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Abstract
Objective: To assess whether the antiseizure medication levetiracetam may im-
prove cognition in individuals with Alzheimer's disease who have not previously 
experienced a seizure.
Methods: We performed a randomized, double-blind, placebo-controlled 
crossover pilot study in individuals with mild-to-moderate Alzheimer's disease. 
Electroencephalography was performed at baseline and those with active epi-
leptiform discharges were excluded. Eligible participants were randomized to 
placebo for 12 weeks or an active arm of oral levetiracetam (4 weeks up-titration 
to levetiracetam 500 mg twice daily, 4 weeks maintained on this dose followed by 
4 weeks down-titration to nil). Participants then crossed over to the other arm. 
The primary outcome was change in cognitive function assessed by the Oxford 
Memory Task, a task sensitive to hippocampal memory binding. Secondary 
outcomes included tolerability, other neuropsychological scales, and general 
questionnaires.
Results: Recruitment numbers were severely limited owing to restrictions from 
the COVID-19 pandemic at the time of the study. Eight participants completed 
both arms of the study (mean age 68.4 years [SD = 9.2]; 5 females [62.5%]). No 
participants withdrew from the study and there was no significant difference be-
tween reported side effects in the active levetiracetam or placebo arm. Measures 
of mood and quality of life were also not significantly different between the two 
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1  |   INTRODUCTION

The burgeoning healthcare needs of dementia threaten 
to overwhelm healthcare systems around the world. In 
the United States, for example, there are estimated to 
be over 6 million people living with dementia leading to 
a current cost of over 345 billion dollars.1 Over the next 
40 years it is predicted that there will be around 13 mil-
lion people with Alzheimer's disease (AD) in the United 
States alone with most of this increase occurring in people 
aged over 85 years. Dementia prevalence is also increasing 
in low to middle-income countries where populations are 
aging three times faster than in the global west.2 In such 
resource-under-privileged regions the direct and indirect 
impacts of dementia are vast and it will be very difficult 
for people living in such settings to access highly special-
ized and expensive medicines that may only offer modest 
improvements in cognitive function.

Epilepsy also increases as populations age with its great-
est incidence in those over 75 years of age. Although it has 
been recognized for many decades that seizures are more 
common in people with dementia,3 until recently this has 
been considered an epiphenomenon—a simple conse-
quence of neuronal loss destabilizing neuronal networks. 
Over the past decade, several lines of enquiry have demon-
strated that there is a bidirectional relationship between 
epilepsy and dementia.4–6 It seems likely that seizures or 

epileptic activity in the aging brain may contribute to the 
pathogenesis of AD.7–10 Importantly, epilepsy can often 
be treated with cheap, generic antiseizure medications 
(ASMs).11 The inter-linking of epilepsy and dementia, 
therefore, raises the possibility that suppression of abnor-
mal epileptic activity may help cognition in those with AD.

Antiseizure medications have been explored in animal 
models of AD with a particular focus on the synaptic ves-
icle 2A antagonist levetiracetam.12 Levetiracetam can re-
duce neuritic plaque formation13 and suppress abnormal 

arms based on participant or carer reports. In limited data analysis, there was 
no statistically significant difference between participants in the active leveti-
racetam and placebo arm on the memory task.
Significance: This pilot study demonstrates that levetiracetam was well toler-
ated in individuals with Alzheimer's disease who do not have a history of sei-
zures and has no detrimental effect on mood or quality of life. Larger studies are 
needed to assess whether levetiracetam may have a positive effect on cognitive 
function in subsets of individuals with Alzheimer's disease.
Plain Language Summary: Abnormal electrical activity within the brain, such 
as is seen in seizures, might contribute to memory problems in people with de-
mentia. We completed a clinical trial to see if an antiseizure medication, leveti-
racetam, could help with memory difficulties in people with Alzheimer's disease 
(the most common cause of dementia). In this pilot study, we could not prove 
whether levetiracetam helped memory function. We did show that the drug is 
safe and well tolerated in people with dementia who have not had a seizure. This 
work, therefore, offers a platform for future research exploring antiseizure medi-
cations in people with dementia.

K E Y W O R D S

antiseizure medications, dementia, epilepsy, Oxford Memory Test, seizure

Key points

1.	 Epilepsy may contribute to the etiopathogen-
esis of Alzheimer's disease.

2.	 ILiAD is a double-blind, randomized placebo-
controlled trial of levetiracetam in Alzheimer's 
disease.

3.	 Levetiracetam was well tolerated in people 
with AD who have not had a seizure.

4.	 Owing to small sample size, effect of leveti-
racetam on cognition could not be determined.

5.	 Larger trials of antiseizure medications in peo-
ple with dementia are w​arr​ant​ed.​​
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electrical activity in animal models of AD. In transgenic 
mice, levetiracetam also associates with amelioration of 
cognitive and behavioral deficits.12 In humans with mild 
cognitive impairment, suppression of aberrant hippocam-
pal hyperactivation resulted in better performance on a 
visual recognition task.14 Also, levetiracetam is a widely 
utilized ASM with minimal drug–drug interactions and 
demonstrated efficacy and tolerability in older people.15 It, 
therefore, would seem worthwhile considering whether 
levetiracetam offers benefit to people with dementia who 
have not previously experienced a seizure.

The Investigation of Levetiracetam in Alzheimer's dis-
ease (ILiAD) trial was designed as a randomized, double-
blind, placebo-controlled crossover study. The primary 
endpoint was change in cognitive function assessed 
through a highly specific hippocampal binding task. 
Secondary endpoints included adverse effects, impact on 
mood, quality of life assessments, and evaluation of elec-
troencephalographic recording to try and predict drug re-
sponse. Regrettably, the COVID-19 pandemic affected the 
study very adversely and the trial, which by definition was 
in a vulnerable older population, had to be halted early. 
Here we present the data of all participants who com-
pleted the study with specific emphasis on how similar 
studies can be developed in future.

2  |   METHODOLOGY

2.1  |  Main trial outline

The methodology underpinning the ILiAD trial—a proof-of-
concept pilot study—(registration number: NCT03489044) 
has been published previously.16 In brief, people aged over 
50 years with a confirmed diagnosis of mild-to-moderate AD, 
who had not experienced an overt seizure, were invited to par-
ticipate. A diagnosis of AD was made according to McKhann's 
criteria encompassing an individual's clinical phenotype and 
supportive investigations including brain magnetic reso-
nance imaging (MRI) and 18F-Fluorodeoxyglucose positron 
emission tomography (FDG-PET).17

Participants were recruited from Oxford University 
Hospitals NHS Foundation Trust and Oxford Health 
Foundation Trust. The clinical team made initial ap-
proaches. All participants had to have capacity to provide 
informed consent and had to have a named carer who 
would assist with trial procedures. Based on power cal-
culations (90% power at a 5% significance level),16 a total 
of 24 participants would be needed to detect a meaning-
ful difference on the OMT. To account for an attrition 
rate of up to 20%, we planned to recruit 30 participants.

Potentially suitable candidates underwent initial 
screening that included checks of renal function, baseline 

cognitive assessment and an electroencephalogram (EEG). 
Full inclusion and exclusion criteria are listed in Table S1. 
People with epileptiform abnormalities on EEG recording 
were specifically excluded as was anybody who was tak-
ing an ASM for any reason (for example gabapentin being 
taken for pain). These strict criteria were applied so that 
levetiracetam was not simply treating seizure activity and 
any potential impact on neural networks was not masked/
modulated by other ASMs.

Consenting participants who met all inclusion and ex-
clusion criteria were enrolled into the study and, using a 
restricted block randomization method, randomized 1:1 to 
begin with levetiracetam or placebo. Randomization codes 
were generated by the Centre for Statistics in Medicine, 
University of Oxford. Potential participants were initially 
approached by their direct clinical care team. Eligible par-
ticipants were then enrolled and allocated to interventions 
by the ILiAD research team.16

Levetiracetam (250 mg tablets) and placebo were man-
ufactured to look identical and carers dispensed tablets 
according to a specifically created treatment chart.16 For 
those allocated to receive active drug first, levetiracetam 
was up-titrated by 250 mg (one tablet) every week for 
4 weeks before being maintained at levetiracetam 500 mg 
(two tablets) twice daily for 4 weeks. Levetiracetam was 
then down-titrated to nil over 4 weeks. People subse-
quently crossed over to the placebo arm where a similar 
titration schedule was completed. For those initially allo-
cated to the placebo arm the titration schedule was iden-
tical except that placebo was up-titrated and weaned first, 
followed by the crossover to active drug.

The trial flowsheet (Figure  1) was identical for all 
participants. Key assessment points were at baseline, 
8 weeks (after completion of 4 weeks on active drug/
placebo in arm 1), and 20 weeks (after completion 
of 4 weeks on active drug/placebo in arm 2). Intra-
participant measures were evaluated and group analyses 
performed. All parties—participants, carers, assessors, 
and clinicians—were blinded as to study outcome until 
study closure.

2.2  |  “What was where?” Oxford 
memory task—Primary outcome measure

The ILiAD study used a modified version of the “What 
was where?” Oxford Memory Task (OMT).18–24 This 
task is sensitive to early signs of working memory defi-
cits in individuals with hippocampal dysfunction such 
as patients with limbic encephalitis,18 previous tem-
poral lobe lobectomy,24 familial Alzheimer's AD,19,23 
late-onset sporadic AD20,22 and subjects at risk of devel-
oping AD.20,22 The OMT can detect early impairment in 

 24709239, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epi4.13070 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [15/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4  |      SEN et al.

memory binding even when overall performance is still 
intact.18,24

During the task, participants were presented with ei-
ther one (Fractals 1) or two (Fractals 2) fractals located 
randomly on the black screen (Figure  2). Participants 
were asked to remember the design of the fractal(s) shown 
(‘what’), and their locations (‘where’). After a 4-s blank 
screen delay, two fractals appeared at the center of the 
screen along the vertical midline. One of these fractals 
was present in the previous array (target) while the other 
fractal was new (distractor). Participants were asked to 
touch the target fractal and drag it to the original location. 
Trial order was randomized within each block and frac-
tal location was pseudorandomized, based on a MATLAB 
script (MathWorks, Inc).

Stimuli were presented on a black background and 
were chosen from a library of 196 fractals (http://​sprott.​
physi​cs.​wisc.​edu/​fract​als.​htm). Participants sat approxi-
mately 30 cm in front of a tablet (either iPad or Android), 
yielding 2.3° of visual angle. Stimuli were calibrated using 

the dimension on the screen to ensure matching of stimuli 
properties across different tablet models.

Several primary working memory metrics can be deter-
mined from the OMT (Figure 2), including:

•	 Identification Time: the time in seconds taken to 
identify the correct object.

•	 Localization Time: the time in seconds to drag the 
chosen object to its remembered location.

•	 Proportion correct: the proportion of trials in which 
participants correctly identified the target.

•	 Absolute Error: the distance from the center of origi-
nal item location to the center of participant's response 
location.

In the two-item condition (Fractals 2), further metrics 
can be derived based on the Mixture Model of working 
memory by Bays and colleagues,25 adapting the original 
model by fitting the data to different memory outcome 
distributions using a permutation approach, described 

F I G U R E  1   Schema for the 
ILiAD trial. ILiAD trial flowsheet 
from recruitment through crossover 
and monitoring (adapted from16) 
After baseline assessments, recruited 
participants were randomized to first 
receive either levetiracetam or placebo. 
Detailed assessments were performed 
at 8 weeks to compare to baseline data. 
After weaning away levetiracetam/
placebo, participants crossed over to the 
second arm and received the opposite of 
what they had been given in the first arm 
(namely people receiving levetiracetam 
now received placebo and vice versa). 
Assessment at 20 weeks was compared 
to data acquired at 12 weeks and 
levetiracetam/placebo was then down-
titrated to nil by 24 weeks.
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further in Figure S1. This approach has been previously 
published using this task.22,26

•	 Target detection: the probability of correctly identify-
ing the target.

•	 Guessing: the probability of random guessing 
responses.

•	 Misbinding: the probability of mislocalizing correctly 
identified item to the remembered location of another 
item in the memory array.

•	 Imprecision: the width of the distribution of the re-
sponses around the target.

2.3  |  Neuropsychological tests, 
questionnaires, and scales

The tests and questionnaires administered during ILiAD 
included the Mini Mental State Examination (MMSE),27 
Bristol Activity of Daily Living Scale (BADLS),28 Dementia 
Severity Rating Scale (DSRS),29 Neuropsychiatric Inventory 
(NPI),30 Euro-Qol Quality of Life measure (EQ5D),31 and 
Quality of life scale (QoL).32 QoL scales included a patient 
version (patient responded regarding his/her quality of 
life) and a caregiver version (caregiver responding on their 
quality of life). EQ5D scales included a patient version, a 
caregiver version, and a proxy version (caregiver respond-
ing on the patient's estimated quality of life).

2.4  |  Electroencephalography recording

A baseline EEG was performed for all potential partici-
pants, principally to exclude the presence of epileptiform 
activity. Recordings were obtained via scalp electrodes, 
individually attached according to the international 10–20 
system, following the local hospital protocols.

2.5  |  Adverse effect reporting

Levetiracetam, as outlined, is a well-tolerated and widely 
prescribed antiseizure medication and is a drug of choice 
in older people with epilepsy. The safety and tolerability 
profile of levetiracetam is well-established. A full descrip-
tion of our adverse event reporting and harms protocol 
has been provided previously with principal potential ad-
verse events listed in Table S2.16

2.6  |  Statistical analyses

As outlined in the ILiAD research protocol16 (Figure  1), 
changes in questionnaire responses were calculated by 
comparing the change from the end of each arm of the study 
to its baseline, that is, week 8 compared to baseline (arm 1) 
and week 20 compared to week 12 (arm 2). For demograph-
ics and baseline cognitive tests (MMSE), a two-sample t test 

F I G U R E  2   “What was where?” Oxford Memory task (OMT). Participants were presented with either 1 or 2 fractals randomly 
distributed on the screen. After a 4 s delay two fractals appeared at the center of the screen, one of which had appeared in the memory array 
whereas the other one was a distractor. Firstly, they needed to identify the object they had seen previously (‘what’), and then drag it back to 
its original location (‘where’).
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or Mann–Whitney U test were used to compare continu-
ous variables, according to the normality of the data. The 
chi-square test was used to compare categorical variables. 
Paired t-test and Wilcoxon signed-rank test were used to 
compare questionnaires' measures between the two arms 
of the study, according to the normality of the data.

Given the final small sample size, which was not an-
ticipated when conceiving the study, for the computer-
ized metrics we fitted a within-subject linear mixed effect 
model, as is standard practice in experimental psychology 
for experiments with small number of participants studied 
under two or more experimental conditions.33 The inter-
individual variability was taken into account by including 
trial by trial data (20 trials per session) for each individual 
and by considering each participant uniquely in the model, 
while looking at the separate effects of session (by compar-
ing the first and the second session) and the effect of drug 
(placebo or levetiracetam) across subjects. For each out-
come variable, the following model was fitted: var. ~ 1 + ses-
sion × drug + (1|subject). Significance was set at p < 0.05.

3  |   RESULTS

3.1  |  Randomization

ILiAD opened in November 2019 and had to close to recruit-
ment owing to the COVID-19 pandemic in March 2020. Prior 
to having to halt the trial, 8 participants were recruited. No 
participant was unblinded for clinical purposes before the end 
of the trial. All participants completed the entire study—both 
arms. Owing to the pandemic, though, the trial had to be 
adapted and certain tasks that required in-person assessments 

could not be completed. Baseline EEG was performed for all 
participants. In four individuals periods of light sleep were 
captured and for one of those participants, sleep associated 
with bursts of slow wave activity over fronto-central regions. 
In an additional participant drowsiness was recorded and that 
individual's EEG demonstrated some irregular slow activity, 
more over the left hemisphere than the right. Of the eight par-
ticipants, four had FDG-PET data available.

At the end of the study, unblinding revealed that 3 indi-
viduals were allocated to the arm where placebo was given 
first, and 5 to the arm where levetiracetam was given first 
(Table 1).

3.2  |  Demographics

There was no difference between participants in the two 
arms (people started on levetiracetam first vs. placebo 
first) in terms of age, sex, or baseline MMSE (Table  1). 
As the trial was interrupted owing to the COVID-19 
pandemic and given the necessary face-to-face nature of 
the MMSE test, this was administered only at baseline. 
All participants completed the other questionnaires and 
scales remotely until the end of the study (week 24).

The “What was where?” OMT also required in-person 
assessment. For the OMT, data collection was interrupted 
at different stages of enrolment (Table  1). Datapoints of 
the OMT task from week 12 onwards were excluded from 
further analyses as none of the participants completed the 
task at week 20. Data from those with only OMT assessment 
at baseline were also excluded from further analyses. As a 
result, the samples for assessment of the primary endpoint 
compared where n = 2 per arm with 2 timepoints per arm.

Overall 
(n = 8)

PLACEBO 
first (n = 3)

LEV first 
(n = 5) p-value

Age 68.4 (9.2) 70.3 (6.0) 67.2 (11.2) n.s.

Sex (M/F) 3/5 0/3 3/2 n.s.

MMSE 17.7 (4.5) 15.3 (3.2) 19.2 (4.8) n.s.

Dropout/withdrawn 0/8 0/3 0/5

Questionnaires– 20 weeks 8/8 3/3 5/5

OMT – Baseline 8/8 3/3 5/5

OMT – 8 weeks 4/8 2/3 2/5

OMT – 12 weeks 3/8 2/3 1/5

OMT – 20 weeks 0/8 0/3 0/5

Note: Values are presented as mean, with standard deviation (SD) in brackets. The different OMT timings 
reflect the four different timepoints where OMT was scheduled in the trial, with the relative number of 
subjects completing the OMT test at each timepoint.
Abbreviations: F, female; LEV, Levetiracetam; M, male; MMSE, Mini mental state examination; n. s., not 
significant; OMT, “What was where?” Oxford Memory task.

T A B L E  1   Demographics overview.
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      |  7SEN et al.

3.3  |  Primary outcome: “What was 
where?” Oxford memory task (OMT)

Overall, there was no statically significant difference in 
the metrics examined between participants in the two 
arms (started on levetiracetam first or placebo first) for 
Fractals 1 (Figure 3, Table 2), and Fractals 2 (Figures S2 
and S3, Table S3). The very small numbers, though, do not 
allow firm conclusions on this.

3.4  |  Secondary outcomes

3.4.1  |  Safety and tolerability outcomes

Study dropouts and missing doses
No participants withdrew from the study. One participant 
delayed increasing from one tablet to two tablets by 3 days 
due to a participant query. After a telephone consultation, it 
was deemed suitable to continue the participant in the study, 
and the dose was increased up to the target dose. No other 

missing doses neither reported at any time by any other par-
ticipants nor revealed by the drug administration chart.

3.4.2  |  Neuropsychological scales and 
questionnaires

Measures of mood, activity of daily living, dementia 
severity, and quality of life
There was no statically significant difference between pla-
cebo and levetiracetam in measures of mood (NPI), activ-
ity of daily living (BADLS), dementia severity (DSRS), and 
quality of life (QoL, EQ-5D, DSRS), whether reported by 
the patient, by the caregiver, or if estimated by the car-
egiver with respect to the patient (Figure S4).

3.4.3  |  EEG recordings

Baseline EEG recordings were assessed by a consult-
ant neurophysiologist (MS) for any clinically relevant 

F I G U R E  3   Individual datapoints for Fractals 1 testing. Values are presented as color-coded individual datapoints, for all subjects who 
took part in the study. Randomization status is represented by different subplots for each metric (left for placebo, right for levetiracetam). 
Lev = levetiracetam. Proportion correct = proportion of correctly identified items. Identification time = time in seconds identify the correct 
object. Absolute Error = distance between the original item location to the participant's response location. Localization Time = the time in 
seconds to drag the chosen object to its remembered location. Higher values correspond to better localization for proportion correct, and to 
worse performance for absolute error, identification, and localization time.
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8  |      SEN et al.

findings. There was no evidence of epileptiform activity in 
any study participants. Planned further analyses of base-
line EEG to predict response was not performed owing to 
the small numbers recruited.

3.4.4  |  Adverse events reported

There were 35 adverse instance reports that ranged from 
“fatigue” (three instances) to “word finding difficulty” 
(two instances). “Headache” was the most frequently 
reported symptom with 11 instances (Figure  S5). There 
were no suspected unexpected serious adverse reactions 
(SUSARs) reported.

Three of the eight study participants accounted for 33 
out of 35 adverse instance reports. Of these reports, 19 
were made while the participants were taking placebo 
and 16 were reported during while the participant was 
on levetiracetam (Figure 4). Amongst our 8 participants, 
there was no difference in number of adverse reporting 
instances between active and non-active arms of the study 
(t = −0.243, 95% CI: −8.32 to 6.82, p = 0.82).

4  |   DISCUSSION

In this proof-of-concept study, we assessed the safety and tol-
erability of levetiracetam in patients with AD without overt 
seizures or baseline epileptic EEG activity, and the effect of 
levetiracetam on cognition. Regrettably, we were not able to 
complete recruitment owing to the COVID-19 pandemic.

The main result of this trial is that levetiracetam was 
well tolerated in our cohort of eight older people with AD 
who have not experienced a seizure. No participant with-
drew from the study prematurely. The adverse effects were 
mild, in line with known side effects of levetiracetam34 
and there was no difference in the rate of side effects when 
comparing levetiracetam to placebo. Importantly, there 
was no worsening of mood in the levetiracetam arm com-
pared to the placebo arm, both in terms of self-reported 
adverse effects and objective measures such as the NPI. 
This reinforces previous data showing levetiracetam as a 

Coefficients Standard error t-value p-value

Fractals 1

Proportion correct

Session −0.07 0.089 −0.84 0.40

Drug −0.25 0.20 −1.23 0.21

Session × drug 0.15 0.13 1.20 0.24

Absolute error

Session −22.46 34.13 −0.66 0.51

Drug 97.55 116.6 0.84 0.40

Session × drug −60.70 48.3 −1.26 0.21

Identification time

Session −505.53 2251.2 −0.22 0.82

Drug 10 033 3183.7 3.15 0.002

Session × drug −4696.3 2013.5 −2.33 0.02

Note: Session = baseline or 8 weeks, Drug = randomization allocation (whether on placebo or 
levetiracetam), Session × drug = interaction between session and drug, that is, whether being on the 
levetiracetam or placebo changed the cognitive outcome. p = p-value, with statistical significance set 
at p < 0.05. The significant results for session × drug interaction for identification time did not survive 
multiple comparisons' correction.

T A B L E  2   Fractals 1 results.

F I G U R E  4   Number of adverse reporting instances. Four study 
participants accounted for all the adverse reporting instances in the 
active arm of the study. Nineteen adverse instances were reported 
while participants were in the non-active, placebo arm (red) of the 
study, and 16 were reported during the active, levetiracetam arm 
(blue).
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safe and well-tolerated drug in older people,34–38 and ex-
tends these findings specifically to individuals with AD. 
Measures of quality of life were not statistically differ-
ent in the two arms, with evidence of both increase and 
decrease in quality of life in patients and caregivers on 
placebo and levetiracetam. Further studies are needed to 
investigate whether more definite trends could be detect-
able with a higher sample size.

We did not have sufficient data to assess the primary 
outcome of the study, the effect of levetiracetam on cog-
nition, measured by our computerized cognitive task. 
The hippocampal binding task deployed here was delib-
erately chosen owing to low practice effect. Standard au-
ditory verbal learning tests using word lists, such as the 
Rey Auditory Verbal Learning Test, are good indices of 
episodic memory. Marked practice effects, though, can 
hinder their interpretation over short time intervals as 
employed in ILiAD.39

All participants were, able to complete the in-person 
computerized task when it was possible to run the test, 
with no incomplete data. As those recruited were primar-
ily in a moderate stage of the disease, as indexed by the 
MMSE (Table 1), our data suggests that this computerized 
task can be a viable resource to quantify granular changes 
in cognition over a short time scale. Such tests measure 
working memory and are less susceptible to practice ef-
fects compared to traditional tests of cognition. Future 
trials in AD might consider similar cognitive testing strat-
egies to substantially reduce trial length.

Titration of IMP in ILiAD was relatively brisk and leve-
tiracetam was increased to 500 mg twice daily, higher than 
was employed in previous studies of MCI and a similar 
study in AD.14,40 Our initial rationale was that people with 
AD are likely to have more network instability than those 
with MCI, hence a higher dose of levetiracetam might be 
required in AD. While we cannot comment on the effect 
of this higher dose on the primary outcome measure, it is 
serendipitous that we can show that there are no adverse 
neuropsychiatric effects from levetiracetam 500 mg twice 
daily compared to placebo. In future trials, a multi-arm 
strategy can be deployed to help optimize levetiracetam 
dosing in people with dementia.

A similar, independent study was run concurrently with 
the ILiAD trial to address whether levetiracetam could 
improve executive function in patients with Alzheimer's 
disease.40 In that American cohort, 34 individuals with 
Alzheimer's disease completed a similar double-blind, 
crossover study design with a substantially lower dose of 
levetiracetam (125 mg twice daily). That study's primary 
endpoint was not met as no overall difference in cogni-
tive outcomes were detected with levetiracetam compared 
to controls. Nine patients, however, who had detectable 
epileptiform activity on their baseline EEG, showed a 

small improvement on a Stroop test subscale and virtual 
route learning test at the group level suggesting a poten-
tial domain-specific improvement in executive skills.40 
Consistent with the ILiAD trial, there were no safety con-
cerns reported.40

As outlined, participants with epileptiform activity 
were excluded from ILiAD. Suppression of seizures is the 
first step to helping cognitive function in those with epi-
lepsy. Given that AD so closely associates with seizure dis-
orders, it is possible that people with AD and epileptiform 
activity on EEG recording have experienced unrecognized 
seizures and that, therefore, in that sub-population le-
vetiracetam is simply treating a hitherto unrecognized 
epilepsy.

Interictal epileptiform discharges may also be indica-
tive of the increasingly apparent hyperexcitable network 
dysfunction seen in AD.41 Moving forward, larger studies 
should stratify participants by EEG signature and evaluate 
the effect of treatments on EEG as a potential biomarker 
of therapeutic effect. Already, though, these two innova-
tive trials exploring ASMs as a therapy in dementia offer a 
new avenue to trying to improve cognitive function in AD 
and confirm that levetiracetam is a safe medication in this 
patient cohort.

5  |   LIMITATIONS

Limitations of this study are primarily driven by the 
premature interruption of the trial, which resulted in 
a small number of individuals being recruited (8 com-
pared to 30 planned) and lack of completion of the com-
puterized cognitive tasks (only 2 subjects per arm and 
only 2 timepoints per arm). Since the inception of ILiAD 
we have developed a fully remote version of the “What 
was where?” Oxford Memory task,42 which is now avail-
able at https://​oxfor​dcogn​ition.​org/​. In this way, our 
computerized cognitive assessment can now be per-
formed regardless of the nature of the visit (remote or 
in-person). This new version of the OMT is deployable 
across devices (computers, tablets, and mobile phones), 
thus resulting in higher scalability of future, possibly 
multicentric clinical trials.

The small sample number and lack of being able to test 
the primary endpoint, also meant several subsidiary anal-
yses could not be performed—for example whether anal-
ysis of the EEG might provide a biomarker for who could 
benefit most from levetiracetam therapy.

While disappointing that such hypotheses could not 
be tested, the effort and reorganization involved to con-
tinue a trial in one of the most vulnerable groups (older 
people with AD) during the COVID-19 pandemic cannot 
be underestimated. Many researchers were redeployed to 
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COVID studies or other clinical roles and it is testament to 
the participants recruited that all individuals completed 
the study even though there were so many changes to test-
ing and, for example, delivery of IMP.

6  |   CONCLUSION

These pilot data show that levetiracetam is well tolerated 
in patients with AD who have not have seizures and has 
no detrimental effect on mood or quality of life. Larger 
studies should be very actively explored to assess whether 
levetiracetam may have a positive effect on cognitive func-
tion in those with AD who have not experienced a seizure. 
Given the rapid increase of people with dementia in low 
to middle income countries, particular emphasis should 
be given to trialing levetiracetam in these resource under-
privileged settings.
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