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Abstract
Background: Insulo-opercular seizures are highly heterogeneous in seizure semiology and electrical features.
Bilateral asymmetric limb posturing, as a classical pattern of supplementary sensorimotor area (SMA) seizure, also
occurs in insulo-opercular epilepsy. This study was aimed to study the anatomo-electro-clinical correlations in
bilateral asymmetric tonic seizures (BATS), in order to advance the understanding of insulo-opercular epilepsy.
Methods: Eight patients with insulo-opercular epilepsy as confirmed by stereoelectroencephalography (SEEG) and
manifesting BATS as the major ictal motor sign, in Guangdong Sanjiu Brain Hospital Epilepsy Center from 2014 to
2018, were employed in this study. The BATS of the patients were evaluated, and the semiologic features and
concomitant intracerebral EEG changes were quantified. Then the variables were examined with Cluster Analysis,
and the semiologic features were correlated with anatomic localization using the Kendall correlation test.
Results: Of the 8 patients, the most frequent initial motor sign was bilateral asymmetric tonic posturing (62.5%).
Facial tonic-clonic sign also had a high prevalence in the evolution of seizures (87.5%). The results of Cluster Analysis
showed that the semiologic features were subdivided into two main groups, one group comprising exclusively BATS
and the other including signs of focal tonic seizure, aura, focal limb tonic-clonic seizure (TCS), facial TCS, hypermotor
behavior, eye movement, autonomic changes and generalized TCS. The BATS was strongly associated with the
posterior long gyrus (PLG) of insula (t = 0.732) and parietal operculum (t = 1.000); the hypermotor behaviors were
associated with the anterior long gyrus (ALG) (t = 0.770); and the autonomic changes were associated with the anterior
limiting sulcus (ALS) (t = 0.734) and middle short gyrus (MSG) (t = 0.700).
Conclusions: The seizure semiology of insulo-opercular epilepsy is characterized, in temporal order, by BATS, with or
without simultaneous hypermotor behaviors, and frequently ends up with facial tonic-clonic signs, which is different
from that of the SMA seizure. The early spread network involving the posterior insular lobe and parietal operculum
may contribute to this pattern of manifestation.
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Background
Bilateral asymmetric tonic seizures (BATS) are characterized by sustained tonic posturing of trunk and limbs
that is bilateral but asymmetric. Electrical stimulation of
the supplementary motor area (SMA) can elicit this
characteristic posturing, which has been accepted by
The International League Against Epilepsy (ILAE) as
one of the distinctive ictal semiological characteristics of
SMA seizures [1]. BATS is also one of the seizure types
in mesial frontal lobe epilepsy manifesting “postural,
focal tonic with vocalization, speech arrest, and fencing
postures”. Ictal BATS could be an essential clue to localizing seizure in SMA [2]. However, there have been a
few cases of BATS reporting other origins such as the
posterior cingulate cortex, the parietal cortex and the
insular-operculum [3–5].
Some studies indicated that insular epilepsy is a great
mimicker. Intracranial electroencephalogram studies
have demonstrated that besides the “perisylvian” clinical
pattern, the insular seizures could also manifest with
“temporal-like” symptoms, “frontal-like” symptoms, and
even with epileptic spasms. The “frontal-like” symptoms,
which are hyperkinetic behaviors or tonic motor signs,
are the most misleading signs for seizure localization [6].
In a recent study of pure insular-onset epilepsy by
Peltola et al. [7], BATS was seen in three of the 11
patients (27%). Stereoelectroencephalography (SEEG)
evaluation confirmed seizure onset zones in the anterior
long gyrus (ALG) or both anterior long gyrus and posterior long gyrus (PLG). Another study of patients with
insulo-opercular epilepsy based on SEEG identified two
cases with BATS among 22 patients [8], with seizure onset zones localized in the middle short gyrus (MSG),
posterior short gyrus (PSG), opercular cortex and MSG,
and triangular part of inferior frontal gyrus (IFG).
In a recent study of five insular lobe epilepsy patients,
non-linear analysis of 3 patients with frontal semiology
showed strong ictal coupling with the mesial frontal as
well as cingulate regions, including the medial orbitofrontal cortex, pre-SMA/SMA, and the anterior to posterior cingulate. One patient with seizure onset zone of
ALG and PLG, manifesting symmetric axial dominant
tonic posture, showed bidirectional functional coupling
between the PLG and posterior cingulate gyrus. Otherwise, the patient with seizure onset zone of MSG and
PSG had focal somatosensory aura and focal tonic seizure, due to ictal propagation to mesial frontal (SMA/
pre-SMA) and cingulate regions [9].
To date, the insulo-opercular epilepsy remains challenging due to its complex semiology and localization.
Although there have been studies on selected types of
insulo-opercular epilepsy, a comprehensive overview of
insulo-opercular seizures manifesting BATS is still lacking. In this study, we employed patients with seizure
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onset in the insular and/or opercular cortex identified by
SEEG to investigate (1) if the insulo-opercular epilepsy
patients with BATS can be uniquely characterized in
terms of semiology; and (2) if BATS originating from
insulo-opercular areas are associated with an early
spread network.

Methods
Patients

During January 2014 and December 2018, there were 38
insulo-opercular epilepsy cases in the Epilepsy Center of
Guangdong Sanjiu Brain Hospital (GuangZhou, China).
Of them, eight patients both had defined epileptogenic
zone within the insular-operculum as identified by SEEG
and manifested with bilateral asymmetric tonic posturing as the major ictal motor sign, so they were employed
in this study. All patients were followed up for at least 6
months. Patients without definite SMA hypometabolism
in PET images were excluded from this study [10].
The comprehensive noninvasive presurgical evaluation
included a detailed clinical history review and scalp
video-electroencephalography (VEEG, Nihon Kohden)
recording, in order to analyze habitual seizures and
interictal discharges. MRI (1.5-Tesla, Philips Medical
Systems, Netherlands), PET-CT (18FDG, GE, USA),
neuropsychological assessment, and functional imaging
were conducted when needed. SEEG was recorded using
intracerebral multiple contact electrodes (manufactured
by Huake Hengsheng [Beijing, China] for non-eloquent
cortex exploration in patients; Alcis [Besancon, France]
for eloquent cortex exploration in patients) placed intracranially according to Talairach’s stereotactic method.
All patients gave written informed consent before implantation. Strategy of electrode implantation in each patient
was based on working hypotheses about epileptogenic zone
and lesion boundary, aiming to define resection boundary.
Eight to 17 (13 in average) electrodes were intracranially
implanted in each patient. Three patients were implanted
bilaterally. SEEG (128 or 256 channels, Nihon Kohden system, Japan) was performed during a period of 9–19 (14.5 in
mean) days to record habitual seizures of the patients, with
partial or complete withdrawal of antiepileptic drugs. Electrical cortical stimulation (50 Hz, 0.3 ms, biphasic, bipolar,
for 3 to 5 s) was performed after epileptogenic zone
localization.
Analysis of anatomical electroclinical features

SEEG data of each patient were analyzed by two neuroelectrophysiologists independently (HXS, WX, TQH or
LDF).
Considering the complex manifestation of insularopercular seizures, the presence or absence of 8 ictal
symptoms in selected seizures for each patient was
noted: (1) aura, (2) autonomic changes, (3) focal tonic
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seizures involving the face, eyelids or limbs, (4) bilateral
asymmetric tonic posturing, (5) focal tonic-clonic seizure
(TCS) involving face, eyelids or limbs, (6) hypermotor
behaviors, (7) eye movement including forced eye
stare, deviation, convergence, or versive, and (8) generalized tonic clonic seizure (GTCS). As expected, the
electroclinical pattern of included seizures for a given
patient exhibited a characteristic of relatively high repeatability. The overall semiology was scored at a
scale of 0–2 for each patient based on the reviewing
of all seizures during the awake stage and 5 seizures
during sleep: 2, major features (constant and early
sign presence in each seizure); 1, minor features
(signs occur infrequently or are present after initial
sign); and 0, absence of signs [11].
Definition of early spread network when ictal BATS
emerges

All included seizures of each patient were reviewed to
analyze the involvement of different cortical regions in
ictal discharges according to the level of participation
during ictal phase. Electrode sampling allowed detection
of 16 anatomical cortical structures within the bilateral
insular lobes and the operculum and mesial frontal
structures [12]: (1) anterior short gyrus (ASG), (2) MSG,
(3) PSG, (4) ALG, (5) PLG, (6) apex, (7) anterior limiting
sulcus (ALS), (8) superior limiting sulcus, (9) inferior
limiting sulcus, (10) triangular part of the inferior frontal
gyrus, (11) opercular part of the inferior frontal gyrus,
(12) central operculum: including ventral part of precentral gyrus, postcentral gyrus and subcentral gyrus, (13)
parietal operculum: an area within the supramarginal
gyrus along the posterior ascending rami of lateral
fissure, (14) temporal operculum: comprising planum
temporale, Heschl’s gyrus and planum polare, (15) SMA,
and (16) middle part of cingular cortex (MCC) [13].
The time window was set from the onset of electrical
activity to the occurrence of bilateral asymmetric tonic
posturing, in which to identify the subset of cortical
structures underlying the generation of ictal BATS.
These structures are known as the “early spread network” according to Chauvel’s research [11]. The degree
of participation of each structure was scored based on
both the timing of the emergence of ictal discharge in
that cortex and the level of change in amplitude, frequency, or rhythmicity compared to the preictal discharge in the same cortex. The score of 2 indicates a
structure immediately involved in electrical onset by a
low-voltage fast activity (LVFA); score of 0 indicates a
structure not involved in seizure activity within the time
window; and score of 1 indicates a structure involved
later within the time window of BATS, or having concomitant ictal discharge characterized by lower-frequency
rhythmic activity [14].
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Statistical analysis

Automatic hierarchical cluster analysis was performed to
obtain ordered sequences of ictal symptoms or cerebral
cortices, based on their co-occurrence frequency. Correlations between ictal symptoms (BATS mainly) and cortices were analyzed and the strength of association
calculated by the Kendall correlation test. P < 0.05 was
considered as statistically significant.

Results
General characteristics

The eight patients were 7 males and 1 female, with average age of 13 ± 7.2 years and mean epilepsy duration of
8.8 ± 6.0 years. Two patients had normal MRI. Seven patients (87.5%) underwent surgical resection after SEEG
exploration, and one patient (No. 8) received stereotactic
radiofrequency thermocoagulation (RFTC), because of
localization of epileptogenic zone in the Broca’s area. All
patients were followed up for at least 6 months. Six cases
reached Engel class I outcome (75%), and the other two
had class II and class III outcomes, respectively. Histopathology of the resected specimens (n = 7) revealed five
patients (71%) having focal dysplasia, one with gliosis,
and one with nonspecific changes.
Semiologic features

A total of 60 seizures were analyzed, 20 at awake state
and 40 in sleep. Two patients displayed exclusively
sleep-related seizures and other two patients had a high
percentage of nocturnal seizures as well. The appearance
of each ictal symptom and brain regions involved in the
early spreading network at the occurrence of BATS were
noted for each patient. The bilateral asymmetric tonic
posturing occurred in all patients, as initial motor signs
in 5 patients (62.5%). Focal tonic sign occurred in 4
(50%) patients, which was the second frequent early
motor signs in 3 (37.5%). Other following motor signs
included facial TCS with or without focal limb TCS in 7
patients (87.5%), hypermotor behavior in 2 (25%), eyemovement in 4 (50%), GTCS in 1 patient, aura (contralateral somatosensory, or indescribable aura) in 2, and
autonomic changes (nausea or hypersalivation) in 2
cases (Table 2).
SEEG findings

A total of 101 SEEG electrodes were implanted in the 8
patients using the stereotactic robot system (ROSA,
Medtech, France). Forty-one electrodes (average 5 for
each patient) simultaneously covered the insular and
opercular cortex. SMA and MCC were explored respectively in seven cases (Table 1). Six patients were detected
with seizure onset zone in the insula, of whom three patients showed early spread of ictal discharges to the
operculum (representative illustration in Fig. 1), while
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Gender Age
Duration
of
(years)
onset
(years)

Diffuse SW,
Lt
parasagittal
prominent

Sagittal,
parasagittal
SW

Diffuse SW,
F4, F8, Cz
prominent

Rt
hemisphere
SW, F4-C4
prominent

Diffuse SW,
Lt temporal
prominent

F7,F3 SW

Diffuse SW,
Lt
hemisphere
prominent

Diffuse SW,
temporal
prominent

VEEG-IID

Negative

Lt INS + Fop +
Cop+Pop FCD

Rt TP + STG +
INSp+Pop FCD

Rt INS FCD, psg +
alg + Cop+Pop
prominent.

Lt INSp FCD

Negative

Lt13,Rt3

Lt8

Lt15,Rt2

Total
number
of
electrode

Bil INSa(Lt > Rt), Lt OFC + Fop, Bil
Cop, Lt Top+SMA

Bil INSa(Lt > Rt) + INSp(Lt > Rt) +
Fop(Lt > Rt) + Cop(Lt > Rt), Lt
Pop+Top, Bil SMA(Lt > Rt) +
MCC(Lt > Rt) + ACC(Lt > Rt)

Rt INSa+OFC, Bil Fop(Rt > Lt), Rt
Cop+Pop+Top+ MTS + SMA +
preSMA+MCC + ACC + NTL

Bil INSa+INSp(Rt > Lt) + Fop(Rt >
Lt) + Cop(Rt > Lt) + SMA(Rt > Lt) +
MCC(Rt > Lt)

Lt5,Rt1

Lt3

Lt10 + 4a

Rt4

Rt4

Lt6

Lt5,Rt1

Lt5

Lt5,Rt2

Total number
of electrodes
covering
INS + OP

Lt11,Rt2

Rt12

Rt10

Bil INSa(Lt > Rt), Lt INSp+OFC + Fop, Lt11
Bil Cop(Lt > Rt), Lt Pop+Top+MTS,
Bil SMA(Lt > Rt) + MCC(Lt > Rt)

Bil INSa(Lt > Rt) + INSp+Fop(Rt >
Lt) + Cop+Pop(Rt > Lt) + SMA +
preSMA+MCC

Lt INSp+Cop+Pop+SMA + SPL

Lt INSa+INSp+OFC + Fop +
Cop+Pop+ Top+MTS + SMA +
preSMA+MCC + NTL

Malacia in Lt
parasylvian+INS,
Cop+Pop+Top+INSp
prominent
Lt INS + Cop FCD

PET hypometabolism regions

MRI

Lt3

Lt1

Rt2

0

Lt1

0

Lt1

Lt1

Total
number of
electrodes
covering OP

Lt2/Lt1

Lt1/Lt1,Rt1

Rt1/Rt2

Rt1/Rt1

Lt1/0

Lt1,Rt1/Lt1

Lt1/Lt1

0/Lt1

Total number
of electrodes
exploring
SMA/MCC

RFTC: bottom of Lt ds
and IFS junction

Lt INS + ant.Cop

Rt inf.INSa+INSp+
Pop+TP

Rt INSp+Cop+Pop

Lt
INSp+Cop+Pop+post.
Top

Lt INS (residual cortex
of both ends of ils
and asg)

Lt INS

Lt INS + Cop

Resection/RFHC
structure

12/III

7/ I

–

26/ I

27/I

27/II

31/ I

51/ I

36/ I

Follow-Up
time
(months)/
Engel level

Nonspecific
change

FCDIIa

FCDIIa

FCDIIa

FCD Ib

FCDIb

Malacia,
gliosis

Pathology

a
for twice implantation. M male, F female, Lt left, Rt right, Bil bilateral, ant. anterior, post. posterior, inf. inferior, SW spikes and waves, SMA supplementary sensorimotor area, pre-SMA pre-supplementary sensorimotor area, INS insula,
INSa anterior part of insula, INSp posterior part of insula, alg anterior long gyrus of insula, asg anterior short gyrus of insula, psg posterior short gyrus of insula, ils inferior limiting sulcus, OP operculum, Fop frontal operculum, Cop
central operculum, Pop parietal operculum, Top temporal operculum, MCC middle part of cingular cortex, ACC anterior part of cingular cortex, MTS mesial temporal structures, NTL neocortex of temporal lobe, TP temporal pole, SPL
superior parietal lobue, OFC orbital frontal cortex, ds diagonal sulcus, IFS inferior frontal sulcus, RFTC stereotactic radiofrequency thermocoagulation

Age of
surgery
(years)

Patient
No

Table 1 Basic data of patients
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Fig. 1 Anatomo-electro-clinical features of Patient 5. a Lateral and medial view of all implanted stereotactic electrodes on a three-dimensional
reconstruction of the cortical surface of the brain. b Semiology of this patient was characterized by bilateral asymmetric tonic posture of left
upper limb extension and right arm flexion, followed by hyperkinetic behavior (repetitive movement of the right leg) and left eyelid/arm tonic
clonic seizure. c SEEG activity at seizure onset exhibited immediate spike and polyspike discharges followed by a low-voltage fast activity in the
ALG of insular cortex (electrodes O’1–3, red-color in panel d), which spread to the parietal operculum (electrodes O’4–5, yellow-color in panel d)
and posterior long gyrus PLG and inferior circulating sulcus (electrodes Y’4–5, T’2–3, green-color in panel d). Clinical symptoms start when ictal
discharges spread to MCC (electrodes F’1–2,L’1, light blue in panel d) and SMA (electrodes S’1–2, light blue in panel d). d Sagittal view of T1 MRI
with electrodes in insula and mesial parts of the brain

the other three having ictal discharges within the insular
cortex. Two of eight cases had an opercular onset, one
showing early spread to the insula, while the other
within the operculum (Table 2).
Cluster analysis and anatomical electroclinical correlations

Clinical semiology and cerebral structures as part of the
early spread network as classified with cluster analysis
are shown in Fig. 2. Semiology of the patients was divided into two groups, one group including exclusively
BATS and the other consisting of other symptoms including focal tonic seizure, aura, focal limb TCS, facial
TCS, hypermotor behaviors, eye movement, autonomic
changes and GTCS. Lower levels of ictal signs at smaller
clusters were most likely present in the same seizure sequence, such as facial TCS and focal limb TCS, hypermotor behaviors and autonomic changes.
Cluster analysis of brain regions showed a cluster
comprising the middle part of insular regions, parietal
operculum, and MCC, separated from anterior and posterior insular regions, frontal-central operculum, and
SMA. In addition, smaller groups of brain structures
grouped together at lower cluster levels also showed

strong associations, such as parietal operculum and
MCC; ASG, MSG and SMA; and central operculum and
superior limiting sulcus.
Kendall correlation test showed that BATS were
strongly associated with PLG (t = 0.732) and parietal
operculum (t = 1.000); hypermotor behavior with ALG
(t = 0.770), and autonomic changes with the ALS (t =
0.734) and MSG (t = 0.7000). On the other hand, aura,
focal limb TCS, focal facial TCS, and GTCS showed a
weak association with PLG (t = 0.630), PSG (t = 0.564),
MCC (t = 0.577), and central operculum (t = 0.642), respectively (Fig. 2).

Discussion
In this study, we found that the insular-opercular epilepsy is characterized by symptoms of BATS, which are
sometimes accompanied by hypermotor behaviors and
frequently end up with facial TCS. This series of symptoms would be a clear marker of insulo-opercular seizures from SMA ones. Early spreading network of
posterior insular lobe and parietal operculum may contribute to this pattern of manifestation.

8–62 s

6–31 s

IFGop

Focal tonic (pouting 2/10) → BATS (four limbs 10/10,
face 6/10) → EM (ips.deviation 2/10, cont. deviation 1/10)

Undone
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Not induced ds

Undone
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Lt-INS

Lt-INS

Lt-INS + OP

Lt-OP
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Rt-INS + OP
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Not induced Lt-INS
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Undone

Undone
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SIS

Epileptogenic
zone

SIA stimulating induced aura, SIS stimulating induced seizure, A awake, S sleep, Lt left, Rt right, Bil bilateral, cont contralateral, ips ipsilateral, BATS bilateral asymmetic tonic seizure, TCS tonic-clonic seizure, GTCS
generalized tonic clonic seizure, EM eye movement, SMA supplementary sensorimotor area, asg anterior short gyrus of insula, msg middle short gyrus of insula, psg posterior short gyrus of insula, alg anterior long
gyrus of insula, plg posterior long gyrus of insula, als anterior limiting sulcus, sls superior limiting sulcus, ils inferior limiting sulcus, OP operculum, Fop frontal operculum (inferior frontal gyrus trianglar part and
opercular part), IFGop inferior frontal gyrus opercular part, ds diagonal sulcus, Cop central operculum, Pop parietal operculum, Top temporal operculum, MCC middle part of cingular cortex, TP temporal pole, HG
Heschl’s gyrus

A5,S5

psg → Cop→plg + ils +
msg + Pop+SMA

A10,S7

9–20 s

BATS (four limbs 10/10) → Focal tonic (Rt face+eyelid
8/10) → EM (ips.deviation 6/10) → Focal TCS (limbs 6/10,
eyelids 10/10)

8

12–35 s

plg → sls → apex+psg +
Pop +TP

A > 50,S > 50 A5,S5

7–29 s

22–69 s

BATS (four limbs 7/7) → EM (forced upward stare 3/7,
cont.deviation 1/7) → Focal TCS (Lt arm 4/7, eyelid 3/7)

7

A2,S5

alg → Pop→plg

A2,S46

14–20 s

20–23 s

BATS (four limbs 5/5) → Hypermotor (pedaling 3/5) →
Focal TCS (Lt arm 5/5, eyelid 5/5)

6

S5

7–56 s

plg → ils → psg

A0,S41

13–66 s

Aura (indescribable) → BATS (four limbs 10/10,face 3/10) →
Focal TCS (Rt arm 8/10)

5

A5,S5

20–32 s

msg → asg → alg + plg + als Undone

A16,S46

27–42 s

Undone

Autonomic (tachycardia 8/8,hypersalivation 2/8) →
Focal dystonia (Rt hand 2/8) → BATS (four limbs 8/8,
cont.face+eyelid 5/8) → Hypermotor (shake head 4/8) →
Focal TCS (throat 2/8,eyelids 3/8)

4

A3,S5

5–19 s

plg + sls → asg

A3,S12

5–52 s

Aura (Rt arm numb 3/6) → Autonomic (nausea 1/6) →
BATS (4limbs 6/6,face 2/6, ips.eyelid 2/6) → Focal TCS
(eyelids 4/6)

3

A1,S5

A1,S12

Undone

SIA

Stimulation site

Cop→MCC + sls + Fop

Seizure onset and
propogation

Focal tonic (Rt arm occurring in 2 out of
5 seizures [2/5]) → BATS (four limbs 5/5,face 4/5) →
EM (cont. Deviation3/5,ips.deviation 1/5, convergence
1/5) → Focal TCS (Rt arm 1/5, face 5/5) → GTCS (5/5)

2

9–22 s

S5

A0,S6

1

77–100 s

No. of
Seizure BATS
Evolution of semiology
seizures
duration duration
analyzed
(A20,S40)

Patient
No. of
No. (n = 8) seizures
recorded

Table 2 Evolution of semiology and seizure location based on SEEG data
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Fig. 2 Correlation matrix between clinical features and cortical structures. Upper: Clustering of cerebral cortical areas. Lower right: Clustering of
clinical symptoms. Lower left: Correlation between structures and symptoms (green, negative correlation; red, positive correlation), which shows
components of seizure semiology related to different early spread networks in varying degrees. *P < 0.05

Seizure semiology

According to previous studies on insular epilepsy, the
initial signs of awake seizure of insulo-opercular epilepsy
include laryngeal constriction, perioral unpleasant
paresthesia, lateralized somatosensory sensations, and/or
autonomic symptoms. With progression, dysarthria and/
or later motor symptoms occur with or without loss of
consciousness. Nocturnal seizures are typically displayed
as hypermotor or BATS. Sleep-related BATS in insular
epilepsy is as frequent as in SMA epilepsy [2]. In 6 patients with SMA epilepsy in a previous study, BATS occurred 100% in sleep in 3 patients, and 79% in the other
three cases. As a principal feature of BATS, tonic posturing was constant and asymmetric in individual patients,
whose upper limbs contralateral to the epileptogenic
cortex were typically kept in abduction and extension.
The posture occurred and remained stable in the first
half period of the seizure. However, a certain number of
patients with SMA epilepsy could even present with unilateral tonic seizure as reported. In contrast, patients in
the extra-SMA group have a higher incidence of bilateral
symmetrical tonic limb posturing [5]. In our insuloopercular group, the posture of bilateral tonic contractions in four limbs as starting motor sign or in the
course of seizure evolution, was extension or flexion
similarly in both arms or prominent in the contralateral
upper limb. Meanwhile, facial tonic seizure along with
BATS and the following eyelid TCS (contralateral or ipsilateral to the epileptogenic cortex or bilateral),

occurred more frequently in our group than in SMA
group from other studies [2].
Electrographic findings

LVFA is the most common pattern of seizure onset detected by intracranial recordings [15]. Previous findings
showed that seizure symptoms are heterogeneous in
insulo-opercular epilepsy. Frontal semiology like nocturnal BATS is more general in patients with seizure onset
zone in posterior insular cortex, while hypermotor signs,
speech changes, and viscerosensor signs are related to
seizure onset zone in the anterior insular region. Propagation of insular seizures is typically from inside the insula to extrainsular connections [7]. The contralateral
insula engagement could also be very fast in less than 1
s [16]. Here, we found that the posterior insular onset
seizures spread both to extrainsular and intrainsular regions, while opercular onset seizures tend to propagate
to extrainsular regions.
Anatomical electroclinical correlations

A recent model based on tract-tracing data and functional studies in macaque monkeys proposes an integrative flow of interoceptive information processing from
the dorsal granular insula to the intermediate dysgranular insula and finally to the anterior agranular insula.
The very dorsal-caudal part of PLG belongs to granular
insula and functions in somatosensory and vestibular processing [17]. Accordingly, somatosensory aura is a clue for
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seizure onset zone localization in posterior insula. In fact,
most of the sleep-related seizures in this study started with
motor symptoms, while aura was hardly noticed. In
addition, the somatosensory representation area comprises
two-thirds of the insula. Somatosensory symptoms could
originate from both the posterior and anterior insula.
Thus, the nonpainful sensory symptoms did not lead to an
accurate localization [7].
Ictal nausea is a specific viscero-vegetative sensation,
often associated with temporal lobe epilepsy in the presence
of propagation of the ictal discharge to the anterior insular
cortex [18, 19]. A fMRI study found that during the evolution of nausea, the anterior insula was persistently activated
to cause strong sensation and correlated with MCC [20].
Moreover, stimulation of the insular cortex mainly occurs
in the middle part, evoking nausea as one of the major viscerovegetative responses [21]. In our cases, nausea was associated with seizure onset zone in posterior insula, which
later spread to the anterior insular cortex(especially MSG
and ALS).
Activation of anterior and posterior insula generate
different motor symptoms [7]. We observed that in patients with BATS but without hypermotor seizures, the
seizure onset zone was located in PLG or the frontal/
central operculum; while in the context of BATS with
hypermotor seizures, the seizure onset zone moved to
rostral part of insula, as ALG or MSG. Cytoarchitectonic
observation revealed dysgranular cortex in a large part
of insula, particularly around the central insular sulcus.
The dysgranular insula in monkeys has been subdivided
into 2 separate fields. The dorsal dysgranular field receives a somatotopic representation of innocuous tactile
input via its connectivity to the dorsal dysgranular primary somatosensory area, forming distinct patches connected with the posterior parietal cortex (PPC), ventral
premotor cortex (PMV), and SMA. The ventral dysgranular insula has extensive connections with the amygdala, anterior part of cingular cortex, pre-SMA, portions
of the PMV and PPC, ventral striatum, lateral hypothalamus, and periaqueductal gray [17]. Anatomically, dorsal
middle insula and SMA [22], inferior frontal gyrus and
SMA have direct connection reciprocally by the frontal
aslant tract [23]. In clinical studies, analysis of functional
coupling during clonic activities in SEEG in two patients
with tonic posturing revealed that the middle and posterior insula were more strongly connected to SMA/preSMA, while the patient with hypermotor behaviors
showed significant functional coupling between the ASG
and anterior mesial frontal areas [9]. A cortico-cortical
evoked potential study of human insula provided direct
evidence supporting that the PSG of both sides had
strong connectivity to the frontal operculum and the
mesial superior frontal gyrus [24]. Indeed, a combination
of hypermotor and tonic/dystonic signs has been
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observed in patients with the anterior insular seizure onset zone including the anterior bank of the central insular sulcus, while the dorsal insula tends to be associated
with the generation of motor symptoms [7].
Parietal operculum also has early involvement in the
network of BATS generation in our group. According to
the cerebral cytoarchitecture and connections [25], pure
parietal opercular seizures could hardly manifest with
BATS. Consistently, in a recent study of Wang et al. [26],
there were six patients with pure parietal opercular seizure
onset zone; three of them manifested with focal tonic seizures and the other three with hypermotor seizures. No
BATS was observed even in the four paitents in whom the
insula was involved in the propagation network. On the
other hand, however, a recent report has described a case
of SMA seizure with the seizure onset zone in the secondary leg area on the superior bank of the sylvian fissure,
which spread early to the insula. Intensive MRI confirmed
the localization of the lesion in the right inferior parietal
lobe. The author hypothesized that the insula has a “relay”
or “node” function in the parieto-opercular-fronto-medial
epileptic network [27]. In most cases, clinical-anatomic
analysis of seizure is mainly based on intracranial electrophysiological data, which may cause underestimation of
the lesion boundary. Meanwhile, the locations and patterns of ictal discharges have been proven to have certain
pathological relations, especially with FCD type II [15]. In
this sense, the early spread network would be a specific
hint to make the margin of pathological lesions visible, independent of the inherent anatomical functional network.
In this study, MRI lesions in three patients (No.5–7) extended from insula to opercular cortex, including parietal
operculum, and consistently the ictal discharges started
from insula and propagated to parietal operculum and
other structures. However, more studies are needed to test
the hypothesis that the early spread network of seizure depends not only on anatomical functional network but also
on the pathological lesions in insulo-opercular epilepsy.
Limitations

This study has several limitations. This is a retrospective
study with a small number of cases. In addition, not all
patients were completely seizure-free after surgery. The
SEEG electrode sampling did not cover the opercular
cortex or the insular gyri completely, which hinders precise localization but allows analyzing the clinical anatomical relationship of ictal BATS network. In addition,
we did not compare semiology among different origins
within the insulo-opercular region, neither did we distinguish different epileptic networks involved.

Conclusion
In this study, we demonstrated the semiology of SEEGconfirmed insulo-opercular epilepsy with BATS, which
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may aid in noninvasive localization and diagnosis. Furthermore, the differences in seizure symptom between
insulo-opercular onset and SMA onset may contribute
to more accurate localization of epileptogenic areas.
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