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Seizure semiology in temporal lobe vs. temporal plus epilepsy
using intracranial EEG monitoring
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Objectives: To utilize our tertiary center’s experience with
Temporal lobe epilepsy (TLE) and Temporal plus epilepsy
(TPE) cases and determine whether a correlation exists
between ictal semiology signs, their localization/
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lateralization value after intracranial electroencephalography
(EEG) monitoring, and surgical outcomes.

Methods: A retrospective study was conducted among
epilepsy patients who underwent resective surgery for TLE
or TPE after intracranial EEG monitoring between January
2008 and December 2018 at King Faisal Specialist Hospital
in Riyadh, Saudi Arabia. Data were retrieved for 464
patients; 181 had intracranial electrode monitoring.

Results: Forty-eight patients with a mean age of 27 years
(SD=8.4) were included; 15 patients had TPE. Auras were
frequently reported, emotional auras, in the form of fear
(35%). The localization/lateralization value of aura was
statistically significant for TPE patients, including visual
hallucinations and vertigo, lateralized to the left and right
temporo-occipital, respectively (p=0.009 and <0.001).
Early-onset ictal manual automatism, oral automatism,
late-onset dystonic posture, and late head-turning were
significant for TLE without significant lateralization value.
The ictal onset zone’s localization was significant between
the scalp and intracranial EEG findings in mesial TLE
patients. The probability of seizure freedom (Engel class I)
was 74%, 60%, and 67% at 2-year follow-up for mesial,
lateral TLE, and TPE, respectively.

Conclusion: Our results are consistent with previous studies
and confirm the importance of ictal semiology signs in TLE
and TPE. The addition of intracranial EEG monitoring in

these cases helped improve the surgical outcomes.
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pilepsy is one of the most common neurological

disorders, affecting approximately 70 million
people globally.! Thirty percent of these patients
have drug-resistant epilepsy,”> and most cases referred
for epilepsy surgery involve temporal lobe epilepsy
(TLE).> However, after standard temporal lobectomy,
around 40% of these patients will experience recurrent
seizures.” A variety of explanations have been proposed
for these surgical failures, including incomplete removal
of the epileptogenic zone, additional contralateral focus
(bilateral TLE), dual pathology (mesial and neocortical),
and extended epileptogenic focus to the neighboring
structures, including extratemporal or temporal plus
epilepsy (TPE).?

The TPE is defined as focal epilepsy with a complex
epileptogenic network involving the temporal lobe
and the surrounding areas, such as the orbitofrontal
cortex, insula, operculum, and temporo-parieto-
occipital junction.® A thorough presurgical evaluation
is required to delineate the epileptogenic zone for
successful resective surgery. In phase I assessment,
scalp video electroencephalography (EEG) monitoring,
brain magnetic resonance imaging (MRI), and
neuropsychological evaluation are needed. Further
non-invasive investigations can be included if the initial
results are discordant. To reach a well-demarcated
epileptogenic focus requires intracranial monitoring,
including the subdural grid, strips, and depth, which
is known as phase II assessment.” Seizure semiology
is the first step in a presurgical evaluation, and ictal
semiology and scalp-EEG results play a valuable role
in distinguishing TLE from TPE.® Patients with TLE
are more likely to experience abdominal auras, ictal
gestural automatism, and post-ictal amnesia. However,
TPE patients are more likely to experience gustatory
hallucinations, rotatory vertigo, auditory illusions,
contralateral eye and head versions, piloerection,
and ipsilateral tonic posturing. Similar findings were
highlighted in a review of TPE cases.* Furthermore,
laryngeal and throat constriction and the atypical
distribution of somatosensory symptoms at seizure
onset have been found.

Although some studies have found a correlation
between seizure semiology and intracranial EEG
monitoring in TLE (mesial vs. lateral) vs. TPE, none
evaluated lateralization values. This study aims to utilize
our tertiary center’s experience with TLE and TPE cases
and determine whether a correlation exists between
ictal semiology signs, their localization/lateralization
value after intracranial electroencephalography (EEG)
monitoring and surgical outcomes. We also highlight
the process of phase I presurgical assessment (including
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ictal/interictal scalp EEG, MRI, positron emission
tomography [PET], and neuropsychology) in our

center.

Methods. Patients and data collection. We
conducted a retrospective cohort study of epilepsy
patients who underwent resective surgery for TLE or
TPE after intracranial EEG recording between January
2008 and December 2018 at King Faisal Specialist
Hospital and Research Center in Riyadh, Saudi Arabia.
The hospital is a tertiary referring center for most drug-
resistant epilepsy cases in Saudi Arabia. Data related to
the treatment of 464 patients were retrieved from the
hospital database for all epilepsy surgeries performed
during our study-designated period. A total of 181
patients received intracranial electrode monitoring for
drug-resistant epilepsy; 130 of these patients received
extra-TLE surgery, and 51 underwent TLE or TPE
surgery after intracranial EEG recording. Three patients
were excluded; 2 had bilateral TLE with more than
one ictal semiology, and one patient had incomplete
data. The following clinical variables were studied: age,
gender, handedness, age of epilepsy onset, number of
years until surgical resection, seizure frequency per
month, risk factors, and hospital stay length.

All patients had drug-resistant (DRE) epilepsy, as
defined by the International League Against Epilepsy
(ILAE) task force guidelines: the failure of adequate trials
of 2 appropriately chosenand tolerated antiepileptic drug
schedules, as either monotherapy or in combination,
to achieve sustained seizure freedom.” Patients were
classified as having focal epilepsy with or without
bilateral tonic-clonic seizures. Presurgical evaluation
data were reviewed from the Epilepsy Monitoring Unit
(EMU) and epilepsy conference reports, which were
dictated after epilepsy case discussions by the epilepsy
fellow and attending epileptologists. The consensus
decision was made by a group of physicians, including
adult/pediatric epileptologists, epilepsy surgeons, and
neuropsychologists. Surgical resection details were
reviewed from operative reports and post-op MRI/CT
scan when available. Postoperative seizure control was
ascertained via follow-up clinic visit documentation
in the hospital’s electronic records system (ICIS) using
Engel classification after 2, 5, and 10 years of follow-up.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.
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Non-invasive  evaluations. All  patients were
monitored with scalp video-EEG  using an
international 10-20 electrode system with additional
temporal basal electrodes. A three-tesla MRI brain
scan, fluorodeoxyglucose (FDG)-PET scan, and
neuropsychological evaluation were performed for
all subjects. The intracranial sodium amobarbital
procedure, also known as the Wada test, was performed
on 19 patients. Seizure semiology analysis was based
on EMU and epilepsy conference reports; all included
patients had one seizure semiology, which was focal
with/without impaired awareness. Auras were classified
according to the ILAE’s 2017 classification: autonomic
(rising epigastric sensation, nausea, or palpitation),
cognitive (Deja vu, dreaming states, depersonalization),
emotional (fear or anxiety), and sensory (vestibular
vertigo and dizziness, olfactory, gustatory, complex
auditory and visual hallucination, and headaches). Ictal
phase semiology consisted of motor symptoms (manual/
oroalimentary automatism, tonic, clonic, limb dystonia,
rhythmic ictal nonclonic hand [RINCH] movement,
head-turning, face grimacing or contractions, or eye
blinking) or non-motor symptoms (‘speech arrest or

Table 1 - Demographic data.

Patient characteristics Types of epilepsy n (%) Total
TLE TPE
n=33 n=15
Age, mean (SD) 27.4(8.7) 25.6(8.1) 26.8(8.4)
Gender
Female 12 (36) 4 (27) 16 (33)
Male 21 (64) 11 (73) 32 (67)
Handedness
Right 29 (88) 14 (93) 43 (90)
Left 4(12) 0(0) 4(8)
Ambidextrous 0 1(7) 1(2)
Age of epilepsy onset 13 (8.7) 9(5.5) 12 (7.9)
mean+SD
Seizure (frequency/ 4(2.7) 7 (7.0) 5 (4.6)
month)mean+SD
MRI
Lesional 26 (67) 13 (33) 39 (81)
Non-lesional 7 (78) 2(22) 9 (19)
Lateralized 20 (63) 12 (38) 32 (82)
Non-lateralized 6 (86) 1(14) 7 (18)
PET scan
Lateralized 28 (72) 11 (28) 39 (81)
Non-lateralized 5 (56) 4 (44) 9 (19)
Neuropsychology
Lateralized 17 (63) 10 (37) 27 (56)
Non-lateralized 16 (76) 5 (24) 21 (44)

TLE - temporal lobe epilepsy, TPE - temporal plus epilepsy

WWW.NSj.0rg.sa

ictal speech’ and behavioral arrest). Aphasia, psychosis,
cough, and vomiting were evaluated in the post-ictal
phase.

Intracranial EEG evaluation. Intracranial EEG
evaluation was indicated when discordant data were
reported during a phase I presurgical assessment,
including bitemporal onset on scalp EEG, lesion
contralateral to the proposed hypothesis, large
epileptogenic zone involving temporal and temporal
plus regions, non-lesional MRI brain scans, old insults
with large areas of encephalomalacia, and ‘redo’ surgery.
Our epilepsy utilizes the intracranial implantation of
the grid, strip, and depth electrodes by craniotomy or
a burr hole. Intracranial EEG recordings with subdural
(SD) grids, strips, or depth electrodes were performed
on all subjects. However, the coverage was applied
according to the proposed hypothesis. As indicated,
e.g., bilateral temporal lobe strips (8x1 contacts for
each strip) placed on the lateral temporal lobe (superior,
middle, and inferior temporal gyri) and mesial temporal
strips (4x1 contacts for each strip) placed 2 cm, 4 cm,
and 6 cm from the temporal pole. Additionally, bilateral
orbitofrontal, frontopolar, mesial frontal, operculum,
temporo-occipital, and parietal regions were covered by
strips (4x1 or 6x1 contacts for each strip) accordingly.
Depth electrodes (8—10 contacts) were added bilaterally
to the amygdala and hippocampus if required.
Furthermore, depth electrodes (8-10 contacts) were
placed over the insula. In some patients, additional
strips or grids were used, especially for lesional and redo
cases. After electrode implantation, patients returned
to the EMU for monitoring. The EEG montages were
created by anatomical localization (anterior-posterior)
using bipolar, average, and referential montages. After
capturing each patients habitual seizures (an average
of 3-5 seizures), the ictal onset zone was analyzed by
epilepsy fellows and the attending epileptologists.
Then, an epilepsy case discussion was conducted
to reach a consensus decision. Later, patients were
returned for electrode removal and surgical resection.
Postoperative surgical outcomes were evaluated using
Engel’s classification system,'" and class I and II were
considered good outcomes. Patients were followed for
2,5, and 10 years.

Statistical analysis. Data were coded and analyzed
using Statistical Package for the Social Sciences (SPSS)
software, version 25. The descriptive analysis results
for continuous variables were presented as the mean
and standard deviation, whereas categorical variables
were described using frequencies and percentages.
Additionally, chi-square tests were used to assess the
association between the outcome and independent
variables. An independent Student’s t-test and one-way

Neurosciences 2021; Vol. 26 3) 263



Seizure semiology & intracranial EEG ... Khoja A et al

analysis of variance (ANOVA) were used to compare 2
or more means. The significance level was set at p<0.05,
with a confidence interval of 95%. Before conducting
the study, ethical approval was obtained from the
Institutional Review Board (IRB) at King Faisal
Specialist Hospital and Research Center (# 2191 144).

Results. Demographics and risk factors. A total
of 48 patients who underwent surgical resection for
TLE or TPE were included in the study, as shown in
Table 1. Fifteen patients had TPE (31%), and 33 had
TLE (69%). Thirty-two patients were male (67%),
and 16 (33%) were female. The mean age was 27
years (SD=8.4). The mean number of years of epilepsy
before surgery was 15 years (SD=9.0). There were no
statistically significant differences between the TLE and
TPE groups in age, age of epilepsy onset, or seizure
frequency per month. Epilepsy risk factors were studied
in our population (i.e., mesial TLE vs. lateral TLE vs.
TPE), including a history of family history of epilepsy
(n=13, 27%), history of head trauma (n=10, 21%),
febrile seizures (n=9, 19%), history of central nervous
system (CNS) infections (n=2, 4%), and perinatal
complications (n=1, 2%). A family history of epilepsy
was statistically significant (p=0.049) in patients with
mesial TLE.

Seizure semiology. Auras were frequently reported in
both groups, and emotional auras in the form of fear were
the most common presentation (35%). The localization/
lateralization value of aura was statistically significant
for TPE patients, including visual hallucinations and
vertigo, lateralized to the leftand right temporo-occipital,
respectively (p=0.009 and <0.001, respectively). One
patient reported pre-ictal headache (17%), and ictal
speech was observed in 2 patients (33%) in the TPE
group, with a right orbitofrontal seizure onset zone. The
contralateral facial contraction was observed in both the
TLE and TPE groups but was most frequently in the
right orbitofrontal ictal-onset zone in 4 patients (67%).
Early-onset ictal manual automatism, oral automatism
(specifically, lip-smacking), late-onset dystonic posture,
and late head-turning were statistically significant
for TLE without significant lateralization value. A
behavioral arrest was observed in patients with mesial
TLE without significant lateralization value. Rhythmic
ictal nonclonic hand movements were observed in
contralateral temporal and temporal plus (orbitofrontal)
subjects without significant localization or lateralization
value. The progression to bilateral tonic-clonic seizure
was statistically significant (p=0.046) in the left mesial
TLE patients’ lateralization value. Detailed correlation
between pre-ictal/ictal phase and ictal onset zone
(I0Z) localization and lateralization value is shown in
Table 2 & 3.
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Phase I pre-surgical evaluation. In phase I presurgical
evaluation, scalp EEG recording was performed,
which revealed spikes and sharp waves were the most
common interictal epileptiform discharge (IIED).
They were frequently lateralized ipsilaterally to the
ictal onset zone. However, frontotemporal spikes were
observed in orbitofrontal and mesial temporal groups
without significant localization value. Bilateral IIED
was recorded (n=16, 33%), whereas (n=6, 13%) had
non-epileptiform discharges in the form of continuous/
intermittent slow activity. The most frequent ictal
pattern was a poorly localizing onset (n=12, 25%). These
changes were more frequent in TLE subgroups than in
TPE. The localization value for a scalp ictal onset zone
over the mesial temporal lobe matched the intracranial
EEG findings (n=15, 31%) (p=0.023). Rhythmic theta
ictal onset was more consistent with mesial TLE than
lateral TLE or TPE cases. The MRI of the brain showed
lesional epilepsy (n=39, 81%) patients and non-lesional
epilepsy in (n=9, 19%) patients. The MRI of the brain,
FDG-PET scans, and neuropsychology assessment
were lateralized to the lesion’s side in 82%, 81%, and
56% of patients, respectively. There was no statistical
significance in the localization or lateralization value of
PET and neuropsychology assessment in our sample.
The Wada procedure was performed on 40% of the
subjects. More detailed data regarding the TLE and
TPE groups and their lateralization values are presented
(Table 1).

Phase I pre-surgical evaluation. In phase 11 pre-
surgical evaluations, the mean number of seizures
recorded during intracranial EEG monitoring was
6 (SD=5.1). Seizure onset zones in our population,
based on intracranial recording, were as follows. In the
TPE group, the zones were right orbitofrontal (n=6,
13%), left orbitofrontal (n=4, 8%), right temporo-
occipital (n=2, 4%), and left temporo-occipital (n=3,
6%). However, in the TLE group, the zones were right
mesial temporal (n=10, 21%), left mesial temporal
(n=10, 21%), bilateral mesial temporal (n=3, 6%), right
lateral temporal (n=3, 4%), and left lateral temporal
(n=7, 15%). Intracranial ictal onset EEG patterns were
recorded in 26 patients with low voltage fast activity
(54%), which was the most common (IOZ) pattern;
patients had high amplitude spikes (n=2, 4%), high
amplitude spike-and-slow wave discharges (n=2, 4%),
rhythmic spike and sharp waves (n=6, 13%), rhythmic
high amplitude polyspikes (n=3, 6%), sharp rhythmic
waves (n=1, 2%), rhythmic polymorphic delta slowing
(n=3, 6%), and periodic lateralized discharges (n=2,
4%).

Surgical outcomes. Surgical procedures performed
for our subjects included; anterior standard temporal

WWW.NSj.org.sa
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Table 2 - Correlation between pre-ictal phase and IOZ localization and lateralization value.

Types of epilepsy N (%)

Pre-ictal (Aura) TLE (n= 33) TPE (n= 15)

Mesial ~ Mesial Mesial Lateral ~ Lateral ~ Orbito-  Orbito- Temporo- Temporo- Total  P-value

temporal temporal temporal temporal temporal frontal  frontal  occipital occipital  (N=48)
(R) (9] (B) (R) (9] (R) (L) (R) ((9)

n=10 n=10 n=3 n=3 n=7 n=6 n=4 n=2 n=3 N=48
Epigastric sensation 6 (60) 3 (30) 0 1(33) 0 1(17) 1(25) 0 1(33) 13 (27)  0.246
Nausea 3 (30) 0 0 1(33) 1(14) 0 0 0 0 5(10) 0.353
Palpitation & SOB 0 0 0 0 1(14) 0 0 0 0 1(2) 0.694
Dreaming state 1(10) 0 0 0 0 0 0 0 0 1(2) 0.897
Seeing familiar faces 0 0 0 0 0 0 0 0 2 (67) 2 (4) <0.001
Visual hallucination 0 0 0 0 0 0 0 1 (50) 1(33) 2 (4) 0.008
Auditory hallucination 0 0 0 0 2(28) 0 0 0 0 2 (4) 0.138
Fear 1 (10) 5 (50) 1(33) 2 (66) 3 (42) 2 (33) 0 1 (50) 2 (67) 17 (35) 0.38
Anxiety 2 (20) 0 1(33) 0 0 1(17) 0 0 0 4(8) 0.533
Vertigo 0 0 0 0 0 0 0 1 (50) 0 1(2) <0.001
Dizziness 1(10) 2 (20) 0 0 1(14) 1(17) 0 0 1(33) 6 (13) 0.917
Headache 0 0 1(33) 0 1(14) 1(17) 0 0 0 3 (6) 0.494

IOZ- ictal onset zone, SOB - shortness of breath, TLE- Temporal lobe epilepsy, One-way ANOVA test was used to compare the variables. *Statistically

significant value (p<0.05), R - right side, L-left side, B - Bilateral

80.0%

Seizure Outcome in 2 Years Follow-up
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Class | Class 11

Class 111
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Figure 1 - Seizure outcomes in patients in the mesial, lateral temporal, and temporal plus groups at the 2-year follow-up. In our sample, 74%, 60%, and
67%, respectively, of mesial temporal, lateral temporal, and temporal plus epilepsy cases achieved class I in Engel’s classification system.

lobectomy (n=26, 54%), anterior standard temporal
lobectomy with lesionectomy, orbitofrontal resection,
or temporo-occipital resection (n=5, 10%), (n=9,
19%), (n=5, 10%), respectively. An awake craniotomy
with intraoperative language mapping was done in
one patient from the previous group. Resection for

WWW.NSj.0rg.sa

residual temporal neocortical and mesial structures was
performed (n=3, 6%) (2 had redo surgery, and one had
an encephalomalacia). The pathological changes in this
population included gliosis (n=8, 17%), gliosis with
marked increased heterotopic neurons in white matter
and hippocampal sclerotic changes(n=9, 19%), marked
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Table 3 - Correlation between seizure symptomatology and I0Z localization and lateralization value for the ictal phase.

Types of epilepsy n (%)

TLE (n = 33) TPE (n=15)
Mesial Mesial Mesial Lateral Lateral Orbito- Orbito- Tem'p oro: Tem‘p oo
temporal temporal  temporal occipital occipital Total
Ictal temporal (R)  temporal (L) (B) [®) 5 frontal (R)  frontal (L) ®) @0 Pvalue
n=10 n=10 n=3 n=3 n=7 n=6 n=4 n=2 n=3 N=48
Speech arrest 0 1(10) 0 0 0 0 0 0 0 1) 0.897
Ictal speech 3(30) 0 1(33) 1(33) 0 2(33) 1(25) 1(50) 1(33) 10(21) 0.526
fri];: fore 5(50) 6(60) 3(100) 1(33) 3(43) 2(33) 1(25) 0 1(33) 22(46) 0.513
Manual automatism
Early/late 3(30)/4 (40)  4(40)/3(30)  0/1(33) 267)/0  4(57)/1(14)  2(33)/0 4(100)/0 1(50/0  1(33)/1(33) 21(44)/1(21)  0.731
. 4(40) /1(10) 0/ 4(40) / 1(25)/2(50)/ 10(21)/15(31)
RT/LT/BiM 12020) 330) 0/1(33)/0 2(67)/0/0 0/5(71)/0 2(33)/0/0 125) 1(50)/0 /0 0/2(67)/ 0 1603) 0.826
Oral automatism
Early/lace 4(40)220)  440)1(10) 2670 1(33)0 41((5174))’ 0/0 ! ((2255))’ Voories) 07267 1663)817) 0358
LS/ Chewing  4(40)/2(20)  4(40)/1(10)  1(33)/1(33)  1(33)/0  3(43)/2(29) 0/0 2(50)/0 1(50)/0 267)/0  18(38)/6(13)  0.561
Dystonic posture
Early/late 0/6(60) 1(10)/5(50)  0/2(67)  1(33)/1(33)  0/3(43) 0/1(17) 0/2 (50) 0/0 0/2(67)  2(4)/22(46)  0.675
RT/LT/BIL  1(10)/5(50)/0  5(50)/0/1(10) 0/11((130? o260 (()fg)’ 0170 2500/0/0  0/0/0  2(67)/0/0 13(2?(’49)(27)’ 0.521
Head turning
Early/late 1(10)/3(30)  2(20)/3(30) 1(33)/0 0/1(33)  2(29)/2(29) 2(33)/2(33)  0/1(25)  1(50)/1(50)  0/3(100)  9(19)/16(33)  0.435
RT/LT 2(20)/2(20)  4(40)/1(10)  0/1(33) 0/1(33)  229)/229) 17)/3(50)  0/125)  1(50)/1(50) 2(67)/1(33) 12(25)/13(27) 0.348
Facial 0 0 0 0 0 0 1(25) 0 0 12 0.193
grimacing
Facial contraction
RT/LT 1(10)/1(10) 1(10)/0 0/1(33) 0/0 0/0 0/4(67) 1.(25)/0 0/0 0/0 3(6)/6(13)  0.539
Eye blinking 2(20) 0 0 0 1(14) 1(17) 0 0 0 4(8) 0.156
Contralateral
o 3(30) 1(10) 0 0 0 3(50) 0 0 0 7(15) 0.77
RINCH 0.806
RT hand 0 2(20) 0 0 1(14) 0 0 0 0 3(6)
Left hand 0 0 0 0 0 1(14) 0 0 0 1)
Bilateral 7(70) 10(100) 3 (100) 3(100) 7(100) 5(83) 4(100) 2(100) 1(33) 42(88) 0.046

tonic-clonic

BiL - Bilateral, BiM - Bimanual, LT - Left, LS - Lip smacking, RT - Right, RINCH - Rhythmic Ictal Nonclonic Hand. One-way ANOVA test was used to compare the
variables. One-way ANOVA test was used to compare the variables. *Statistically significant value (p<0.05), R - right side, L-left side, B - Bilateral

neuronal loss and gliosis (n=6, 13%), and mild cortical
dysplasia and gliosis (n=3, 6%). Two subjects (4%)
showed cavernous hemangioma. Subpial (chaslin’s)
gliosis and increased white matter heterotopic neurons
were revealed in 8 patients. One showed sclerosis of the
cornu ammonis (CA1) region. Focal cortical dysplasia
(FCD) Ia, Ic, I1a IIb, I1Ia, I11d, and DENT showed (4%,
2%, 2%, 4%, 2%, 2% and 2%), respectively. Three
patients showed non-specific changes. The probability
of seizure freedom (class I in Engel’s classification
system) was 74%, 60%, and 67% at 2-year follow-up
for mesial, lateral TLE, and TPE, respectively. Detailed
data regarding surgical outcomes at the 2-year follow-up
are presented in Figure 1. Moreover, the probability
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of seizure freedom was 58%, 31%, and 13% at 2-,
5-, and 10-year follow-up, respectively. Examples of
cases with Engel class I with postoperative MRI are
shown in Figure 2. The mean hospital stay was 20
days (SD=5.5). There were no subdural complications
in our population, but one patient experienced an
intraoperative anesthetic complication. There were no
statistically significant differences between the number
of years of epilepsy and surgical outcomes at the 2-year
follow-up.

Discussion. This study results support the use of

seizure semiology as the first step in evaluating TLE
and TPE cases. Furthermore, we demonstrated that
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Figure 2 - Postoperative MRI scans of patients who achieved class I in Engel’s classification system at the 2-year follow-up. A) A 27-year-old left-handed
patient with a ten-year history of epilepsy; the patient was found to have left middle temporal gyrus cavernoma. She reached Engel’s class I
post-resection. B) A 22-year-old, right-handed patient with new-onset epilepsy and lesional MRI; suspected DENT vs. ganglioglioma. The
pathologist confirmed DENT. At post-op follow-up, she was assessed as Engel class I. C) A 26-year-old, right-handed patient with a history of
epilepsy; the patient was found to have cortical dysplasia on brain MRI and confirmed the pathologist as FCD Ila; the patient was seizure-free
at post-op. D) A 20-year-old, right-handed patient with a history of DRE; the patient was found to have hippocampal sclerosis and dorsofrontal
encephalomalacia, and the resection of temporal structures plus orbitofrontal resulted in seizure freedom.

semiology and scalp ictal/inter-ictal EEG findings
could differentiate TLE from TPE. The complexity of
epileptogenic networking in the TPE and its similarity
in semiology to other lobes; makes intracranial
recording the gold standard for evaluating these
patients. Nevertheless, the completion of phase I
presurgical evaluation provides more lateralization value
through MRI, PET, and neuropsychology assessment
to delineate the epileptogenic zone and focus on
intracranial electrodes’ implantation. Intracranial EEG
electrode coverage of the neighboring structures was
performed in our TLE cases to rule out the neighboring
structures’ involvement and improve surgical outcomes.
Our results are consistent with the literature in finding
no significant differences between TLE and TPE groups
in age, age of epilepsy onset, or seizure frequency.®
Family history was the most frequent epilepsy risk
factor and was significant for mesial TLE. In contrast
to a previous review that the presence of febrile seizures
during infancy was associated with drug-resistant mesial
temporal epilepsy.'?

Emotional aura in the form of fear was the most
frequent aura in this study results, consistent with a
previous study as the most frequently reported aura,"
followed by digestive symptoms (epigastric sensations).
Both were commonly reported by TLE and TPE patients,
with a higher frequency in mesial TLE but without
significant statistical value.® Previous reports concluded
that an aura of fear indicates an amygdalar epileptic focus
confirmed by intraoperative stimulation.” Moreover,
there was a lateralization significance for experiential
phenomena to the language-dominant hemisphere.' In
this study, visual auras can differentiate TPE from TLE

WWW.NSsj.org.sa

cases. Vestibular auras were reported by one patient
in our sample who had TPE involving the temporo-
occipital junction, which is in line with the literature®
and a reported case that was later confirmed by cortical
stimulation of the precuneus of the non-dominant
parietal lobe to elicit rotatory vertigo.'® Ictal motor
signs, such as manual automatism and dystonic posture,
were commonly observed in TLE and TPE.* Gestural
automatism, specifically lip-smacking, was associated
with TLE, and this finding is similar to those reported
in the literature.® It was hypothesized to be caused by
the involvement of mesiotemporal lobe structures
and, less commonly, the neocortex.® Similarly, our
results suggest that gestural automatism presents more
commonly in mesial temporal than lateral TLE cases."”
Motor manifestations in the form of ipsilateral early
manual automatism, contralateral late dystonic posture,
and late contralateral head-turning are more consistent
with mesial than lateral TLE, concordant to the
literature.'® However, these findings were not consistent
in 67% of patients with unilateral versive eye and head
phenomena with an ipsilateral medial TLE focus."”
Our data indicate that the progression to bilateral
tonic-clonic seizures is significant in lateralization
value with mesial TLE; however, it did not differentiate
between TLE and TPE.® Moreover, it showed similar
lateralization significance.® Post-ictal psychosis was
more common in the TLE group, but a larger sample
is needed to verify this result. Data regarding post-ictal
amnesia were not collected in the current study, but it
has been reported as significant in the TLE literature,
especially with left-sided TLE.® In this study, the
presence of ictal or inter-ictal temporal spikes did not
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exclude TPE, as in previous reports.® Furthermore, a
similar conclusion can be drawn that even with focal
anterior or infero-mesial epileptiform discharges,
it does not exclude the possibility of extratemporal
origin.! The most frequent inter-ictal patterns were
ipsilateral temporal spikes and sharp waves, consistent
with the literature.® Also, studies showed that TPE cases
with bilateral inter-ictal abnormalities are associated
with poor postoperative outcomes.”** In this study
result, the most common ictal patterns were poorly
localizing seizure onset in TLE subgroups; however, it
contradicts other reports which were more consistent
with the TPE group.® It was found that ictal scalp EEG
was significantly lateralized to unilateral inter-ictal
spikes.?* In line with this study, the presence of ictal
onset as rhythmic theta discharge was more frequently
observed in mesial TLE than lateral TLE or TPE."**
The PET scans revealed lateralization value in most of
our patients, in concordance to the epileptogenic zone
defined by the intracranial monitoring, regardless of the
MRI findings. Similarly, it was localized to the seizure
onset zones lobe in 75% of the patients.”’ The PET
scan lateralization value showed good concordance with
stereoencephalography (SEEG) findings.*

The rate of seizure freedom (class I of Engel’s
classification system) was 58%, 31%, and 13% at
2-, 5-, and 10-year follow-up, respectively. However,
it was lower than expected at the 5- and 10-year
follow-up. This could be due to losing some patients to
follow-up after two years and using a small population
compared to other reports. Also, seven patients who
did not achieve seizure freedom due to the conclusion
of bilateral temporal lobe epilepsy (BITLE) with
intracranial recording in three cases, lesional epilepsy
with wide epileptogenic lesions in three cases; due
to an old insult or an area of encephalomalacia, and
one patient with tuberous sclerosis (TS) and multiple
tubers that improved partially after removing the most
epileptogenic focus. Furthermore, in a similar cohort
study involving TLE and TPE cases, the probability of
reaching Engel class I was 77%, 71%, and 67%, at 2-,
5-, and 10-years follow-up.?”” Studies have addressed
concerns about complications after intracranial
recordings, such as subdural or epidural strips or grids;
however, they are considered generally safe,” but few
studies have reported morbidity and mortality with
depth electrodes.”” In our sample, no intracranial
electrode-related complications were reported, but
one patient experienced intra-operative anesthetic
complications.

This study experience is contributing to the growing
knowledge in TPE. However, our study’s major
limitation is the small number of TPE cases, which

268  Neurosciences ] 2021; Vol. 26 (3)

did not include all TPE subgroups. Larger sample size
and the inclusion of TPE cases with an operculum and
insular lobe epilepsy are recommended. The lack of
stereoencephalography (SEEG) investigation may ease
the detection of deep brain structures and the lobes’
mesial part. Utilizing functional MRI (fMRI) with
these patients and re-evaluating surgical failure cases
would also be helpful.

In conclusion, our results are consistent with
previous studies and confirm the importance of ictal
semiology signs in TLE and TPE. The intracranial EEG
monitoring in suspected TPE cases helped improve
the patients’ prognosis and surgical outcomes. Auras
of visual hallucinations and vertigo are consistent with
TPE in temporo-occipital subgroups with significant
lateralization value. Intracranial EEG monitoring is the
gold standard in demarcating the epileptogenic zone
and safely resecting it.

Acknowledgment. 7he authors would like to
thank the epilepsy coordinator, Ms. Amal Abujaber, at
King Faisal Specialist Hospital and Research Center in
Riyadh, Saudi Arabia, for her assistance in collecting all
epilepsy surgical cases from 2008—2018.

References

1. Thijs RD, Surges R, O’Brien T7, Sander JW. Epilepsy in adults.
Lancer 2019; 393: 689-701.

2. Pérez-Pérez D, Frias-Soria CL, Rocha L. Drug-resistant
epilepsy: From multiple hypotheses to an integral explanation
using preclinical resources. Epilepsy Behav 2019: 106430.

3. Asadi-Pooya AA, Stewart GR, Abrams DJ, Sharan A.
Prevalence and Incidence of Drug-Resistant Mesial Temporal
Lobe Epilepsy in the United States. World Neurosurg 2017; 99:
662-666.

4. Andrade-Machado R, Benjumea-Cuartas V. Temporal plus
epilepsy: Anatomo-electroclinical subtypes. Iran J Neurol
2016; 15: 153-163.

5. Bottan JS, Suller Marti A, Parrent AG, MacDougall
KW, McLachlan RS, Burneo JG, et al. Seizure Freedom
in Temporal Plus Epilepsy Surgery Following Stereo-
Electroencephalography. Can J Neurol Sci 2020; 47: 374-381.

6. Toro-Pérez J, Suller-Marti A, Herrera M, Bottan ], Burneo
JG. [Temporal plus epilepsy: a review]. Rev Neurol 2020; 71:
225-233. Spanish

7. Baumgartner C, Koren JP, Britto-Arias M, Zoche L, Pirker
S. Presurgical epilepsy evaluation and epilepsy surgery.
FF1000Res 2019; 8: F1000 Faculty Rev-1818.

8. Barba C, Barbati G, Minotti L, Hoffmann D, Kahane P. Ictal
clinical and scalp-EEG findings differentiating temporal lobe
epilepsies from temporal ‘plus’ epilepsies. Brain 2007; 130:
1957-1967.

9. Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser
W, Mathern G, et al. Definition of drug resistant epilepsy:
consensus proposal by the ad hoc Task Force of the ILAE
Commission on Therapeutic Strategies. Epilepsia 2010; 51:
1069-1077.

WWW.NSj.org.sa



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Seizure semiology & intracranial EEG ... Khoja A et al

Fisher RS, Cross JH, D’souza C, French JA, Haut SR, Higurashi
N, et al. Instruction manual for the ILAE 2017 operational
classification of seizure types. Epilepsia 2017; 58: 531-542.
Crumrine PK. Book Review: Surgical Treatment of the
Epilepsies. Journal of Child Neurology 1994; 9: 457-458.
Xue-Ping W, Hai-Jiao W, Li-Na Z, Xu D, Ling L. Risk factors
for drug-resistant epilepsy: A systematic review and meta-
analysis. Medicine (Baltimore) 2019; 98: ¢16402.

ChongD]J, Dugan P, EPGP Investigators. Ictal fear: Associations
with age, gender, and other experiential phenomena. Epilepsy
Behav 2016; 62: 153-158.

Heydrich L, Marillier G, Evans N, Blanke O, Seeck M.
Lateralising value of experiential hallucinations in temporal
lobe epilepsy. J Neurol Neurosurg Psychiatry 2015; 86:
1273-1276.

Altay EE, Serdaroglu A, Gucuyener K, Bilir E, Karabacak
N, Thio L. Rotational vestibular epilepsy from the temporo-
parieto-occipital junction. Neurology 2005; 65: 1675-1676.
Balestrini S, Francione S, Mai R, Castana L, Casaceli G, Marino
D, et al. Multimodal responses induced by cortical stimulation
of the parietal lobe: a stereo-electroencephalography study.
Brain 2015; 138: 2596-2607.

No Y], Zavanone C, Bielle F, Nguyen-Michel VH, Samson Y,
Adam C, et al. Medial temporal lobe epilepsy associated with
hippocampal sclerosis is a distinctive syndrome. J Neurol 2017;
264: 875-881.

Maizuliana H, Usui N, Terada K, Kondo A, Inoue Y. Clinical,
semiological, electroencephalographic, and neuropsychological
features of “pure” neocortical temporal lobe epilepsy. Epileptic
Disord 2020; 22: 55-65.

Dupont S, Samson Y, Nguyen-Michel VH, Zavanone C,
Navarro V, Baulac M, et al. Lateralizing value of semiology in
medial temporal lobe epilepsy. Acza Neurol Scand 2015; 132:
401-409.

Elwan S, Alexopoulos A, Silveira DC, Kotagal P. Lateralizing
and localizing value of seizure semiology: Comparison with
scalp EEG, MRI and PET in patients successfully treated with
resective epilepsy surgery. Seizure 2018; 61: 203-208.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Aghakhani Y, Rosati A, Dubeau E Olivier A, Andermann E
Patients with temporoparietal ictal symptoms and inferomesial
EEG do not benefit from anterior temporal resection. Epilepsia
2004; 45: 230-236.

Schulz R, Liders H, Hoppe M, Tuxhorn I, May T, Ebner A.
Interictal EEG and ictal scalp EEG propagation are highly
predictive of surgical outcome in mesial temporal lobe epilepsy.
Epilepsia 2000; 41: 564-570.

Sylaja P, Radhakrishnan K, Kesavadas C, Sarma P. Seizure
outcome after anterior temporal lobectomy and its predictors
in patients with apparent temporal lobe epilepsy and normal
MRI. Epilepsia 2004; 45: 803-808.

Serles W, Pataraia E, Bacher J, Olbrich A, Aull S, Lehrner J,
et al. Clinical seizure lateralization in mesial temporal lobe
epilepsy: differences between patients with unitemporal and
bitemporal interictal spikes. Neurology 1998; 50: 742-747.
Elwan SA, So NK, Enatsu R, Bingaman WE. Pseudotemporal
Ictal Patterns Compared With Mesial and Neocortical
Temporal Ictal Patterns. J Clin Neurophysiol 2013; 30: 238-46.
Guedj E, Bonini E Gavaret M, Trébuchon A, Aubert S,
Boucekine M, et al. 18FDG-PET in different subtypes of
temporal lobe epilepsy: SEEG validation and predictive value.
Epilepsia 2015; 56: 414-421.

Barba C, Rheims S, Minotti L, Guénot M, Hoffmann
D, Chabardes S, et al. Temporal plus epilepsy is a major
determinant of temporal lobe surgery failures. Brain 2016;
139: e35.

SchmidtRE Wu C, Lang MJ, Soni P, Williams KA, Jr., Boorman
DW, et al. Complications of subdural and depth electrodes
in 269 patients undergoing 317 procedures for invasive
monitoring in epilepsy. Epilepsia 2016; 57: 1697-1708.
Joswig H, Lau JC, Abdallat M, Parrent AG, MacDougall
KW, McLachlan RS, et al. Stereoelectroencephalography
Versus Subdural Strip Electrode Implantations: Feasibility,
Complications, and Outcomes in 500 Intracranial Monitoring
Cases for Drug-Resistant Epilepsy. Newurosurgery 2020; 87:
E23-E30.

Copyright

which it was first published.

Whenever a manuscript contains material (tables, figures, etc.) which is protected
by copyright (previously published), it is the obligation of the author to obtain
written permission from the holder of the copyright (usually the publisher) to
reproduce the material in Saudi Medical Journal. This also applies if the material
is the authors own work. Please submit copies of the material from the source in

WWW.NSj.0org.sa

Neurosciences 2021; Vol. 26 3) 269



