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Abstract
Insular epilepsy is a great mimicker and can be mistaken for seizures originating from other
areas of the brain or as nonepileptic spells. The semiology of insular epilepsy can include, but
is not limited to, auditory illusions, paresthesias, gastric rising, laryngeal constriction, and
hyperkinetic movements. These arise from both the functions of the insula itself and its
extensive connections with other regions of the brain. Noninvasive workup can be negative or
nonlocalizing because of the insula’s location deep within the lateral sulcus. Stereotactic EEG
can therefore be an important tool in cases of insular epilepsy so that patients may be
appropriately diagnosed and evaluated for potential surgical treatment. We present 2 cases of
epilepsy with nonlocalizing scalp EEG and challenging semiologies, the workup undertaken
to identify them as cases of insular epilepsy, and subsequent surgical treatments and
outcomes.

Pearls
c Insular seizures are among the great mimickers and can bemistaken for seizures originating

from other regions of the brain, which can make diagnosis challenging.
c The importance of correctly diagnosing insular epilepsy lies in the opportunity for surgical

treatment because any epilepsy that becomes drug-resistant should undergo surgical
evaluation.

Oy-sters
c In rare cases, insular epilepsy can be mistaken for nonepileptic spells.
c Cases of negative or nonlocalizing scalp EEG with a history of stereotyped events should

raise concern for epileptic seizures arising from deep cortical foci.

Case Report
Case 1
A 53-year-old right-handed man developed seizures at the age of 16 years. Semiology was
described as bilateral facial tingling and hyperkinetic movements (clapping and slapping his
head) that lasted 15–60 seconds with retained awareness and immediate return to baseline.
Seizure frequency was 1–3 times daily. He had been diagnosed with nonepileptic spells for
years, and when he was later diagnosed with epilepsy, he had failed 10 antiseizure medications
(ASMs). His most recent epilepsy monitoring unit (EMU) evaluation showed ictal scalp
EEG with subtle generalized electrodecrement at event onset followed by movement artifact
(Figure 1A), and interictal EEG was normal. Brain MRI was normal, ictal single-photon
emission computed tomography (SPECT) showed subtle right frontotemporal hypoperfusion,
and neuropsychological testing showed subtle right frontal lobe dysfunction.Magnetoencephalography
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(MEG) was nondiagnostic, showing isolated dipoles in the
left posterior insula and left temporal neocortex, thought to
represent field from interictal activity, artifact, or normal
variant. Stereotactic EEG (SEEG) identified seizure onset in
the right anterior insula, seen as low-voltage beta-frequency
activity within the right anterior insula with almost

simultaneous (within milliseconds) involvement of the right
frontal operculum and right posterior insula, followed by sub-
sequent evolution over both insulae, mesial frontal cortices, and
anterior cingulate gyri (Figure 1B–D). This was reproducible
with cortical stimulation. He underwent right anterior insular
resection without complications, and pathology did not show

Figure 1 Scalp EEG and Stereotactic EEG (SEEG) Evaluation in Case 1

(A) Scalp EEG with clinical onset marked by a red line. Sensitivity 7 μV, low-frequency filter 1.5 Hz, high-frequency filter 70 Hz, 15-second page, bipolar
montage. (B) SEEG with ictal onset marked by a red arrow. Sensitivity 20 μV, low-frequency filter 5.3 Hz, high-frequency filter 300 Hz, 10-second page, bipolar
montage. (C) Coregistration of SEEG electrode and MRI brain with a red arrow indicating electrode contact within the right anterior insula where ictal SEEG
onset was observed. (D) SEEG implantation map of the right hemisphere (left hemisphere not included, but SEEG coverage was symmetric), with electrodes
and their mostmesial tomost superficial contacts as follows: RZ, posterior insula-middle frontal gyrus; RY, anterior insula-superior frontal gyrus; RR, anterior
insula-inferior frontal gyrus; RN, frontal operculum-postcentral gyrus; RM, superior frontal gyrus-middle frontal gyrus; RK, superior frontal gyrus (mesial)-
superior frontal gyrus (lateral); RQ, anterior cingulate-middle frontal gyrus; RO, gyrus rectus-inferior frontal gyrus; RF, posterior orbital gyrus-middle frontal
gyrus.

438 Neurology | Volume 99, Number 10 | September 6, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


any abnormalities. He is now over 2 years postresection and
remains seizure-free on medications.

Case 2
A 42-year-old right-handed man developed seizures at the
age of 4 years. Semiology was described as right eye blinking,
a cold feeling in his left arm, sensation of left foot pressure,
and bilateral hyperkinetic movements (cheek puffing, crying,
and sliding up and down in bed) that lasted 30–60 seconds
with retained awareness and immediate return to baseline.
Seizure frequency was almost daily, and he had failed 19
ASMs and vagal nerve stimulation. His most recent EMU
evaluation showed ictal scalp EEG with diffuse voltage
suppression at the onset followed by movement artifact
(Figure 2A), and interictal EEG was normal. Brain MRI was
normal, ictal SPECT showed hypoperfusion in the right
parietotemporal region and right visual cortex, and MEG
showed dipole clusters in the posterior frontal and central
cortical areas bilaterally but was of uncertain reliability be-
cause of dipole morphology, and neuropsychological testing
showed nonlateralizing frontal lobe dysfunction. SEEG
identified seizure onset from the right anterior insula and
frontal operculum, seen as low voltage, sharply countered
beta-frequency activity within the right anterior insula with
evolution over both insulae, mesial frontal cortices, and
anterior cingulate gyri (Figure 2B–D). Events were re-
producible with cortical stimulation. He underwent re-
section of the right anterior insula and frontal operculum
without complications, and pathology showed subpial gliosis
and ectopic neurons in the subcortical white matter. He is
now 4 years postresection, and seizure frequency has im-
proved to once every several months on medications.

Discussion
The diagnostic process for insular epilepsy can be chal-
lenging because insular seizures can mimic seizures arising
from elsewhere in the brain or even be mistaken for non-
epileptic spells.1,2 To summarize our cases, both patients
had hypermotor seizures, which are usually frontal lobe in
origin, but they also had sensory auras. In addition, our
patients had nonlocalizing scalp EEGs demonstrating only
subtle electrodecrement at ictal onset with stereotyped
events, suggesting a deep seizure focus. Therefore, SEEG
sampling was targeted to sample the sensory cortex and
deep areas of the brain that could generate hypermotor
seizures. Although both patients had nonlesional brain
MRIs, their presurgical evaluations had some lateralizing
features, such as the ictal SPECT and neuropsychological
testing for case 1 and the ictal SPECT in case 2. Never-
theless, SEEG sampling was symmetric given the lack of
strong lateralizing signs and to account for the possibility of
false lateralization from fast spread of ictal activity to the
contralateral insula.3 In case 1, 3 electrodes were placed in
each insula for a total of 24 contacts (with 11 on the right),
and in case 2, one electrode was placed in each insula for a
total of 4 contacts (with 3 on the right).

Part of the difficulty in diagnosing insular epilepsy lies in the
depth of the insula and the unusual semiologies it can produce.
To review, the insula is an area of cortex located within the
lateral sulcus and surrounded by the frontal, temporal, and
parietal lobes. Human studies with in vivo tracers have dem-
onstrated numerous connections between the insula and these
surrounding structures, and functional neuroimaging has
identified several regions of the insula that are involved in
operations ranging from autonomic function to perception of
visceral and somatic pain to auditory processing.4

From this, it follows that the semiology of insular epilepsy
reflects not only the functions of the insula itself but also the
connections between the insula and the surrounding brain
structures as the seizure evolves and spreads.5 This results
in considerable overlap between the semiology of insular epi-
lepsy and that of temporal lobe, frontal lobe, or perisylvian
epilepsy.1,2 The dense connections between the bilateral
insulae can even mimic bitemporal lobe epilepsy.3 The semi-
ology of insular epilepsy can include characteristics such as
auditory illusions, paresthesias or sensations of warmth, gastric
rising, autonomic manifestations (tachycardia and hyperventi-
lation), feelings of fear or anxiety, laryngeal constriction, and
hyperkinetic movements.6-8 This has been demonstrated both
through observation and through cortical stimulation of the
insula in SEEG patients.6 Nevertheless, insular seizures are
diverse and can ultimately seem like seizures originating from
many other areas of the brain.1

Scalp EEG may be negative or nonlocalizing in cases of non-
epileptic spells, seizures involving a small cortical area, or sei-
zures involving deep cortical foci, as in our cases. BrainMRI can
also be unremarkable in insular epilepsy. In a review of 25
patients who underwent operculoinsular cortectomy for epi-
lepsy, 72% of them had MRIs that were normal or showed
nonspecific findings,9 although focal insular abnormalities have
also been reported.10 Other noninvasive modalities include
MEG, ictal SPECT, interictal PET, and proton magnetic res-
onance spectroscopy. A study of 14 patients with known insular
epilepsy demonstrated the superiority of MEG to ictal SPECT
and interictal PET in localizing the seizure focus, whereas a
study of proton magnetic resonance spectroscopy on 22 pa-
tients with epilepsy did not show a significant difference in
spectroscopy findings between patients with insular seizures
and those with extrainsular seizures.11 Ultimately, details of the
noninvasive workup and seizure semiology should be used to
guide SEEG implantation during presurgical evaluation.7

The importance of correctly diagnosing insular epilepsy lies in
the possibility of surgical treatment. For focal epilepsy, surgery is
superior to prolonged medical therapy for seizure control and
quality of life,12 emphasizing the need to correctly identify the
epileptogenic focus. On the contrary, postoperative complica-
tions and deficits are a risk of any epilepsy surgery that must be
balanced with the goal of seizure control. Early experience with
open insular resections showed highmorbidity (20%–45%) and
mortality,13,14 but in a more recent series, insular lesionectomy
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was associated with an 8% rate of permanent morbidity and no
mortalities.13 Transient postoperative deficits include changes in
taste and smell, difficultieswith speech or swallowing, hemiparesis,

and alterations in sensory perception.9,15 Permanent motor defi-
cits are associated with resection of the caudal dorsal insula. Al-
ternative treatments, such as responsive neurostimulation or

Figure 2 Scalp EEG and Stereotactic EEG (SEEG) Evaluation in Case 2

(A) Scalp EEG with clinical onset marked by a red line. Sensitivity 7 μV, low-frequency filter 1.5 Hz, high-frequency filter 70 Hz, 15-second page, bipolar
montage. (B) SEEG with ictal onset marked by a red arrow. Sensitivity 30 μV, low-frequency filter 5.3 Hz, high-frequency filter 300 Hz, 15-second page, bipolar
montage. (C) Coregistration of SEEG electrode andMRI brainwith a red arrow indicating electrode contact within the right anterior insula where the ictal SEEG
onset was observed. (D) SEEG implantation map of the right hemisphere (left hemisphere not included, but SEEG coverage was symmetric), with electrodes
and their mostmesial tomost superficial contacts listed as follows: RY, posterior insula-superior frontal sulcus; RQ,midcingulate cortex-middle frontal gyrus;
RS, cingulate sulcus-middle frontal gyrus; RF, supplementary motor area-middle frontal gyrus; RM, cingulate sulcus-central sulcus; RU, postcentral sulcus
(mesial)-postcentral sulcus (lateral); RP, precuneus-angular gyrus; RX, posterior cingulate cortex-angular gyrus.
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stereotactic laser ablation, are recommended for treatment of
seizures arising from this area.1 It is fortunate that our patients did
not have complications from their surgeries.

SEEG was crucial in localizing the epileptogenic zone in our
patients because it can be difficult to diagnose insular epilepsy
with noninvasive testing.7 In both patients, SEEG ictal evolution
was only seen over the insula, mesial frontal cortex, and anterior
cingulate gyrus. As a result, ictal activity was not clearly seen on
scalp EEG, which instead showed generalized electrodecrement
at event onset that was further obscured by movement artifact in
both patients. These cases illustrate the importance of surgical
evaluation in patients with refractory focal epilepsy. Resective
surgery took place more than 30 years after epilepsy onset for
both patients, including after many years of a diagnosis of non-
epileptic spells in case 1. Surgery has subsequently improved
quality of life, leading to seizure freedom in the first patient and
significantly improved seizure burden in the second. These cases
highlight the importance of recognizing the unusual semiology of
insular epilepsy and the workup needed to identify it.
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