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Purpose: Diagnosing epilepsy in the elderly population can be difficult due to mimicking
symptoms. Furthermore, epileptic symptoms can also be masked by various symptoms.
We hypothesized that elderly patients with epilepsy exhibit specific clinical features among
the various symptoms.

Patients and methods: From 2009 to 2017, 177 patients who were older than 65 years
were referred to our epilepsy center. Out of this group, the onset of symptoms occurred after
reaching the age of 50 years in 152 of the patients, who were additionally being treated at our
clinic. We divided their symptoms in accordance with their consciousness levels, which were
defined as follows: full wakefulness level I, impaired awareness level 11, and loss of conscious-
ness level III. We also classified the duration of the symptoms as <10 seconds, =10 seconds
but <1 minute, =1 minute but <5 minutes, =5 minutes but <10 minutes, =10 minutes
but <1 hour, and =1 hour.

Results: Among the 152 patients analyzed (mean age 72.9 years, standard deviation 6.71, range
65-92), 84 patients had epilepsy (epilepsy group) while 68 did not exhibit epilepsy (nonepilepsy
group). For the consciousness levels, there were more level I patients in the nonepilepsy vs
epilepsy group (P<<0.028), with symptom duration lasting <1 minute (sensitivity 0.857, speci-
ficity 1) in the epilepsy group. In contrast, there were more level II patients in the epilepsy vs
the nonepilepsy group (P=0.015), with the duration of symptoms lasting <1 minute (sensitivity
0.8125, specificity 0.930) in the epilepsy group. For the level 11l consciousness, convulsions
were more commonly seen in the epilepsy group (P=0.044).

Conclusion: Symptoms that last <1 minute with awareness and impaired awareness might be
epileptic in the elderly population.

Keywords: epilepsy in elderly, <1-minute seizure, consciousness level, cognitive impairment,
concomitant symptoms

Introduction

Epilepsy incidence exhibits bimodality in children and the elderly.' It is known that
incidence and prevalence of epilepsy increase with age.>* Along with the rapid popu-
lation growth currently observed in the world, the elderly population is also rapidly
increasing.’ However, at present, there has not been a large amount of research into
epilepsy in the elderly.* Moreover, it has been reported that the diagnosis of epilepsy
in the elderly population can be difficult.>¢” The difficulties in diagnosing epilepsy in
the elderly include the fact that epilepsy can be concomitant with post-stroke behavior,?
dementia,’ or the symptoms can mimic other psychiatric symptoms.!*!" Additionally,
there are risks of syncope, hypo- and hyperglycemia, and transient ischemic attack in
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this patient population. Thus, overall these epileptic symp-
toms can be masked by various symptoms. The hypothesis
of our present study was that epilepsy in elderly subjects
exhibits specific clinical features that differ among the
various other symptoms seen in this population. Furthermore,
the main aim of this study was to review the consciousness
level and duration of episodes during the clinical manifesta-
tion in elderly subjects.

Patients and methods
Study design and ethical approval

The Ethics Committee of Seirei Hamamatsu General Hospital
in accordance with the principles of the Declaration of
Helsinki approved the protocol for this study. The partici-
pants in this cross-sectional, observational, nonrandomized,
intrasubjective comparison and case-controlled study were
identified via a retrospective electronic chart review that
was conducted from August 2009 to December 2017 at
the Comprehensive Epilepsy Center, Seirei Hamamatsu
General Hospital. Written informed consent was obtained
from all patients.

Patients

From August 2009 to December 2017, 177 patients who
were older than 65 years of age were referred to our Com-
prehensive Epilepsy Center. After reviewing the medical
records, patients who fulfilled the following criteria were
selected: 1) age older than 65 years, 2) onset of the symptoms
occurred after reaching 50 years of age, and 3) have been
treated at our clinic. Patients with onsets that occurred prior
to reaching 50 years of age or that recurred after their 50’s
were excluded from the study.

Medical questionnaire and medical

interview

Primary outcome measures

The primary outcome measures were the reviews of the
consciousness level and duration of the symptoms.

All patients responded to a medical questionnaire form
prior to undergoing a medical interview. Board-certified epi-
lepsy specialists (AF and KS) were responsible for obtaining
the patient’s detailed medical histories. Information on the
medical history and symptoms were obtained not only from
the actual patients but during telephone calls with eyewit-
nesses who directly observed the epilepsy episode. We also
examined symptoms that could be observed in videos of the
patient that were taken during the epilepsy episodes.

Patient symptoms were classified in accordance with their
consciousness level.'>"* Consciousness level I was defined

as symptoms that occurred while the patient was at a full
wakefulness level. These included focal onset awareness
seizure or simple partial seizure that occurred in epilepsy
cases. At consciousness level I, it was required that the person
was aware of self and environment during the seizure, even if
immobile. The subjects were able to remember what had hap-
pened during the event. Consciousness level I was defined as
symptoms that occurred while the patient was at an impaired
awareness level. These included focal onset impaired aware-
ness seizure or complex partial seizures that occurred during
epilepsy cases. At consciousness level 11, it was required
that the person had an impaired awareness during any part
of the event. These subjects exhibited impaired awareness
of the events without realizing that they occurred. However,
consciousness was maintained during this period. Conscious-
ness level 11l was defined as symptoms that occurred while
the patient had lost consciousness. These included bilateral
tonic—clonic seizure or secondary generalized seizure that
occurred during epilepsy cases. At consciousness level 11, it
was required that the patients had completely lost conscious-
ness and were not awakened by external stimuli. During the
level III evaluations, we also reviewed whether or not the
patients exhibited convulsions.

In addition to determining the different consciousness
levels, we also reviewed the duration of symptoms. The
duration of the symptoms was divided as follows:
<10 seconds
=10 seconds but <1 minute
=1 minute but <5 minutes
=5 minutes but <10 minutes
=10 minutes but <1 hour
=1 hour.

SN o e

Secondary outcome measurements

Secondary outcome measurements investigated included
the cognitive impairment, psychiatric symptoms, whether or
not the patient was able to drive, traffic accidents caused by
the symptoms, diagnosis, etiology of the symptoms, treat-
ment, and amnesia. To survey the cognitive impairment and
psychiatric symptoms, we obtained referral letters from each
specialist who saw the patient. For the driving and traffic
accident surveys, we interviewed the patients, their family,
and previous physicians in addition to checking information
from referral letters.

Diagnosis and treatment

Diagnosis

All patients underwent brain 3.0-T magnetic resonance
image and electroencephalography (EEG) evaluations.
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The EEGs were objectively read by board-certified clinical
neurophysiologists in EEG (AF, KS, TO, and EH). After
reading the EEGs, the neurophysiologists in EEG reviewed
all of the findings and submitted reports on each of the
subjects. If further examinations were required, patients
underwent long-term video EEG (VEEG), single photon
emission tomography, 2-["*F]fluoro-2-deoxy-D-glucose
positron emission tomography, and neuropsychological
evaluation. Epilepsy was diagnosed by board-certified epi-
leptologists (AF and KS) on the basis of the patient’s clinical
information, which included medical history, EEG reports,
3.0-T magnetic resonance imaging, VEEG, single photon
emission tomography, and positron emission tomography.
When we encountered difficulties in diagnosing the epilepsy,
patients were further discussed during Comprehensive
Epilepsy Center conferences. At these conferences, patients
were discussed by the authors and other epileptologists (TO,
YM, MN, SB, SI, and HE).

Treatment

After the diagnosis of epilepsy, we appropriately adjusted
the patient’s antiepilepsy drugs (AEDs), performed epi-
lepsy surgery, vagus nerve stimulation therapy, and, where
necessary, took a wait-and-see (WAS) approach consider-
ing their social background. If patients were diagnosed as
being nonepileptic, we took a WAS approach or sent them
to each of the study specialists that included cardiologists,
endocrinologists, psychiatrists, etc, for further investigation,
treatment, and follow-up.

Statistical analysis

We statistically compared the epilepsy and nonepilepsy
groups by using the Mann—Whitney rank-sum test, chi-
squared test, and Fisher’s exact test, as appropriate. Statistical
significance was set at P<<0.05. The cutoff value was calcu-
lated by the receiver operating characteristic (ROC) curve
analysis. All analyses were performed using Sigma Plot 14
software (Systat Software, San Jose, CA, USA).

Results

Clinical information

Among the 177 patients who were referred to our epilepsy
center, 152 patients met the inclusion criteria (mean age
72.9 years, standard deviation 6.71, range 65-92). Among the
enrolled patients, 84 (34 females and 50 males) were diag-
nosed with epilepsy (epilepsy group) while 68 (34 females
and 34 males) were diagnosed as not having epilepsy (nonepi-
lepsy group). There was no statistical difference between the

groups in terms of age (P=0.621) and sex (P=0.493). Table 1
presents the clinical information for the patients.

Primary outcome measures

Consciousness level |

There were 6 patients who exhibited clinical manifesta-
tions under wakefulness (3 motor, 2 sensory, and 1 aphasia
with motor manifestation) in the epilepsy group while there
were 14 patients in the nonepilepsy group. There were
more patients in the nonepilepsy vs the epilepsy group
(P<<0.028).

The duration in the epilepsy group was shorter than that
observed in the nonepilepsy group (P<<0.001). ROC curve
analysis indicated that the cutoff value was level III. This
meant that the duration of the epileptic seizure in elderly
patients was <1 minute (sensitivity =1 — false-positive
fraction [FPF] =1-0.429=0.857, specificity = true positive
fraction [TPF] =1.00).

One patient with epilepsy (Patient No. 76) exhibited
aphasia and hand twitching under wakefulness followed by
bilateral tonic—clonic convulsion. This patient was classified
as level II1.

Consciousness level Il

There were 57 patients who exhibited a loss of awareness in
the epilepsy group, while there were 32 patients who exhib-
ited attention, concentration and performance impairment,
etc, in the nonepilepsy group. The difference between these
groups was statistically significant (P=0.015). In addition,
impaired awareness was more often seen in the epilepsy vs
the nonepilepsy group.

There was a shorter duration in the epilepsy vs the non-
epilepsy group (P<<0.001). ROC curve analysis showed
that the cutoff value was level III. This indicated that the
duration of the epileptic seizure in the elderly patients
was <1 minute (sensitivity =1 — FPF =1-0.1875=0.8125,
specificity = TPF =0.930).

There were seven patients who exhibited focal onset
impaired awareness seizure followed by bilateral tonic—clonic
seizure. These seven patients were classified as level III.

Consciousness level Il

There were 22 patients in the epilepsy and 28 patients in the
nonepilepsy group who lost consciousness. However, there
was no statistically significant difference between these two
groups (P=0.075). There was also no statistical difference for
the duration between the two groups (P=0.748). In terms of
convulsion, there were 22 patients in the epilepsy and 8 in the
nonepilepsy group who exhibited generalized convulsions.
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Table 2 Conscious level, duration of symptoms and convulsions

Conscious level |

Epilepsy n=6 Nonepilepsy n=14 P<<0.028
Motor onset (n=4) Motor symptom (n=8)
Hand/leg twitching (n=3)

Aphasia with motor (n=1)
Non-motor (n=2) Non-motor symptom (n=>5)
Sensory onset (n=2)
Motor + sensory (n=I)

Duration

Range: 2-3, median: 2, mean: 2.167, SD: 0.408 Range: 1-6, median: 5.5, mean: 4.857, SD: 1.610 P<0.006
Conscious level Il
Epilepsy n=57 Nonepilepsy n=32 P=0.015
Focal impaired awareness Abnormal behavior
Duration

Range: |-6, median: 5, mean: 2.09, SD: 1.005 Range: |-6, median: 5, mean: 4.59, SD: 1.60 P<0.001
Conscious level 1l
Epilepsy n=22 Nonepilepsy n=28 P=0.075
Duration

Range: 1-5, median: 2.000, mean: 2.045, SD: 0.950 Range: 1-5, median: 2.000, mean: 2.286, SD: 1.560 P=0.748
Convulsions n=8 P=0.044
n=22

Notes: In consciousness level |, there were 6 patients who exhibited clinical manifestations under wakefulness (3 motor, 2 sensory, and | aphasia with motor manifestation)
in the epilepsy group while there were |4 patients in the nonepilepsy group. There were more patients in the nonepilepsy group than the epilepsy group (P<<0.028).
In consciousness level Il, there were 57 patients who showed loss of awareness in the epilepsy group and 32 patients who exhibited attention, concentration and performance
impairment, etc, in the nonepilepsy group. This difference was statistically significant between the groups (P=0.015). Impaired awareness was more commonly seen in the
epilepsy vs the nonepilepsy group. The duration was shorter in the epilepsy vs the nonepilepsy group (P<<0.001). In consciousness level Ill, there were 22 patients in the
epilepsy group and 28 patients in nonepilepsy group who lost consciousness. There was no significant difference between these two groups (P=0.075). There was also no
statistically significant difference for the duration between the two groups (P=0.748). In terms of convulsion, there were 22 patients in the epilepsy and 8 in the nonepilepsy
group who exhibited generalized convulsions. The difference between the groups was statistically significant (P=0.044).

The difference between the groups was statistically signifi- Secondary outcome measures
cant (P=0.044). Cognitive impairment

Table 2 shows each consciousness level and the duration ~ There were 58 patients (38.24%) with cognitive impairment,
of symptoms (Figure 1). with 39 patients in the epilepsy and 19 in the nonepilepsy

Wakefulness

Level Il Level |
Epi G > non-Epi G (P=0.015) Epi G < non-Epi G (P<0.028)
<1 min: epileptic <1 min: epileptic

Sensitivity 0.8125, specificity 0.930 | Sensitivity 0.857, specificity 1

Level lll

Convulsion:
epileptic (P=0.044)

Awareness

Figure | Consciousness level and duration of symptoms.

Notes: The two main components of consciousness are: wakefulness and awareness. In the full wakeful level (level ), there were more patients in the nonepilepsy group
(non-Epi G) than the epilepsy group (Epi G). The lack of a definitive description of the aura by elderly might lead to a missed diagnosis. During level Il of impaired awareness
(level ll), there were more patients in the Epi G than the non-Epi G. The duration of the epileptic seizure was <| minute for both the level | and Il levels. Conversely, in
elderly patients who exhibited a loss of consciousness, neither the consciousness level nor the duration of symptoms could be used to determine the difference between
epilepsy and nonepilepsy. Thus, at this level, convulsions might be the feature that needs to be observed in order to determine Epi G.
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group. The difference between the groups was not statisti-
cally significant.

There were 23 (59%) patients with mild cognitive
impairment (MCI), 7 (17.9%) with Alzheimer disease (AD),
4 (10.3%) with dementia with Lewy body (DLB), 3 (7.7%)
with vascular dementia, and 2 (5.1%) with mixed dementia
in the epilepsy group.

There were 12 (63.2%) MCI, 4 (21.1%) DLB, 2 (10.5%)
AD, and 1 (4.2%) vascular dementia in the nonepilepsy
group.

There was no statistically significant difference between
the two groups (P=0.916). There was also no statistically sig-
nificant difference found for the different forms of dementia
(MCI P=0.321, AD P=0.703, DLB P=0.246, vs P=1.000).

Psychiatric symptoms

There were 28 (33.3%) patients in the epilepsy and 19 (27.9%)
in the nonepilepsy group who exhibited psychiatric symp-
toms. The difference between the groups was not statistically
significant (P=0.590). There were 9 (32.1%) behavioral and
psychological symptoms of dementia (BPSD) in the epilepsy
and 13 (68.4%) in the nonepilepsy group. The difference
between the groups was statistically significant (P=0.019).

Driving

There were 28 patients who continued to drive at the time of
diagnosis in the epilepsy and 24 in the nonepilepsy group,
which was not statistically significant (P=0.725). There were
eight patients with traffic accidents that were associated with
their symptoms in the epilepsy and two in the nonepilepsy
group, which was not statistically significant (P=0.086).

Diagnosis

In the Epilepsy group, there were 63 (75.0%) patients with
temporal lobe epilepsy (TLE), 12 (14.3%) with frontal
lobe epilepsy (FLE), 2 (2.3%) with occipital lobe epilepsy,
1 (1.1%) with temporofrontal lobe epilepsy, 5 (6.0%) with
epileptic convulsion, and 1 (1.1%) with focal onset epi-
lepsy. There was no significance difference between the
TLE and FLE for the duration (P=0.890) and consciousness
level (P=0.304). In the nonepilepsy group, there were 39
(58.8%) nonepileptic patients with an unknown etiology,
10 (14.7%) with syncope, 7 (10.3%) with BPSD, 3 (4.4%)
with postprandial hypotension, 3 (4.4%) with psychogenic
nonepileptic spells, 2 (2.9%) with hypoglycemia, 2 (2.9%)
with Parkinson’s disease or Parkinson’s syndrome, 1 (1.4%)
with phenytoin toxicity, and 1 (1.4%) with transient global

Etiology

1,1%

1, 1%
1, 1%

1, 1%
2,2%
2,2%

&N

4, 5%

5, 6%

M Unknown = AD [ Contusion
Hemorrhage [ Lacunar = Major inf

B Cavernoma B Hemorrhagic inf M Head trauma

B SAH B Metastasis B Encephalitis

B Primary tumor = AVM

Figure 2 Etiology of epilepsy.

Notes: This figure presents the etiology of epilepsy. A total of 61% of these patients
exhibited epilepsy of an unknown etiology followed by AD. Lacunar infarction
(lacunar), major vessel infarction (major inf), hemorrhagic infarction (hemorrhagic inf),
SAH, AVM.

Abbreviations: AD, Alzheimer’s disease; AVM, arteriovenous malformation; SAH,
subarachanoid hemorrhage.

amnesia. Figure 2 shows the breakdown of the etiology in
the nonepilepsy group.

Treatment
AED adjustment was performed in 64 (76.2%) patients. Open
cranial surgery was performed in 2 (2.3%) patients, while
1 (1.2%) underwent vagus nerve stimulation therapy and
17 (13.1%) were placed in the WAS approach category.
There were 45 (53.6%) patients who achieved seizure
freedom, with 23 (27.4%) classified as more than 80%
responders and 5 (6.0%) who were more than 50% responders.
No appreciable change was observed in 11 (13.1%) patients.

Amnesia
The diagnosis of transient epileptic amnesia (TEA) was made
on the basis of the following criteria: 1) there was a history of
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recurrent witnessed episodes of transient amnesia; 2) cogni-
tive functions other than memory were judged to be intact
during typical episodes by a reliable witness; and 3) there
was evidence for a diagnosis of epilepsy.'* There were four
patients who met the criteria for inclusion in the epilepsy
group, and one patient who was diagnosed as transient global
amnesia in the nonepilepsy group.

Discussion

Primary outcome measures

The cutoff value for the duration in elderly with epilepsy
was <1 minute when our results classified these patients
as level I and II consciousness. Although, the duration of
focal onset impaired awareness seizures have been reported
to typically last more than 1 minute,'>!® symptoms that
last <1 minute during impaired awareness might actually
be epileptic in the elderly population.

However, it is our belief that it could be fairly difficult
for elderly to precisely describe their aura. Thus, this could
be the reason why only six patients with wakeful conscious-
ness level (level I) were diagnosed as having epilepsy. Based
on these findings, this suggests that diagnosing focal onset
awareness seizure in the elderly population could be challeng-
ing. Furthermore, since the duration of awareness seizures
generally vary,'!” and the short duration in wakefulness seen
in our study might actually be a feature of elderly epilepsy.
However, in order to avoid any misdiagnosis, the presence
of long-lasting nonconvulsive status epilepticus also should
be taken into consideration when evaluating these types
of patients.'®

As consciousness level and duration of the symptoms
could not be used to determine the difference between
epileptic and nonepileptic symptoms for the consciousness
level 11, it might be possible to use the presence of convul-
sions as a factor to distinguish between the symptoms.

The hypothesis of our present study was that there are
specific clinical features associated with elderly subjects with
epilepsy. Our results did show that awareness and impaired
awareness seizures with less than a 1-minute duration appear
to be a specific clinical feature that is associated with elderly
patients with epilepsy.

One of the limitations of this study was that the durations
of the symptoms were not always meticulously determined
during the observations in this study. In fact, while many of
the symptoms were recorded by the videos taken of the patient,
others came from eyewitness accounts of the symptoms,
which at times could be very subjective in nature. To obtain
more accurate information on the duration, a further study

that performs VEEG and accurately measures the duration
in seconds will need to be undertaken in the future.

Secondary outcome measures

Concomitant symptoms

Cognitive impairment was not significantly different in
each group. However, BPSD was more commonly seen in
the nonepilepsy group. This indicates that there were more
MCI with BPSD in the nonepilepsy group.!’ Additionally,
it is known that there is a higher prevalence of psychosis
found in patients with epilepsy compared with the general
population.? This could potentially be explained by the fact
that there were relatively many more non-BPSD patients in
the epilepsy group vs the number of BPSD patients in the
nonepilepsy group. As cognitive impairment and psychiatric
symptoms were evenly seen in both groups, this makes the
diagnosis of epilepsy difficult. In addition, it is our belief
that MCI with BPSD also makes it much more difficult to
determine this diagnosis in the elderly population.

Diagnosis and treatment

TLE (75%) followed by FLE were the most commonly
seen forms of epilepsy in this study. Since TLE is the most
common epilepsy observed in adults, it is likely that the
elderly population will also exhibit the same level of occur-
rence.® Amyloid deposition is one of the common conditions
seen in both AD and cerebral hemorrhage.?! Based on these
findings, it has been presumed that the peripheral symptoms
related to these disease states might also complicate making
a diagnosis for these types of diseases.?

Although the success of treatments aimed at achieving
seizure freedom in patients are as low as 53.6%, this level was
considered to be refractory enough for these treatments to be
introduced for use in our epilepsy center. Panayiotopoulos?
has reported that elderly patients are more likely to suffer
from drug-induced disease than derive any benefits from
ill-advised AED prescribing. Therefore, when treating
elderly patients with epilepsy, it is important to not merely
achieve complete seizure freedom, but also consider the
balance between treatment efficacy and the adverse effect
of AEDs.

Amnesia

A previous study reported on a patient with TEA who did not
exhibit any epileptic seizures.?* However, all four patients
with TEA in our study had impaired awareness seizure. Thus,
these types of cases might be missed impaired awareness
seizure due to the very short duration of the seizure.
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Driving and traffic accidents

There was no significance difference observed between
the epilepsy and nonepilepsy groups in terms of driving
(P=0.725). This is likely due to the fact that there are overall
issues with driving in the elderly population. Moreover, we
also found that there was no statistically significant difference
in both groups for traffic accidents related to their symptoms
(P=0.086). Thus, these results appear to suggest that epilepsy
cannot be definitively cited as a cause of traffic accidents
involving elderly.

Conclusion
Symptoms that last <1 minute with awareness and impaired
awareness might be epileptic in the elderly population.
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