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A B S T R A C T

Background

Any type of seizure can be observed in Alzheimer's disease. Antiepileptic drugs seem to prevent the recurrence of epileptic seizures in most
people with Alzheimer's disease. There are pharmacological and non-pharmacological treatments for epilepsy in people with Alzheimer's
disease, however there are no current systematic reviews to evaluate the eJicacy and tolerability of these treatments. This review aims
to investigate these diJerent modalities.

This is an updated version of the Cochrane Review previously published in 2018.

Objectives

To assess the eJicacy and tolerability of pharmacological or non-pharmacological interventions for the treatment of epilepsy in people
with Alzheimer's disease (including sporadic Alzheimer's disease and dominantly inherited Alzheimer's disease).

Search methods

For the latest update, on 3 August 2020 we searched the Cochrane Register of Studies (CRS Web) and MEDLINE (Ovid, 1946 to 31 July
2020). CRS Web includes randomized or quasi-randomized controlled trials from PubMed, EMBASE, ClinicalTrials.gov, the World Health
Organization International Clinical Trials Registry Platform (ICTRP), the Cochrane Central Register of Controlled Trials (CENTRAL), and the
Specialized Registers of Cochrane Review Groups, including Cochrane Epilepsy. In an eJort to identify further published, unpublished and
ongoing trials, we searched ongoing trials registers, reference lists and relevant conference proceedings; we also contacted trial authors
and pharmaceutical companies.

Selection criteria

We included randomized and quasi-randomized controlled trials investigating treatment for epilepsy in people with Alzheimer's disease,
with the primary outcomes of proportion of participants with seizure freedom and proportion of participants experiencing adverse events.

Data collection and analysis

Two review authors independently screened the titles and abstracts of identified records, selected studies for inclusion, extracted data,
cross-checked the data for accuracy and assessed the methodological quality. We performed no meta-analyses due to there being limited
available data.

Main results

We included one randomized controlled trial (RCT) on pharmacological interventions; the trial included 95 participants. No studies
were found for non-pharmacological interventions. Concerning the proportion of participants with seizure freedom, no significant
diJerences were found for the comparisons of levetiracetam versus lamotrigine (RR) 1.20, 95% CI 0.53 to 2.71; 67 participants; very low-
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certainty evidence), levetiracetam versus phenobarbital (RR 1.01, 95% CI 0.47 to 2.19; 66 participants; very low-certainty evidence), or
lamotrigine versus phenobarbital (RR 0.84, 95% CI 0.35 to 2.02; 57 participants; very low-certainty evidence). It seemed that levetiracetam
could improve cognition and lamotrigine could relieve depression, while phenobarbital and lamotrigine could worsen cognition, and
levetiracetam and phenobarbital could worsen mood. The risk of bias relating to allocation, blinding and selective reporting was unclear.
We judged the certainty of the evidence for all outcomes to be very low.

Authors' conclusions

This review does not provide suJicient evidence to support levetiracetam, phenobarbital or lamotrigine for the treatment of epilepsy
in people with Alzheimer's disease. Regarding eJicacy and tolerability, no significant diJerences were found between levetiracetam,
phenobarbital and lamotrigine.

Large RCTs with a double-blind, parallel-group design are required to determine the eJicacy and tolerability of treatment for epilepsy in
people with Alzheimer's disease.

P L A I N   L A N G U A G E   S U M M A R Y

Treatment of epilepsy for people with Alzheimer's disease

Background
Alzheimer's disease is a risk factor for increased seizures in older people. Seizures of any type can be observed in Alzheimer's disease and
are probably underestimated.

Study characteristics
We searched scientific databases for clinical trials comparing medication and non-medication-based treatments for epilepsy in people
with Alzheimer's disease. We wanted to evaluate how well the treatment worked and if it had any side eJects.

Key results
We included and analyzed one randomized controlled trial (a clinical study where people are randomly put into one or two (or more)
treatment groups) with 95 participants. Concerning the proportion of participants with freedom from seizures, no significant diJerences
were found between the antiepileptic drugs (levetiracetam versus lamotrigine, levetiracetam versus phenobarbital, and lamotrigine
versus phenobarbital). It seemed that levetiracetam could improve cognition (thinking) and lamotrigine could relieve depression, while
phenobarbital and lamotrigine could worsen cognition, and levetiracetam and phenobarbital could worsen mood.

Certainty of the evidence
The certainty of the evidence for all the outcomes from the study were very low. This means that we are very uncertain about the results
and they should be interpreted with caution. Large randomized controlled trials are required to determine how eJective and well tolerated
treatments are for epilepsy in people with Alzheimer's disease.

The evidence is current to August 2020.
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Summary of findings 1.   Levetiracetam compared with lamotrigine for the treatment of epilepsy in people with Alzheimer's disease

Levetiracetam compared with lamotrigine for the treatment of epilepsy in people with Alzheimer's disease

Patient or population: people with AD and epileptic seizures

Settings: the community of Caltanissetta, Italy

Intervention: levetiracetam

Comparison: lamotrigine

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Lamotrigine Levetiracetam

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Proportion with seizure
freedom

241 per 1000 289 per 1000
(128 to 653)

RR 1.20 (0.53 to
2.71)

67
(1 study)

⊕⊝⊝⊝
very low1

RR more than 1 favours levetiracetam

Proportion with adverse
events

241 per 1000 158 per 1000
(60 to 419)

RR 0.65 (0.25 to
1.74)

67
(1 study)

⊕⊝⊝⊝
very low1

RR less than 1 favours levetiracetam

Reduction in seizure fre-
quency of 50% or more

586 per 1000 711 per 1000
(492 to 1026)

RR 1.21 (0.84 to
1.75)

67
(1 study)

⊕⊝⊝⊝
very low1

RR more than 1 favours levetiracetam

Proportion with seizure
freedom in dominantly
inherited AD

Not reported Not reported        

Change in cognition See comment See comment   67
(1 study)

⊕⊝⊝⊝
very low1

In the lamotrigine group, participants showed
slight declines in MMSE and ADAS-Cog scores.
In the levetiracetam group, MMSE scores re-
flected improvement by a mean of 0.23 points
as compared with baseline. Similar improve-
ment was observed in ADAS-Cog scores (−0.23
points).

Change in neuropsychi-
atric symptoms

See comment See comment   67
(1 study)

⊕⊝⊝⊝
very low1

In the lamotrigine group, score change of
−0.72 was recorded on the Cornell scale. In
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the levetiracetam group, mood score wors-
ened by 0.20 points.

Improvement in quality
of life

Not reported Not reported        

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes.2 The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
AD: Alzheimer's disease; ADAS-Cog: Alzheimer's Disease Assessment Scale-Cognitive; CI: confidence interval; MMSE: Mini Mental State Examination; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.

1 Only one trial was included, with 67 randomized participants and potential methodological insuJiciency.
2 Assumed risk is calculated as the event rate in the control group per 1000 people (number of events divided by the number of participants receiving control treatment).
 
 

Summary of findings 2.   Levetiracetam compared with phenobarbital for the treatment of epilepsy in people with Alzheimer's disease

Levetiracetam compared with phenobarbital for the treatment of epilepsy in people with Alzheimer's disease

Patient or population: patients with AD and epileptic seizures

Settings: the community of Caltanissetta, Italy

Intervention: levetiracetam

Comparison: phenobarbital

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Phenobarbital Levetiracetam

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Proportion with
seizure freedom

286 per 1000 289 per 1000
(134 to 626)

RR 1.01 (0.47 to
2.19)

66
(1 study)

⊕⊝⊝⊝
very low1

RR more than 1 favours levetiracetam
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Proportion with ad-
verse events

357 per 1000 158 per 1000
(64 to 382)

RR 0.44 (0.18 to
1.07)

66
(1 study)

⊕⊝⊝⊝
very low1

RR less than 1 favours levetiracetam

Reduction in seizure
frequency of 50% or
more

643 per 1000 711 per 1000
(502 to 1003)

RR 1.11 (0.78 to
1.56)

66
(1 study)

⊕⊝⊝⊝
very low1

RR more than 1 favours levetiracetam

Proportion with
seizure freedom in
dominantly inherited
AD

Not reported Not reported        

Change in cognition See comment See comment   66
(1 study)

⊕⊝⊝⊝
very low1

In the phenobarbital group, significant worsen-
ing of cognitive performance was found, with low-
er mean scores indicating aggravation of existing
cognitive impairment at both 6 and 12 months
post-randomization on MMSE and ADAS-Cog. In
the levetiracetam group, MMSE scores reflected
improvement by a mean of 0.23 points as com-
pared with baseline. Similar improvement was ob-
served in ADAS-Cog scores (−0.23 points).

Change in neuropsy-
chiatric symptoms

See comment See comment   66
(1 study)

⊕⊝⊝⊝
very low1

In the phenobarbital group, mood score worsened
by 1.74 points. In levetiracetam group, mood score
worsened by 0.20 points.

Improvement in
quality of life

Not reported Not reported        

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes.2 The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
AD: Alzheimer's disease; ADAS-Cog: Alzheimer's Disease Assessment Scale-Cognitive; CI: confidence interval; MMSE: Mini Mental State Examination; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.

1 Only one trial was included, with 66 randomized participants and potential methodological insuJiciency.
2 Assumed risk is calculated as the event rate in the control group per 1000 people (number of events divided by the number of participants receiving control treatment).
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Summary of findings 3.   Lamotrigine compared with phenobarbital for the treatment of epilepsy in people with Alzheimer's disease

Lamotrigine compared with phenobarbital for the treatment of epilepsy in people with Alzheimer's disease

Patient or population: patients with AD and epileptic seizures

Settings: the community of Caltanissetta, Italy

Intervention: lamotrigine

Comparison: phenobarbital

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Phenobarbital Lamotrigine

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Proportion with
seizure freedom

286 per 1000 241 per 1000
(100 to 578)

RR 0.84 (0.35 to
2.02)

57
(1 study)

⊕⊝⊝⊝
very low1

RR less than 1 favours phenobarbital

Proportion with ad-
verse events

357 per 1000 241 per 1000
(107 to 546)

RR 0.68 (0.30 to
1.53)

57
(1 study)

⊕⊝⊝⊝
very low1

RR less than 1 favours lamotrigine

Reduction in seizure
frequency of 50% or
more

643 per 1000 586 per 1000
(386 to 887)

RR 0.91 (0.60 to
1.38)

57
(1 study)

⊕⊝⊝⊝
very low1

RR less than 1 favours phenobarbital

Proportion with
seizure freedom in
dominantly inherited
AD

Not reported Not reported        

Change in cognition See comment See comment   57
(1 study)

⊕⊝⊝⊝
very low1

In the phenobarbital group, significant worsen-
ing of cognitive performance was found, with
lower mean scores indicating aggravation of
existing cognitive impairment at both 6 and
12 months post-randomization on MMSE and
ADAS-Cog. In the lamotrigine group, participants
showed slight declines in MMSE and ADAS-Cog
scores.

Change in neuropsy-
chiatric symptoms

See comment See comment   57
(1 study)

⊕⊝⊝⊝
very low1

In the phenobarbital group, mood score wors-
ened by 1.74 points. In the lamotrigine group,

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



T
re

a
tm

e
n

t o
f e

p
ile

p
sy

 fo
r p

e
o

p
le

 w
ith

 A
lzh

e
im

e
r's d

ise
a

se
 (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

7

score change of −0.72 was recorded on the Cor-
nell scale.

Improvement in quali-
ty of life

Not reported Not reported        

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes.2 The corresponding risk (and its 95% CI) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
AD: Alzheimer's disease; ADAS-Cog: Alzheimer's Disease Assessment Scale-Cognitive; CI: confidence interval; MMSE: Mini Mental State Examination; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.

1 Only one trial was included, with 57 randomized participants and potential methodological insuJiciency.
2 Assumed risk is calculated as the event rate in the control group per 1000 people (number of events divided by the number of participants receiving control treatment).
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B A C K G R O U N D

Description of the condition

Epilepsy is a common neurological disorder and becomes more
frequent with age (Brodie 2009). Meanwhile, Alzheimer's disease
(AD) is the most common neurodegenerative disease in older
people, and is characterized by memory loss, cognitive decline,
and behavioral disorders. Although epilepsy is not the predominant
symptom in sporadic AD, it is more common in autosomal
dominant AD (Wu 2012). It has been estimated that AD is a risk factor
for increased seizures in older people (Pandis 2012); approximately
10% to 22% of people with AD have at least one unprovoked
seizure (Mendez 2003). Any type of seizure can be observed in AD
(Rao 2009). The prevalence of epilepsy is probably underestimated
(Tallis 2002), considering the unrecognized non-convulsive forms.
Seizures can be seen even in the early stages of AD (Palop 2007),
which suggests seizures may contribute to cognitive impairment.

Description of the intervention

Antiepileptic drugs (AEDs) are the current intervention for treating
epilepsy in people with AD. According to a previous study, the
eJicacy of AEDs in older people was proven to be better than that in
the younger population (Mattson 1985). The first generation AEDs,
such as valproic acid and benzodiazepines, can aggravate cognitive
decline in people with AD (Fleisher 2011; Wu 2009). In contrast,
the new generation AEDs, e.g. lamotrigine and gabapentin, seem
to be well tolerated by older people (Rowan 2005; Saetre 2007).
Drugs targeting beta amyloid may also be a rational choice for
treatment of epilepsy in AD as beta amyloid accumulation can
contribute to seizures, as confirmed by Down syndrome and AD
mouse models (Puri 2001; Westmark 2008). Non-pharmacological
interventions, such as transcranial magnetic stimulation (TMS),
deep brain stimulation and acupuncture, are potentially beneficial
for people with AD or people with epilepsy (Hsu 2015; Kimiskidis
2010; Laxpati 2014; McElroy-Cox 2009).

How the intervention might work

The common mechanisms between AD and epilepsy can probably
be attributed to hippocampal sclerosis; that is, neuron loss and
astrogliosis in cornu ammonis, with sparing of granule cells in the
dentate nucleus (Chin 2013). Furthermore, hippocampal sclerosis
may be associated with dementia and neuropsychiatric symptoms
in people with AD or epilepsy. In AD mouse models, a-beta
amyloid and neurofibrillary tangle-related tau protein have been
suggested to contribute to seizures (Roberson 2011; Westmark
2008). Some studies have demonstrated that seizures occur
even earlier than amyloid pathology, which possibly causes the
progressive neurodegeneration in AD (Minkeviciene 2009; Palop
2007). Thus, AEDs may reduce the progression of AD by controlling
epilepsy, while drugs targeting beta amyloid may reduce seizures
by preventing amyloid aggregation. With regard to the mechanisms
of TMS, either excitatory or inhibitory responses can be generated
in cortical tissues, which improve the symptoms of both AD and
epilepsy.

Why it is important to do this review

At present, AED therapy has been tested in clinical trials and seems
to prevent the recurrence of epileptic seizures in most people with
AD (Rao 2009). Meanwhile, drugs targeting beta amyloid, such as
bapineuzumab and solanezumab, have not been widely applied

in the treatment of AD. Therefore, their antiepileptic eJicacy is
still unknown. TMS treatment has been applied in AD and in
epilepsy, but the eJicacy of TMS for epilepsy in people with AD
is rarely reported. In this review, we aim to evaluate the eJicacy
and tolerability of the treatment of epilepsy for people with AD. To
our knowledge, no systematic review or meta-analysis on this topic
exists.

O B J E C T I V E S

To assess the eJicacy and tolerability of pharmacological or non-
pharmacological interventions for the treatment of epilepsy in
people with AD (including sporadic AD and dominantly inherited
AD).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized and quasi-randomized controlled trials.

Types of participants

We included people diagnosed with Alzheimer's disease (AD)
combined with epilepsy. We used the definitions of AD and epilepsy
as provided in the original studies. We applied no limitations on sex
or age.

Types of interventions

Experimental intervention: any pharmacological or non-
pharmacological intervention for epilepsy, alone or combined with
other treatment.

Control intervention: no treatment; placebo alone or combined
with other treatment (concomitant interventions had to be
the same in each group); diJerent doses of the experimental
intervention.

Types of outcome measures

The outcomes of all the participants initially randomized were
collected and subjected to intention-to-treat (ITT) analysis. All the
outcomes were measured at the endpoint, in comparison with the
data from the baseline. We followed the endpoints as provided in
the original publications, and merged the data at the same time
point, if possible.

Primary outcomes

1. Proportion of participants with seizure freedom.

2. Proportion of participants who experienced any adverse events
(AEs).

Secondary outcomes

1. Proportion of participants with dominantly inherited AD with
seizure freedom.

2. Reduction in seizure frequency of 50% or more.

3. Change in cognition, measured by Mini Mental State
Examination (MMSE), Alzheimer's Disease Assessment Scale-
Cognitive (ADAS-Cog), etc.
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4. Change in neuropsychiatric symptoms, measured by
Neuropsychiatric Inventory (NPI), Geriatric Depression Scale
(GDS), etc.

5. Improvement in quality of life, measured by Quality of Life Scale,
etc.

Search methods for identification of studies

Electronic searches

Searches were run for the original version of the review on 1
February 2016. Subsequent searches were run on 10 July 2018. For
the latest update, we searched the following databases on 3 August
2020:

1. Cochrane Register of Studies (CRS Web), using the search
strategy set out in Appendix 1;

2. MEDLINE (Ovid, 1946 to July 31, 2020), using the search strategy
set out in Appendix 2;

CRS Web includes randomized or quasi-randomized controlled
trials from PubMed, Embase, ClinicalTrials.gov, the World Health
Organization International Clinical Trials Registry Platform (ICTRP),
the Cochrane Central Register of Controlled Trials (CENTRAL), and
the Specialized Registers of Cochrane Review Groups, including
Cochrane Epilepsy.

Note: it is no longer necessary to search Embase, because
randomized and quasi-randomized controlled trials from Embase
are now included in CENTRAL.

Searching other resources

In addition to the strategies listed above, we also:

1. searched reference lists of reviews and retrieved articles for
additional studies;

2. searched conference proceedings from the last three years for
relevant studies, in World Congress of Neurology, International
Conference of Alzheimer's Disease, Alzheimer's Association
International Conference, and International Epilepsy Congress;

3. contacted researchers, pharmaceutical companies, and
relevant trial authors to seek information about unpublished or
incomplete trials.

We did not impose any language limitations for the search, and we
attempted to obtain translations of articles where necessary.

Data collection and analysis

Selection of studies

Two review authors (JL, L-NW) independently evaluated titles
and abstracts of identified trials to determine if they fulfilled the
inclusion criteria. All potentially relevant studies were obtained in
full text for further consideration. We listed the excluded studies
and reported the reasons for exclusion. Any disagreements were
resolved by discussion or by an independent party if necessary.

Data extraction and management

Two review authors (JL, L-NW) independently extracted eligible
data from the published reports onto standardized forms, and
cross-checked them for accuracy. Disagreements regarding data
extraction were resolved by discussion between the review authors.

We used checklists to independently record details of the following:

1. study design;

2. total study duration;

3. methods of generating the randomization schedule;

4. method of concealment of allocation;

5. blinding;

6. use of an ITT analysis (all participants initially randomized will
be included in the analyses as allocated to groups);

7. AEs and dropouts for all reasons;

8. participants (country, number of participants, age, gender,
inclusion and exclusion criteria);

9. comparison (details of the intervention in treatment and control
groups, details of co intervention(s) in both groups, duration of
treatment);

10.outcomes and time points of measures (number of participants
in each group and outcome, regardless of compliance);

11.factors for heterogeneity (sample size, missing participants,
confidence interval (CI) and P value in measurement, subgroup
analyses).

Assessment of risk of bias in included studies

Two review authors (JL, L-NW) independently assessed the risk
of bias for each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2017).
We resolved any disagreements by discussion or by involving an
independent party. We assessed the risk of bias according to the
following domains.

1. Random sequence generation

2. Allocation concealment

3. Blinding of participants and personnel

4. Blinding of outcome assessment

5. Incomplete outcome data

6. Selective outcome reporting

7. Other bias

We assessed the risk of bias for each domain as being high, low
or unclear, and provided information from the study report. We
described sources of bias.

Measures of treatment e<ect

We expressed continuous data as mean diJerences (MDs) with 95%
CIs. Standardized mean diJerence (SMD) would have been used for
the outcomes when they were measuring the same thing but in
diJerent ways. For all dichotomous outcomes we calculated risk
ratios (RRs), again with 95% CIs. As it is possible that some trials
(or groups within a trial) had no adverse events or no dropouts, we
would have calculated risk diJerences (RDs) instead of RRs in these
specific situations, again with 95% CIs. We used ITT analysis for all
the outcomes. DiJerent control groups were analyzed separately.

Unit of analysis issues

We planned to deal with any unit of analysis issues according to the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2017).
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Dealing with missing data

We planned to contact the authors of the studies for further
details if any data were missing, and to establish the characteristics
of unpublished trials through correspondence with the trial co-
ordinator or principal investigator. According to the ITT principle,
all randomized participants should be included.

Assessment of heterogeneity

We planned to use the standard Chi2 statistic and I2 statistic to
measure the heterogeneity (Higgins 2017), and make a judgement
along with visual inspection of forest plots. For the Chi2 test, we
would have rejected the hypothesis of tolerability if the P value
was less than 0.10, and we would have interpreted an I2 greater
than 50% as representing significant heterogeneity. In this case, we
would have tried to explore factors for heterogeneity.

Assessment of reporting biases

We planned to assess publication bias by funnel plot if we had
found more than 10 studies. However, the review included only one
study.

Data synthesis

If we found neither clinical nor statistical heterogeneity, we planned
to pool results using a fixed-eJect model. We would have analyzed
diJerent controls separately. In the case of statistical heterogeneity,
we planned to pool the results using a random-eJects model. For
heterogeneity that could not be readily explained, we would not
have pooled the data but only given a description of the results.

Subgroup analysis and investigation of heterogeneity

We did not perform subgroup analyses due to the limited available
data, however we planned to analyze subgroups of studies
categorized according to the subtype of AD (sporadic AD and
dominantly inherited AD), stage of AD (mild, moderate, or severe
AD), and the dosage and duration of interventions.

As a formal method of comparing subgroups, we planned to use the
Chi2 test (to test for significant diJerences between subgroups of
participants). For all statistical analyses, we used Review Manager
5 (Review Manager 2020).

Sensitivity analysis

We were unable to perform any of these analyses due to the
limited available data, however we planned to use best-case and
worst-case scenarios for taking into account missing data. We
also planned to undertake the following sensitivity analyses to
investigate unexplained heterogeneity and to test the robustness of
results:

1. exclusion of cross-over trials from the analysis;

2. exclusion of studies at high risk of bias, with inadequate
allocation concealment or lack of blinded outcome assessor;

3. comparison of fixed-eJect versus random-eJects models.

Summary of findings and assessment of the certainty of the
evidence

We have presented three 'Summary of findings' tables, one for
each comparison (Summary of findings 1; Summary of findings 2;
Summary of findings 3). We reported all outcomes in the tables.

We determined the certainty of the evidence using the GRADE
approach (GRADEPro 2004; Higgins 2017), and downgraded
evidence in the presence of: a high risk of bias in at least one
study, indirectness of the evidence, unexplained heterogeneity
or inconsistency, imprecision of results, and high probability of
publication bias. We downgraded the evidence by one level if we
considered the limitation to be serious and by two levels if very
serious.

R E S U L T S

Description of studies

Results of the search

The previous version of this review included one study. On re-
running the searches on 3 August 2020, we identified 153 papers
aSer de-duplicating the results (Figure 1). ASer screening the
titles and abstracts, we obtained the full papers of five studies
and assessed them for eligibility. We excluded four studies, two
because they had non-randomized designs (Campion 1995; Zelano
2020) and two because the participants were ineligible (Lovestone
2015; Musaeus 2017). There are two ongoing RCTs (NCT02002819;
NCT03489044).
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Figure 1.   Study flow diagram.

 
Included studies

One RCT met the inclusion criteria (Cumbo 2010). A total of 95
participants with Alzheimer's disease (AD) and epileptic seizures
(41 males, 54 females) were enrolled. The participants had
a mean age of 71.75 years (range: 65 to 82 years), a mean
duration of education of 6.3 years (range: 5 to 17 years), and
lived in the community. They were randomly assigned with an
antiepileptic drug (AED) as monotherapy: 38 were administered
levetiracetam (LEV), 28 phenobarbital (PB), and 29 lamotrigine

(LTG). This study comprised a four-week dose adjustment period
followed by a 12-month dose evaluation period. All the participants
had concomitant cholinesterase inhibitor therapy for AD. Other
concomitant medications (including diuretics, antihypertensives,
lipid-reducing agents, and antidiabetic drugs) started prior to the
baseline visit were allowed during the study. During the treatment
periods, participants received LEV, PB, or LTG and were titrated
to an eJective dose. No participant was previously exposed to
another AED. The initial target dosage of LEV was 500 mg/day,
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increased weekly by 500 mg/day; for PB it was 50 mg/day, increased
weekly by 50 mg/day; and for LTG it was 25 mg/day, increased
weekly by 25 mg/day. ThereaSer, the dosage was individually
adjusted. In summary, the mean daily dose of LEV monotherapy
was 956 mg (range: 500 to 2000 mg/day); the mean daily dose of
PB monotherapy was 90 mg/day (range: 50 to 100 mg/day); and the
mean daily dose of LTG monotherapy was 57.5 mg/day (range: 25
to 100 mg/day). Further details of the included study is provided in
the Characteristics of included studies.

Excluded studies

We excluded four studies aSer full-text evaluation (Campion
1995; Lovestone 2015; Musaeus 2017; Zelano 2020). The reasons
for exclusion were due to non-randomized design or ineligible
participants (see Characteristics of excluded studies).

Ongoing studies

We found two related ongoing studies (NCT02002819;
NCT03489044). NCT02002819 was about levetiracetam for AD-

associated network hyperexcitability with randomized cross-over
assignment. The participants met the National Institute on Aging-
Alzheimer's Association Workgroups criteria for probable AD
dementia, whose age were ≤ 80 years at time of screening; and
MMSE score were ≥ 18 and/or CDR < 2 at the initial screening
assessment. The comparison was levetiracetam and placebo, and
the outcomes were changes in executive function, epileptiform
activity frequency, cognitive function and behavior and level of
disability. NCT03489044 was an investigation of levetiracetam
in AD with double-blind, randomized, cross-over assignment.
The participants met the National Institute of Aging-Alzheimer's
Association criteria for probable AD. The comparison was
levetiracetam and placebo, and the outcomes were hippocampal
function, mood, quality of life and adverse events.

Risk of bias in included studies

The information regarding risk of bias is provided in Figure 2 and
Figure 3.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

Random sequence generation (selection bias)
Allocation concealment (selection bias)
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

The included study did not describe the method used to generate
allocation sequence, or whether the methods of allocation were
concealed or not. Therefore we regarded it as having an unclear risk
of selection bias.

Blinding

The details of blinding were not mentioned in the included study.
Thus, we evaluated it as having an unclear risk of both performance
bias and detection bias.

Incomplete outcome data

Eighty-three participants (87%) completed the study (35 (92%) on
LEV, 23 (82%) on PB, and 25 (86%) on LTG). The reasons for dropouts
were given. Therefore, we assessed the study as having a low risk
of attrition bias.

Selective reporting

We intended to use the table of 'Outcome Reporting Bias In
Trials' (ORBIT) to evaluate selective outcome reporting (Kirkham
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2010). However, we could not assess reporting bias as no pre-
published protocols were available.

Other potential sources of bias

We found no other potential sources of bias. InsuJicient numbers
of trials were available for a funnel plot analysis.

E<ects of interventions

See: Summary of findings 1 Levetiracetam compared with
lamotrigine for the treatment of epilepsy in people with Alzheimer's
disease; Summary of findings 2 Levetiracetam compared
with phenobarbital for the treatment of epilepsy in people
with Alzheimer's disease; Summary of findings 3 Lamotrigine
compared with phenobarbital for the treatment of epilepsy in
people with Alzheimer's disease

See: Summary of findings 1; Summary of findings 2; Summary of
findings 3. An eJicacy and tolerability analysis was conducted of
all participants who had taken at least one dose, i.e. intention-
to-treat (ITT) population. People who discontinued the drug for
any reason were considered non-responders with 0% diJerence
from baseline seizure frequency and were included in the eJicacy
results. There was no diJerence between groups in demographic or
baseline characteristics. All the outcomes were measured at the 12-
month endpoint.

Primary outcomes

1. Proportion of participants with seizure freedom

At 12 months, 11 of 38 participants (29%) in the LEV group had
become seizure free; seven of the 11 were seizure free from the
start of therapy, and the other four became seizure free aSer two
months (with a relatively high dosage, 2000 mg/day). In the PB
group, eight of 28 participants (29%) were seizure free from the start
of therapy, at a dosage of 100 mg/day. In the LTG group, elimination
of seizures was achieved by seven of 29 participants (24%) (Analysis
1.1; Analysis 2.1; Analysis 3.1).

2. Proportion of participants who experienced any adverse
events (AEs)

In the LEV group, AEs were observed in six participants (16%). These
AEs included somnolence, asthenia, headache and dizziness. No
participant withdrew due to AEs. In the PB group, 10 participants
(36%) experienced AEs. Somnolence and asthenia were the most
frequently reported AEs. PB was discontinued by four participants
due to AEs. In the LTG group, seven participants (24%) reported AEs.
No participant withdrew because of AEs. There was no statistically
significant diJerence in any of these comparisons (Analysis 1.3;
Analysis 2.3; Analysis 3.3).

Secondary outcomes

1. Proportion of participants with dominantly inherited
Alzheimer's disease with seizure freedom

No data were reported.

2. Reduction in seizure frequency of 50% or more

In the LEV group, 27 of 38 participants (71%) had a greater than
50% reduction in seizure frequency at 12 months follow-up. In
the PB group, 18 of 28 participants (64%) had a greater than 50%
reduction in seizure frequency. In the LTG group, a greater than 50%

reduction in seizure frequency was observed in 17 of 29 participants
(59%). There was no statistically significant diJerence in any of
these comparisons (Analysis 1.2; Analysis 2.2; Analysis 3.2).

3. Change in cognition

In the LEV group, Mini Mental State Examination (MMSE) scores
recorded at the end point reflected improvement by a mean
of 0.23 points as compared with baseline. Similar improvement
was observed in Alzheimer's Disease Assessment Scale-Cognitive
(ADAS-Cog) scores (−0.23 points). LEV was particularly associated
with improved attention, short-term memory, and oral fluency.
In the PB group, significant worsening of cognitive performance
was found, with lower mean scores indicating aggravation of
existing cognitive impairment at both six and 12 months post-
randomization on MMSE and ADAS-Cog. Participants in the LTG
group showed slight declines in MMSE and ADAS-Cog scores. Due
to the lack of mean diJerences and standard deviations provided,
qualitative analyses were unavailable.

4. Change in neuropsychiatric symptoms

Participants in the LTG group scored better on measures of mood.
They exhibited progressive improvement on the Cornell scale for
depression from six months onward. At the endpoint, a score
change of −0.72 was recorded on the Cornell scale. Mood scores
worsened for the LEV group (0.20) and PB group (1.74). Due to
the lack of standard deviations provided, qualitative analyses were
unavailable.

5. Improvement in quality of life

No data were reported.

D I S C U S S I O N

Summary of main results

We included one randomized controlled trial (RCT) with 95
participants. We found methodological defects in the trial, details
of which are provided in the Characteristics of included studies
section. We were unable to carry out a meta-analysis and instead
reported results narratively. There were no significant diJerences
reported between levetiracetam (LEV), phenobarbital (PB) and
lamotrigine (LTG), in terms of participants with seizure freedom,
reduction in seizure frequency of 50% or more, and adverse events.
It seemed that LEV could improve cognition and LTG could relieve
depression, while PB and LTG could worsen cognition, and LEV and
PB could worsen mood.

Overall completeness and applicability of evidence

The one included RCT on pharmacological interventions reported
no significant diJerences between LEV, PB and LTG in the
outcomes of eJicacy and safety. There were 95 participants
randomized, and there were 12 dropouts at the end point. All
the participants had concomitant cholinesterase inhibitor therapy
for AD. Other concomitant medications (including diuretics,
antihypertensives, lipid-reducing agents, and antidiabetic drugs)
started prior to the baseline visit were allowed during the study. No
studies were found for non-pharmacological interventions. Large,
well-designed, parallel-group RCTs on pharmacological or non-
pharmacological interventions are required.
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Quality of the evidence

Only one RCT comprising 95 randomized participants was included.
We identified methodological issues in the study and we are
therefore uncertain about the results. The study did not provide
details of allocation sequence generation, allocation concealment,
or blinding of participants and personnel. Considering only
one trial was included with a small sample size and potential
methodological insuJiciency, we judged the certainty of the
evidence for the outcomes to be very low.

Potential biases in the review process

The search for trials was rigorously performed based on the
strategies in diJerent electronic databases. We found one eligible
RCT and two ongoing studies. To identify unpublished or
incomplete trials, we also searched for protocols, but found no
eligible studies. It is possible that certain unpublished trials were
not identified. In addition, due to the inclusion of only one RCT, we
could not assess publication bias using funnel plots.

Agreements and disagreements with other studies or
reviews

To our knowledge, this is the first review to systematically evaluate
the eJicacy and tolerability of treatment of epilepsy in people with
AD.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This review does not provide suJicient evidence to support
levetiracetam (LEV), phenobarbital (PB), or lamotrigine (LTG) for
the treatment of epilepsy in people with Alzheimer's disease (AD).
Regarding eJicacy and tolerability, no significant diJerences were
found between LEV, PB and LTG.

Implications for research

Large randomized, double-blind, controlled, parallel-group clinical
trials are required to determine the eJicacy and tolerability of
treatment of epilepsy in people with AD.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods A prospective, randomized, three-arm parallel-group clinical trial

Participants Inclusion criteria: mild to moderate disease (MMSE score: 10 to 26), age between 60 and 90 years, ed-
ucational level ≥ 5 years, a diagnosis of partial epilepsy according to the International League Against
Epilepsy diagnostic scheme, and a caregiver who could ensure compliance with treatment and provide
the information required for psychometric assessments.

Exclusion criteria: history of primary neurological or psychiatric disease other than AD, history of
seizures experienced prior to the development of AD, drug or alcohol abuse, clinically significant or un-
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stable medical or surgical disorders that could influence the outcome of the study, previous treatment
for epilepsy, concomitant treatment with antidepressants or neuroleptics, use of investigational drugs,
and refusal to give informed consent in writing.

A total of 95 people with AD and epileptic seizures (41 males, 54 females) with a mean age of 71.75
years (range: 65 to 82 years) and a mean duration of education of 6.3 years (range: 5 to 17 years) living
in the community were included in the study.

Participants were randomly assigned with an AED as monotherapy: 38 were administered LEV, 28 PB,
and 29 LTG.

Interventions This study comprised a 4-week dose adjustment period followed by a 12-month dose evaluation peri-
od.

During the treatment periods, participants received LEV, PB, or LTG and were titrated to an effective
dose. No participant was previously exposed to another AED. The initial target dosage of LEV was 500
mg/day, increased weekly by 500 mg/day; for PB, it was 50 mg/day increased weekly by 50 mg/day;
and for LTG, it was 25 mg/day increased weekly by 25 mg/day. Thereafter, the dosage was individually
adjusted. The mean daily dose of LEV monotherapy was 956 mg (range: 500 to 2000 mg/day). The mean
daily dose of PB monotherapy was 90 mg/day (range: 50 to 100 mg/day). The mean daily dose of LTG
monotherapy was 57.5 mg/day (range: 25 to 100 mg/day).

Outcomes Primary outcomes: percentage of participants achieving at least 50% and 100% (seizure-freedom) re-
duction in seizure frequency; adverse events.
Secondary outcomes: changes in MMSE score; changes in ADAS-Cog score; changes in Cornell scale for
depression.

Notes All participants had concomitant cholinesterase inhibitor therapy for AD. Other concomitant medica-
tions, including diuretics, antihypertensives, lipid-reducing agents, and antidiabetic drugs, started pri-
or to the baseline visit were allowed during the study.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Each participant was randomly assigned to be treated with an AED as
monotherapy: 38 were administered LEV, 28 PB, and 29 LTG. Further details
were not provided.

Allocation concealment
(selection bias)

Unclear risk The details were not provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk The details were not provided.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk The details were not provided.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 83 participants (35 on LEV, 23 on PB, 25 on LTG) (87%) completed the study.
The reasons for dropouts were given.

Selective reporting (re-
porting bias)

Low risk The outcomes reported in the methods and results were consistent; and all
important outcomes expected were reported.

Other bias High risk Minimum necessary sample size was not calculated.
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AD: Alzheimer's disease; ADAS-Cog: Alzheimer’s Disease Assessment Scale-Cognitive; AED: antiepileptic drug; LEV: levetiracetam; LTG:
lamotrigine; MMSE: Mini Mental State Examination; PB: phenobarbital
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Campion 1995 Not a randomized controlled trial

Lovestone 2015 The participants were not eligible.

Musaeus 2017 The participants were not eligible.

Zelano 2020 Not a randomized controlled trial

 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Levetiracetam for Alzheimer's Disease-Associated Network Hyperexcitability

Methods Randomized cross-over assignment

Participants Meets National Institute on Aging-Alzheimer's Association Workgroups criteria for probable AD de-
mentia; age ≤ 80 years at time of screening; willing and able caregiver who has daily contact with
the subject; MMSE score ≥ 18 and/or CDR < 2 at the initial screening assessment

Interventions Levetiracetam and placebo

Outcomes Changes in executive function, epileptiform activity frequency, cognitive function and behavior
and level of disability

Starting date January 2018

Contact information Keith A Vossel, MD, MSc. University of Minnesota - Clinical and Translational Science Institute

Notes Estimated study completion date: December 2019

NCT02002819 

 
 

Study name An Investigation of Levetiracetam in Alzheimer's Disease

Methods Double-blind, randomized, cross-over assignment

Participants Meets the National Institute of Aging-Alzheimer's Association criteria for probable AD

Interventions Levetiracetam and placebo

Outcomes Hippocampal function, mood, quality of life and adverse events

Starting date April 2018

Contact information Arjune Sen, PhD, FRCPE. NuJield Department of Clinical Neurosciences

NCT03489044 
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Notes Estimated Study Completion Date: December 2019

NCT03489044  (Continued)

AD: Alzheimer's disease; CDR: Clinical Dementia Rating; MMSE: Mini Mental Status Exam
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Levetiracetam versus lamotrigine

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Proportion with seizure freedom 1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

1.2 Reduction in seizure frequency
of 50% or more

1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

1.3 Proportion with adverse events 1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

 
 

Analysis 1.1.   Comparison 1: Levetiracetam versus lamotrigine, Outcome 1: Proportion with seizure freedom

Study or Subgroup

Cumbo 2010

levetiracetam
Events

11

Total

38

lamotrigine
Events

7

Total

29

Risk Ratio
M-H, Random, 95% CI

1.20 [0.53 , 2.71]

Risk Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
Favours lamotrigine Favours levetiracetam

 
 

Analysis 1.2.   Comparison 1: Levetiracetam versus lamotrigine,
Outcome 2: Reduction in seizure frequency of 50% or more

Study or Subgroup

Cumbo 2010

levetiracetam
Events

27

Total

38

lamotrigine
Events

17

Total

29

Risk Ratio
M-H, Random, 95% CI

1.21 [0.84 , 1.75]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours lamotrigine Favours levetiracetam
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Analysis 1.3.   Comparison 1: Levetiracetam versus lamotrigine, Outcome 3: Proportion with adverse events

Study or Subgroup

Cumbo 2010

levetiracetam
Events

6

Total

38

lamotrigine
Events

7

Total

29

Risk Ratio
M-H, Random, 95% CI

0.65 [0.25 , 1.74]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours levetiracetam Favours lamotrigine

 
 

Comparison 2.   Levetiracetam versus phenobarbital

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Proportion with seizure freedom 1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

2.2 Reduction in seizure frequency
of 50% or more

1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

2.3 Proportion with adverse events 1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

 
 

Analysis 2.1.   Comparison 2: Levetiracetam versus phenobarbital, Outcome 1: Proportion with seizure freedom

Study or Subgroup

Cumbo 2010

levetiracetam
Events

11

Total

38

phenobarbital
Events

8

Total

28

Risk Ratio
M-H, Random, 95% CI

1.01 [0.47 , 2.19]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours phenobarbital Favours levetiracetam

 
 

Analysis 2.2.   Comparison 2: Levetiracetam versus phenobarbital,
Outcome 2: Reduction in seizure frequency of 50% or more

Study or Subgroup

Cumbo 2010

levetiracetam
Events

27

Total

38

phenobarbital
Events

18

Total

28

Risk Ratio
M-H, Random, 95% CI

1.11 [0.78 , 1.56]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours phenobarbital Favours levetiracetam
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Analysis 2.3.   Comparison 2: Levetiracetam versus phenobarbital, Outcome 3: Proportion with adverse events

Study or Subgroup

Cumbo 2010

levetiracetam
Events

6

Total

38

phenobarbital
Events

10

Total

28

Risk Ratio
M-H, Random, 95% CI

0.44 [0.18 , 1.07]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours levetiracetam Favours phenobarbital

 
 

Comparison 3.   Lamotrigine versus phenobarbital

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Proportion with seizure freedom 1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

3.2 Reduction in seizure frequency
of 50% or more

1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

3.3 Proportion with adverse events 1   Risk Ratio (M-H, Random,
95% CI)

Totals not selected

 
 

Analysis 3.1.   Comparison 3: Lamotrigine versus phenobarbital, Outcome 1: Proportion with seizure freedom

Study or Subgroup

Cumbo 2010

lamotrigine
Events

7

Total

29

phenobarbital
Events

8

Total

28

Risk Ratio
M-H, Random, 95% CI

0.84 [0.35 , 2.02]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours phenobarbital Favours lamotrigine

 
 

Analysis 3.2.   Comparison 3: Lamotrigine versus phenobarbital,
Outcome 2: Reduction in seizure frequency of 50% or more

Study or Subgroup

Cumbo 2010

lamotrigine
Events

17

Total

29

phenobarbital
Events

18

Total

28

Risk Ratio
M-H, Random, 95% CI

0.91 [0.60 , 1.38]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours phenobarbital Favours lamotrigine
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Analysis 3.3.   Comparison 3: Lamotrigine versus phenobarbital, Outcome 3: Proportion with adverse events

Study or Subgroup

Cumbo 2010

lamotrigine
Events

7

Total

29

phenobarbital
Events

10

Total

28

Risk Ratio
M-H, Random, 95% CI

0.68 [0.30 , 1.53]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours lamotrigine Favours phenobarbital

 

 

A P P E N D I C E S

Appendix 1. Cochrane Epilepsy Group Specialized Register

1. MESH DESCRIPTOR Alzheimer Disease EXPLODE ALL AND CENTRAL:TARGET

2. MESH DESCRIPTOR Dementia EXPLODE ALL AND CENTRAL:TARGET

3. (alzheimer* OR dement*):AB,KW,MC,MH,TI AND CENTRAL:TARGET

4. #1 OR #2 OR #3

5. MESH DESCRIPTOR Epilepsy EXPLODE ALL AND CENTRAL:TARGET

6. MESH DESCRIPTOR Seizures EXPLODE ALL AND CENTRAL:TARGET

7. (epilep* OR seizure* OR convuls*):AB,KW,MC,MH,TI AND CENTRAL:TARGET

8. #5 OR #6 OR #7 AND CENTRAL:TARGET

9. #4 AND #8

Appendix 2. MEDLINE (Ovid)

This strategy includes a modification of the Cochrane Highly Sensitive Search Strategy for identifying randomized trials (Lefebvre 2019).

1. exp Alzheimer Disease/ or exp Dementia/

2. (alzheimer$ or dement$).tw.

3. 1 or 2

4. exp Epilepsy/

5. exp Seizures/

6. (epilep$ or seizure$ or convuls$).tw.

7. 4 or 5 or 6

8. exp *Pre-Eclampsia/ or exp *Eclampsia/

9. 7 not 8

10. exp controlled clinical trial/ or (randomi?ed or placebo or randomly).ab.

11. clinical trials as topic.sh.

12. trial.ti.

13. 10 or 11 or 12

14. exp animals/ not humans.sh.
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15. 13 not 14

16. 3 and 9 and 15

17. remove duplicates from 16

W H A T ' S   N E W

 

Date Event Description

3 August 2020 New citation required but conclusions
have not changed

Conclusions are unchanged.

3 August 2020 New search has been performed Searches updated 3 August 2020; no new studies were identified.

 

H I S T O R Y

Protocol first published: Issue 10, 2015
Review first published: Issue 11, 2016

 

Date Event Description

10 July 2018 New citation required but conclusions
have not changed

Conclusions are unchanged.

10 July 2018 New search has been performed Searches updated 10 July 2018; no new studies were identified.
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Medical Subject Headings (MeSH)

Alzheimer Disease  [*complications];  Anticonvulsants  [administration & dosage]  [*therapeutic use];  Cognition  [drug eJects]; 
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Levetiracetam  [administration & dosage]  [*therapeutic use];  Phenobarbital  [administration & dosage]  [*therapeutic use];  Randomized
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MeSH check words
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