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Introduction

Abstract

Objective: Fear aura has traditionally been considered relevant to epileptic dis-
charges from mesial temporal areas, and few studies have investigated its effect
on surgical outcome in drug-resistant epilepsy. We aim to assess the localizing
and lateralizing value as well as prognostic significance of fear aura in patients
with focal epilepsy. Methods: The occurrence of fear aura in relation to epilep-
togenic origin and its association with postoperative outcome were analyzed in
146 consecutive patients undergoing resective surgery for intractable epilepsy.
Results: Ninety-four (64.4%) patients reported auras, and 31 (21.2%) reported
fear aura in their seizures. One hundred ten (75.3%) patients had an Engel class
I outcome until last follow-up, of whom 24 experienced fear aura preopera-
tively. Fear aura appeared more frequently during temporal and frontal lobe
seizures, but did not lateralize the seizure onset zone. There were no significant
baseline differences between patients with and without fear aura. No correlation
was found between postoperative outcome and the presence of auras. Occur-
rence of fear aura failed to show predictive value in surgical outcome whether
in pooled or subgroup analysis. Interpretation: This study advances our under-
standing of the origin of fear aura, and is helpful for presurgical evaluation and
outcome prediction. Without lateralizing value, fear aura is more commonly
seen with temporal or frontal origin. When taken as a whole, auras do not have
a significant impact on seizure outcome in focal epilepsy. Patients with fear
aura are no more likely to become seizure-free than those without fear aura.

Auras, defined as subjective ictal symptoms that pre-
cede seizures, constitute a cardinal hallmark of focal epi-

Epilepsy surgery is a preferred option for patients with
drug-resistant focal epilepsy. Despite progress in presurgi-
cal evaluation of epilepsy, the success of epilepsy surgery
has not remarkably improved over recent decades. Long-
term outcome studies suggest that the rates of seizure
freedom 10 years postoperatively vary from 35% to
62%.' > Surgical prognosis largely relies on accurate
presurgical localization of the epileptogenic zone, but it
cannot be directly and definitively identified by clinical
information or auxiliary examination indices. In this situ-
ation, multiple sources of clinical data should be fully uti-
lized to define the presumptive epileptogenic zone and
predict postsurgical outcome.
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lepsy and may have localizing and in certain cases
lateralizing value in determining the epileptogenic zone.*”
Fear is one of the affective symptoms and is common in
mesiotemporal lobe epilepsy. However, although the role
of temporal limbic structures, especially the amygdala, in
the mediation of fearful emotion is well established,®’ the
seizure origin of fear has also been found to originate
from mesial frontal regions,® occipital,”' and parietal'’
lobes; besides, there has been no consensus as to its later-
alizing significance."*'* In addition, most evidence on
the localization of fear comes from studies of electrical
stimulation, 7 of scalp or intracranial
electroencephalography  (EEG) BI85 while

or studies
recordings,
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comparably few studies take elimination or significant
reduction in seizure frequency following surgical resection
as verification of originally presumed localization, which
determines seizure onset beyond reasonable doubt and is
closer to actual clinical practice. Therefore, these prob-
lems merit re-examination.

Reliable predictors for seizure outcome are important
to ensure prompt referral of appropriate candidates to
presurgical evaluation and epilepsy surgery. Being the ini-
tial symptom of epileptic seizure and readily available
clinical data, auras should be given more attention. How-
ever, to our knowledge, only two studies to date has
directly addressed the relationship of fear aura to seizure
outcome following epilepsy surgery, but unfortunately
with inconsistent results.'*'® Moreover, the two studies
concerned the prognostic role of fear aura in temporal
lobe epilepsy (TLE) rather than in a broader spectrum of
focal epilepsy. Thus, further investigation is necessary to
clarify these issues.

Herein, we analyzed the clinical data of a cohort of
patients undergoing resective epilepsy surgery to systemat-
ically assess the localization and lateralization of fear aura,
and to particularly investigate the possible correlation, if
any, between the presence of fear aura and postsurgical
seizure outcome.

Methods

Patient selection

This was a retrospective observational study of a prospec-
tively acquired database. One hundred fifty consecutive
patients with intractable epilepsy underwent resective epi-
lepsy surgery at the tertiary epilepsy center of Tiantan
Hospital from January 2015 to October 2020. All their
clinical details archived were reviewed. There were no
restrictions on age or gender to enter the study. The diag-
nosis of medically refractory focal epilepsy was made by
three experienced epileptologists (Q. Wang, Z.-M. Li, and
X.-Q. Shao) in this epilepsy center according to the Inter-
national League Against Epilepsy (ILAE) definition.*
Patients were selected for surgery based on a comprehen-
sive presurgical evaluation and a detailed discussion in
the multidisciplinary epilepsy conference. The presurgical
evaluation included clinical examination, 3.0 Tesla cranial
magnetic resonance imaging (MRI), long-term scalp video
EEG monitoring, positron emission tomography (PET),
and intracranial EEG when deemed necessary. Patients
were followed up at 3 and 12 months postoperatively and
at least once a year thereafter. Patients unable to attend a
direct outpatient or inpatient visit were contacted by tele-
phone interview to complete a semi-structured question-
naire for seizure recurrence if any and its date of
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recurrence, and status of current anti-seizure medications
(ASMs). Outcome data were collected directly from each
patient and witnesses whenever possible. Patients with a
minimum of 1 year follow-up were included in this
study.

This study was approved by the ethics committee of
Beijing Tiantan Hospital and was performed according to
the Declaration of Helsinki. All patients gave informed
consent for participation and written consent to permit
the publication of clinical data.

Assessment of postoperative outcome,
identification of fear aura, and definition of
lateralization and localization of epileptic
focus

All outcome data were submitted to three epileptologists
(Z.-M. Xiao, S.-Q. Pan, and Q. Zhou) blinded to the
study for assessment of postoperative seizure outcome
according to the Engel’s classification.”’ When there was
uncertainty in the process of assessment, consensus was
reached through discussion. Favorable outcome corre-
sponded to Engel class I after surgery until the last
follow-up, irrespectively of the status of ASMs, whereas
others achieving Engel class I[I-IV outcomes were consid-
ered as having an unfavorable outcome.

Information on fear aura was obtained through review
of medical record database. The fear aura was referred to
a sudden, often brief, fearful affect at the beginning of an
epileptic seizure, which occurred without context and was
not the fear of an impending seizure; the fear aura was
deemed present if related to at least one, but not neces-
sarily all, of the patient’s seizures. The lateralization and
localization of epileptic focus were defined by the localiza-
tion of surgical resection sites and determined only in
those patients who had favorable outcomes.

Statistical analysis

Continuous variables with skewed distribution were pre-
sented as median and range, and those with normal dis-
tribution were presented as mean and standard deviation
(SD). Categorical variables were expressed as counts and
percentages. Pearson’s chi-squared test or Fisher’s exact
test in case of small subgroup sample size was used for
categorical variables. Continuous variables between two
independent groups were compared using Student’s ¢-test
or nonparametric Mann—Whitney U test where appropri-
ate. Kaplan—Meier survival analysis by log-rank test was
used to compare the probability of maintaining Engel
class I outcome throughout the follow-up between
groups. Kaplan—Meier survival curves were plotted using
GraphPad Prism 7.0. Statistical analyses were performed
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using SPSS 20.0 and p value <0.05 was considered statisti-
cally significant.

Results

Cohort characteristics

The study design is depicted in Figure 1. Three patients
were lost to follow-up at 16, 26, and 33 months after sur-
gery, respectively; one patient died from car accident
55 months after surgery. The final cohort, therefore,
included 146 patients (85 males and 61 females). The
mean age at seizure onset was 13.0 & 8.6 years (range 0—
36 years), the mean duration of epilepsy prior to surgery
13.9 £ 9.4 years (range 1-41 years), and the mean age at
surgery 26.9 + 9.7 years (range 9-56 years). Past history
of initial precipitating injury (IPI) was noted in 85
(58.2%) patients: febrile seizures in 25 (17.1%), perinatal
insult in 19 (13.0%), meningitis/encephalitis in 11
(7.5%), head trauma with loss of consciousness (LOC) in
5 (3.4%), and head trauma without LOC in 25 (17.1%).

Ninety-four (64.4%) patients reported auras, and 31
(21.2%) had fear aura. Thirty-five (24.0%) cases had focal
aware seizure (FAS), 124 (84.9%) had focal impaired
awareness seizure (FIAS), and 116 (79.5%) had focal to
bilateral tonic—clonic seizure (FBTCS). One hundred eigh-
teen (80.8%) patients had lesional MRI, and 63 (43.2%)
required invasive EEG evaluation.

150 patients underwent
resective epilepsy surgery from
January 2015 to October 2020

Q. Cao et al.

Sixty-nine (47.3%) patients underwent left-sided sur-
gery. Ninety-three (63.7%) patients had temporal lobe
surgery, 19 (13.0%) had frontal lobe surgery, eight (5.5%)
had parietal lobe surgery, six (4.1%) had occipital lobe
surgery, four (2.7%) had insular lobe surgery, and 16
(11.0%) had multilobar surgery. Seventy-one (48.6%)
patients underwent anterior temporal lobectomy (ATL),
namely, anterior two-thirds temporal lobectomy com-
bined with amygdalohippocampectomy (AHE), 60
(41.1%) underwent lesionectomy, four (2.7%) underwent
selective AHE, three (2.1%) underwent AHE with
lesionectomy, and eight (5.5%) underwent multilobar
resection. Histopathologic examinations revealed hip-
pocampal sclerosis in 54 (37.0%) patients, cortical dys-
plasia in 44 (30.1%), ganglioglioma in 9 (6.2%),
dysembryoplastic neuroepithelial tumor in four (2.7%),
other benign brain tumors (astrocytoma, papillary
glioneuronal tumor) in five (3.4%), vascular malforma-
tion in nine (6.2%), and other pathology (e.g., gliosis,
encephalomalacia, non-specific, and brain damage) in 21
(14.4%).

Postoperative outcome

The cohort was followed up for a median duration of
31 months (range 12-67 months). One hundred ten
(75.3%) patients remained free of disabling seizures
(Engel class I) until their last follow-up, while 11 (7.5%)

Figure 1. Flow chart showing the
study protocol.
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had rare disabling seizures (Engel class II), 10 (6.8%) had
a reduction in seizure frequency of greater than 80%
(Engel class III), and 15 (10.3%) reported no worthwhile
improvement (Engel class IV).

Localization and lateralization of fear aura

Of the 110 patients who had favorable outcomes, 24
experienced fear aura preoperatively and had become
seizure-free without auras (Engel class IA), among whom
15 (62.5%) had TLE, seven (29.2%) had frontal lobe epi-
lepsy (FLE) and two (8.3%) had multilobar epilepsy
(MLE). Hippocampal sclerosis (10, 41.7%) and cortical
dysplasia (10, 41.7%) were the two most common patho-
logical types in these 24 patients. The distribution of fear
aura in different types of focal epilepsy is shown in
Table 1. The remaining seven patients with fear aura had
unfavorable outcomes: two had an Engel class II outcome,
two had an Engel class III outcome, and three had an
Engel class IV outcome. Table S1 demonstrates the demo-
graphic, clinicopathologic, radiologic, electrophysiological,
and surgical characteristics of these 31 patients.

Because of the predominant distribution of fear aura in
TLE and FLE, we compared the localizing value of fear
aura between patients with TLE/FLE and those with
epileptic focus outside the temporal and frontal lobes
(extra-TLE/FLE). TLE/FLE patients were characterized by
a higher proportion of fear aura compared to extra-TLE/
FLE patients (p = 0.037); the fear aura appeared to be
more common in FLE, but the differences did not reach

Table 1. Distribution of fear aura in different types of focal epilepsy.

Origin and Prognostic Value of Fear Aura

statistical significance (p = 0.064); as for lateralization of
fear aura, there were no significant differences between
left-sided and right-sided epilepsies (p = 0.534) (Table 2).

Association between auras, fear aura, and
seizure outcome

We did not find a significant association between auras
and postoperative outcome (p = 0.943) (Table 3). Next,
in order to have relatively comparable groups for the pur-
pose of validating whether fear aura was an independent
prognostic variable predicting seizure outcome, we com-
pared the baseline characteristics of the patients present-
ing with and without fear aura (Table 4). There were no
significant differences between the two groups in terms of
gender, past history of IPI, seizure type, presence of MRI
lesion, surgical approach, and pathological type. Age at
onset, age at surgery, duration of epilepsy, and duration
of follow-up did not differ between the two groups either.
As depicted in Table 5, the presence of fear aura did not
correlate significantly with seizure outcome (p = 0.762).
We then did a subgroup analysis based on surgical site to
ascertain if the association of fear aura with seizure out-
come was affected by resection site of epilepsy surgery;
however, the presence of fear aura was still not signifi-
cantly different between the favorable and unfavorable
outcome groups in both temporal lobe (p = 0.742) and
frontal lobe (p = 0.338) surgery subgroups.

The Kaplan—-Meier survival analysis for the whole
cohort is shown in Figure 2A. The chance of seizure

TLE FLE PLE OLE ILE MLE

(n=69) (n=14) (n=7) (n=05) (n=13) (n=12) N=110°
Fear aura 15 (62.5) 7 (29.2) 0 (0) 0 (0) 0 (0) 2 (8.3)
n =24 (%)

TLE, temporal lobe epilepsy; FLE, frontal lobe epilepsy; PLE, parietal lobe epilepsy; OLE, occipital lobe epilepsy; ILE, insular lobe epilepsy; MLE, mul-

tilobar epilepsy.
?Only the 110 patients were included who had Engel class | outcome.

bOne was parieto-occipital junction epilepsy and the other was temporo-occipital junction epilepsy.

Table 2. Localization and lateralization values of fear aura in focal epilepsy.

Localization value

Lateralization value

TLE + FLE Ex-(TLE + FLE) TLE FLE Left Right

n =83 (%) n=27 (%) p value n =69 (%) n=14 (%) p value n =752 (%) n =58 (%) p value
Fear aura present 22 (26.5) 2 (7.4) 0.037 15 (21.7) 7 (50.0) 0.064 10 (19.2) 14 (24.1) 0.534
Fear aura absent 61 (73.5) 25 (92.6) 54 (78.3) 7 (50.0) 42 (80.8) 44 (75.9)

Bold type indicates significance. Only the 110 patients were included who had Engel class | outcome.
TLE, temporal lobe epilepsy; FLE, frontal lobe epilepsy; Ex-(TLE + FLE), extratemporal and extrafrontal lobe epilepsy.
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Table 3. Association of auras with seizure outcome in the whole
cohort.

Q. Cao et al.

Table 4. Demographic and clinical characteristics of patients with
and without fear aura.

Favorable outcome  Unfavorable outcome

n=110 (%) n =36 (%) p value
Auras present 71 (64.5) 23 (63.9) 0.943
Auras absent 39 (35.5) 13 (36.1)

freedom was about 82% by 1 year. Beyond this, the rate
of drop in chance of seizure-free status was relatively slow
from 82% to 74% over the next 17 months after which
the curve tended to be flat for the rest of the follow-up
period. The survival curves for patients with or without
auras maintaining Engel class I outcome throughout the
follow-up period lacked significant differences (p = 0.919)
(Fig. 2B). The results of Kaplan—Meier analysis did not
show a direct correlation between presence of fear aura
and postoperative seizure freedom (p = 0.700) (Fig. 2C).

Discussion

In the current study, we demonstrated that occurrence of
fear aura was associated with temporal or frontal seizure
focus, but not with laterality of seizure focus. Reporting
of fear aura was not predictive of postsurgical seizure out-
come.

Prevalence of fear aura

The prevalence of fear aura in patients with focal epilep-
sies is variable ranging from 7% to 36%.'>'*'>** This
discrepancy probably reflects methodologic differences in
patient selection and heterogeneities of etiology. Chong
et al. selected patients with focal or localization-related
epilepsy from the Epilepsy Phenome/Genome Project
(EPGP) database which only included epilepsy subjects of
unknown cause, and reported a prevalence of fear aura to
be 7%"’; on the other hand, Feichtinger et al. found a rel-
atively high prevalence of 36%, because the study was
limited to TLE with mesial temporal sclerosis and the fre-
quency of fear could conceivably be higher given the piv-
otal role of mesial temporal regions in the expression of
fear.'” Our cohort comprised a heterogeneous group of
patients with different epileptic foci of variable etiology,
and 21.2% of the patients reported fear aura, which fell
between the results of the above-mentioned two studies.

Localizing value of fear aura

Our study revealed that fear aura was most often localized
to the temporal and frontal lobe. These results are

Without
With fear fear aura
aura n=115 P
n=31(%) (%) value
Duration of follow-up (months):  37.2 + 16.4 30 (12-67) 0.256°
mean + SD/median (range)
Female 16 (51.6) 45 (39.1) 0.211
Mean age at onset 123 £7.5 13.2 £89 0.597
(years) + SD
Mean duration of epilepsy 159 +£93 134 +93 0.173
(years) + SD
Mean age at surgery 282 +£ 105 265+ 95 0.387
(years) + SD
Past medical history
Febrile seizures 7 (22.6) 18 (15.7) 0.363
Perinatal insult 3(9.7) 16 (13.9) 0.748
Meningitis/encephalitis 3(9.7) 8(7.0) 0.900
Head trauma with LOC 0 (0) 5 (4.3) 0.532
Head trauma without LOC 4(12.9) 21 (18.3) 0.482
Seizure type?
FAS 9 (29.0) 26 (22.6) 0.457
FIAS 27 (87.1) 97 (84.3) 0.923
FBTCS 23 (74.2) 93 (80.9) 0.414
MRI lesional 26 (83.9) 92 (80.0) 0.627
Type of surgery
ATL 18 (58.1) 53 (46.1) 0.236
Lesionectomy 10 (32.3) 50 (43.5) 0.260
AHE 1(3.2) 3(2.6) 1.000
AHE + lesionectomy 0 (0) 3(2.6) 1.000
Multilobar resection 2 (6.5) 6 (5.2) 1.000
Pathology
Hippocampal sclerosis 14 (45.2) 40 (34.8) 0.288
Cortical dysplasia 11 (35.5) 33 (28.7) 0.465
Ganglioglioma 1(3.2) 8 (7.0) 0.729
DNET 1(3.2) 3(2.6) 1.000
Other benign brain tumors 13.2) 4 (3.5) 1.000
Vascular malformation 1(3.2) 8 (7.0) 0.729
Other (e.g., gliosis, 2 (6.5) 19 (16.5) 0.259

encephalomalacia, brain
damage, non-specific)

LOC, loss of consciousness; FAS, focal aware seizure; FIAS, focal
impaired awareness seizure; FBTCS, focal to bilateral tonic—clonic sei-
zure; ATL, anterior temporal lobectomy; AHE, amygdalohippocampec-
tomy; DNET, dysembryoplastic neuroepithelial tumor.

“The seizure type percentages did not add up to 100% because some
patients had more than one type of seizure.

PMann-Whitney U test was used to compare follow-up duration, and
other continuous variables were compared by Student’s t-test.

consistent with previous studies demonstrating that fear
is among the most common experiential phenomenons
elicited by temporal lobe epileptic discharge.'”** Adding
to this, we found that the frontal lobe also played a piv-
otal role in the formation of fearful emotion because half
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Table 5. Association of fear aura with seizure outcome in the whole cohort, in those with temporal lobe surgery and in those with frontal lobe

surgery.
Whole cohort Temporal lobe surgery Frontal lobe surgery
Fear aura Fear aura Fear aura
N n (%) N n (%) N n (%)
Favorable outcome 110 24 (21.8) 69 15 (21.7) 14 7 (50.0)
Unfavorable outcome 36 7 (19.4) 24 6 (25.0) 5 1(20.0)
p value 0.762 0.742 0.338

of the patients who had FLE with favorable outcome had
fear aura. This proportion appeared even higher than that
in patients with TLE (50.0% vs. 21.7%), although the dif-
ference was not statistically significant. The favored loca-
tions of fear aura in temporal and frontal lobes resonate
the work of Biraben et al. who have argued that the net-
work of ictal fear involves orbitoprefrontal, anterior cin-
gulate, and temporal limbic cortices.® Also noteworthy is
that two patients in our study had fear aura of parieto-
and temporo-occipital origins, respectively. Similar situa-
tions, albeit rarely, has been described in earlier studies,” "'
which reported ictal fear as leading symptom originating
from the occipital or parietal lobe. The mechanisms are
proposed to be the secondary propagation of discharges
to the symptomatogenic zone in the amygdala, or the
early emotional network independent of amygdala activa-
tion, in which case the occipital and parietal cortex are
also involved in fear processing.

Lateralizing significance of fear aura

The question of the lateralizing value of fear aura has
long been puzzling. Glascher et al. proposed that, while
both amygdalas are specialized for fear, the right one is

an initial, brief and automatic fear processor, whereas the
left one appears to be more discriminated and detail-
oriented.”* Accordingly, early ictal fear, namely fear aura,
should occur more often from the right temporal lobe
epileptic focus. Such a mechanism is consistent with the
findings of Chong et al., who found that the right hemi-
spheric laterality of seizure was statistically more common
in patients reporting fear."> Additional support for this
model comes from the trend toward right epileptic focus
causing fear aura (68% right vs. 32% left) in a review of
144 published cases.'””> However, the work of Palmini
et al,, Chiesa et al., and Toth et al. failed to confirm a
clear association between fear aura and cerebral lateraliza-
tion."*'®** Furthermore, a systematic research exclusively
involving children reported that negative emotions did
not lateralize the seizure onset zone.”> Our study also did
not find a lateralizing significance for fear aura in focal
epilepsy, although there was a slight preponderance of
right-sided laterality (24.1% right vs. 19.2% left). The
uncertainty of laterality of fear aura might be explained
by the fact that clinical manifestations of fear aura cannot
be simply confined to an absolutely single hemisphere, as
fear is a multifaceted process that needs communication
across brain

regions and involvement of complex

[ —_ Wi @ — Wi
> 8 101 > § - without auras > 8 1.0 w!thout fear aura
% -.&.’ & —— with auras = »;,-’ —— with fear aura
o
T 5 0.8 S 5 0.8 3 5 038
N -3 2N
e o0 o0
S % 0.6 8% 0.6 2 ' 0.6
(-2 (3R] [ 3R=1}
2 £ 2 £ 2 £
& £ 041 T £ 041 ® £ 041
58 58 e
E £ o2 E 502 E § 02
S 2 3 2V 35
O w O w O W
©0.0 —— 0.0 ——— ——— ® 0.0 —_——
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Time after surgery to first event (months) Time after surgery to first event (months) Time after surgery to first event (months)

Figure 2. Kaplan—-Meier survival curves for seizure recurrence after epilepsy surgery in the whole cohort (n = 150°). (A) The Kaplan-Meier survival
curve presented the probability that patients will maintain a favorable outcome over the follow-up period. (B) Postoperative seizure outcome was
not significantly different in patients with auras (blue line) compared with those without auras (red line) (p = 0.919, log rank test). (C) Probability
of seizure freedom was similar in patients with fear aura (blue line) to those without fear aura (red line) (o = 0.700, log rank test). ®The cohort in
survival analysis also included the three patients lost to follow-up and the patient with unrelated/unexpected death, besides those whose postop-

erative evaluation was available until the last follow-up.
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circuits.***” Another point deserving attention is the dif-
ferent fear intensities manifested during an epileptic sei-
zure: the intensity may vary from a slight trace of
insecurity to an intense feeling of horror, leading to vary-
ing levels of participation of two hemispheres; for
instance, the right hemisphere is enough to produce mild
fear, but intense fear entails co-operations of two hemi-
spheres. This assumption necessitates a deeper question-
ing into patients’ reports of fear aura in medical history
collection. In view of these ambiguities, fear aura cannot
currently be utilized as lateralizing sign in everyday
clinical practice.

Prognostic value of auras and fear aura in
epilepsy surgery

Our study did not find prognostic value for auras in pre-
dicting postsurgical outcome. The result corroborates
many previous studies,”® ' except for those of Sperling
et al.”* and Arifin et al.”®> The former argued for favorable
prognostic significance of auras for patients undergoing
temporal lobectomy; however, strictly speaking, their
finding did not reach statistical significance (p = 0.06),
although the trend was toward a greater likelihood of
being free of seizure in patients with auras than in those
without auras. Similarly, the latter demonstrated occur-
rence of auras conveyed a favorable prognosis in TLE
patients, but a baseline assessment among the two groups
was not attempted, which may introduce potential con-
founding factors. Actually, most auras have their own
anatomical localization, so it is more appropriate to eval-
uate the respective roles of aura subtypes in certain types
of focal epilepsy rather than to treat auras as a whole. For
example, patients with mesial TLE who reported abdomi-
nal auras had a better postoperative prognosis regarding
seizure control compared with those who did not*; con-
versely, presence of auras historically associated with
extratemporal structures (e.g., somatosensory, visual, and
dysphasic auras) or lateral temporal structures (e.g., audi-
tory and vertiginous auras) in mesial TLE patients may
herald a more widespread epileptogenic zone, and thereby
a lower chance of seizure control after surgery.’®?*>°
Therefore, aura subtypes may be associated with seizure
outcome in some circumstances, but auras, when ana-
lyzed as a whole, do not have a significant bearing on sei-
zure outcome.

Given that fear aura most often denotes the presence of
a temporal or frontal lobe epileptic focus, we hypothe-
sized that patients with fear aura would have a better
prognosis; however, this is not necessarily the case. The
current study observed no significant correlation between
fear aura and seizure outcome. Our results were in line
with the study of Toth et al,'* but Feichtinger et al.'”
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demonstrated evidence to the contrary which found fear
aura is a positive predictor for postoperative seizure con-
trol. Regarding this controversy, there are three aspects
that need to be illustrated. First, the relative small sample
size of 33 patients in the study of Feichtinger et al."” may
have produced subject selection bias; perhaps an analysis
including more cases might increase the statistical power
and make the results more plausible. Second, the hetero-
geneity of disease and difference in surgical approach
between studies partially contribute to the discrepancy of
the results. Feichtinger et al.'” selected TLE patients with
mesial temporal sclerosis who received anteromesial tem-
poral resection; Toth et al." included mesial TLE or neo-
cortical TLE patients of various etiologies who underwent
ATL, AHE, or lesionectomy; our cohort contained a
broader disease spectrum receiving resective epilepsy sur-
gery. Considering these interference factors, we compared
the baseline characteristics of the patients with and with-
out fear aura, and found no significant differences; fur-
thermore, we conducted subgroup analysis of predictive
value of fear aura in patients with temporal and frontal
lobe surgery, and this type of analysis, to our knowledge,
has never been done before. Finally, the negative value of
fear aura for seizure outcome may also be associated with
the possibility that fear aura, at least in some cases, corre-
sponds to seizure propagation rather than primary epilep-
togenic cortex, which is a problem that must be faced in
all studies of seizure semiology; on this ground, the fear
aura might be a false localizing sign. Consequently,
despite definitive localizing meanings, the significance of
fear aura in predicting seizure outcome is limited.

Implications and limitations of the study

The clinical implications of the current study pertain both
to presurgical evaluation and outcome expectation after
surgery. Albeit without lateralizing value, the presence of
fear aura favors involvement of temporal or frontal lobe,
and therefore provides valuable information about the
location of epileptogenic zone. However, the analysis of
fear aura does not help to identify ideal candidates for a
good operative outcome, so whether there is presence of
fear aura should not serve as a barrier to epilepsy surgery
for the patients who have concordant data on epilepto-
genic zone from objective clinical signs, EEG monitoring
and structural imaging.

This study is also liable to some limitations. First, as a
retrospective study of a prospectively acquired database
that was not intended to focus on fear aura, we inevitably
encountered difficulty in obtaining detailed descriptions
and characteristics of fear aura (e.g., fear-related emotional,
cognitive, and autonomous signs; intensity of fear from a
slight trace of insecurity to an intense feeling of horror),
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and thus, a direct and systematic questioning combined
with corresponding video-recorded ictal affective behavior
are warranted to further explore this issue. Second, the
follow-up time in this study is at least 1 year, which pre-
sumably is not long enough for the occurrence of cases
with unfavorable outcome; the relatively low frequency of
unfavorable outcome might have underpowered our study
and led to negative results. Third, we must acknowledge
that the heterogeneity of pathology and difference in surgi-
cal modality might render our results less reliable to some
extent, although we compared the baseline characteristics
and did subgroup analysis; therefore, a multicenter
prospective study with a much larger homogeneous patient
cohort receiving a certain surgical approach should be
done to validate our conclusion.

Conclusion

This study strengthens our understanding of the localizing
and lateralizing value of fear aura and is helpful in
presurgical evaluation: without lateralizing significance,
fear aura correlates with temporal or frontal lobe onset
on most occasions. Our study is also instructive in out-
come expectation and patient counseling: when taken as a
whole, auras do not have a significant impact on seizure
outcome; as for a certain aura subtype, patients with fear
aura are no more likely to become seizure-free than those
without fear aura.
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