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Introduction: Late-onset epilepsy (LOE) has recently become a topic of intense
research. Besides stroke, tumors, and dementia, autoimmune encephalitis
(AE) has emerged as another possible cause of recurrent seizures in the
elderly, and may account for a proportion of cases of LOE of unknown origin
(LOEUQ). This 24-h ambulatory electroencephalography (AEEG)-based study
compared patients with LOEUO and AE to identify features suggestive of
immune-mediated seizures in the elderly.

Materials and methods: We retrospectively reviewed 232 AEEG examinations
performed in patients over 55 years with >6-month follow-up, and selected
21 subjects with AE and 25 subjects with LOEUO. Clinical charts and AEEG
recordings were carefully analyzed.

Results: Twenty-five patients with LOEUO (12 women, mean age at onset
67.9 years) and 21 AE subjects (8 women, mean age at onset 65.7 years)
were enrolled. High-frequency seizures were reported in 20/21 AE and 7/25
LOEUO cases (p < 0.00001). Focal aware seizures were more common in AE
(14/21 vs. 6/25, p = 0.00058), whereas “isolated” focal-to-bilateral tonic-clonic
seizures occurred in 5/25 patients with LOEUO only (p = 0.053). AE subjects
reported ictal autonomic manifestations more frequently (p = 0.0033). Three-
hundred-seventy and 24 seizures were recorded in 13/21 patients with AE and
3/25 patients with LOEUO, respectively (p = 0.0006). Interictal epileptiform
discharges were observed in 70% of both groups, but their sleep activation
was more common in AE (p = 0.06).

Conclusion: Our study shows that high-frequency focal seizures with
autonomic manifestations should raise the suspicion of AE in the elderly with
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new-onset seizures. It also highlights the relevant contribution of AEEG, which
might reduce the diagnostic delay and provide useful clues to recognize AE.

late-onset epilepsy,
ambulatory EEG, piloerection, temporal lobe, sleep

Introduction

Late-onset epilepsy (LOE) has recently become a topic
of great interest for both the clinicians and researchers.
This surge of attention first stems from the mere incidence
of epilepsy among older individuals (with reported annual
rates of 135 per 10° people over 80 years), which is destined
to rise further due to increased life expectancy (1, 2). In
addition,
given their comorbidities, frailty, and peculiarities such as

the elderly represents a “special” population
the higher risk of drug-drug interactions and heightened
sensitivity to adverse events (2). Finally, LOE puts the
spotlight on the reciprocal relationships between epilepsy
and other neurological disorders, particularly stroke and
dementia, that are far from being fully elucidated (3, 4).
Cerebrovascular diseases (CVDs) currently represent the
leading cause of LOE (accounting for up to 50% of the
cases with a known etiology), followed by neurodegenerative
conditions (10-20%), traumatic brain injuries (up to 25%),
and brain tumors (10-30%). Still, a precise cause cannot
be identified in a remarkable proportion of cases (25-53%
according to different series) (5, 6), currently defined as
LOE of unknown origin (LOEUO) or nonlesional LOE.
In recent years, autoimmune encephalitis (AE) has also
emerged as a potential cause of seizures in adult and elderly
individuals, and this might have a dramatic impact on LOE
epidemiology and diagnostic approach. Indeed, despite being
considered a rare entity, AE is a polymorphic and widely
underrecognized disease that may account for a relevant
proportion of older patients with otherwise unexplained
recurrent seizures/epilepsy. In this context, the timely suspicion
of an underlying immune-mediated condition is crucial to
start immunotherapy (IT) and minimize long-term sequelae,
including cognitive impairment and autoimmune-associated
epilepsy. Unfortunately, AE diagnosis can be challenging,
especially in milder cases or when supporting paraclinical
findings are lacking, even more so in the elderly, whose seizures
are often misreported or misinterpreted. This 24-h ambulatory
electroencephalography (AEEG)-based retrospective study
compared the electroclinical characteristics of patients with
LOEUO over 55 years with patients with AE of the same age, in
order to try and outline distinct phenotypes and identify features
possibly suggesting an immune-mediated origin of seizures in
the elderly.
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Materials and methods

Patients’ selection

By screening all the AEEG recordings performed in the
neurophysiology laboratory of Policlinico “Umberto I” of Rome
from January 2008 to August 2021, we retrospectively identified
232 individuals aged > 55 years at the time they undertook the
examination for new-onset seizures or paroxysmal phenomena
of suspected epileptic nature. The cutoff age of 55 years
was chosen based on recent literature on LOE (7, 8). As
a second step, through the careful review of clinical charts
and neuroimaging studies (brain MRI or—if not available—
CT scans), we selected two populations of patients diagnosed
with LOEUO and AE, respectively. The inclusion criteria for
the LOEUO group were as follows: (1) > 1 AEEG examination
performed early during the diagnostic workup for new-
onset seizures; (2) absence of MRI-/CT-detected brain lesions,
such as ischemic strokes, intracranial hemorrhages, tumors,
posttraumatic lesions, and focal atrophy, causally related to
seizures based on anatomoclinical correlations (conversely,
individuals with structural abnormalities such as arachnoid
cysts and meningiomas, judged as “incidental findings” by
the investigators, were included); (3) no former diagnosis of
dementia; and (4) Fazekas score < 2 (9). In AE cases, the
diagnosis was confirmed according to the recent criteria by
Graus et al. (10), and only individuals with: (1) > 1 AEEG
examination performed early during the diagnostic workup for
new-onset seizures, and (2) a history of seizures other than
faciobrachial dystonic seizures (FBDS) was enrolled. The study
exclusion criteria were: (1) incomplete clinical documentation,
and (2) follow-up duration < 6 months.

The study was approved by the local Ethics Committee.

General data collection

The patient’s demographics and clinical data were collected,
specifically: sex, age at seizure onset, diagnostic delay,
cerebrovascular (CV) risk factors, previous and/or concomitant
malignancies, and follow-up duration. As to the AE group,
laboratory findings were also reviewed, with particular attention
to the results of the autoantibodies (Abs) screening performed
on either cerebrospinal fluid (CSF) or serum during the
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diagnostic workup. According to our institution’s common
practice, all the patients with AE undertook the search for Abs
directed against intracellular (i.e., anti-Hu, Yo, Ri, amphiphysin,
CRMP5/CV2, Ma2) and neuronal surface antigens I[ie.,
receptor (NMDAR),
glioma-inactivated protein 1 (LGI1),
protein-like 2 (CASPR2), alpha-amino-3-hydroxy-5-methyl-
4-isoxazole-propionate receptor (AMPAR), y-aminobutyric

N-methyl-D-aspartate leucine-rich

contactin-associated

acid receptor (GABAR)g]; conversely, anti-glutamic acid
decarboxylase (GAD) 65 and anti-GABAR, Abs were tested
only in a minority of subjects.

The type and semiology of the reported seizures were
carefully reviewed, along with their frequency (defined as
“high” when seizures recurred more than once per month),
episodes of status epilepticus (SE), number of trials with
antiseizure medications (ASMs), and seizure outcome. In the
case of SE at presentation, the seizure frequency was considered
“high” per definition. Seizures were classified as focal aware
seizure (FAS), focal impaired awareness seizure (FIAS), and
focal to bilateral tonic-clonic seizure (FTBTCS) according
to the latest International League Against Epilepsy (ILAE)
proposal (11). As to the ictal semiology, the occurrence of
autonomic manifestations, and piloerection, in particular, was
specifically analyzed. In addition, based on the investigators’
global interpretation of ictal and peri-ictal signs and symptoms,
seizures were classified as probably originating from the
temporal lobe or not (i.e., extratemporal or not localizable).
For the study purpose, seizure freedom was defined as
the absence of seizures for at least 6 months at the last
follow-up visit.

Analysis of ambulatory
electroencephalography findings

At least one 24-h AEEG (Micromed System Plus, Treviso,
Italy) with reduced electrode montage (9 electrodes, high-
pass filter: 1.6 Hz, low-pass filter: 70 Hz, and sensitivity: 10
wV/mm) was available for all the study participants. In those
who performed more than one AEEG examination, only
the earliest was considered. The recording duration ranged
from 21 to 25h in the whole study population, with a
median length of 22.4h. The following interictal EEG features
were collected and analyzed: (1) focal/diffuse slowing; (2)
interictal epileptiform discharges (IEDs), in terms of presence,
localization, and lateralization; and (3) IED frequency during
wakefulness and sleep. Indeed, to provide a more precise
evaluation of IEDs across different brain states, for all the
tracings but one (i.e., a patient with almost subcontinuous
nocturnal seizures was excluded from analysis), two 1-h epochs
were selected in wakefulness and sleep, respectively, and the
exact number of IEDs in each epoch was counted by two
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independent reviewers (possible discrepancies were resolved
through discussion with an additional reviewer). The sleep
epoch was selected within the first sleep cycle (starting from
the first identified spindle), based on previous studies (12).
The wakefulness epochs had the minimum possible level
of background artifacts. The “sleep activation” of interictal
abnormalities was defined as an increase by 100% in IED
number during sleep compared with wakefulness; if no IED
at all was identified during the chosen wakefulness epoch, the
detection of >10 IEDs during the sleep one qualified as “sleep
activation.” Finally, interictal abnormalities were classified as
bilateral when the proportion of asynchronous IEDs exceeded
10% (13).

Seizures recorded during AEEG were counted and analyzed,
with particular focus on their localization, their circadian
distribution, and their clinical correlates, as reported in
the patients’ log. A subclinical seizure (SCS) was defined
as the occurrence of a paroxysmal electrographic pattern
consistent with a seizure (i.e., showing a plausible electrographic
field and a proper temporal-spatial evolution in frequency,
amplitude, and morphology) that was not associated with
identifiable clinical manifestations other than very subtle signs
(i.e., microarousals during sleep, unreported changes in the
heart rate).

Statistical analysis

Data were tested for normal distribution using the Shapiro-
Wilk test, and presented as mean (SD) and median [interquartile
range (IQR)] as appropriate. The comparison between the
AE and LOEUO groups was performed through the Mann-
Whitney U test in case of continuous variables (e.g., age
at onset, diagnostic delay, number of CV risk factors, ASM
trials, follow-up duration), whereas categorical data (e.g.,
sex, history of neoplasms, seizure type and origin, presence
of ictal autonomic manifestations and piloerection, AEEG-
detected seizures, IED sleep activation, bilateral IEDs) were
compared through the Fisher’s exact test or chi-squared
test. Group tests were two-sided with P < 0.05 that
considered statistically significant. To evaluate the independent
correlation between the investigated electroclinical variables
and seizure autoimmune etiology, a multivariate logistic
regression model was elaborated. Variables showing a p-value
< 0.05 at univariate analysis (the Fisher’s exact test or chi-
squared test for normal variables and the Mann-Whitney
U test for continuous variables, as previously illustrated)
were included in the multivariate model. Due to the rarity
of the analyzed condition (i.e., AE), which resulted in a
limited number of events, a penalized logistic regression with
Firth’s correction was applied to reduce the bias related to
the small sample size. The diagnosis of AE served as the
dependent variable. IBM SPSS Statistics version 25 for Windows
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(IBM Incorporation, Armonk, New York, USA) was used for
data analysis.

Results

Patients’ demographics and general data

Opverall 46 subjects were considered eligible for the study: 25
patients identified as LOEUO (12 women, mean age at onset
67.9 £ 7.25 years) and 21 individuals diagnosed with AE (8
women, mean age at onset 65.7 & 7.39 years). The latter group
included 6 patients with specific Abs (i.e., anti-LGI1 and anti-
CASPR2 Abs in 2 subjects each, anti-GABAgR and anti-Hu/Ri
in 1 subject each); in the remaining 15 seronegative cases,
the diagnosis was confirmed based on the criteria by Graus
et al. (10), according to the methods: specifically, a diagnosis of
“definite” AE was achieved in overall 12/21 patients, whereas 9
patients were classified as “possible” AE. Although inflammatory
CSF changes were detected in a minority of patients with
AE (5/21), MRI alterations suggestive of encephalitis were
documented in all the cases but one (Supplementary Table 1).
The two study groups, i.e., AE and LOEUO, were comparable
in terms of sex distribution, age at seizure onset, history of
malignancies, and presence and number of CV risk factors
(Table 1). The diagnostic delay did not significantly differ
between patients with AE and LOEUO (median duration: 4.5 vs.
9 months, p = 0.1902), although it was shorter in the former.
Conversely, the follow-up period in AE was slightly longer
than in LOEUO (median FU duration: 40 vs. 24 months), but
such difference did not reach either statistical significance (p =
0.067). When retrospectively applying the Antibody Prevalence
in Epilepsy and Encephalopathy (APE2) (16) score to the study
population, we found that 16/21 AE cases achieved > 4 points
(range 3-10, median 4), whereas all the patients with LOEUO
scored < 3; however, such difference was partly influenced by
the inclusion criteria for LOEUO, which prevented us from
attempting a proper comparison between the study groups.
All the participants tried at least one ASM, and all but one
patient with AE received IT as well. At the last follow-up visit, a
significantly higher proportion of individuals with AE had tried
> 3 ASMs compared with LOEUO (6/21 vs. 1/25, p = 0.0365).
Still, at that time, 17/21 patients with AE and 23/25 patients with
LOEUO were seizure-free (p = 0.389).

Seizure characteristics

When comparing seizure characteristics, we found their
frequency to be the most remarkable difference between the
study groups: only 7/25 individuals with LOEUO had high-
frequency seizures at the time of diagnosis compared with
20/21 patients with AE (p < 0.00001). Indeed, 8/25 LOEUO
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TABLE 1 General characteristics and electroclinical features of
LOEUO compared with AE.

Patients’ LOEUO (14) AE (15) P-value
characteristics

Gender

Female 12 8 0.4996
Male 13 13

Age at seizure onset 67.9 (7.25) 65.7 (7.39) 0.32
(yrs), mean (SD)

History of neoplasms 4 4 1
CV risk factors 22 17 0.77
N° of CV risk factors, 1[0-3] 1[0-2]

median [range]

Diagnostic delay (mo), 9[0.2-120] 4.5[0.2-48] 0.19
median [range]

Follow-up duration 24 [6-156] 40 [6-120] 0.067
(mo), median [range]

Seizure frequency, pts n

(%)

High 7 (28) 20 (95.2) <0.00001
Low 18 (72) 1(4.8)

SE 3 2 1
Seizure type, pts 1 (%)

FAS 6 (24) 14 (66.7)

FIAS 14 (56) 14 (66.7) 0.07
FTBTCS 15 (60) 8 (38)

FTBTCS only 5(20) 0(0) 0.053
Seizure semiology, pts n

(%)

T lobe seizures 18 (72) 19 (90) 0.15
Autonomic ictal 7 (28) 15 (71) 0.0033
manifestations

Piloerection 0(0) 6(28.6) 0.0058
AEEG findings

Interictal abnormalities,

pts 1 (%)

Focal slowing 19 (76) 15(71.4) 0.1237
IEDs 18 (72) 16 (76.2) 0.1039
Bilateral IEDs 5(20) 9 (42.9) 0.09
IED sleep activation 7(28) 115 (55) 0.06
Ictal findings

AEEG-recorded seizures, 3(12) 13 (62.9) 0.0006
pts 1 (%)

N° of recorded seizures 24 370
Clinical/Subclinical 0/24 171/179

Wake/Sleep 1717 174/176

T lobe origin, pts n 3 11

AEEG, ambulatory EEG; CV, cerebrovascular; FAS, focal aware seizures; FIAS, focal
seizures with impaired awareness; FTBTCS, focal to bilateral tonic-clonic seizures; IEDs,
interictal epileptiform discharges; mo, months; n, number; pts, patients; SD, standard
deviation; T, temporal; yrs, years. The bold values indicates statistical significance.
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participants had fits recurring less than once a year, which was
never the case for patients with AE. SE was either clinically
observed or EEG documented in a few subjects per group (2/21
AE and 3/25 LOEUO), although this might reflect the study
setting, since no patient requiring intensive care undertook
AEEG in our laboratory.

The study groups appeared roughly comparable in terms of
seizure types (FAS vs. FIAS vs. FTBTCS, p = 0.07); however,
FAS was significantly more common among participants with
AE than with LOEUO (14/21 vs. 6/25, p = 0.00058). In addition,
“isolated” FTBTCS was reported in 5/25 patients with LOEUO
(4 patients of whom had convulsive seizures during sleep),
whereas all the AE subjects presenting FTBTCs also had FAS
or FIAS (p = 0.053). The seizure semiology was interpreted as
highly suggestive of temporal lobe origin in the vast majority
of patients of both the groups (19/21 AE vs. 18/25 LOEUO,
p = 0.15); still, when considering the occurrence of ictal
autonomic manifestations, they appeared significantly more
frequent among AE (15/21) than LOEUO subjects (7/25) (p =
0.0033), the most common being the rising epigastric sensation
(in 7/21 AE cases), followed by piloerection (in 6/21 AE cases)
and flushing (in 4/21 AE cases). As expected, ictal piloerection
was only observed in patients with AE (6/21 vs. 0/25) (p =
0.0058). Conversely, in LOEUO subjects with focal seizures,
cognitive manifestations, in particular dysphasia, confusion,
and/or memory impairment, were the most commonly reported
(in 11/25 LOEUO cases).

Electroencephalography ictal and
interictal findings

As stated in the methods, 46 AEEG examinations (one
per patient) performed during the early diagnostic workup
for late-onset seizures were carefully reviewed and analyzed.
The focal slowing was documented in the same proportion of
AE (15/21, 71.4%) and LOEUO individuals (19/25, 76%), as
were IEDs [16/21 (76%) in AE vs. 18/25 (72%) in LOEUO],
which were located over the temporal regions in all the
cases (the concomitant involvement of either the frontal or
the parietal derivations was observed in few of them). As
to the lateralization, bilateral IEDs were more common in
AE compared with LOEUO (9/21 vs. 5/25), although this
difference did not reach statistical significance (p = 0.09). A
similar but more evident trend was observed for IED activation
during sleep, which was documented in 11/20 patients with AE
compared with 7/25 LOEUO subjects (p = 0.06).

Overall, 394 seizures were recorded during AEEG: 370/394
in 13/21 (62.9%) individuals with AE (range: 1-259 per person,
median: 1) and 24/394 in 3/25 (12%) patients with LOEUO
(range: 1-21 per person, median: 0) (p = 0.0006). One-hundred-
seventy-one of 370 ictal events documented in AE cases had
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clinical manifestations; in addition, 2/21 patients reported
overall 6 FAS without a clear EEG correlate. Of the remaining
199 SCSs (recorded in 7/21 patients), 196 occurred during sleep.
All the 24 seizures detected in 3/25 patients with LOEUO were
subclinical, and were recorded either in wakefulness (17/24) or
in sleep (7/24). Seizures arose from the temporal lobe in all
the subjects, but 2 patients with AE, presented both the clinical
and subclinical paroxysmal activities, involving, respectively, the
temporoposterior and the centrotemporal derivations from the
very seizure onset.

The main electroclinical features analyzed for comparison
between AE and LOEUO are illustrated in Table 1 and Figure 1.

At univariate logistic regression analysis, seizure frequency
(high/low), ictal autonomic manifestations (present/absent),
AEEG-detected SCSs (yes/no), and AEEG-detected CSs (yes/no)
were found to be significantly associated with the diagnosis
of immune-mediated seizures. Considering the occurrence of
high multicollinearity between AEEG-detected CSs and other
variables (namely high seizure frequency and SCSs), we included
only AEEG-detected SCSs in the multivariate model. The
analysis confirmed the independent association of the three
selected variables with the diagnosis of immune-mediated
seizures (Table 2).

Discussion

The increasing incidence figures of epilepsy in the elderly,
along with the special needs of this patient population, have
recently turned LOE into a priority on the epileptologists’
agenda worldwide. In fact, epilepsy in late life is more
than a practical concern for physicians: it is a crossroad
of other conditions, particularly stroke and dementia, that
can precede - or even follow - epilepsy, reflecting the
complex reciprocal relationships between epileptogenesis, CVD,
neurodegeneration, and neuroinflammation (3, 4). Such an
intricate plot is destined to thicken further, due to AE recently
emerging as another possible cause of seizures/epilepsy in adults
and the elderly. Indeed, when no alternative structural etiology
can be identified in older patients with new-onset seizures,
suspecting an immune-mediated condition would have dramatic
diagnostic and therapeutic implications. The recently elaborated
APE2 score is a useful screening tool to identify adult patients
with new-onset seizures at higher risk of harboring antineuronal
antibodies; however, it could be less reliable in “milder”
cases and in the elderly, whose frequent neurological (e.g.,
cognitive impairment, mood disorders) and extraneurological
comorbidities (e.g., heart diseases, malignancies) might act as
confounding factors.
these retrospectively
compared two cohorts of patients with AE and LOEUO
with seizure onset after 55 years, and we found that they have

Following considerations, we
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Sleep activation

Bilateral IEDs

AEEG-recorded seizures

FIGURE 1

Late-onset epilepsy with unknown origin; T, temporal.

LOEUO vs AE phenotypes

High seizure frequency

Piloerection

Electro-clinical profile of LOEUO vs AE. AE, autoimmune encephalitis; AEEG, ambulatory EEG; IEDs, interictal epileptiform discharges; LOEUO,

T lobe involvement

LOEUO

Ictal autonomic
manifestations

TABLE 2 Firth’s multivariate logistic regression analysis.

B SE  Exp (B) 95% CI  P-value
AEEG-recorded 1.88  1.05 6.55 1.1-70.1 0.047*
subclinical seizures
Ictal autonomic 2.09 0.94 8.1 1.47-67.76 0.015*
manifestations
Seizure frequency 2.97 1.02 19.53 3.45-218.54 <0.001*

The asterisks indicate statistically significant variables (p < 0.05).

distinctive electroclinical profiles that can be clearly outlined,
especially with the help of long-term EEG.

The first and most striking difference between the study
groups lay in seizure frequency, as all the patients with AE
but one reported > 1 seizure per month (weekly episodes in 3
cases and daily in 10 cases), compared with only 7/25 LOEUO
subjects (p < 0.00001). Such discrepancy was matched by the
different proportions of patients with AEEG-documented ictal
events, remarkably higher in the former group (p = 0.0006),
as discussed later in this section. The high seizure frequency
found in AE does not come as a surprise based on previous
literature (17, 18), and possibly reflects the nature of these
seizures, which should be interpreted as “acute symptomatic” of
the underlying immune-mediated process, according to recent
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recommendations (although we cannot theoretically exclude
that autoimmune-associated epilepsy had already ensued in
some of our patients, especially those with the longest diagnostic
delay) (19). Conversely, data on LOEUO are scant, and seizure
frequency in this population has hardly ever been analyzed,
or even reported, so far. The low frequency documented in
our study appears in line with the overall “benign” course
generally described in LOE and observed in our population as
well, where 17/25 subjects achieved seizure freedom on the first
monotherapy. Nonetheless, such rare seizures (so rare that they
recurred less than once a year in 8/25 patients with LOEUO)
could hamper the diagnosis of epilepsy in the elderly, already
quite challenging, and further increase the diagnostic delay,
which, in fact, was longer in LOEUO than in AE (median 9 vs.
4.5 months), although not significantly.

Our study groups were roughly comparable with regard
to the seizure type, although FAS was more common in
AE (14/21 vs. 6/25) and FTBTCS appeared slightly more
frequent in LOEUO (15/25 vs. 8/21). These findings are in
line with previous articles, reporting generalized tonic-clonic
seizures in 30-47% of cases of epilepsy in the elderly (6-
8, 20), although proper comparisons are difficult due to
differences in the study populations. In our LOEUO cohort,
5/25 patients reported FTBTCS as the only seizure type (mainly
occurring at night), which was never the case among the
subjects with AE (p = 0.053). This is an interesting trend
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with potential practical implications: indeed, convulsive seizures
represent a most dramatic event, often leading the patient
to seek medical attention for the first time, but in AE they
are usually accompanied—or preceded, even for months—
by high-frequency focal seizures, which instead might be
lacking in LOEUO. Such observation highlights, once again, the
importance of properly taking the patient’s medical history, and
actively looking for “minor” events, which are easily overlooked
by the elderly, as well as their relatives.

When focusing our attention on seizure semiology, we
found that the ictal manifestations were suggestive of temporal
lobe (TL) seizures in most patients of both the cohorts, as
also confirmed by the localization of IEDs and paroxysmal
activities documented via AEEG. Although the prominent
TL involvement might be well assumed in autoimmune
“limbic” encephalitis, it is far from expected in nonlesional
LOE. In fact, TL seizures have been described as the main
seizure type in 59 patients with LOE and MRI/CT evidence
of leukoaraiosis only (21). In addition, DiFrancesco et al.
recently analyzed 23 subjects with LOEUO by means of
EEG, PET, and neuropsychological assessment, all pointing
to a TL dysfunction of variable extent (8). These findings,
along with evidence showing that epileptic seizures in the
elderly could be a prodrome of Alzheimers disease (22),
suggest that the temporal lobe might represent a locus
minoris resistentiae, particularly susceptible to different kinds of
injuries and/or processes underlying both the AE and LOEUO,
i.e, occult cerebrovascular disease, neurodegeneration, and
immune-mediated mechanisms. The reasons, unfortunately,
are still to be fully disclosed: anatomical factors such
as the relatively simple architecture, the proximity of the
circumventricular organs, and the properties of the blood-
brain barrier, as well as neuroplasticity-related mechanisms
and vulnerability to neurotropic viruses, are supposed to play
arole (15, 23).

Notwithstanding these basic similarities, we also found
that focal seizures with autonomic manifestations were far
more common in AE than in LOEUO (15/21 vs. 7/25, p =
0.0033). This was not accounted for by ictal piloerection alone,
reported in 6/21 patients with AE and associated with other
vegetative symptoms in half of them. On one hand, such
observation revives pathophysiological considerations about the
crucial involvement of the central autonomic network (CAN)
in AE. On the other hand (more practical), it also signifies
that “looking closer,” paying attention to semiological details—
which should be actively sought, since they are rarely reported
by the patients spontaneously—could provide physicians with
important clues about the autoimmune origin of new-onset
seizures in the elderly.

With respect to the EEG findings, the careful revision of the
AEEG examinations undertaken by all the study participants
allowed us to detect a far higher number of ictal events in a
significantly larger proportion of patients with AE compared
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with patients with LOEUO (370 seizures in 13/21 AE cases
vs. 24 seizures in 3/25 LOEUO cases, p = 0.0006). This
observation relaunches the role of AEEG in the diagnostic
workup of new-onset seizures, as well as in the follow-up of
long-lasting epilepsy (24). Indeed, prolonged EEG monitoring
increases the chance of recording and recognizing seizures as
such—which could be particularly challenging in older people
with several comorbidities and possible alternative diagnoses.
Moreover, AEEG also allows to identify subclinical events,
(which appeared to be significantly associated with AE diagnosis
in the multivariate regresso model) which appeared to be
significantly associated with AE diagnosis in the multivariate
logistic regression model, and, thus, to properly evaluate the
overall seizure burden, that especially in AE might easily
contribute to cognitive impairment.

When analyzing the interictal findings, IEDs were found in
more than 70% of patients of both the cohorts, a much higher
proportion than those reported in previous articles on LOE,
where it ranged from 16 to 35% (6, 8, 25). Such discrepancy
likely depends on the use of long-term monitoring, including
sleep recording, and could have important clinical implications:
indeed, especially in patients with LOEUO with rare seizures,
identifying IEDs might actually hasten the definite diagnosis of
epilepsy and prompt clinicians to start ASMs, which could easily
result in long-lasting seizure freedom and prevent unnecessary
inconveniences and dangers (e.g., seizure-related falls). The
“sleep activation” of interictal abnormalities was observed in
both the study groups, as expected based on previous literature
(14, 26), but appeared more common in patients with AE (11/20
vs. 7/25, p = 0.06), despite not reaching statistical significance,
probably due to the small sample size. Although the role of
sleep on IED facilitation has not been specifically addressed in
AE, the increase of interictal abnormalities during nonrapid eye
movement (NREM) sleep has been proved to affect memory
consolidation by interfering with sleep-related thalamo-cortical-
hippocampal coupling (27), and, thus, could per se contribute to
cognitive impairment in this peculiar patient population.

This study has several limitations, the most relevant
being its retrospective design, with its intrinsic risk of a
selection bias, the fact that patients with LOUEO were
not specifically tested for antineuronal Abs, and the limited
sample size, which might have affected the significance of
some analyses.

In conclusion, our study shows that, despite sharing some
similarities such as seizure type and onset, older patients with
AE can be distinguished from those with LOEUO based on
their electroclinical features: in particular, high-frequency focal
seizures with ictal autonomic manifestations in the elderly
should raise the suspicion of an underlying immune-mediated
disorder. Our study also highlights the relevant contribution of
AEEG, a noninvasive, economic tool, which might reduce the
diagnostic delay in LOEUO, and provide useful information to
recognize AE.

frontiersin.org


https://doi.org/10.3389/fneur.2022.924859
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Morano et al.

Data availability statement

The of this
article will be made available by the authors, without

raw data supporting the conclusions

undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Sapienza University Ethics Committee. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

CD: full access to all the study data, full responsibility
for the integrity of the data and the accuracy of the
data supervision. AM, EC, and
CD: study concept and AM, EC, ES, BO,
MFE GR, and JF: data interpretation.
ET: review and analysis
laboratory analysis. AM:
analysis. AM, EC, ES, BO,
and CD: manuscript
All the authors
and

analysis, and study
design.
collection and
of neuroimaging studies. LZ:
study draft. EC: statistical
ME ET, GR, LZ, JEE MM, AG,
revision and critical reappraisal.
the manuscript,

of

have contributed to

read and approved the submitted version

the manuscript.

References

1. Beghi E, Giussani G. Aging and the epidemiology of epilepsy.
Neuroepidemiology. (2018) 51:216-23. doi: 10.1159/000493484

2. Brodie MJ, Elder AT, Kwan P. Epilepsy in later life. Lancet Neurol. (2009)
11:1019-30. doi: 10.1016/S1474-4422(09)70240-6

3. Sarkis RA, Willment KC, Pennell
unexplained epilepsy: what are we missing?
99:106478. doi: 10.1016/j.yebeh.2019.106478

G. Late-onset
(2019)

PB, Marshall
Epilepsy  Behav.

4. Emlsey HCA, Parkes LM. Seizures in the context of occult cerebrovascular
disease. Epilepsy Behav. (2020) 104:106396. doi: 10.1016/j.yebeh.2019.06.039

5. Luhdorf K, Jensen LK, Plesner AM. Etiology of seizures in the elderly.
Epilepsia. (1986) 27:458-63. doi: 10.1111/j.1528-1157.1986.tb03567.x

6. Tanaka A, Akamatsu N, Shouzaki T, Toyota T, Yamano M, Nakagawa M,
et al. Clinical characteristics and treatment responses in new-onset epilepsy in the
elderly. Seizure. (2013) 22:772-5. doi: 10.1016/j.seizure.2013.06.005

7. Sufle M, Hamann L, Floéel A, von Podewils F. Nonlesional late-
onset epilepsy: semiology, EEG, cerebrospinal fluid, and seizure outcome
characteristics. Epilepsy Behav. (2019) 91:75-80. doi: 10.1016/j.yebeh.201
8.05.043

8. DiFrancesco JC, Isella V, Licciardo D, Crivellaro C, Musarra M, Guerra L,
et al. Temporal lobe dysfunction in late-onset epilepsy of unknown origin. Epilepsy
Behav. (2021) 117:107839. doi: 10.1016/j.yebeh.2021.107839

9. Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR signal

abnormalities at 1.5 T in Alzheimer’s dementia and normal aging. Am J Roentgenol.
(1987) 149:351-6. doi: 10.2214/ajr.149.2.351

Frontiersin Neurology

08

10.3389/fneur.2022.924859

Funding

This study has received funding from the European Union’s
Horizon 2020 Research and Innovation Program under Grant
Agreement No. 952455. GR was supported by the Italian
Ministry of Health Ricerca corrente.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.924859/full#supplementary-material

10. Graus E Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A
clinical approach to diagnosis of autoimmune encephalitis. Lancet Neurol. (2016)
15:391-404 doi: 10.1016/S1474-4422(15)00401-9

11. Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, et al.
Operational classification of seizure types by the international league against
epilepsy: position paper of the ILAE commission for classification and terminology.
Epilepsia. (2017) 58:522-30 doi: 10.1111/epi.13670

12. Liu X, Issa NP, Rose S, Wu S, Sun T, Towle LV, et al. The first-
hour-of-the-day sleep EEG reliably identifies interictal epileptiform
discharges during long-term video-EEG monitoring.  Seizure. (2018)
63:48-51. doi: 10.1016/j.seizure.2018.10.015

13. Krendl R, Lurger S, Baumgartner C. Absolute spike frequency predicts
surgical outcome in TLE with unilateral hippocampal atrophy. Neurology. (2008)
71:413-8. doi: 10.1212/01.wnl.0000310775.87331.90

14. Malow BA, Lin X, Kushwaha R, Aldrich MS. Interictal spiking increases
with sleep depth in temporal lobe epilepsy. Epilepsia. (1998) 39:1309-
16. doi: 10.1111/j.1528-1157.1998.tb01329.x

15. Bartsch T, Wulff P. The hippocampus
from  plasticity to  vulnerability.  Neuroscience.
16. doi: 10.1016/j.neuroscience.2015.07.084

in aging and disease:
(2015)  309:1-

16. Dubey D, Kothapalli N, McKeon A, et al. Predictors of
neural-specific ~ autoantibodies ~and  immunotherapy = response  in
patients with cognitive dysfunction. ] Neuroimmunol. (2018) 323:62-

72 doi: 10.1016/j.jneuroim.2018.07.009

17. Geis C, Planaguma J, Carrefio M, Graus E, Dalmau J. Autoimmune seizures
and epilepsy. J Clin Invest. (2019) 129:926-40. doi: 10.1172/JCI125178

frontiersin.org


https://doi.org/10.3389/fneur.2022.924859
https://www.frontiersin.org/articles/10.3389/fneur.2022.924859/full#supplementary-material
https://doi.org/10.1159/000493484
https://doi.org/10.1016/S1474-4422(09)70240-6
https://doi.org/10.1016/j.yebeh.2019.106478
https://doi.org/10.1016/j.yebeh.2019.06.039
https://doi.org/10.1111/j.1528-1157.1986.tb03567.x
https://doi.org/10.1016/j.seizure.2013.06.005
https://doi.org/10.1016/j.yebeh.2018.05.043
https://doi.org/10.1016/j.yebeh.2021.107839
https://doi.org/10.2214/ajr.149.2.351
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1111/epi.13670
https://doi.org/10.1016/j.seizure.2018.10.015
https://doi.org/10.1212/01.wnl.0000310775.87331.90
https://doi.org/10.1111/j.1528-1157.1998.tb01329.x
https://doi.org/10.1016/j.neuroscience.2015.07.084
https://doi.org/10.1016/j.jneuroim.2018.07.009
https://doi.org/10.1172/JCI125178
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Morano et al.

18. Morano A, Fanella M, Cerulli Irelli E, Barone FA, Fisco G, Orlando B,
et al. Seizures in autoimmune encephalitis: findings from an EEG pooled analysis.
Seizure. (2020) 83:160-8 doi: 10.1016/j.seizure.2020.10.019

19. Steriade C, Britton J, Dale RC, Gadoth A, Irani SR, Linnoila J,
et al. Acute symptomatic seizures secondary to autoimmune encephalitis
and autoimmune-associated epilepsy: conceptual definitions. Epilepsia. (2020)
61:1341-51 doi: 10.1111/epi.16571

20. Cloyd J, Hauser W, Towne A, Ramsay R, Mattson R, Gilliam F et al.
Epidemiological and medical aspects of epilepsy in the elderly. Epilepsy Res. (2006)
68 (Suppl. 1):539-48. doi: 10.1016/j.eplepsyres.2005.07.016

21. Gasparini S, Ferlazzo E, Beghi E, Sofia, V. Mumoli L, Labate A, et al.
Epilepsy associated with Leukoaraiosis mainly affects temporal lobe: a casual or
causal relationship? Epilepsy Res. (2015) 109:1-8. doi: 10.1016/j.eplepsyres.2014.
10.012

22. Romoli M, Sen A, Parnetti L, Calabresi P, Costa C. Amyloid-p: a potential
link between epilepsy and cognitive decline. Nat Rev Neurol. (2021) 17:469—
85. doi: 10.1038/s41582-021-00505-9

Frontiersin Neurology

09

10.3389/fneur.2022.924859

23. Liimatainen S, Lehtimaki K, Palmio J, Alapirtti T, Peltola J. Immunological
perspectives of temporal lobe seizures. ] Neuroimmunol. (2013) 263:1-
7. doi: 10.1016/j.jneuroim.2013.08.001

24. Fattouch J, Di Bonaventura C, Lapenta L, Casciato S, Fanella M, Morano
A, et al. Epilepsy, unawareness of seizures and driving license: the potential role
of 24-hour ambulatory EEG in defining seizure freedom. Epilepsy Behav. (2012)
25:32-5. doi: 10.1016/j.yebeh.2012.07.001

25. Drury I, Beydoun A. Interictal
patients  with  epilepsy.  Electroencephalogr
106:369-73. doi: 10.1016/S0013-4694(97)00158-2

epileptiform activity in
Clin  Neurophysiol.

elderly
(1998)

26. Lambert I, Roehri N, Giusiano B, Carron R, Wendling E, Benar C, et al.
Brain regions and epileptogenicity influence epileptic interictal spike production
and propagation during NREM sleep in comparison with wakefulness. Epilepsia.
(2018) 59:235-43 doi: 10.1111/epi.13958

27. Lambert I, Tramoni-Negre E, Lagarde S, Roehri N, Giusiano B, Trebuchon-
Da Fonseca A, et al. Hippocampal interictal spikes during sleep impact long-term
memory consolidation. Ann Neurol. (2020) 87:976-87 doi: 10.1002/ana.25744

frontiersin.org


https://doi.org/10.3389/fneur.2022.924859
https://doi.org/10.1016/j.seizure.2020.10.019
https://doi.org/10.1111/epi.16571
https://doi.org/10.1016/j.eplepsyres.2005.07.016
https://doi.org/10.1016/j.eplepsyres.2014.10.012
https://doi.org/10.1038/s41582-021-00505-9
https://doi.org/10.1016/j.jneuroim.2013.08.001
https://doi.org/10.1016/j.yebeh.2012.07.001
https://doi.org/10.1016/S0013-4694(97)00158-2
https://doi.org/10.1111/epi.13958
https://doi.org/10.1002/ana.25744
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Late-onset seizures and epilepsy: Electroclinical features suggestive of autoimmune etiology
	Introduction
	Materials and methods
	Patients' selection
	General data collection
	Analysis of ambulatory electroencephalography findings
	Statistical analysis

	Results
	Patients' demographics and general data
	Seizure characteristics
	Electroencephalography ictal and interictal findings

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


