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ABSTRACT - Of 47 patients with onset of intractable partial seizures
and temporal lobe MRI lesions, subjected to presurgical evaluation and
temporal lobe surgery, we identified eight (mean age: 24 years; range: 7-52
years) demonstrating surface interictal and/or ictal EEG features sugges-
tive of an extratemporal localisation. All eight patients underwent surgery
aiming to predominantly resect the lesion, without extending to the extra-
temporal region. The patients were prospectively followed (mean follow-
up duration: 38 months; range: 12-66 months) and all achieved excellent
postoperative seizure control. Extratemporal surface interictal/ictal EEG fea-
tures were more often encountered in tumoural and focal cortical dysplasia
cases, compared with medial temporal sclerosis cases, and were most fre-
quently localised over frontopolar and suprasylvian-pericentral locations.
We postulate that propagation of interictal/ictal activity from the epilep-
togenic region of the temporal lobe to extratemporal neocortical areas,
perhaps utilising the temporal pole and insula as intermediary nodes of a
common epileptogenic network, accounts for the presence of our cohort’s
discordant lesion and EEG features.
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The concordance of surface inter-
ictal/ictal EEG and MRI data is
traditionally considered as vital

dysplasia (FCD) constitute the great
bulk of epileptogenic substrates
in temporal lobe epilepsy surgery.

for non-invasive localisation of the
epileptogenic region in patients
with intractable, lesional, partial
epilepsies. Medial temporal sclero-
sis (MTS), low-grade and develop-
mental tumours, and focal cortical

Many of the reports in the literature
suggestthat unitemporal MTS based
on MRI and a concordant interictal
sharp-wave (SW) focus are strongly
predictive of a successful surgical
outcome, even independent of the
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localising information the ictal EEG may provide
(Gilliam et al., 1997; Pataraia et al., 1998; Cendes et al.,
2000). The prognostic significance of a concordant,
unilateral-temporal SW focus is further strength-
ened by studies reporting less successful surgical
outcome in MTS cases with bitemporal, indepen-
dent (So et al., 1989; Radhakrishnan et al., 1998) or
additional extratemporal interictal foci (Barry et al,
1992), which are believed to indicate bitemporal or
more extensive neocortical epileptogenic pathology,
respectively. While the prevalence of extratemporal
interictal foci in MTS patients is very low, interictal
SW foci with extratemporal localisation are reported
more often in series of patients with temporal lobe
tumours (Hammer et al,, 1999). As a rule, the pri-
mary goal of resective strategy in lesional epilepsy
is lesion removal, sometimes with modifications of
resection margins guided by chronic or acute ECoG.
There is not much information as to how much
the presence of extratemporal EEG features affects
surgical outcome in such cases, nor how it might
influence preoperative work-up, thereby suggesting
further investigations with intracranial electrodes.
Similar questions also arise regarding ictal EEG inter-
pretation; bitemporal independentictal EEG onsets are
often reported in the setting of temporal lobe epilepsy
(Steinhoff et al., 1995), usually considered as indica-
tive of bitemporal epileptogenicity rather than of an
extratemporal “occult” localisation, and, depending
on findings from the entire work-up, may support the
decision for surgery or dictate further intracranial EEG
studies or even no surgery at all (So et al., 1989; Hirsch
etal., 1991; Sirven et al., 1997; Holmes et al., 2003). How-
ever, neither prevalence nor prognostic significance of
ictal EEG patterns, suggesting an extratemporal locali-
sation in patients with temporal lobe epileptogenic
lesions, have been adequately appreciated, although it
is often stated that ictal EEG should be utilised to rule
out extratemporal seizure onsets (Castro et al., 2008).
The aim of our study was: a) to contribute informa-
tion concerning the prevalence and topographical
spectrum of extratemporal interictal and ictal EEG
localising features in a cohort of surgical patients with
partial seizures and unitemporal epileptogenic struc-
tural imaging lesions, and b) to determine whether
the presence of such “discordant” features influences
surgical outcome, as long as the main surgical target
is lesion resection. The presence of extratemporal
interictal and ictal EEG localisation may either indicate
the presence of occult epileptogenic pathology in the
areas associated with EEG abnormalities with variable
degrees of contribution to seizure genesis, or simply
reflect pathways of epileptic activity propagation to
remote extratemporal neocortical areas, indicative
of an epileptogenic neuronal network whose major
“pacemaker” might be more or less firmly established

in the region of imaging abnormality. Although these
two interpretations may overlap to some degree,
successful postsurgical outcomes following lesion
resection would apparently favour the latter.

Materials and methods

This was a prospective study of 47 consecutive patients
with temporal lobe drug-resistant partial epilepsy
and unitemporal MRI structural lesions, undergoing
presurgical evaluation at our centre from January 2003
to July 2010. A standard non-invasive protocol was
employed which included: a) prolonged extracranial
video-EEG monitoring with typical seizures recorded
(in all cases additional bilateral inferior temporal chain
electrodes were used [F9/T9/P9 and F10/T10/P10]), b)
high-quality brain MRI (1.5T) studies with temporal
lobe epilepsy protocol (perpendicular to the long
hippocampal axis T1-IR, T2 and FLAIR sections for opti-
mising identification of medial temporal pathology,
especially MTS), and c) neuropsychological testing,
including the Wada test in selected cases.
Extratemporal surface video-EEG localisation was
defined and categorised as follows: a) extratempo-
ral interictal localisation, if a dominant SW focus
was detected that was localised over extratemporal
scalp electrodes (i.e. electrodes other than the tra-
ditional temporal electrodes: F7/F9, T3/T9, T5/P9 and
F8/F10, T4/T10, T6/P10); a dominant SW focus was
defined as such when the focus accounted for at least
35% of the totally recorded interictal activity, and b)
extratemporal ictal EEG localisation, if initial ictal EEG
changes involved scalp electrodes other than the tra-
ditional temporal electrodes, as previously defined;
excluded were the type 1b ictal EEG patterns, accord-
ing to Ebersole’s classification (Ebersole and Pacia,
1996), manifesting with aninitial “theta/alpha” midline-
parasaggital ictal rhythm, which were consider-
ed “temporal”.

Sporadic and infrequent SWs in extratemporal loca-
tions were not considered in the analysis and the same
was also applicable for generalised spike/sharp-wave
complexes. Determination, localisation, and quan-
tification of interictal SW foci was performed after
reviewing all 24-hour recordings and included all SWs
recorded throughout wakefulness and sleep. EEG data
were evaluated by two of the authors (KG, VK) with
many years of training and experience in the field of
epileptology and EEG. Both have previously worked
closely together for years and any apparent disagree-
ments regarding EEG data interpretation were resolved
after re-reviewing.

Thirty-two EEG channels were used for recording
during the video-EEG session. They were AC recorded,
amplified at a total gain of x1,000 (Pro Amp, LaMont
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Medical Inc., Wisconsin, USA), band-pass filtered at
0.1-100 Hz, digitised through a 16-bit resolution A/D
converter at a sampling frequency of 500 Hz by a
Harmonie System (Stellate, Montreal, QC, Canada),
and stored on hard disk along with synchronised video
streams. Intraoperative ECoG was performed by strip
and grid electrodes (Dixi Microtechniques, Besangon,
France) connected to the above-described EEG system,
strategically placed over the brain regions of interest.

Results

Of the 47 patients, based on qualitative MRI assess-
ment, 26 had findings consistent with unilateral MTS,
17 with low-grade static tumours, and four with FCD.
Eight cases (16%) (mean age: 24 years; range: 7-52 years)
of this cohort showed extratemporal interictal/ictal
surface EEG features, in particular, two of the 26 MTS,
four of the 17 tumoural, and two of the four FCD cases
(table 7). All eight patients underwent standard pro-
cedures (anteromedial temporal lobe resections or
lesionectomies) with minor modifications based on

Extratemporal EEG features in unitemporal epilepsy

intraoperative ECoG in selected cases. One patient
(Patient 7) was lost during follow-up, after three years
of being continuously seizure-free since operation and
having suffered, at this point, a recurrence associated
with lesion relapse. The other seven patients all had
excellent postoperative outcomes (Engel class I) over
a mean follow-up period of 38.3 months (range: 12 to
66 months).

Case studies

Patient 1

A 25-year-old, right-handed man presented with a his-
tory of seizures since age 10 years. He had no personal
or family risk factors for epilepsy. Seizure semiology
consisted of a rising epigastric sensation and a fear-
ful feeling, clouding of consciousness, and oral and
hand automatisms. The events usually presented in
clusters of 3-4 within 48 hours, 2-3 times per month.
The MRI revealed findings strongly consistent with
right MTS (figure 1A;). Interictal surface video-EEG

Table 1. Patient, lesion, EEG and surgical outcome data.

Patient Age Gender MRI lesion Interictal EEG Ictal EEG Surgical outcome
1 25 M R MTS RantT (F8/F10 & RF (Fp2/F4/Fz) Seizure-free at
T4/T10) 20 m PostOp
RF (Fp2/F4/Fz)
2 57 M R MTS RantT (F8/T4 & BF (Fp2/F4 & Seizure-free at
F10/T10) Fp1/F3) 30 m PostOp
3 7 M RT FCD type RmidT (T4/T6) RF (Fp2/F4/Fz) Seizure-free at
Ib RantT (F8/Fp2) 22 m PostOp
(drug withdrawal-
related seizure at
12 m PostOp)
4 8 M LT FCD LantT (F7/T3 & LF (F3) Seizure-free at
F9/T9) LC (C3/P3) 66 m PostOp
5 25 M LT astrocytoma LC (C3) LC (C3/P3 & Seizure-free at
T3/T5) 54 m PostOp
6 8 M LT astrocytoma LC (C3) LCP (C3 & Seizure-free at
P3/Pz) 44 m PostOp
7 46 M RT astrocytoma RantT (F8/F10 & RPT (T6/P4) Seizure-free at
T4/T10) 36 m PostOp
(then lost during
follow-up)
8 21 M LT astrocytoma LF (Fp1/F3) LF (Fp1/F3/F7) Seizure-free at
12 m PostOp

R: right; L: left; B: bilateral; F: frontal; T: temporal; C: central; P: parietal; PT: parietotemporal; ant: anterior; mid: middle; MTS: mesial-

temporal sclerosis; FCD: focal cortical dysplasia; m: month.
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Figure 1. Patient 1. (A1) MRI showing high signal intensity over the right hippocampus. (A) Interictal EEG of SW activity with a right
temporal (F8/F10/T10) and right frontal (Fp2/F4/Fz) distribution. (A3) Ictal EEG reveals repetitive SW activity over the right frontopolar

and frontal area (Fp2/F4/Fz).

revealed an ipsilateral anterior temporal SW focus
(F8/F10 and T4/T10), accounting for 65% of the total
interictal activity and an additional right frontal SW
focus (Fp2/F4/Fz), accounting for the remaining 35%
(figure 1A3). Four typical seizures were recorded, with
a broadly distributed ictal rhythm consisting at onset
of repetitive SW activity over the right frontopolar and
frontal area (maximum over Fp2/F4/Fz), with rapid sub-
sequent spread to the ipsilateral centroparietal and
temporal region, and in a less well-organised manner,
over the contralateral side as well (figure 1A3). Acute
intraoperative ECoG revealed active spiking from the
right temporal pole and the right subtemporal region.
Very rare spikes were recorded from the six-contact
strip placed anteriorly, over the lateral-inferior frontal
cortex. The patient underwent an ipsilateral temporal
pole resection plus amygdalohippocampectomy and
has been continuously seizure-free, currently at the
twentieth postoperative month. Biopsy was consistent
with severe hippocampal sclerosis (HS).

Patient 2

A52-year-old, right-handed man, with a history of com-
plicated febrile convulsions at age 18 months, had
onset of typical seizures starting at age 14 years, with
an aura of rising epigastric sensation, clouding of con-
sciousness, oral automatisms, and posturing of the
left upper extremity. Postictally, he was confused and
hyperactive for a few minutes, sometimes suffering
minor injuries. By the time of the evaluation, he was
experiencing 3-4 seizures per week. MRI revealed fea-
tures consistent with right MTS. Surface interictal EEG
demonstrated a typical right anterior SW focus (maxi-
mum over F8/T4 and F10/T10), while ictal EEG, in three
recorded seizures, showed a widespread pattern at
onset consisting of bilateral frontopolar-frontal repeti-
tive SW activity (maximum over Fp2/F4 and Fp1/F3) with
subsequent emergence of a right temporal sustained
and well-organised “theta/alpha” rhythm (Appendix 1,
supplementary figure 1). Acute intraoperative ECoG
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revealed active spiking from the polar and medial-
basal temporal region, and less frequently from the
lateral temporal neocortex. Anipsilateral anteromedial
temporal resection plus amygdalohippocampectomy
was performed and the patient has been continuously
seizure-free, now at 2.5 years postoperatively. Biopsy
revealed severe HS.

Patient 3

A 7-year-old, right-handed boy, with no apparent epi-
lepsy risk factors from his personal and family history,
started having seizures at age 4 years, consisting of
an indescribable aura (he would shout “... here it
comes..."”), followed by motionless stare, clouding
of consciousness, and mild hand automatisms. Brain
MRI revealed an extensive right temporal lobe lesion,

Extratemporal EEG features in unitemporal epilepsy

involving the pole, medial-basal and lateral temporal
neocortex and extending as far back as the occipito-
temporal junction. By the time of the evaluation and
following multiple drug trials, he had 1-2 seizures
weekly. Interictal EEG revealed right mid-posterior
temporal SW activity (maximum over T4/T6), extending
occasionally to the anterior temporal region (F8/Fp2),
while ictal EEG onsets were poorly organised with a
broadly distributed semi-rhythmic “delta” pattern,
more prominent over the right frontal region and
the anterior midline (Fp2/F4/Fz). A late, intraictal,
posterior temporal-occipital activation, consisting of
a focal (T6/0O2) rhythmic theta pattern, was consis-
tently seen in all four recorded seizures (Appendix 1,
supplementary figure 2). Acute intraoperative ECoG
demonstrated prominent spiking over the temporal
pole and the medial-basal and lateral-inferior temporal

Figure 2. Patient 4. (A1) MRI showing extensive left medial-basal and inferior lateral temporal FCD. (A;) Interictal EEG shows anterior-
midtemporal SWs (F7/T3/F9/T9). (A3) Ictal EEG showing a low-amplitude fast rhythm over the left lateral frontal region (F3), subsequently

spreading over the ipsilateral parasagittal region.
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neocortex, up to the temporo-occipital junction. The
largest part of the lateral temporal neocortex, although
invaded by the lesion, was inactive and the same was
true for the sampled areas from the lateral inferior
and basal frontal cortex. A generous right temporal
lobectomy, plus resection of the medial temporal
structures, was performed. The patient has since been
seizure-free, now at the twenty-second postoperative
month, with the exception of a brief drug withdrawal-
associated relapse at postoperative month 12. Biopsy
revealed type IIb FCD.

Patient 4

An 8-year-old male presented with a long history of
seizures since age 25 days and borderline intelligence.
He reported feeling “dizzy” at the beginning of his
seizures and was then unresponsive and motionless
for 40-60 seconds. At the time of the evaluation, he
was suffering multiple events daily. The MRI revealed
an extensive left medial-basal and inferior lateral
temporal lesion, consistent with FCD (figure 2A;).
Interictal EEG showed an anterior-midtemporal SW
focus (maximum over F7/T3 and F9/T9) (figure 2A,),
however, the first ictal EEG changes, manifesting as
a low-amplitude fast rhythm, were detected over the
left lateral frontal region (maximum over F3), with sub-
sequent spread over the ipsilateral parasaggital region
(C3/P3) (figure 2A3). The patient underwent an exten-
sive left temporal lobectomy plus resection of the
medial structures and to date, 5.5 years postopera-
tion, has remained continuously seizure-free. Biopsy
revealed immature and poorly organised neuronal
elements, however, the lesion was not adequately
categorised.

Patient 5

A 25-year-old, right-handed man presented with a
history of seizures since age 13. They manifested with
a sensation of dizziness, difficulty with speaking and
comprehending language, clouding of consciousness,
and some tonic posturing of both upper extremi-
ties. MRI revealed an extensive low-growth tumour
involving the basal and inferior left temporal lobe,
encroaching on the ipsilateral temporal horn and abut-
ting the ipsilateral parahippocampal gyrus (figure 3A;).
Surface video-EEG revealed an interictal left central
SW focus (maximum over C3) (figure 3A;) and a
co-localised focal ictal rhythm, consisting of repetitive
SW activity maximum over C3/P3 and extending to the
midtemporal region as well (T3/T5) (figure 3A3). Acute
intraoperative ECoG revealed infrequent spiking
over the inferior and basal temporal region and
much more frequently from the medial border of the
lesion, corresponding to the parahippocampal gyrus.

Total lesion resection was performed with additional
resection of the ipsilateral parahippocampal gyrus
and the patient, 4.5 years postoperation, remained
continuously seizure-free. Biopsy revealed a pilocytic
astrocytoma.

Patient 6

An 8-year-old, right-handed boy presented with a
history of seizures since age 3 years, manifesting
with behavioural arrest and unresponsiveness. MRI
revealed alefttemporal lobe tumourinvading the basal
temporal and inferior lateral temporal neocortex. At
age 4, he underwent a partial tumour resection and
remained seizure-free for one year postoperatively.
Subsequently, seizures relapsed with identical semio-
logical features, progressively increasing in frequency
to multiple daily, by the time of the evaluation. A
well-localised interictal SW EEG focus was shown over
the left central region (C3), while ictal EEG onset was
broader and less well-organised, with left-hemispheric
rhythmic delta, more prominent over the parasaggital
region (P3/Pz) (Appendix 1, supplementary figure 3).
He was subjected to total resection of the lesion and
acute intraoperative ECoG revealed spiking over the
basal and lateral temporal neocortex, up to the supe-
rior temporal gyrus. This gyrus was not resected, in
spite of persistent post-excisional spiking, due to con-
cerns about damaging language cortex. Following a
seizure cluster on postoperative days 19 and 25, the
patient has remained seizure-free continuously for 44
months of postoperative follow-up. Biopsy revealed a
pilocytic astrocytoma.

Patient 7

A 46-year-old man presented with a history of
seizures since age 19 years, with a non-describable
aura, motionless stare, and subsequent oral and
hand automatisms. Although imaging revealed a right
medial temporal lobe mass lesion and the seizures
followed a drug-resistant course, he did not consider
surgery until many years had passed. Presurgical video-
EEG monitoring revealed a right anterior temporal
interictal SW focus (F8/F10 and T4/T10), while ictal
EEG consistently demonstrated focal onsets with 8-
9 Hz sinusoidal activity from the posterior temporo-
parietal region (T6 spreading to P4) (Appendix 1,
supplementary figure 4). He underwent a gross lesion
resection along with removal of medial temporal
structures. Biopsy revealed an oligoastrocytoma. He
was seizure-free for the first three postoperative
years and subsequently had a seizure, associated
with tumour recurrence. He was later lost during
follow-up.
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Figure 3. Patient 5. (A1) MRI revealing an extensive low-growth tumour involving basal and inferior left temporal lobe, encroaching
on the ipsilateral temporal horn and abutting the ipsilateral parahippocampal gyrus. (A;) Interictal EEG with left central SW focus (C3).
(A3) Ictal EEG showing repetitive SW activity over C3/P3, extending to the midtemporal region (T3/T5).

Patient 8

A 21-year-old man presented with a history of seizures
since age 17 years, with stereotyped episodes of
auras described as “...an altered sense of reality
and nearby objects become larger...”, accompanied
occasionally by an abnormal numbness-like sensa-
tion of the entire left side of the body. He then lost
awareness and became agitated and hyperkinetic. MRI
revealed a left basal temporal, non-enhancing, cystic
mass lesion (figure 4A7). Prolonged video-EEG studies
demonstrated a left frontotemporal interictal SW focus
(maximum over Fp1/F3 with field spread to F7/F9)
(figure 4A;) and several typical events were recorded
with an ictal, low-amplitude sinusoidal fast rhythm
localised over Fp1, spreading quickly to F7/F3 and
Fp2 (figure 4A3). The patient underwent lesion resec-
tion with acute intraoperative ECoG, documenting

spiking from the anterior and lateral lesion margin.
On postoperative day 9, he experienced a cluster of
partial seizures. He has otherwise been seizure-free,
currently one year postoperation.

Discussion

Of 47 surgical patients with unitemporal structural
imaging lesions, MTS, indolent tumours, and FCD,
eight (16%) presented surface interictal and/or ictal
EEG features suggesting an extratemporal localisation.
These were not predictive of an adverse surgical out-
come, as almost all of these cases showed excellent
postoperative seizure control following temporal lobe
resections aimed at removing the imaging abnor-
mality, with only minor modifications of resection
margins in some cases, guided by acute intraoperative

Epileptic Disord, Vol. 14, No. 3, September 2012

281



K. Garganis, et al.

aﬂ*‘r\ w.mm “‘"‘W*ﬂ |

"}T‘mw% ut;! \Imm 'Hm\“'-f

A o i N b s Pt L

Oz-AVE

A At SN O 0 e N PN

Fp2-AVE
F4-AVE
CA-AVE

pebabin

Ww-—«_.w\,‘nu-‘)’\"\ a1 LTSN T FPRETE SN TPR YL *r..

e l«w—w; WNMMWmme ?-?J»M,r'
P e JMMJ\VN/“-’\W e ot f g
W

S Sy gy
U L et A L Ul L

T6-AVE . by i o h Aromet it el

F10-AVE

F T‘ (Y
1 Bt AL e o e

T10-AVE
P10-AVE

el A R ot

g TR e

Figure 4. Patient 8. (A1) MRI shows a left basal temporal cystic mass lesion. (A;) Interictal EEG demonstrates a left frontotemporal
interictal SW focus (Fp1/F3 spreading to F7/F9). (A3) Ictal EEG reveals a low-amplitude fast rhythm localised over Fp1, spreading quickly

to F3/F7 and Fp2.

ECoG, and not extending to extratemporal regions
depicted by surface EEG. We recognise that there is
no literature data for a quantitative definition of a
dominant interictal extratemporal sharp wave focus
in the setting of lesional temporal lobe epilepsy,
against which to compare our own data. In this study,
this was defined as at least 35% of total interictal
activity localised over extratemporal electrodes; this
was an arbitrary cut-off point we utilised to include
patients with a significant proportion of extratemporal
interictal activity (suggesting perhaps the presence
of an active remote focus) and to exclude patients
with rare and non-consistent extratemporal spiking.
In a post-hoc analysis, we were able to identify
two more cases (both with MTS) with less than 5%
of total interictal spiking recorded over extratem-
poral areas (frontopolar and posterior temporal/
parietal).

The prevalence of extratemporal EEG localising fea-
tures was much lower in the MTS group (2/26 cases
[7%] versus 6/21 for tumours and FCD [30%]), thus
supporting a more concrete and predictable electro-
physiological behaviour of MTS, compared to
tumoural and FCD cases. Both of our two MTS cases
demonstrated early ictal EEG features implicating
frontopolar regions, while Patient 1 had a frontopolar-
inferior frontal lobe interictal SW focus in addition to a
predominant ipsilateral anterior-basal temporal focus.
Apparently, frontopolar surface ictal EEG onsets have
been described in cases with medial/basal temporal
lobe lesions and concordant ictal onsets on intra-
cranial EEG recordings with subdural (Mikuni et al.,
1997) and foramen ovale electrodes (Alarcon et al,,
2001). Seizures may readily propagate from the medial
temporal region to the basal-orbitofrontal and thence
to the anterior frontal cortex, utilising established
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anatomo-functional connections in these areas, as
has been shown by chronic recordings with depth
electrodes implanted in the relevant regions (Lieb
etal., 1991) and evoked potential studies documenting
orbital frontal cortex responses to hippocampal
stimulations (Catenoix et al.,, 2005). If this occurs
before propagation to ipsilateral temporal neocortex
takes place, erroneous frontal lobe localisation may
be suggested. Frontopolar regions were the only
extratemporal areas implicated in our MTS patients.
Falsely localising lateral frontal and parietal surface
ictal EEG onsets have been described in exceptional
cases of medial temporal lobe epilepsy, verified by
foramen ovale recordings (Alarcon et al., 2001).
Extratemporal suprasylvian, frontocentral, and centro-
parietal locations were observed in 3 of our 6 tumoural
and FCD cases; frontopolar/frontal in 2 and posterior
temporal-parietal in one. The lesion was located lateral
to the collateral sulcus in three patients (Patients 5, 7,
and 8), involved parts of the medial temporal lobe plus
basal/lateral temporal neocortex in two (Patients 3 and
4), and was strictly mediotemporal in one (Patient 6).
There was no obvious difference with regard to EEG
localisation within particular extratemporal regions
between the medial temporal lesion and the lateral
temporal lesion subgroups, however, our sample was
too small to be able to infer the presence of such
differences. Studies focusing on the electroclinical fea-
tures of lesional temporal neocortical epilepsies either
donotreporton the presence of extratemporal interic-
tal/ictal EEG findings (O’Brien et al, 1996; Foldvary et al.,
1997), or report such findings among 6-11% of their
population (Pfander et al., 2002) without specifying par-
ticular localisation. Apparent discordant interictal and
ictal EEG localisation was noted in 2 (Patients 4 and 7) of
our 6 tumoural and FCD cases. In both of them, inter-
ictal EEG localisation was lesion-concordant and cor-
rectly localising, thus being more reliable compared to
ictal EEG. This is in agreement with Pfander et al. (2002)
reporting extratemporal interictal EEG localisation in
6% versus 11% with ictal EEG among their lesional
neocortical temporal group. We postulate that ictal
onset from the temporal neocortex may be hidden on
surface EEG due to poor synchrony among discharg-
ing neurons and recruitment of neuronal substrate,
not yet large enough to produce a detectable surface
EEG signal (Tao et al., 2007). Subsequent propaga-
tion to extratemporal cortex by incorporating larger
neuronal populations and achieving greater discharge
synchrony may give rise to an obvious, nonetheless
falsely localising, extratemporal ictal EEG pattern.

Of 9 patients with medial temporal lobe tumours
(Hammer et al., 1999), 7 demonstrated extratemporal
interictal SW activity, accounting for only a small
proportion of the total recorded interictal activity.
According to our criteria, the extratemporal interictal
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SW focus should account for at least 35% of the totally
recorded interictal activity and thus our method
is not comparable. Besides this, only one of our 6
tumoural/FCD patients (Patient 7) had a lesion strictly
confined within the medial temporal region.
Propagation of interictal and ictal activity from
temporal neocortex or from both medial and neo-
cortical temporal areas and early involvement of
extratemporal suprasylvian neocortical areas through
corticortical connections, utilising most likely polar
and insular cortex as intermediary nodes (Kahane
et al., 2001; Chabardes et al., 2005; Bartolomei et al,,
2010), appears to be the most likely explanation for
suprasylvian-pericentral EEG localisation in the three
(Patients 4, 5, and 7) of our tumoural and FCD
patients. This could be consistent with the recently
proposed concept of the “temporosylvian epilep-
togenic network” (Bartolomei et al, 2010), which
especially applies to temporal lobe lesions other
than HS. The temporopolar-orbital frontal pathway
was most likely utilised for Patient 8, who showed
very prominent hyperkinetic behaviours, consistent
with recent reports linking this pathway to seizures
of temporal lobe origin manifesting similar ictal
behaviours (Rheims et al., 2008; Wang et al., 2008;
Vaugier et al., 2009). The organisation of the epilepto-
genic zone for Patient 3 was probably more complex
and extensive involving temporal, frontal, and occipital
cortices. Patient 6 was the only patient demonstrating
a posterotemporal/parietal ictal EEG onset, in obvious
discordance with an ipsilateral medial temporal mass
lesion and an anterior temporal interictal SW focus.
According to the previous discussion, we postulate
a seizure propagation phenomenon from the medial
temporal region, perhaps utilising insula as an inter-
mediary node. Temporo-occipital ictal EEG onsets have
been reported in a recent series of lesional insular
epilepsies (Lehe et al., 2009).

An alternative explanation for our findings is the
presence of an additional epileptogenic pathology,
non-detectable by MRI, underlying areas of extra-
temporal EEG abnormalities. Co-existence of MTS
with FCD and other dysplastic features is reported in
10-50% of MTS patients in surgical series (Diehl et al.,
2004; Kalnins et al., 2004; Fauser and Bongahe, 2006).
Both pathologies, however, are usually co-localised in
the same temporal lobe, often in the anterior and basal
portion (Srikijvilaikul et al., 2003; Kalnins et al., 2004),
and it is very questionable whether they could gene-
rate discordant EEG foci. The same holds true for some
types of developmental tumours (DNET, GG) that may
also be associated with occult cortical malformations
in their vicinity (Prayson et al., 1993; Ferrier et al., 2006).
In any case, it is difficult to consider that a hypotheti-
cally non-visible intratemporal pathology, nonetheless
in close proximity to the main lesion, may account for
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such prominent extratemporal EEG activity. In addition,
the excellent surgical outcome following temporal
lobe resections only argues against an extratemporal
epileptogenic pathology. We certainly recognise that a
longer follow-up time is needed to confirm successful
outcome in the long-term, as three of our eight
patients were followed postoperatively for periods of
between one and two years and another (Patient 3)
had an isolated seizure, most likely related to drug
withdrawal, 12 months postoperatively and is currently
seizure-free following reinstitution of drug treatment
for 10 months. However, the remaining patients have
been continuously seizure-free since surgery for
follow-up periods ranging between 2 and 5.5 years.
French groups have introduced the concept of
“temporal lobe plus” epilepsies (Chabardes et al.,
2005; Barba et al., 2007) and utilised sophisticated
signal analysis (“epileptogenicity index”) (Bartolomei
et al, 2008, Aubert et al., 2009; Bartolomei et al,
2010) to describe seizures of multilobar origin based
on intracranial EEG depth recordings involving the
temporal lobe and neighbouring areas. They have sug-
gested that the presence of extratemporal surface EEG
features is predictive of such cases (Barba et al., 2007).
Their patients differed from ours, with a much higher
prevalence of MTS and a considerable proportion of
normal MRI cases. Nevertheless, the topographical
spectrum of extratemporal EEG localisations, when
described (Barba et al., 2007), was comparable to that
of our mixed MTS and tumoural/FCD group, involving
frontocentral, frontotemporal, and posterotempo-
ral/parietal regions. Most cases of the French series
were subjected to invasive monitoring and tailored
resections, however, failures still occurred, reflecting
intricacies and complexities of the epileptogenic zone
organisation in this group.

In conclusion, we obtained excellent results with
resections aiming to primarily remove lesions. Sample
sizes for each pathology (HS, tumoural, and FCD)
subgroup were too small to draw any conclusions
regarding valid statistical differences. Another source
of difficulty with statistical analysis was that our defini-
tion of “surface extratemporal EEG features” included
either or bothinterictal (provided it was >35% of totally
recorded) and ictal extratemporal activity. Although
we suspect that tumoural and FCD cases may more
often show extratemporal surface EEG features and
specific constellations of findings, such as interictal
and ictal activity exclusively localised to extratemporal
areas, we elected to simply report actual numbers
and percentages, recognising the need for stronger
samples in order to prove statistically significant dif-
ferences. We recognise difficulties with reproducing
our findings in larger comparable cohorts, given the
adoption of different presurgical approaches among
epilepsy surgery centres. We proceeded to surgery

without previous intracranial EEG studies and in spite
of the presence of such EEG findings. Our decision
was based on the constellation of: 1) seizure semio-
logy consistent with temporal lobe involvement; 2)
unitemporal structural abnormalities of high epilepto-
genic potential, ipsilateral to EEG findings; 3) absence
of any other imaging evidence suggesting pathology
over areas depicted by remote EEG signals; and 4)
recognition that the discordant EEG signals may well
utilise a common epileptogenic network. We certainly
do not advocate that utilisation of invasive monitoring
should be dogmatically rejected in every case compa-
rable to ours. Instead, we propose that the presence
of this kind of EEG discordance should not discourage
the surgical option, does not necessitate non-invasive
evaluationsinan as yetundetermined, but perhaps sig-
nificant, proportion of such patients, and may well be
compatible with excellent surgical outcomes provided
a generous lesion resection is accomplished. [J
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Appendix 1. Supplementary figures
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Figure S1. Patient 2. (A1) MRI showing high intensity signal over the right medial temporal area. (A;) Interictal EEG of a typical
right anterior SW focus (F8/T4/F10/T10). (A3) Ictal EEG presenting bilateral frontopolar-frontal repetitive SW activity (Fp2/F4/Fp1/F3),
followed by a right temporal sustained and well-organised “theta/alpha” rhythm.
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Figure S2. Patient 3. (A7) MRI showing extensive right temporal lobe FCD, involving the pole, the medial-basal and lateral temporal
neocortex, extending back towards the occipito-temporal junction. (Ay) Interictal EEG reveals a right mid-posterior temporal SW
focus (T4/T6), occasionally extending to the anterior temporal region (F8/Fp2). (A3) Ictal EEG shows a broadly distributed onset of
semi-rhythmic “delta” pattern over the right frontal region and the anterior midline (Fp2/F4/Fz).
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Figure S3. Patient 6. (A1) MRI showing a left temporal lobe tumour invading the basal temporal and inferior lateral temporal
neocortex. (Ay) Interictal EEG shows a well-localised SW focus over the left central region (C3). (A3) Ictal EEG onset is broader, less
well-organised, with a left-hemispheric rhythmic delta pattern, prominent over the parasagittal region (C3 and P3/Pz).
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Figure S4. Patient 7. (A1) MRI revealed a right medial temporal lobe mass lesion. (A;) Interictal EEG shows a right anterior temporal
interictal sharp wave focus (F8/F10 and T4/T10). (A3) Ictal EEG demonstrates focal onsets of “alpha” activity from the posterior

temporoparietal region (T6 to P4).
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