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Introduction: Epilepsy has a growing frequency, particularly in the elderly. Several triggers may cause
late-onset epilepsy; however, more than 20% of epilepsies, manifesting in the elderly, has an unknown
etiology. Although cognition is frequently altered in patients affected by epilepsy, there is a paucity of
studies specifically evaluating cognition in patients affected by late-onset epilepsy. The aim of the present
study was to assess the cognitive profile of patients affected by late-onset epilepsy with an unknown
etiology and followed for 12 months.
Methods: Patients affected by diagnosed late-onset epilepsy with unknown etiology were included in this
observation. All patients were evaluated at the time of diagnosis (baseline) and at follow-up (12 months
later). We distributed patients in subgroups based on seizure type (focal seizures [FS], secondarily generalized
seizures [SGS], primarily generalized seizures [GS]) and antiepileptic drug (AED) regimen (mono- vs.
polytherapy). Cognition was evaluated through standardized neuropsychological testing.
Results: Fifty-eight patients were included in this observation and distributed in three groups: 29 affected by FS,
14 affected by SGS, 15 affected by GS. Forty-five patients were inmonotherapy, and 13 in polytherapy. Themost
frequent treatments were levetiracetam (n = 12), valproic acid (VPA) (n = 9), carbamazepine (n = 9), and
oxcarbazepine (n = 7). We documented a significant decrease of Mini-Mental State Examination (MMSE) and
memory scores at follow-up in the whole group. Verbal learning decreased exclusively in VPA users.
Conclusion: Patients affected by late-onset epilepsy with unknown etiology showed a significant decline of
cognition at follow-up, independently from number and efficacy of AEDs received. These results deserve
verification in larger longitudinal cohorts.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

The prevalence of epilepsy increases steadily after the age of 55 years
[1,2]. As life expectancy increases, with the population older than
65 years projected to grow by 60% in the next 15 years, the burden of
late-onset epilepsy (LOE) is expected to increase [3]. Several causes
might underlie LOE, including stroke, which accounts for up to 50% of
cases, head trauma, metabolic diseases, structural lesions, dementia, or
autoimmunity [4]. However, despite standard diagnostic workflow,
more than 20% of LOE may present with an unknown etiology [2,3,5].
Several hypotheses at the basis of this late-onset epilepsy with
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unknown origin (LOEU) have been postulated, with some clinical and
preclinical studies suggesting that epileptic activity can be related to
pathophysiological processes similar to those responsible for dementia,
including dysregulation of cerebral β-amyloid and tau metabolism and
inflammatory responses [1,5,6].

Despite a possible association of epilepsy with cognitive decline, we
still haveminimal understanding on factors influencing the trajectory of
cognitive decline among patients with epilepsy [4]. This is particularly
true for patients with LOEU, for which we have to date no clue on the
impact of seizure semiology and antiepileptic drug (AED) regimen on
cognitive decline. Hence, we set up a prospective study aimed at the
following: i) investigating the cognitive status of patients affected by
LOEU over 12 months after diagnosis; ii) evaluating the response of
LOEU to the AEDs; iii) investigating the possible cognitive effects of
AEDs at follow-up in this population of patients.
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Table 1
Demographic and clinical data of patients included in the study.

Group (n = 58)
(mean ± SD)

FS (n = 29)
(mean ± SD)

SGS (n = 14)
(mean ± SD)

GS (n = 15)
(mean ± SD)

p value

Age (years)
64.7 ± 9.5
(55–80)

65.7 ± 9.07
(55–80)

63.07 ± 10.22
(56–74)

61.8 ± 10.05
(56–78)

NS

Sex 27F31M 18F11M 4F10M 5F10M NS
Monotherapy 45 19 12 14 NS

AEDs

12LEV
9CBZ
9VPA
7OXC
4LTG
2 PB
1TPM
1ZNS

7CBZ,
5OXC,
5LEV,
1LTG,
1ZNS

3VPA,
3LEV,
2LTG,
2OXC,
2CBZ

6VPA,
4LEV,
2PB,
1TPM,
1LTG

NA

Polytherapy 13 10 2 1 NS

Follow-up data
Seizure reduction ≥ 50% 11 (19%) 9 (27%) 0 (0%) 2 (13%) NS
Seizure freedom 47 (81%) 20 (65%) 14 (100%) 13 (87%) NS

Abbreviations: FS, focal seizures; SGS, secondarily generalized seizures; SD, standard deviation; GS; primarily generalized seizures; AEDs, antiepileptic drugs; F, female; M, Male; NS, not
significant; LEV, levetiracetam; VPA, valproic acid; ZNS, zonisamide; PB, phenobarbital; TPM, topiramate; OXC, oxcarbazepine; LTG, lamotrigine; CBZ, carbamazepine; NA, not admitted.
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2. Methods

The present report is a prospective observational study including
patients aged N55 years old, with diagnosed LOEU at the Epilepsy
Centers of the University Hospital of Rome “Tor Vergata” and S. Maria
della Misericordia Hospital in Perugia. The cutoff of 55 was chosen
based on the previous literature about LOEU [1]. Data were collected
from January 2015 to June 2018 by the two centers. All patients,
with diagnosed LOEU, underwent a standard neuropsychological
evaluation at baseline (before AED treatment), which was repeated at
the 12-month follow-up visit. Patients were classified according to the
1981 International League Against Epilepsy, which was in use when
the patients were evaluated [7,8]. Inclusion criteria were as follows:
continuative treatment with antiepileptic therapy (either monotherapy
or polytherapy) during the study period, availability of epilepsy diary
to monitor seizures, Mini-Mental State Examination (MMSE) score
N 24 at the baseline. Exclusion criteria were known causes of epilepsy
(including stroke, cerebrovascular disease, head trauma, metabolic
diseases, tumor, autoimmunity, history of or ongoing alcohol use),
medical history of major psychiatric disorders or other significant
neurological diseases (including dementia diagnosis), occurrence of
Table 2
Demographic and clinical data of LOEU-mono and LOEU-poly.

Monotherapy (n = 45)
(mean ± SD)

Polytherapy (n = 13)
(mean ± SD)

p value

Age (years)
62.61 ± 8.93
(55–80)

71.61 ± 8.57
(59–68)

b0.05

Sex 20F25M 7F6M NS

AEDs

12LEV
9CBZ
9VPA
7OXC
4LTG
2 PB
1TPM
1ZNS

2LEV + LCM,
2LTG + LEV,
2VPA + TPM,
1VPA + LEV,
1VPA + PER,
1LEV + GBP,
1LEV + ZNS,
1LEV + CBZ,
1LEV + ESL,
1LCM + ZNS

NA

Seizure-free 40 7 NS
Seizure reduction ≥ 50% 5 6 NS

Abbreviations: SD, standard deviation; AEDs, Antiepileptic drugs; F, female; M, Male; NS,
not significant; LEV, levetiracetam; VPA, valproic acid; ZNS, zonisamide; PB, phenobarbital;
TPM, topiramate; OXC, oxcarbazepine; LTG, lamotrigine; CBZ, carbamazepine; PER;
perampanel; ESL, eslicarbazepine; NA, not admitted.
seizures in the same day of the neuropsychological evaluation, and
brain abnormalities at magnetic resonance imaging (MRI) scan
(including hippocampal sclerosis and small vessel disease with
Fazekas score N 1).

The neuropsychological battery included a screening test for cogni-
tive global evaluation (MMSE) [9] and an extensive neuropsychological
battery assessing different cognitive domains (episodic verbal memory,
visual-constructive praxia, language, and executive functions). The tests
were chosen according to their reliability and sensitivity of use, follow-
ing the common clinical practice in patients affected by cognitive de-
cline or epilepsy [9,10].

For evaluation of verbal learning and memory recovery, the Rey
Auditory Verbal Learning Test (RAVLT) [11] was used. This test is di-
vided in two parts: Immediate Recall (RAVLT-I) and Delayed (RAVLT-
D) Recall. In the Immediate Recall, the examiner reads 15 words, at a
one-word-per-second pace, and asks the patient to repeat all the mem-
orized words in the patient's preferred order. This task is performed for
5 times in a row, and it is possible to have information about the epi-
sodic verbal memory, the encoding and the learning strategies. For the
evaluation of the long-term memory (RAVLT-D), the patient is asked
to repeat the memorized words from the same 15-words list, after
15 min. In the meantime, between the Immediate and the Delayed Re-
call tests, a nonverbal and visuospatial test was administered, in order
to avoid any interference with the memory processes.

We chose “The Rey–Osterrieth Complex Figure” Test (ROCF) [12],
a complex figure that is shown to the subject who has to copy it
on white paper. The copy of ROCF is used for the evaluation of
visuoconstructive praxia in patients affected by epilepsy [13] and in
patients with Alzheimer's Disease (AD) [14]; moreover, the qualitative
analysis of the same test can be useful to detect planning and executive
abilities [15].

Thereafter, the capacity of verbal production and cognitive flexibility
has been evaluated with the “Phonologic Verbal Fluency” (PVF) test,
and the lexical/semantic access has been evaluated with the “Semantic
Verbal Fluency” (SVF) test. The assignment to the subject is to enunciate
all the words in his mind starting with a specified letter (phonologic
criterion) or part of a specific category (semantic criterion), in 1 min.
Every minute a different letter or category have been provided, for a
total of 6 min:3 min for the phonological fluency and 3 min for the
semantic fluency.

This study was approved by the local Ethics Committees of both
Epilepsy Centers participating to the study, and all the patients included
signed the informed consent.



Table 3
Demographic and clinical data of patients' treatment subgroups.

LEV (n = 12)
mean [SD]

VPA (n = 9)
mean [SD]

CBZ (n = 9)
mean [SD]

OXC (n = 7)
mean [SD]

p value

Age (years)
65.3 [8.27]
(55–80)

61 [9.95]
(55–78)

60 [9.55]
(55–80)

61.71 [9.05]
(57–74)

NS

Sex 5F7M 3F6M 4F5M 4F3M NS
Mean dosage (mg/day) 1500 [476.7] 833.33 [234.52] 555.56 [133.33] 985.71 [146.38] NS
Seizure-free 10 9 9 5 NS
Seizure reduction N 50% 2 0 0 2 NS

Abbreviations: SD, standard deviation; F, female; M, Male; NS, not significant; LEV, levetiracetam; VPA, valproic acid; OXC, oxcarbazepine; CBZ, carbamazepine.
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2.1. Statistical analysis

The statistical analysis was performed using commercial software
Statistica 10.0 program, Statsoft Inc., Tulsa, OK, USA [16]. Descriptive
data were expressed as mean and standard deviation for quantitative
analyses. The one-way analysis of variance (ANOVA), using age as
covariate, was used to compare descriptive data among the groups,
and p value was set at p b .05 for statistical significance. The paired
t-test was used to compare data between baseline and follow-up in
each subgroup of patients.

3. Results

3.1. Study population

Overall, 58 patients with LOEU were included (demographic data in
Table 1). Twenty-nine patients presented focal seizures (FS), 14 patients
secondarily generalized seizures (SGS), and 15 primarily generalized
seizures (GS) (Table 1). Forty-five patients at the 12-month follow-up
were treated by a firstmonotherapy (LOEU-mono), and 13were treated
by a polytherapy of 2 AEDs (LOEU-poly) (Table 2). Clinical features and
demographic data were equally distributed among seizure semiology
and treatment groups, except for the mean age that was higher in the
LOEU-poly than LOEU-mono (Table 2). All patients were seizure-free
at follow-up or presented a significant reduction of seizures (≥50%)
as reported in Table 1. Levetiracetam (LEV), valproic acid (VPA),
carbamazepine (CBZ), and oxcarbazepine (OXC) were the most
commonly used AEDs in LOEU-mono group of patients. We also
compared the subgroups of patients treated by LEV (n = 12), VPA
(n = 9), CBZ (n = 9), and OXC (n = 7), without finding significant
differences (Table 3).

3.2. Longitudinal analysis

Considering the whole group of patients and comparing the neuro-
psychological data between baseline and follow-up, we documented a
significant reduction of the MMSE score over time for the whole cohort
(Table 4). Moreover, at follow-up, the whole cohort had reduced
Table 4
Longitudinal cognitive data of patients divided in subgroups on the basis of seizures semiology

Group (n = 58)
mean [SD]

FS (n = 29)
mean [SD]

Baseline FU Baseline FU

MMSE 27.91 [1.94] 27.51 [2.11]⁎ 28 [2.07] 27.34 [2.17]
PVF 25.74 [8.08] 27.41 [9.03]⁎ 25.90 [5.59] 25.21 [6.78]
SVF 32.89 [7.80] 32.56 [7.81] 33 [7.09] 32.46 [7.80]
RAVLT-I 29.14 [7.59] 28.49 [8.07]⁎ 28.62 [6.76] 27.24 [7.43]
RAVLT-D 4.79 [2.37] 4.78 [2.01] 5.21 [2.04] 4.82 [1.77]
ROCF 33.17 [2.37] 32.26 [3.09] 33.17 [2.54] 32.17 [3.77]

Abbreviations:MMSE, Mini Mental State Examination; Phonological Verbal Fluency; SVF, Sema
RAVLT-D, Rey Auditory Verbal Learning Test — Word Recall Delayed; ROCF, Rey–Osterrieth Co
⁎ p b .05
RAVLT-I scores and slightly higher PVF scores (Table 4). Taking into
account the patients' subgroups, we documented significant reduction
at follow-up of the MMSE score exclusively in patients affected by FS,
and not in the subgroups of patients affected by SGS or GS (Table 4).
Patients from the groups with SGS or GS showed a significant increase
of PVF, whereas patients affected by FS did not present significant
changes of PVF scores. A significant reduction of RAVLT-I scores has
been observed in the group with FS (Table 4).

Comparing baseline and follow-up scores both in mono- and
polytherapy groups, patients showed a nonsignificant reduction in
MMSE and RAVLT-I scores at follow-up (Table 5). Variations in MMSE
and RAVLT-I did not reach statistical significance probably because
of small sample size, which also limited drug-to-drug comparisons.
Nevertheless, LEV, VPA, and CBZwere all associatedwith a slight reduc-
tion of MMSE at follow-up compared to baseline, while OXC was the
only AED associated with an increase on MMSE score at follow-up.
Interestingly, patients under VPA treatment showed significant reduc-
tion of RAVLT-D scores (Table 6).

4. Discussion

Despite standard diagnostic procedures, more than 20% of patients
with LOE remain with unknown etiology (LOEU) [2]. Among several
mechanisms proposed to underlie epileptogenesis in late adulthood,
subtle microvascular changes and beta-amyloid pathology might
concurrently participate in cognitive decline among patients with
LOEU [1,3,4]. However, risk factors for cognitive decline among
patients with LOEU are still largely elusive [1,4,17,18]. In this study,
throughout longitudinal neuropsychological testing, we documented
cognitive changes in a prospective cohort of patients affected by LOEU
in order to track down and quantify the trajectory of cognition, and to
define a possible impact of clinical features or AED management on
cognitive decline.

Themain result of this study is the identification of global changes in
cognition over time amongpatientswith LOEU. Interestingly, the reduc-
tion in MMSE scores, a marker of global cognition, was evident in
patients affected by FS rather than in those presenting GS. This result
is in line with a previous report, which underlined cognitive deteriora-
tion after 12 months in patients with diagnosed FS [19], supporting
.

SGS (n = 14)
mean [SD]

GS (n = 15)
mean [SD]

Baseline FU Baseline FU

⁎ 27.29 [1.98] 27.14 [2.28] 28.33 [1.63] 28.2 [1.78]
25.29 [12.40] 30.36 [13.19]⁎ 25.87 [7.77] 29 [7.57]⁎

32.5 [10.38] 32.07 [8.68] 33.07 [6.81] 33.2 [7.50]
⁎ 28.14 [9.39] 29.43 [9.02] 31.07 [7.47] 30.14 [8.56]

3.29 [2.40] 4.64 [2.40]⁎ 5.4 [2.50] 4.86 [2.18]
32.43 [2.38] 31.86 [2.60] 33.87 [1.92] 32.8 [1.90]

ntic verbal fluency; RAVLT-I, Rey Auditory Verbal Learning Test—Word Recall Immediate;
mplex Figure Test; SD, standard deviation; FU, follow-up.



Table 5
Longitudinal cognitive data of patients under monotherapy or polytherapy.

Monotherapy (n = 45)
mean [SD]

Polytherapy (n = 13)
mean [SD]

Baseline FU Baseline FU

MMSE 28.14 [1.71] 27.89 [1.94] 27 [2.49] 26.15 [2.23]
PVF 25.34 [8.52] 27.77 [9.50]⁎ 27.38 [6.74] 26.77 [7.73]
SVF 33.51 [7.61] 33.30 [7.12] 30.31 [8.30] 29.54 [9.53]
RAVLT-I 29.02 [7.80] 28.67 [8.41] 28.69 [5.86] 27.23 [7.00]
RAVLT-D 4.52 [2.32] 4.77 [1.90] 5.31 [2.17] 4.54 [2.14]
ROCF 33.35 [2.19] 32.66 [2.58] 32.46 [2.93] 30.92 [4.35]

Abbreviations:MMSE, Mini Mental State Examination; Phonological Verbal Fluency; SVF,
Semantic verbal fluency; RAVLT-I, Rey Auditory Verbal Learning Test — Word Recall
Immediate; RAVLT-D, Rey Auditory Verbal Learning Test — Word Recall Delayed; ROCF,
Rey–Osterrieth Complex Figure Test; SD, standard deviation; FU, follow-up.
⁎ p b .05
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the hypothesis of a possible “Accelerate Cognitive Aging” [20] among
adult patients with epilepsy. Our finding adds to the available literature,
since previous study did not focus on LOEU, but included all patients
with FS, independently from etiology or temporal lobe epilepsy specific
diagnosis, limiting the reproducibility of results. Moreover, the lack of
standardized neuropsychological testing hindered variations in specific
cognitive domains over time. Hence, our findings are pivotal to discrim-
inate the evolution of cognitive domains in patients with LOEU, which
are for the first time under the spotlight for their cognitive perfor-
mances. In particular, despite a general cognitive decline, our findings
suggest an increase in language abilities and verbal fluency. This finding
may represent the beneficial effect of AED treatment, which can reduce
seizures and both ictal and interictal electroencephalographic dis-
charges and thus might improve network stability [21]. Patients with
Alzheimer's disease and seizures can show accelerated cognitive decline
and might stand to benefit from antiepileptic treatments [21]. Hence,
our results are in line with previous studies suggesting improvement
with antiepileptic treatments in patients with treatment-naïve epilepsy
in some cognitive domains, including language [4].

By considering the antiepileptic treatment started by patients af-
fected by LOEU, we more frequently prescribed LEV, VPA, CBZ, or OXC
and thus considered these subgroups of patients in the follow-up anal-
ysis. Quite surprisingly, a slight reduction inMMSE scoreswas indepen-
dent from treatment (except for OXC), once again suggesting a
particular susceptibility of LOEU to cognitive decline rather than a cog-
nitive drawback of AED treatment. At the same time, a trend towards
higher absolute reduction in MMSE scores was detected with LEV, a
finding that warrants further investigation on larger samples. Overall,
a key message is that polytherapy does not imply a worse impact on
cognitive performance over time when compared to monotherapy,
which however was associated with improvement in verbal fluency.
Comparing baseline and follow-up scores in mono- and polytherapy,
Table 6
Neuropsychological tests at baseline and follow-up in the subgroups of patients treated by LEV

LEV (n = 12)
mean [SD]

VPA (n = 9)
mean [SD]

Baseline FU Baseline FU

MMSE 28.17 [1.64] 27.5 [1.38]⁎ 28.33 [1.58] 28 [2.12]
PVF 24.58 [8.70] 28.92 [12.76]⁎ 24.78 [7.26] 29 [8.63]⁎

SVF 32.18 [5.56] 34 [6.08] 35.56 [5.22] 34.22 [6.3
RAVLT-I 29.08 [8.28] 30.92 [7.06] 27.22 [7.66] 25.67 [9.1
RAVLT-D 4.25 [2.30] 4.58 [1.83] 4.78 [2.05] 3.89 [1.69
ROCF 33.5 [1.78] 32.75 [2.96] 34.78 [1.48] 33.33 [1.8

Abbreviations: MMSE, Mini Mental State Examination; PVF, Phonological Verbal Fluency; SV
Immediate; RAVLT-D, Rey Auditory Verbal Learning Test — Word Recall Delayed; ROCF, Rey–O
⁎ p b .05
variations in global cognition and in particular inmemory performances
were similar between monotherapy and polytherapy, although not
reaching statistical significance. Overall, such findings might support
the general behavior for LOEU, with the aim of treating patients with a
single AED. Nevertheless, our findings might help clinicians in going
for an add-on treatment, since no cognitive drawback has been delin-
eated. Beyond global cognitive performance, we also provide evidence
for a cognitive domain-specific impact of AEDs. In particular, LEV and
VPA were consistently associated with an increase in verbal fluency,
while VPA had a negative impact on verbal learning. Such findings
might suggest a careful evaluation of LOEU treatment, eventually con-
sidering alternatives to VPA given its possible cognitive side effects [22].

To date, LOEU represents a condition without a clear etiology, and
several hypotheses have been proposed in the past years. Beta amyloid,
tau pathology, subtle vascular disease, and inflammation have been
implicated in the etiology of LOEU [4,5]. Indeed, beta amyloid, even in
the preplaque deposition stage, can alter neuronal membrane proper-
ties, triggering epileptiform activity [23,24]. Similarly, focal tau tangles
can induce proepileptogenic changes by increasing neural spike poten-
tial [25]. Moreover, occult microvascular dysregulation and inflamma-
tory mediators can negatively modify membrane potential and thus
induce neural spiking ([26]; [27]). All the abovementioned factors
might participate in the definition of the trajectory of cognitive decline
among patients with LOEU. Further collaborative attempts to character-
ize the influence of each specific factor are needed to define driving
forces for cognitive decline.

Limitations to the study can be found in the small sample size, which
limits the statistical analysis, in the variety of treatments prescribed to
patients and in the short follow-up needed to evaluate cognitive deteri-
oration. However, the small sample derives from a careful selection of
patients with LOEU to avoid incorrectly enrolling patients with underly-
ing diseases producing epilepsy.Moreover, treatment choicewas left up
to clinicians and represented real-world practice, since the nature of the
study was observational. Hence, given the inclusive design and the
guidelines followed, our cohort might indeed truly reflect the popula-
tion of patients with LOEU, allowing reproducibility and generalizability
of results.

In conclusion, patients with LOEU are at higher risk of cognitive
decline [4]. In this study, we demonstrated that patients with LOEU ex-
perienced the significant worsening in overall cognitive performances
(MMSE scores) independently from number and types of prescribed
AED, even within the first 12 months from diagnosis. However, the tra-
jectory of cognition was different depending of seizure semiology and
worsening exclusively in patients with FS. Hence, the etiology itself of
LOEU, though elusive, might indeed play a critical role in determining
the trajectory of cognitive decline for such patients. Neuropsychological
assessment and careful follow-up for both epilepsy and cognition seem
indicated then for patients with LOEU, which might represent an
appropriate population for trials on neuroprotective treatments,
especially AED.
, VPA, CBZ, or OXC.

CBZ (n = 9)
mean [SD]

OXC (n = 7)
mean [SD]

Baseline FU Baseline FU

28.78 [1.79] 28.67 [1.5] 27.57 [2.07] 28.29 [1.70]
25.44 [8.63] 25.44 [5.72] 26.14 [9.94] 25.86 [8.55]

2] 33.56 [8.86] 34 [8.89] 33.14 [10.73] 32.71 [8.12]
0] 29.89 [9.24] 30.33 [9.35] 30.86 [9.37] 29.43 [10.20]
]⁎ 4.56 [2.88] 5.44 [2.24] 4.29 [2.50] 4.86 [1.95]
0] 33.44 [2.79] 32.78 [2.68] 32 [2.38] 33.29 [2.87]

F, Semantic verbal fluency; RAVLT-D, Rey Auditory Verbal Learning Test — Word Recall
sterrieth Complex Figure Test; SD, standard deviation; FU, follow-up.
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