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Summary We present herein the case of a patient with a focal orbital frontal lesion on
magnetic resonance imaging (MRI), but an insular onset of seizures. A 15-year-old boy suffered
from hypermotor seizures for 9 years. In his seizures, he initially had a sensation that sounds
were distant, and then his consciousness became impaired. After a short period of tonic activity,
violent activities occurred, such as kicking or gripping some objects and shaking. MRI showed
a focal cortical abnormality in the right orbital frontal lobe. [(18)F]FDG-PET revealed diffuse
hypometabolism in the right frontal lobe, especially in the same site as the cortical lesion on
MRI. The seizure onset zone was localized in the right anterior insula by intracranial recording.

A resection of the right anterior insula and a partial disconnection of the frontal lobe were

atien
ts re

c
2
r
l

performed, rendering the p
© 2008 Elsevier B.V. All righ

Introduction

Hypermotor seizures are thought to be closely associated
with frontal lobe epilepsy (Lüders and Noachtar, 2000). How-

ever, it has been reported that hypermotor seizures can
originate from the extrafrontal area (Sussman et al., 1989;
Swartz, 1994; Nobili et al., 2002, 2004). A few cases of
hypermotor seizures with onset in the insula have been suc-
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t seizure-free.
served.

essfully treated (Isnard et al., 2000, 2004; Kaido et al.,
006; Ryvlin et al., 2006; Dobesberger et al., 2008). In those
eported cases, the insular lobes were either with or without
esions on magnetic resonance imaging (MRI). To our knowl-
dge, there are no reported cases of insular epilepsy with
ypermotor seizures without an insular lesion on MRI, but
ith a frontal lesion which is more likely associated with
ypermotor seizures.

Herein we report a patient with a focal orbital frontal

esion on MRI who underwent successful surgical treatment.
he semiology of the seizure and imaging of the orbital
rontal lesion suggested frontal lobe epilepsy; however,
ntracranial recording and stimulation revealed an insular
eizure onset.
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ase report

15-year-old, right-handed boy presented with a 9-year
istory of seizures. He had no personal or family history
f neurologic disease, including epilepsy. At the onset of
he seizures, the patient was 6 years of age. In his habit-
al seizures, he initially had a sensation that sounds were
istant, after which he felt as though he wanted to hug
omething, then his consciousness became impaired. After a
hort period of symmetrically tonic activity in lower extrem-
ties (approximately 10—15 s), violent activities occurred,
uch as kicking or gripping some objects and shaking. The
eizure lasted approximately 30—40 s and then the patient
ecovered fully without postictal symptoms. According to
nternational league against epilepsy (ILAE) classification of
eizure type, the patient suffered from a kind of partial
eizure. The frequency of seizures was 3—6 times/day and
ll seizures occurred in the daytime. Valproate and pheno-
arbital were administered, but did not control the seizures.
ne year later, the seizures began to occur during sleep with
frequency similar to that in the daytime. Valproate was

hanged to phenytoin. Seizures were then controlled satis-
actorily, with a frequency of 1 every 2—3 months for 3 years.
n the last 3 years, the seizures have recurred with increasing
requency, up to about 20—50 times/day. Secondary gen-
ralized tonic-clonic seizures (GTC) have occurred several
imes. Various medications have been prescribed, but they
ave exerted poor control.

The neuropsychologic and neurologic examinations were
ormal. A MRI showed a focal intensity lesion with FLAIR
mages involving the right orbital frontal area (Fig. 1), which

as confirmed as abnormal by PET scanning. PET scanning
lso showed diffuse hypometabolism in the frontal lobe and
nsular cortex on the right side, which was more obvious in
he right orbital frontal area and consisting with the focal
esion shown by the MRI. Ictal scalp electroencephalogram
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igure 1 Preoperative MRI FLAIR imaging, T2-weighted imaging an
rodes. Left: Preoperative coronal FLAIR imaging showed an abnorm
ompared with the left orbital frontal area, which was confirmed as
howed structural normality of the insular cortex. Small size coronal
ight anterior insula.
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EEG) showed a focal seizure onset from the right anterior
rontal lobe. Intracranial electrodes were implanted on the
urface of the frontal lobe, including the mesial and orbital
rontal areas, and part of the lateral temporal and parietal
obes on the right side. Because the lesion in orbital frontal
obe was close to insular cortex and hypometabolism of insu-
ar cortex was showed on PET scanning, the right insula
as recorded by depth electrodes implanted by stereo-

actic means (Figs. 1 and 3). Thirty-eight seizures were
ecorded and ictal intracranial EEG patterns were almost
ame. Ictal intracranial EEG showed a focal seizure onset
rom the right anterior part of the insula with fast propaga-
ion (within 3 s) to the right frontal lobe (Fig. 3). Electrical
ortex stimulation (0.2 ms width pulse, 50 Hz, 1—15 mA and
—10 s duration) was performed. Four habitual seizures were
licited in the insula.

A resection of the right anterior insula and medial frontal
rea, and a partial disconnection of the frontal lobe were
erformed (Figs. 2 and 3). The patient became seizure-free
fter surgery for 17 months while being maintained on lam-
trigine monotherapy, but his habitual auras still existed.
ecause of disconnection of the orbital frontal lobe with the
esion, the pathology of the lesion cortex was unavailable.
ther brain tissue sections showed no significant diagnoses.

iscussion

ccording to the review (Lüders and Noachtar, 2000), hyper-
otor seizures are most frequently associated with frontal

obe epilepsy, auras precede hypermotor seizures in the

ajority of cases, and hypermotor seizures are of short
uration and often combined with tonic activity. This case
onsisted of the above descriptions, except for the origin of
he seizures. Hypermotor seizures also can originate in the
emporal lobes (Sussman et al., 1989; Swartz, 1994; Nobili

d T1-weighted imaging after implantation of intracranial elec-
al cortex signal in the right orbital frontal area (white arrow)

abnormal by PET scanning. Right: Coronal T2-weighted imaging
T1-weighted imaging showed depth electrodes inserted in the
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Figure 2 Postoperative MRI imaging of the patient. Left: Axial T1-weighted imaging showed the resection of the right anterior
insula and the junction cortex between the insula and the frontal lobe. Right: Sagittal T1-weighted imaging showed the resection
of the medial frontal area and disconnection of the frontal pole and the orbital frontal area (disconnection lines were shown in
Fig. 3).

Figure 3 Extraoperative intracranial EEG of an ictus. Left: Schematic representation of electrode locations. The frontal discon-
nection lines of surgery are showed by black dash lines. D1, D2, D3 and D4 represent four depth electrodes. Right: Low voltage
fast activity is recorded over the electrodes 80—81 (anterior insula) before any propagation to medial frontal, orbital frontal and
dorsolateral convexity regions.
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t al., 2002, 2004) and insular cortex (Isnard et al., 2000,
004; Kaido et al., 2006; Ryvlin et al., 2006; Dobesberger et
l., 2008).

Guillaume and Mazars (1949a,b) were the first authors
o call attention to the concept of insular epilepsy. Due to
he lack of intracranial EEG recording direct from the insu-
ar cortex, firm confirmation of seizures with insular onset
as not available until the work of Isnard et al. (2000).
ince then, more cases of insular epilepsy with stereo-
lectroencephalograph confirmation have been reported
Isnard et al., 2004; Ryvlin et al., 2006; Dobesberger et
l., 2008). For clinical characterization of insular seizures,
aryngeal discomfort with thoracic oppression or dyspnea,
npleasant paresthesias, or a sensation of warmth focused
n the perioral region or extended to a large somatic
erritory and dysarthric or dysphonic speech at the very
eginning of the seizure suggests an insular seizure (Isnard
t al., 2004). Our patient had none of the aforementioned
ymptoms at the onset of the clinical seizures, but a sen-
ation that sounds were more distant. Auditory auras are
relatively rare manifestation of focal epilepsy and gen-

rally originate from the temporal lobe (Mulder and Daly,
952; Currie et al., 1971; Gupta et al., 1983; Palmini and
loor, 1992; Acharya et al., 1996). Schneider and colleagues

Schneider et al., 1961, 1965) described auditory symp-
oms in three patients with frontal, parietal, and occipital
esions, presumably due to a spread of epileptic discharge to
he temporal lobe. Acharya et al. (1996) also reported two
atients with auditory auras who had frontal lobe epilepsy.

For this case, besides the depth of the electrode in the
nsular cortex, extensive subdural electrodes covered the
onvexity of the frontal lobe, mesial and orbital frontal
obes, and part of the temporal and parietal lobes, but only
he depth electrode elicited aura and habitual seizures. Only
ne subdural electrode in the right frontal operculum, just
n the upper bank of the right lateral fissure, elicited auras
ut no seizures. The results of stimulation were consistent
ith the results of recording. Even if semiology of seizures,
euroimaging, and scalp EEG data all support a diagnosis of
rontal lobe epilepsy, however, it is still possible the real
eizure onset zone is in the insula in such cases.

Although intracranial EEG recording and electrical cor-
ex stimulation suggest an insular onset, we still performed
resection of the medial frontal area and a partial discon-

ection of the frontal lobe, including the orbital frontal and
olar frontal lobes. There are two reasons for our final deci-
ion to do such resection. First, fast propagation of ictal
ischarges after insula onset quickly caused abnormal dis-
harges in other parts of the frontal lobe. Second, there

s still a possibility that orbital frontal lesion and its vicinity
ay be epileptogenic because of relatively limited sampling

rom the orbital frontal lobe, but the remains of patient’s
ura after surgery suggest the seizure onset zone should be
n the insular cortex.
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