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ABSTRACT

Background: Patients with temporal lobe epilepsy (TLE) often report viscerosensory and experiential auras, with
substantial epilepsy localization. However, few previous studies have investigated the epileptic preoperative
aura, particularly with regard to its effect on surgical outcomes in patients with drug-resistant epilepsy.
Objective: This study investigated the potential role of preoperative aura in predicting outcomes after surgery for
TLE.
Material and methods: This study included consecutive patients diagnosed with TLE who underwent anterior
temporal lobectomy (ATL) for drug-resistant TLE during the period from January 1999 to December 2017. Data
pertaining to patient age at the time of surgery, sex, age at initial seizure onset, duration of epilepsy, presence
of preoperative aura, comprehensive clinical semiology, side of surgery, and type of pathology were analyzed.
Preoperative auras were classified as autonomic, sensory, mental and affective, or multiple manifestations. Pa-
tients were followed at 3 and 12 months after surgery and at regular intervals thereafter.
Results and conclusions: A total of 498 patients were included in the study. Positive preoperative aura was ob-
served in 386 patients (77.51%). The correlation of each variable with seizure outcomes was analyzed, and the
only variable found to correlate with seizure outcome was the presence of preoperative aura. Compared with
those with negative preoperative aura, those with positive preoperative aura were 1.74-fold more likely to be sei-
zure-free after surgery for TLE. The analysis of patient data suggested a later onset of initial seizure in those with
positive preoperative aura, compared with those without (p = 0.04, 95% confidence interval (CI): 0.55-3.24).
Patients with a shorter duration of disease prior to TLE surgery were more likely to achieve seizure-free status
postoperatively. Preoperative sensory aura was a good predictor that a patient would be seizure-free during
follow-up (p = 0.022).

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

well-recognized role in localization and, under other circumstances, lat-
eralization of the ictal onset region [1-5].

Temporal lobe seizures often manifest as partial seizures. Approxi-
mately two-thirds of people with intractable seizures require surgical
treatment. Auras (from Latin for “wind” and Greek for air) are, in gen-
eral, important partial seizures that may appear in isolation but occur
in a large proportion of patients at the beginning of complex partial sei-
zure (CPS). The duration of an aura before the impairment of conscious-
ness ranges from a few seconds to 2 min. Auras arise from the excitation
of a functionally activated cortex near the ictal onset zone and play a
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Patients with temporal lobe epilepsy (TLE) commonly report
viscerosensory and experiential auras, which have substantial epilepsy
localization [6]. However, only a limited number of previous studies
have investigated the importance of the epileptic aura, particularly
with regard to its effect on surgical outcomes in patients with drug-
resistant epilepsy. Although recent studies have analyzed the signifi-
cance of postoperative aura, few of these reports have investigated the
associated clinical variables, radiological and pathological substrates,
and electrophysiological characteristics in patients with aura. An even
smaller number of studies have classified such findings on the basis of
aura subtype. In this study, we sought to determine whether the pres-
ence of preoperative aura could be used to predict seizure outcomes
in patients who had undergone surgery for drug-resistant TLE.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.yebeh.2020.107255&domain=pdf
https://doi.org/10.1016/j.yebeh.2020.107255
mailto:thohar@fk.undip.ac.id
https://doi.org/10.1016/j.yebeh.2020.107255
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/yebeh

M.T. Arifin et al. / Epilepsy & Behavior 111 (2020) 107255 3

2. Methods
2.1. Patient selection

Consecutive patients who undertook a preliminary assessment and
underwent temporal lobe surgery for drug-resistant TLE were evaluated
during the period from January 1999 to December 2017. Patients were
followed at 3 and 12 months postoperatively, then annually thereafter.
In all cases, the presurgical assessment included clinical examination,
1.5-T magnetic resonance imaging (MRI), and routine electroencepha-
lography (EEG). In some cases, the preliminary assessment included
long-term video-EEG monitoring and a neuropsychological evaluation.
The surgery consisted of en-bloc standard anterior temporal lobectomy
(ATL) with lesion resection when lesions other than mesial temporal
sclerosis (MTS) were present and selective amygdalohippocampectomy
(SAH). The procedure was performed according to standard protocols
[7], and all surgeries were performed by the same team of neurosur-
geons (Zainal Muttagin and Muhamad Thohar Arifin), who had exper-
tise in epilepsy surgery. In this study, ATL was performed as a 4- to 6-
centimeter block resection of the lateral temporal cortex, followed by
microsurgical resection of the amygdala and full-block resection of the
hippocampus and parahippocampal gyrus. The transsylvian SAH was
performed for all cases [8].

The all-surgical specimens were submitted for histopathological ex-
amination. This study was approved by the Joint Ethics Committee of
the Kariadi Gerenal Hospital. Written informed consent was obtained
from all patients for being included in the study, or a parent/legal guard-
ian of patients under the age of 18 years.

2.2. Assessment of variables and postoperative outcomes

The variables analyzed included age at the time of surgery, sex, age
at onset of the first seizure, duration of epilepsy, presence of preopera-
tive aura, comprehensive clinical semiology, side on which surgery
was performed, and type of pathology. Patients were assessed for the
presence/absence of preoperative aura, and aura was classified as auto-
nomic, sensory, mental and affective, or multiple manifestations. Out-
comes were assessed at 3 and 12 months after surgery and at regular
intervals thereafter. All patients were examined in depth for the
recurrence of seizures, and the date of any recurrence was recorded.
The cohort was divided into two broad categories: those who were “sei-
zure-free (Engel 1)”, with or without antiepileptic drugs (AEDs) at any
time during follow-up, were considered to have good outcomes and
those who experienced seizures of any kind postoperatively (Engel II,
111, IV) were considered to have “poor outcomes”.

2.3. Statistical analysis

Pearson's Chi-square test and Fisher's exact test were used to com-
pare patients' positive vs. negative preoperative aura in terms of base-
line characteristics. Univariate logistic regression analysis was used to
assess the prognostic importance of aura subtype with regard to seizure
outcome. Variables significant at the 10% level in the preliminary analy-
sis were included in the Cox proportional hazards regression model.
Kaplan-Meier plots were used to analyze outcomes (likelihood of one
year free of seizures) for each type of preoperative aura. A p-value of
less than 0.05 was considered statistically significant. All analyses
were performed using a computerized statistical model.

3. Results

3.1. Correlation between preoperative aura and surgical outcomes in pa-
tients with TLE

The patient population included 498 patients diagnosed with TLE
who underwent surgery for TLE during the period from January 1999

to December 2017. Among this group, 196 (39.35%) were male. Median
age, age at onset of the first seizure, and duration with TLE prior to sur-
gery were 23 years (2-62 years), 11 years (0.16-40 years), and 10 years
(1-62 years). Positive preoperative aura was reported by 386 patients
(77.51%); 112 (22.48%) did have negative preoperative aura. The most
common etiologies were focal impaired awareness seizure (FIAS) 275
(55.22%) and focal to bilateral tonic—clonic seizure (FBTCS) 183
(36.74%), followed by “other” (n = 35, 7.02%), generalized tonic-
clonic seizure (GTCS) 3 (0.60%), and focal awareness seizure (FAS) 2
(0.40%). Anterior temporal lobectomy was the most common type of
surgery performed (n = 417, 83.73%), followed by SAH (n = 55,
11.04%), lesionectomy (n = 20, 4.01%), and “other” (n = 6, 1.20%)
(Table 1). Over years of follow-up, we evaluated the outcomes of epi-
lepsy surgery using the Engel classification and stratified patients into
a seizure-free group and a group with seizure. Flow-chart of this study
was presented in Fig. 1.

Using the Pearson Chi-Square test, we analyzed the correlation of
each variable with seizure outcomes. The only variable found to corre-
late with seizure outcome was the presence of aura (Table 2). We ana-
lyzed the correlation between aura and seizure-free status after TLE
surgery. The results showed that patients with positive preoperative
aura were 1.74-fold more likely to be seizure-free after TLE surgery (p
= 0.03, 0dd Ratio (OR): 1.74) (Table 3).

We compared patients with positive vs. negative preoperative aura
in terms of mean age at the time of initial seizure onset. Mean age at
the time of initial seizure onset was 12.35 + 7.01 years in those with
positive preoperative aura and 10.70 + 7.22 years in those with nega-
tive preoperative aura (p = 0.04, 95% confidence interval (CI):
0.55-3.24). These results indicate that patients with positive preopera-
tive aura have a later onset of epilepsy, compared with those with neg-
ative preoperative aura (Table 4).

Between-group comparisons revealed that those with a longer dura-
tion of disease were less likely to be seizure-free after TLE surgery, com-
pared with those with a shorter duration of disease [12.018.00 years in
the seizure-free group vs. 13.959.29 years in the group with seizure; p
= 0.04, 95% CI: —3.85-(—0.02)] (Table 5).

3.2. Correlation between preoperative aura subtype and outcomes after TLE
surgery

We stratified the 386 patients included in the study based on preop-
erative aura subtypes: autonomic, sensory, mental and affective, or mul-
tiple manifestations. A total of 118 patients (30.6%) were classified as
having preoperative autonomic aura. Among this group, palpitation
was reported by 41, Gastro Intestinal (GI) issues by 65, and suffocation
by 12. A total of 47 patients (12.2%) were classified as having

Table 1
Demographic characteristics of patients who underwent TLE surgery.

Variable N (%) Median (min-max)
Sex Male 196 (39.35)
Female 302 (60.64)
Age Age 23 (2-62)
Age at onset 11 (0.16-40)
Duration of disease 10 (1-62)
Preoperative aura Positive aura 386 (77.51)
Negative aura 112 (22.48)
Seizure semiology FAS 2 (0.40)
FIAS 275 (55.22)
FBTCS 183 (36.74)
GTCS 3(0.60)
Others 35(7.02)
Type of surgery ATL 417 (83.73)
SAH 55 (11.04)
Lesionectomy 20 (4.01)
Others 6(1.20)
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Patients with drug-resistant TLE from July
1999 - December 2017 in Kariadi
General Hospital — Neurosurgery
Department Faculty of Medicine

Diponegoro University.
(498 patients)

A\

Presurgical evaluation

\ 4

Clinical evaluation, MRI, EEG,
long-term video-EEG monitoring,
neuropsychological assessment

\
v

Preoperative auras were classified into

1. Aura persist (386 patients/77,51%) and
aura negative (112 patients/22,48%)
2. Type of preoperative aura:
Autonomic aura (118 patients/30,6%),
sensory aura (47/12,2 %) , mental and
affective aura (145 patients/37,6%) or
multiple auras (76 patients/19,7%)

Surgery was performed

Outcome follow-up in 3 months, 12
months, yearly after surgery

v

® Qutcome was categorized into
1. Good outcome : Free of
disabling seizure with Engel
class I (IA, IB, IC, ID) i
2. Poor outcome : Engel class
I, 111, IV

e Survival analysis was performed
into different types of aura

¢ Until the final follow-up,
372/386 patients (80,19%) with preoperative
aura persist became seizure-free
84/118 patients (75%) with preoperative aura
negative became seizure-free
Only 62/386 (15,34%) and 28/118 (25%)
patients with preoperative aura persist and
negative still had seizure (nonseizure-free)

e Sensory aura achieved the longest median
survival time 11 years (9086 — 12,914)
compared with others.

Fig. 1. Flow-chart study.

preoperative sensory aura. Among this group, visual aura was reported
by 16 patients, olfactory aura by 1 patient, gustatory aura by 0 patients,
auditory aura by 2 patients, and general somatosensory aura by 28 pa-
tients. A total of 145 patients (37.6%) were classified as having preoper-
ative mental and affective aura. Among this group, feelings of fear were
reported by 22 patients, depressed mood by 2 patients, experimental
sensory (deja vu) by 55 patients, vertigo by 1 patient, cognitive aura

Table 2
Correlations with seizure outcome in patients with TLE.
p

Type of seizure 0.529
Preoperative aura 0.030"
Type of operation 0.195
Duration of epilepsy 0.299
Sex 0.104

* Significant difference, p < 0.05.

Table 3
Correlation between preoperative aura and seizure-free status after TLE surgery.

Event of seizure after TLE p-Value  OR
surgery

Seizure-free  Seizure

*

Preoperative aura Positive 324 (80.19) 62 (15.34) 0.03 1.74

Negative 84 (75) 28 (25)

* Significant difference, p < 0.05.

Table 4
Mean age at onset of initial seizure in patients with positive vs. negative preoperative aura
after TLE surgery.

N (mean =+ SD) p-Value 95% Cl

Preoperative aura Positive 372 (12.35 £ 7.01) 0.04" 0.55-3.24
Negative 95 (10.70 £ 7.22)

* Significant difference, p < 0.05.
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Table 5 Table 7
Correlation between duration of disease and seizure-free status after TLE surgery. Seizure-free status among patients with different preoperative aura subtypes.
N (mean &+ SD) p-Value 95% Cl Type of preoperative aura Median survival time (95% CI) p-Value
Outcome Seizure-free 397 (12.01 + 8.00) 0.04" -3.85(—0.02) Autonomic 10 (8.327-11.673) 0.022"
Seizure 87 (13.95 £ 9.29) Sensory 11 (9.086-12.914)
. o R Mental and affective 9 (7.667-10.333)
Significant difference, p < 0.05. Multiple 9(7.692-10.887)

by 9 patients, and unspeakable feeling/malaise (odd feeling) by 54 pa-
tients. Preoperative multiple aura manifestations were reported by 76
patients (19.7%) (Table 6).

We used Kaplan-Meier analysis to predict median overall survival
time and to compare outcomes among aura subgroups. The results
showed that median time without a seizure after TLE surgery was 10
years for those with preoperative autonomic aura (95% CI:
8.327-11.673 years), 11 years for those with preoperative sensory
aura (95% CI: 9.086-12.914 years), 9 years for those with preoperative
mental and affective aura (95% CI: 7.667-10.333 years), and 9 years
for those with preoperative multiple aura manifestations (95% Cl:
7.692-10.887 years) (p = 0.022) (Table 7).

In the preoperative autonomic aura group, the likelihood of being
seizure-free after 3, 5, 10, and 15 years of follow-up was 94.8%, 84.0%,
48.4%, and 19.7%, respectively. In the preoperative sensory aura group,
the likelihood of being seizure-free after 3, 5, 10, and 15 years of
follow-up was 93.9%, 83.2%, 59.7%, and 30.1%, respectively. In the preop-
erative mental and affective aura group, the likelihood of being seizure-
free after 3, 5, 10, and 15 years of follow-up was 90.3%, 77.6%, 42.5%, and
11.4%, respectively. In the preoperative multiple aura manifestations
group, the likelihood of being seizure-free after 3, 5, 10, and 15 years
of follow-up was 94.7%, 72.0%, 33.7%, and 12.1%, respectively (Table 8).

The results of Kaplan-Meier analysis showed significantly different
outcomes among groups (p = 0.022). Preoperative sensory aura was
associated with the greatest likelihood of seizure-free status after sur-
gery for TLE, followed by the preoperative autonomic aura group, pre-
operative multiple auras groups, and preoperative mental and
affective aura group (Fig. 2).

4. Discussion

The correlation between type of preoperative aura and surgical out-
comes was examined in patients with TLE. The results showed that

Table 6
Preoperative aura types among patients who underwent TLE surgery.

* Significant difference, p < 0.05.

patients with positive preoperative aura who underwent TLE surgery
had a 1.74-fold increase in the likelihood of seizure-free status. Patients
with positive preoperative aura had a later onset of epilepsy than pa-
tients without preoperative aura. These results support those in previ-
ous studies, which showed that patients with medically refractory
TLE-MTS who reported abdominal auras prior to seizures had better
postoperative seizure control than those who did not report auras
[6,9,10]. Seizure-free status is more common among patients with a
shorter period of TLE disease, as reported previously [11,12]. People
with shorter epilepsy duration are more likely to have seizure-free
follow-up. In addition, there is a favorable correlation among shorter
duration of disease and freedom from seizures among patients with rel-
atively long durations of epilepsy. Patients who can benefit from epi-
lepsy surgery should also be recommended for preliminary
examination without further delay, regardless of the duration since
the epilepsy diagnosis [6].

Patients with preoperative sensory auras had greater likelihood of
remaining seizure-free during the follow-up period, followed by those
with preoperative autonomic auras, preoperative multiple auras, and
preoperative mental and affective auras. Similar findings were reported
previously in a study that described favorable surgical outcomes in pa-
tients with TLE with somatosensory auras [ 13]. We conclude that preop-
erative sensory aura is a good indicator for seizure-free status
postoperatively. Possible mechanism for the production of somatosen-
sory aura is the spread of seizure activity from the temporal lobe to
the perisylvian region by stimulation of the insular cortex or the second
sensory area. The insular cortex has extensive connections to temporal
lobe structures, and temporal lobe seizures tend to enter the insular cor-
tex. After seizure in the temporal lobe, several anatomical regions can
generate somatosensory phenomena. First, somatosensory auras may
emerge directly from seizure activity in the temporal medial lobe. The

Manifestations Number of patients Percentage Areas with abnormal electroencephalography Nonlesional findings
Frontal Central Parietal Temporal Occipital
Autonomic auras
« Palpitation 41 10.6% 6 1 2 37 0 1
* Gl 65 16.8% 5 1 0 64 0 0
* Suffocation 12 3.1% 1 0 0 11 0 0
Total 118 30.6% 12 2 2 112 0 1
Sensory auras
* Visual 16 4.1% 0 0 0 16 0 0
* Olfactory 1 0.3% 0 0 0 1 0 0
« Gustatory 0 0.0% 0 0 0 0 0 0
* Auditory 2 0.5% 0 0 0 2 0 0
* General somatosensory 28 7.3% 5 0 0 27 0 0
Total 47 12.2% 5 0 0 46 0 0
Mental and affective auras
« Feeling of fear 22 5.7% 4 0 0 21 0 0
* Depressed mood 4 1.0% 0 0 0 4 0 0
« Experiential sensory 55 14.2% 6 0 0 55 1 0
« Vertigo 1 0.3% 0 0 0 1 0 0
« Cognitive auras 9 2.3% 0 0 0 9 0 0
* Unspeakable feeling/malaise 54 14.0% 7 2 1 51 1 0
Total 145 37.6% 17 2 1 141 2 0
Multiple symptoms 76 19.7% 10 2 1 74 1 0
Total 386 100.0% 44 6 4 373 3 1
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Table 8
Likelihood of seizure-free status after TLE surgery.

Preoperative aura type Likelihood of seizure-free status (%)

3 years 5 years 10 years 15 years
Autonomic 94.8 84.0 48.4 19.7
Sensory 93.9 83.2 59.7 30.1
Mental and affective 90.3 77.6 42.5 114
Multiple 94.7 72.0 337 121

electrical stimulation of discrete mesial temporal structures in patients
undergoing brain surgery may induce somatosensory aura or numb-
ness. Induced somatosensory anomalies may be positive or negative
and may occur unilaterally or bilaterally [14-16]. Somatosensory phe-
nomena associated with temporal lobe seizures are considered by
some investigators to be a proxy for neocortical or lateral lobe seizures
[17]. The most important clinical consequences of this research are
that preoperative auras with somatosensory signs do not necessarily
imply extratemporal seizure onset. We found that patients with preop-
erative somatosensory aura associated with TLE had a favorable progno-
sis for seizure remission after partial temporal lobe resection. Thus, the
frequency of preoperative somatosensory aura, whether bilateral or
unilateral, should not serve as a barrier to temporal lobe resection in pa-
tients with refractory epilepsy in whom etiology and/or electrophysio-
logical and imaging findings support a unilateral temporal lobe seizure
focus.

There were several limitations to our report. First, this was a single-
center analysis. A multicenter study with a wider group of patients from
different institutions or areas is required to further analyze aura subtype
and its association with epilepsy outcomes. Second, all of our patients
were tested by scalp EEG, not intracranial EEG, which renders our con-
clusion less reliable.

5. Conclusion

Patients who underwent TLE surgery with positive preoperative
aura had a 1.74-fold increase in the likelihood of seizure-free status
postoperatively, compared with patients who had seizures during the
postoperative period. Patients who had positive preoperative aura also
had later onset of epilepsy than patients without preoperative aura. In
the case of patients with TLE with positive preoperative aura who are
candidates for surgery, the greatest likelihood of seizure-free status
postoperatively is observed in those with preoperative sensory aura,
followed by those with preoperative autonomic aura, those with preop-
erative multiple auras, and those with preoperative mental and affective
auras. Preoperative sensory auras are a good predictor of seizure-free
status and better outcomes after TLE surgery.
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