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Summary: Purpose: To report three patients with drug-
resistant nocturnal hypermotor seizures (NHSs), no detectable
brain lesion, and clinically defined nocturnal frontal lobe
epilepsy (NFLE) or autosomal dominant NLFE (ADNFLE),
whose intracerebral EEG ictal onset primarily involved the in-
sula, rather than the mesial or orbital frontal cortex.

Methods: Fourteen to 15 intracerebral electrodes were im-
planted in each patient, primarily sampling the frontal lobes with
80 to 91 recording leads covering the most likely side of seizure
onset, and two to six leads placed within the ipsilateral insula.
Electrical stimulation was used to test the epileptic threshold of
frontal and insular brain regions at the various recording sites.

Results: In all three patients, a low-voltage fast activity was
recorded within the anterosuperior aspect of the insula at ic-

tal onset, either in isolation, or extending to the nearby frontal
operculum in the ADNFLE patient. The role of the insula was
further supported in all three patients either by the presence of
high-amplitude spikes that clearly predominated over that region
(n = 2) or by triggering the patient’s typical aura or seizure when
applying an electrical stimulation at that site, selectively (n = 2).

Conclusions: The anterosuperior portion of the insula might
play a pivotal role in generating nocturnal hypermotor seizures
in some patients with nonlesional drug-resistant epilepsy
suggesting NFLE or ADNFLE. Whether these patients are
amenable to successful surgery remain an open issue. Key
Words: Epilepsy—Insula—Nocturnal hypermotor seizure—
NFLE—ADNFLE.

Nocturnal frontal lobe epilepsy (NFLE) is characterized
primarily by seizures occurring exclusively or predom-
inantly during sleep; this semiology suggests a frontal
lobe origin, as, for example, nocturnal paroxysmal dys-
tonia (NPD) or hypermotor seizures (1). An autosomal
dominant inheritance is found in 8% to 43% of patients
(1-3) and led to the discovery of the first epilepsy gene
a decade ago (4,5). The two mutant genes identified so
far in autosomal dominant NFLE (ADNFLE) code for the
a4 and B2 subunits of the nicotinic acetylcholine recep-
tor (nAChR) (5-7). In contrast with these major genetic
advances, many uncertainties persist regarding the neu-
ral networks underlying the cryptogenic and idiopathic
forms of NFLE, inasmuch as very few patients have been
investigated with intracranial EEG recordings (8,9). In ad-
dition, recent data suggest that seizures arising from tem-
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porobasal cortical dysplasia can mimic those observed in
NFLE (10). A more precise knowledge of the anatomic
origin of NFLE and ADNFLE seizures might allow a
better understanding of the complex interaction between
the underlying epileptogenic brain region, sleep, and gene
dysfunction, when present, as well as a more effective
surgical treatment of eligible patients. In this study, we
present the hitherto unreported observation of three pa-
tients with drug-resistant cryptogenic NFLE or ADNFLE,
whose intracerebral investigation demonstrated an ictal-
onset zone involving primarily the insula rather the frontal
lobe.

METHODS

The three patients reported in this study were identi-
fied prospectively, within a collaborative epilepsy surgery
network. They all had drug-resistant seizures, predomi-
nantly nocturnal, described as hypermotor by their rela-
tives. Seizure frequency as well as the overall impact of the
epilepsy on the patients’ quality of life was judged severe
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FIG. 1. Electrode locations of patients 1 (blue), 2 (orange), and 3 (green) coregistered on a normal subject’s sagittal Ty MRI. Circles,
Electrodes implanted perpendicular to the sagittal plane. Lines of rectangles, Oblique electrodes. A: Lateral sagittal view of electrodes
implanted ipsilateral to the seizure-onset zone. Note that the green electrode (i) corresponds to that targeting the insula of patient 3. B:
Mesial sagittal view of electrodes implanted ipsilateral to the seizure-onset zone. C: Intermediate sagittal view of the electrodes targeting
the insula ipsilateral to seizure onset. Lead numbers are indicated for each electrode, with blue leads i1 to i5, and orange leads i1 to
i7 being located within the insula of patients 1 and 2, respectively, because of the oblique direction of the electrode, whereas only the
green leads i1 and i2 reach the insula of patient 3. Black rectangles, Leads that were not recorded during monitoring. D: Lateral sagittal
view of electrodes implanted contralateral to the seizure-onset zone. The same electrode label is used in every patient, with the following
correspondences: |, insula (deepest leads) and either the anterior portion of the second frontal gyrus in patients 1 and 2, or the anterior
part of the frontal operculum in patient 3 (superficial leads); G, temporal pole; H, hippocampus (deepest leads) and second temporal
gyrus (superficial leads); J, middle part of the frontal operculum; K, posterior part of the frontal operculum; L, anterior cingulate gyrus
(deepest leads) and anterior portion of the third frontal gyrus (superficial leads); M, anterior cingulate gyrus (deepest leads) and middle
portion of the third frontal gyrus (superficial leads); N, middle cingulate gyrus (deepest leads) and posterior portion of the third frontal
gyrus (superficial leads); O, orbitofrontal cortex; P, frontopolar cortex; Q, anterior mesial frontal cortex (deepest leads) and anterior portion
of the second frontal gyrus (superficial leads); R, pre-SMA (deepest leads) and middle portion of the first frontal gyrus (superficial leads);
S, SMA (deepest leads) and posterior portion of the first frontal gyrus (superficial leads); V, precuneus (deepest leads) and angular gyrus
(superficial leads); x, orbitofrontal cortex (deepest leads of patient 1) and anterior mesial frontal cortex; y, anterior mesial frontal cortex; z,
pre-SMA. Electrodes H’, M’, N’, O’, Q’, R’, and S’ correspond to the same anatomic location as electrodes H, M, N, O, Q, R, and S, but
are contralateral to the epileptogenic zone.

enough to justify a presurgical evaluation. All three pa-
tients were initially evaluated with video scalp-EEG mon-
itoring that captured their typical seizures. Neuroimag-
ing data included an optimal brain MRI in all cases, an
['®F]fluorodeoxyglucose—positron emission tomography
(FDG-PET) in two patients, and an [MC]flumazenil-PET,
as well as an ictal single-photon emission computed to-
mography (SPECT) in one patient each. An intracarotid
amobarbital procedure (IAP) was performed in one pa-
tient. MRI, PET, and SPECT data were evaluated by visual
analysis.

An intracerebral EEG investigation was performed be-
fore considering a surgical treatment, partly because MRI
proved normal in patients 1 and 2, and showed only
an arachnoid cyst in the patient 3. Because noninva-
sive data primarily suggested the diagnosis of NFLE,
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the orbitofrontal and mesial frontal regions were con-
sidered the most likely ictal-onset zones. To investigate
these deeply located brain regions, we used a stereo-
electroencephalography procedure (SEEG), as described
in more detail elsewhere (11,12). In total, 14 to 15 elec-
trodes, each containing five to 15 leads, were implanted
in each patient, most of which sampled the frontal lobes
(71-93%), and particularly the mesial and orbital frontal
structures (10-12 electrodes) (Fig. 1). In all three patients,
clinical, scalp-EEG, or neuroimaging data provided infor-
mation of various robustness regarding the most likely
side of seizure onset, accounting for the ratio of elec-
trodes placed in that hemisphere (64-93%). A few elec-
trodes were placed in various temporal lobe regions (hip-
pocampus, amygdala, mesial aspect of the temporal pole,
and second temporal gyrus), because of the possibility of
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nocturnal hypermotor seizures (NHSs) of temporal lobe
origin (13), and of the presence of left temporal spikes on
interictal scalp-EEG in patient 2. Similarly, a right parietal
electrode was placed in the same subject because of the
presence of associated right posterior interictal spikes on
scalp-EEG recordings.

Finally, the deepest leads of one frontal electrode sam-
pled the anterior portion of the insula in every patient (Fig.
1C). We investigated the insula with the aim of obtaining
clinically relevant information regarding seizure propaga-
tion and the organization of a potentially complex epilep-
togenic network, given the close anatomic connections be-
tween the insula, the orbitofrontal and cingulate cortices,
and the temporolimbic structures (14). In patients 1 and 2,
the electrode placed within the insula had an oblique ante-
rioposterior trajectory, parallel to the plane of the insular
cortex, with six to seven leads located within that cortex,
the majority of which sampled the anterior and superior
aspects of the insula. In patient 3, the electrode was in-
serted by using a classic orthogonal approach, targeting
the frontal operculum. Only the two deepest leads of that
electrode were located in the anterior and superior aspects
of the insula.

Because our digital EEG systems are limited to 96
recording channels, whereas > 140 leads were implanted
in every patient, we selected the 96 most relevant leads
based on their location on the coregistrated MRI and the
EEG signal initially recorded at each site. Specifically,
we preferentially chose leads placed within the grey mat-
ter with an appropriate signal-to-noise ratio. Because this
selection occurred before the identification of the seizure-
onset zone, we did not record from all leads of the oblique
electrode placed in the insula of patients 1 and 2. Re-
garding patient 1, we recorded only from the five deep-
est leads located in the insula and the two most superfi-
cial ones located within the lateral portion of the second
frontal gyrus (Fig. 1C). In patient 2, we recorded from
the seven deepest leads placed in the insula and the two
most superficial ones sampling the second frontal gyrus
(Fig. 1C).

Intracerebral electrical stimulation was performed ac-
cording to our standard clinical protocol in order to test
the excitability and functionality of the investigated brain
regions, by using a high-frequency, 50-Hz train of 1-5 s
duration, 0.3 ms pulse duration, and 1 to 3 mA intensity.

The intracranial EEG data of our three patients were
independently reviewed by two of the investigators (P.K.
and P.R.), who confirmed the clinical conclusion previ-
ously provided after completion of the SEEG procedure.

To evaluate the prevalence of insular seizure onset
among patients with nonlesional drug-resistant NHSs who
previously underwent an intracranial EEG investigation in
our centers, we retrospectively searched for all such cases
in our database. We looked at whether the conclusion of
the SEEG procedure was confirmed by a successful surgi-

cal treatment, and when not confirmed, whether the insula
had been explored by the intracerebral electrodes.

RESULTS

Clinical data

The main clinical data of our three patients are summa-
rized in Table 1. The epilepsy of all three began during
childhood, without any previous medical history. One of
the three patients (patient 1) had a typical family history
of ADNFLE, with his father, paternal grandfather, and a
paternal uncle having had a similar condition. A previ-
ous study has failed to reveal the presence of a mutation
in the CHRNA4 and CHRNB2 genes in that family (15).
No family history of epilepsy or parasomnia existed in
the two other patients. Nocturnal seizures represented the
main seizure type in all three patients and consisted of very
stereotyped attacks lasting from 18 to 120 s, during which
hypermotor gestures and/or dystonic postures predomi-
nated (Fig. 2). All three patients had rare daytime seizures,
the semiology of which proved identical to or very compa-
rable with that of nocturnal attacks. Altogether, they had a
typical form of so-called nocturnal paroxysmal dystonia,
consistent with the diagnosis of ADNFLE in one patient,
and with that of sporadic cryptogenic NFLE in the other
two.

Lateralizing ictal signs and symptoms were scarce in
our population and helped to decide on the most likely
side of seizure onset in only patient 1. This lateralization
was consistent with the presence of left frontal interic-
tal and ictal scalp-EEG abnormalities, left frontostriatal
hyperperfusion on ictal SPECT, and ipsilateral thalamic
hypometabolism on FDG-PET. In patient 2, independent
interictal spikes were observed over the right posterior
and left temporal regions, but ictal scalp-EEG recordings
strongly suggested a right frontal seizure onset. In patient
3, in whom both ictal signs and scalp-EEG data failed to
demonstrate lateralizing features, the presence of a left
sided frontobasal arachnoidal cyst on MRI, together with
an ipsilateral mesial frontal FDG and FMZ-PET abnor-
mality, led us to consider the left frontal lobe as the most
likely origin of the epileptic discharges.

SEEG findings

SEEG data are summarized in Table 1. Patients 2 and
3 demonstrated interictal abnormalities that predominated
over the anterosuperior insula on the side of the suspected
epileptogenic zone (Fig. 3). Less-frequent and milder ab-
normalities were observed in the ipsilateral frontal lobe
and in particular over the mesial and orbitofrontal regions,
as well as in the frontal operculum. Interictal abnormalities
were remarkable in patient 3, who demonstrated continu-
ous spikes of very high amplitude, suggesting an underly-
ing MRI occult cortical dysplasia (Fig. 3).

A fast-activity discharge was observed in the insula at
seizure onset in all three patients (Figs. 4 and 5). It clearly
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FIG. 2. Video samples of the hypermotor seizure of patients 1 (top row), 2 (middle row), and 3 (bottom row).

preceded the development of an ictal discharge in other
brain regions by several seconds in patients 2 and 3, a pe-
riod during which they were either asymptomatic or ap-
peared as if perceiving an aura. In patient 1, the build-up
of the epileptic discharge was more progressive, hamper-
ing a precise delineation of ictal onset. As a consequence,
we could not firmly conclude that the discharge observed
in the insula offset that seen in the nearby frontal op-
erculum, in some seizures. We thus considered that this
patient had an insulo-opercular ictal-onset zone, conser-
vatively, even though the insula appeared more intensely
involved at seizure onset. Furthermore, in all three pa-
tients, the entire epileptic discharge consistently appeared
more sustained and of higher frequency or greater am-
plitude in the insula than in all other sampled brain re-
gions. In the two patients with five to seven recording
leads placed in the insula, a clear gradient was observed
between those located in its anterosuperior portion, where
the ictal activity predominated, and the more inferior and
posterior leads. Similarly, in patient 3 with an orthogonal
electrode crossing the frontal operculum down to the an-

/0

-

terosuperior portion of the insula, a very steep gradient was
found between the two structures, separated only by a few
millimeters.

Hypermotor activities were observed concurrent with
the spread of the epileptic discharge over the mesial frontal
structures and, in particular, the supplementary motor area
and the cingulate gyrus. This frontal spread was predom-
inantly ipsilateral to seizure onset in the two patients with
electrodes placed in the contralateral frontal lobe.

High-frequency electrical stimulation of the antero-
superior insula, but of no other sampled brain regions,
elicited a typical aura of rising tingling back sensation in
patient 1, and a typical full-blown seizure in patient 3.

Surgery has now been declined by the adult patient and
the parents of the two affected children. This decision
was partly based on the following information: Epilepsy
surgery in the anterior portion of the insula carries poten-
tial vascular and functional risks, in particular language
deficit, if performed on the side dominant for language,
as for patients 1 and 3; To our knowledge, neither these
risks nor the chance of postoperative seizure freedom has

Epilepsia, Vol. 47, No. 4, 2006
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FIG. 3. Interictal intracerebral EEG abnormalities. Patient 3 showed almost permanent high-amplitude spikes (left EEG traces), intermin-
gled with bursts of high-frequency discharges (right EEG traces) in the anterosuperior portion of left insula (i1, i2), slightly diffusing to the
nearby deepest aspect of the frontal operculum (i3—4). Note that all leads are displayed with a similar amplification.

yet been evaluated in patients with cryptogenic epilepsy
arising from the anterior insula.

We retrieved from our database seven other patients
with MRI-negative drug-resistant NHSs who underwent
invasive EEG monitoring in our institutions. Seizure onset
was observed in the mesial frontal region in four patients
and in the anterior part of the frontal lobe in the remaining
three. All patients were subsequently operated on, result-
ing in complete seizure control in four (three mesial and
one anterior frontal resection) and a lack of improvement
in the other three, whose insula was not investigated during
the intracerebral EEG recordings. Interestingly, pathology
revealed cortical dysplasia (n = 3) or a large number of
heterotopic neurons (n = 1) in the seizure-free patient
specimens, whereas it proved unremarkable for the other
three patients.

DISCUSSION

We have reported three patients with drug-resistant
NHSs suggesting cryptogenic NFLE in two, and ADNFLE

Epilepsia, Vol. 47, No. 4, 2006

in another, where intracerebral EEG recordings demon-
strated the critical role of the insula in seizure generation.
This original finding expands the spectrum of epilepto-
genic networks that might give rise to NHSs and will be
important to consider in patients in whom such seizures
are severe enough to justify a presurgical evaluation.

The issue of intracerebral EEG sampling

The limited sampling of intracerebral EEG investiga-
tions must be taken into account in the interpretation of
our data. However, the possibility that seizures of which
onset appeared located in the insula might have originated
in unexplored frontal brain regions seems unlikely in our
patients, according to the overall set of available data: (a)
the ipsilateral frontal lobe, and in particular the mesial
frontal and orbitofrontal structures were investigated with
seven to nine electrodes, representing a total of 80 to 91
leads, thus providing a substantial three-dimensional cov-
erage of that lobe; (b) in two patients, frontal lobes were
invaded by the ictal discharge after a delay of several sec-
onds after the insular seizure onset; (c) high-frequency
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FIG. 4. Intracerebral EEG recordings of a seizure onset in patient 2. Note that all leads are displayed with a similar amplification. A focal
high-frequency discharge is clearly observed at seizure onset in the anterosuperior portion of the right insula (i4-5, i5-6) (arrow). It spread
in a few seconds to the most anterior insular lead (i6—7), and then to several brain regions of the right hemisphere, including the anterior
cingulate gyrus (L-mes), the pre-SMA (y-mes, R-mes), the SMA (S-mes), the middle and posterior aspects of the second frontal gyrus

(R-lat, S-lat), the temporal pole (G-lat), and the angular gyrus (V-lat).

stimulation of the frontal leads was ineffective in all pa-
tients, whereas stimulation of the anterosuperior portion
of the insula elicited a typical aura or a full-blown seizure
in two patients; and (d) interictal epileptiform abnormal-
ities predominated in the insula in another two patients,
including one in which it displayed a pattern of very focal
permanent high-amplitude spikes suggesting an underly-
ing MRI occult cortical dysplasia.

An ipsilateral temporal lobe ictal onset also seems un-
likely, despite the limited number of electrodes placed in
that lobe, according to the lack of or minimal involve-
ment of the mesial and lateral temporal regions during the
ictal discharge. In addition, the insular leads that predom-
inantly participated in the interictal and ictal discharges
were located in the anterior and superior portions of the
insula, in the vicinity of the frontal operculum, whereas
the insular propagation of temporal lobe seizures usually
affects the inferior and posterior aspects of the insula (16).
We cannot firmly exclude the possibility of a parietal or

an occipital seizure onset, because only one patient ben-
efited from the placement of a single parietal electrode
motivated by the presence of posterior interictal spikes on
scalp-EEG. However, in that patient, the lateral leads of
the parietal electrode were invaded by the ictal discharge
>10 s after the insular onset. Furthermore, to our knowl-
edge, no published data support the possibility that NHSs
might originate in posterior brain regions.

Although we believe that our data provide compelling
evidence of the major role played by the insula in generat-
ing the NHSs observed in our patients, we cannot ascertain
the precise location and extent of their epileptogenic zone.
Because of the anticipated risks of surgery in the anterior
insula, in particular on the side dominant for language, we
could not test whether the removal of the suspected epilep-
togenic zone would result in seizure freedom. Further-
more, only a portion of the insular cortex was investigated
in each patient, even though a clear gradient of ictal and
interictal abnormalities indicated a greater involvement

Epilepsia, Vol. 47, No. 4, 2006
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FIG.5. Intracerebral EEG recordings of a seizure onset in patient 3. Note that all leads are displayed with a similar amplification. Ictal onset
occurred after a series of high-amplitude spikes followed by bursts of high-frequency discharge observed over the anterosuperior portion
of the left insula (i1-2, i2-3) (arrow). A diffusion of the high-amplitude insular discharge is observed over the next adjacent lead (i3), distant
only 1.5 mm from the insular lead i2. None of the other opercular leads demonstrates an ictal discharge at this stage, suggesting that
i3 activity merely reflects the passive diffusion of the insular discharge rather than an autonomous epileptic activity. Two to four seconds
later, an ictal discharge progressively built up in several mesial and lateral frontal regions, bilaterally.

of the anterosuperior portion of the insula. Finally, one
of our patients had an insulo-opercular ictal-onset zone
rather than a purely insular focus, based on available in-
tracerebral EEG data. A similar issue was recently raised
for patients with a temporal lobe—like seizure pattern and
an initial or very rapid involvement of the insula (17,18).
Some of these patients appear to have a temporoinsular
epileptogenic zone, rather than an insular epilepsy proper
(18).

Our patients’ seizures remained asymptomatic or pau-
cisymptomatic as long as the ictal discharge remained lo-
calized within the insula and became hypermotor only
when the ipsilateral mesial frontal structures were invaded.
We thus can qualify the latter as part of the symptomato-
genic zone. One might even question whether surgical
removal of these mesial frontal structures could allevi-
ate the hypermotor seizures and leave the patient with
nondisabling attacks. However, previous attempts to re-
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move only a portion of the seizure-onset zone have con-
sistently proved unsuccessful in various clinical settings
(19-22).

Clinical similarities and difference between our
patients and the previously reported population of
NFLE patients

Apart from their intracerebral EEG findings, our pa-
tients did not demonstrate clinical data that would
clearly distinguish their phenotype from typical NFLE or
ADNFLE. Their NHSs were characterized primarily by
pelvic and bimanual bipedal repetitive movements, includ-
ing pelvic thrust and kicking, together with screaming in
most instances. However, they did not walk out of bed nor
did they curse, as frequently observed in episodic noc-
turnal wanderings (ENWs) (1,23). Their seizure semiol-
ogy corresponds to that described in nocturnal paroxysmal
dystonia (1) and in the so-called “prolonged seizure type”
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observed in ADNFLE patients (2). Our patients had rare
daytime seizures. The latter also proved to occur in 57%
of patients with nocturnal paroxysmal dystonia (1) and
are likely to be more frequent in drug-resistant patients.
Scalp-EEG either showed frontal ictal discharges or failed
to detect any epileptic activity in our population. Likewise,
Provini et al. (1) found that only 56% of NFLE seizures
were associated with detectable scalp-EEG abnormalities,
including diffuse flattening in 14%, and focal frontal or
frontotemporal discharges in 27%. In the same series, 14
of 100 NFLE patients demonstrated a brain abnormality on
MR, including three frontobasal arachnoidal cysts, rem-
iniscent of that observed in one of our patients. Although
such a lesion is not considered epileptogenic, its location
on the side of and at close proximity to the seizure-onset
zone in the most anterior aspect of the insula supports the
view that a common pathologic mechanism might be re-
sponsible for both the arachnoidal cyst and the epilepsy.
Overall, the main difference between our patients and the
general population of NFLE is the severity of the epilepsy,
which obviously reflects the fact that our patients were se-
lected through an epilepsy surgery program. It should be
noted, however, that about 30% of NFLE and ADNFLE
patients are not responsive to carbamazepine (1,2).

Data supporting the frontal origin of nocturnal
hypermotor seizures

Despite a 30% rate of pharmacoresistance, very few pa-
tients with NFLE, and to our knowledge none with AD-
NFLE, underwent invasive EEG recordings or epilepsy
surgery, most likely because the nocturnal attacks were not
considered disabling enough. The frontal origin of NHSs
is suggested mainly by their resemblance with the daytime
attacks observed in well-assessed cases of orbitofrontal or
mesial frontal epilepsy (24-30). No clinical difference ap-
pears between nocturnal and daytime hypermotor seizures
(31). In addition, scalp-EEG demonstrates frontal epilep-
tiform abnormalities in 36% of NFLE, and 50% of AD-
NFLE patients (3). The scarce intracerebral EEG and post-
operative data available in NFLE patients also support the
role of the mesial frontal and orbitofrontal cortex (8,9).
Neuroimaging findings point in the same direction. In a
series of 100 NFLE patients, 12 of 14 brain lesions were
located in the frontal lobes (1). Furthermore, hypermotor
seizures were found to be associated with orbitofrontal or
frontopolar hyperperfusion on ictal SPECT (32), and with
mesial frontal as well as perirolandic and frontal oper-
culum hypometabolism on interictal FDG-PET (33). Ac-
cordingly, in two patients with ADNFLE, ictal SPECT
demonstrated either mesial frontal or orbitofrontal and
frontopolar hyperperfusion (34). One of these patients also
showed anteroinferior frontal hypometabolism on FDG-
PET images. More recently, anterior cingulate hyperper-
fusion was demonstrated by ictal SPECT in a patient with
sporadic NFLE (35). However, as illustrated in two of

our patients, the presence of either scalp-EEG, MRI, ic-
tal SPECT, or FDG-PET frontal abnormalities does not
necessarily indicate the frontal origin of NHSs.

Nocturnal hypermotor seizures of extrafrontal origin

Previous reports demonstrated that nocturnal hypermo-
tor seizures can originate in the temporal lobe, in partic-
ular when symptomatic of a temporobasal cortical dys-
plasia (10,36). The possibility that cryptogenic temporal
lobe epilepsy might give rise to NHS is further supported
by the observation of bimanual-bipedal automatisms and
nocturnal clustering of seizures in such form of epilepsy
(13,37), and by the fact that NFLE patients demonstrate
interictal scalp-EEG abnormalities localized over the tem-
poral lobe or detectable only on sphenoidal electrodes in
29%, and an ictal EEG onset of similar topography in 14%
(1).

To our knowledge, our patients represent the first re-
ported cases of NHS associated with an insular seizure
onset. However, functional neuroimaging abnormalities
were previously observed in the insula of a few patients
with hypermotor seizures or NFLE. FDG-PET showed
both frontal and insular interictal hypometabolism in pa-
tients with NHS (33), whereas ictal SPECT revealed in-
sular hyperperfusion in one such patient (32). Similarly,
the ictal hyperperfusion observed in one ADNFLE pa-
tient appears to involve the insular cortex, according to
the published figures (34).

The three patients reported in this study account for
a significant proportion of the 10 patients with drug-
resistant NHSs and no clear-cut epileptogenic MRI lesion
who underwent invasive EEG monitoring in our institu-
tions. One might speculate about the role of the insula in
the three patients from the same series who failed to re-
spond to frontal lobe surgery, and in whom intracerebral
EEG investigation did not explore the insular cortex. In
any event, figures obtained in that highly selected group
of patients should not be extrapolated to the general pop-
ulation of NFLE. For instance, NHSs of insular origin
might be more likely to become drug resistant than those
that involve only the frontal lobe.

The diversity of seizures arising from the insula in
relation to functional anatomy

The involvement of the insula in epilepsy has been clas-
sically discussed in the context of temporal lobe epilepsy
(38). Recently, six patients were reported with various fea-
tures suggesting TLE, but whose seizures originate or very
rapidly spread within the insula (17). Half of these patients
also had seizures arising from the temporal lobe, includ-
ing two who showed MRI signs of mesial temporal sclero-
sis. Insular seizures were typically associated with a sen-
sation of laryngeal constriction followed by paresthesias
that were often unpleasant, affecting large cutaneous terri-
tories, with preserved consciousness. These initial symp-
toms were eventually followed by dysarthric speech and/or
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elementary auditory hallucinations or motor signs. Most
of the seizures originated in the posterior half of the insula,
except for those in one patient, in whom they arose from
the anteroinferior quadrant. In contrast, the anterosupe-
rior aspect of the insula, which also was explored in the
majority of these patients, was spared at ictal onset. The
discharge then preferentially propagated to the mesial tem-
poral structures, even though various frontal lobe regions,
including the operculum, could also be invaded. Our three
patients dramatically differ from those described in the
earlier series. None had electroclinical or neuroimaging
data suggesting TLE, but rather NFLE or ADNFLE. None
reported laryngeal constriction or paresthesias at seizure
onset, even though they seemed to retain some degree of
consciousness during the few seconds during which the
ictal discharge remained localized within the insula. Fi-
nally, the ictal discharge appeared to arise from the an-
terosuperior aspect of the insula and spread preferentially
to the frontal lobe, with only late and mild involvement
of the ipsilateral temporal lobe. Thus the striking differ-
ences observed among patients with insular seizures might
reflect the precise area of the insula involved at ictal on-
set (i.e., posterior or anteroinferior in TLE-like epilepsy,
and anterosuperior in those mimicking NFLE). Although
this framework is consistent with the anatomic connec-
tions of the various insular subregions described in rhe-
sus monkeys (39,40), it remains hampered by the limited
portion of the insular cortex that was investigated in this
study.

Pathophysiologic issues in ADNFLE

A recent review on ADNFLE stressed that seizures as-
sociated with this condition arose from the frontal lobes
for unknown reasons (3). The observation that the insula
can participate to ictogenesis does not clarify this issue,
but certainly provides a different perspective regarding
the expected brain expression of the mutant genes. The
involvement of the insular cortex in NFLE and ADNFLE
also questions the role of the insula in sleep physiology. In-
terestingly, two PET studies of the regional cerebral blood
flow demonstrated a marked deactivation of the anterior
insula during sleep (41,42).

CONCLUSION

A significant proportion of surgical candidates with
drug-resistant NHSs suggestive of NFLE might have an
epileptogenic zone that involves primarily the insula.
Whether these patients are amenable to successful surgery
remains an open issue, as does the pathogenesis underly-
ing this form of sporadic or familial epilepsy.
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