures of verbal memory,
frontal-executive function, and memory-related quality of life. These improvements,
however, may be due to practice effects and should be interpreted cautiously. Findings
suggest a favorable safety profile of memantine in the setting of epilepsy.
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Study drug arm: Memantine

5mg qd bmg bid 5mg gAM/10mg gPM 10mg bid

Control arm: Placebo

1 pill gl 1 pill bid
Week 1 Week 2 Week 3 Weeks 4-13
Fig. 1.

Titration of medication. Identical memantine titration schedules were employed in both
Phase 1 and Phase 2.
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(n=29) |
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Male, focal-onset Male, focal-onset
seizures 2 1/month seizures < 1/month
(n=11) (n=8) (

Female, focal-onset
seizures 2 1/month

n=1) (n=9)

Female, focal-onset
seizures < 1/month

I |

l

l

| Memantine (n=13) I

| Placebo (n=16) I

v

Excluded (n=3):

* Phenytoin toxicity (1)

* AED dosage change (1)
* Scheduling conflicts (1)

Baseline cognitive testing
(Week 1)

Baseline cognitive testing
(Week 1)

]
v

[
v

testing (Week 13)

testing (Week 13)

Excluded (n=6):

WTAR <80, visual impairment (1)

GTC(1)

Voluntary withdrawal, lack of time (1)

Voluntary withdrawal, concerns regarding polypharmacy (1)
Recurrence of seizure-like episodes (1)

Lost to follow-up (1)

[Post—treatmentcognitive ] [ Post-placebo cognitive ]

| I

Offered open label Offered open label
extension (n=6) extension (n=8)

| Open label extension (n=14) |
Excluded (n=1): |
* Increase in seizure-like episodes (1) J,

[ Post-open label cognitive
L testing (Week 26) (n=10)

Excluded (n=1):
* Lostto follow-up (1)

Data Excluded From Analysis (n=2):

* Seizures during Weeks 1 and 13
testing (1)

* Seizure within 3 days of Week 26
testing (1)

Fig. 2.
Study flow diagram. AED = antiepileptic drug, GTC = generalized tonic—clonic seizure,

WTAR = Wechsler Test of Adult Reading.
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A) 7/24 Spatial Recall Test Learning Score

40-

35-

30~
Group

&~ memantine
=& placebo

score

25-

20~

Baseline Week13 Week26
timepoint

B) Selective Reminding Test - Continuous Long-Term Retrieval Score

60-

l Group
=&~ memantine

=& placebo

score

20-

Baseline Week13 Week26
timepoint

Fig. 3.
Hair plots of individual subject performance. Hair plots of individual subject performance on

the primary outcome measures, (A) 7/24 Spatial Recall Test learning score and (B) SRT-
CLTR score, do not cluster into clear groups of “responders” or “nonresponders.”
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