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Extratemporal surface EEG
features do not preclude
successful surgical outcomes
in drug-resistant
epilepsy patients
with unitemporal MRI lesions
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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-

to extratemporal neocortical areas,
nd insula as intermediary nodes of a
unts for the presence of our cohort’s

e lesion, epilepsy surgery

dysplasia (FCD) constitute the great
bulk of epileptogenic substrates
togenic region of the temporal lobe
perhaps utilising the temporal pole a
common epileptogenic network, acco
discordant lesion and EEG features.
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The concordance of surface inter-
ictal/ictal EEG and MRI data is
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traditionally considered as vital
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

in temporal lobe epilepsy surgery.
Many of the reports in the literature
suggest that 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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ocalising information the ictal EEG may provide
Gilliam et al., 1997; Pataraia et al., 1998; Cendes et al.,
000). The prognostic significance of a concordant,
nilateral-temporal SW focus is further strength-
ned by studies reporting less successful surgical
utcome in MTS cases with bitemporal, indepen-
ent (So et al., 1989; Radhakrishnan et al., 1998) or
dditional extratemporal interictal foci (Barry et al.,
992), which are believed to indicate bitemporal or
ore extensive neocortical epileptogenic pathology,

espectively. While the prevalence of extratemporal
nterictal foci in MTS patients is very low, interictal
W foci with extratemporal localisation are reported
ore often in series of patients with temporal lobe

umours (Hammer et al., 1999). As a rule, the pri-
ary goal of resective strategy in lesional epilepsy

s lesion removal, sometimes with modifications of
esection margins guided by chronic or acute ECoG.
here is not much information as to how much
he presence of extratemporal EEG features affects
urgical outcome in such cases, nor how it might
nfluence preoperative work-up, thereby suggesting
urther investigations with intracranial electrodes.
imilar questions also arise regarding ictal EEG inter-
retation; bitemporal independent ictal EEG onsets are
ften reported in the setting of temporal lobe epilepsy

Steinhoff et al., 1995), usually considered as indica-
ive of bitemporal epileptogenicity rather than of an
xtratemporal “occult” localisation, and, depending
n findings from the entire work-up, may support the
ecision for surgery or dictate further intracranial EEG
tudies or even no surgery at all (So et al., 1989; Hirsch
t al., 1991; Sirven et al., 1997; Holmes et al., 2003). How-
ver, neither prevalence nor prognostic significance of

ctal EEG patterns, suggesting an extratemporal locali-
ation in patients with temporal lobe epileptogenic
esions, have been adequately appreciated, although it
s often stated that ictal EEG should be utilised to rule
ut extratemporal seizure onsets (Castro et al., 2008).
he aim of our study was: a) to contribute informa-
ion concerning the prevalence and topographical
pectrum of extratemporal interictal and ictal EEG
ocalising features in a cohort of surgical patients with
artial seizures and unitemporal epileptogenic struc-

ural imaging lesions, and b) to determine whether
he presence of such “discordant” features influences
urgical outcome, as long as the main surgical target
s lesion resection. The presence of extratemporal
nterictal and ictal EEG localisation may either indicate
76

he presence of occult epileptogenic pathology in the
reas associated with EEG abnormalities with variable
egrees of contribution to seizure genesis, or simply
eflect pathways of epileptic activity propagation to
emote extratemporal neocortical areas, indicative
f an epileptogenic neuronal network whose major
pacemaker” might be more or less firmly established

e
c
m
a
T
d
a

n the region of imaging abnormality. Although these
wo interpretations may overlap to some degree,
uccessful postsurgical outcomes following lesion
esection would apparently favour the latter.

aterials and methods

his was a prospective study of 47 consecutive patients
ith temporal lobe drug-resistant partial epilepsy

nd unitemporal MRI structural lesions, undergoing
resurgical evaluation at our centre from January 2003

o July 2010. A standard non-invasive protocol was
mployed which included: a) prolonged extracranial
ideo-EEG monitoring with typical seizures recorded
in all cases additional bilateral inferior temporal chain
lectrodes were used [F9/T9/P9 and F10/T10/P10]), b)
igh-quality brain MRI (1.5T) studies with temporal

obe epilepsy protocol (perpendicular to the long
ippocampal axis T1-IR, T2 and FLAIR sections for opti-
ising identification of medial temporal pathology,

specially MTS), and c) neuropsychological testing,
ncluding the Wada test in selected cases.
xtratemporal surface video-EEG localisation was
efined and categorised as follows: a) extratempo-

al interictal localisation, if a dominant SW focus
as detected that was localised over extratemporal

calp electrodes (i.e. electrodes other than the tra-
itional temporal electrodes: F7/F9, T3/T9, T5/P9 and
8/F10, T4/T10, T6/P10); a dominant SW focus was
efined as such when the focus accounted for at least
5% of the totally recorded interictal activity, and b)
xtratemporal ictal EEG localisation, if initial ictal EEG
hanges involved scalp electrodes other than the tra-
itional temporal electrodes, as previously defined;
xcluded were the type 1b ictal EEG patterns, accord-

ng to Ebersole’s classification (Ebersole and Pacia,
996), manifesting with an initial “theta/alpha” midline-
arasaggital ictal rhythm, which were consider-
d “temporal”.
poradic and infrequent SWs in extratemporal loca-
ions were not considered in the analysis and the same
as also applicable for generalised spike/sharp-wave

omplexes. Determination, localisation, and quan-
ification of interictal SW foci was performed after
eviewing all 24-hour recordings and included all SWs
ecorded throughout wakefulness and sleep. EEG data
ere evaluated by two of the authors (KG, VK) with
any years of training and experience in the field of
Epileptic Disord, Vol. 14, No. 3, September 2012

pileptology and EEG. Both have previously worked
losely together for years and any apparent disagree-
ents regarding EEG data interpretation were resolved

fter re-reviewing.
hirty-two EEG channels were used for recording
uring the video-EEG session. They were AC recorded,
mplified at a total gain of x1,000 (Pro Amp, LaMont
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edical Inc., Wisconsin, USA), band-pass filtered at
.1-100 Hz, digitised through a 16-bit resolution A/D
onverter at a sampling frequency of 500 Hz by a
armonie System (Stellate, Montreal, QC, Canada),

nd stored on hard disk along with synchronised video
treams. Intraoperative ECoG was performed by strip
nd grid electrodes (Dixi Microtechniques, Besançon,
rance) connected to the above-described EEG system,
trategically placed over the brain regions of interest.

esults

f the 47 patients, based on qualitative MRI assess-
ent, 26 had findings consistent with unilateral MTS,

7 with low-grade static tumours, and four with FCD.
pileptic Disord, Vol. 14, No. 3, September 2012

ight cases (16%) (mean age: 24 years; range: 7-52 years)
f this cohort showed extratemporal interictal/ictal
urface EEG features, in particular, two of the 26 MTS,
our of the 17 tumoural, and two of the four FCD cases
table 1). All eight patients underwent standard pro-
edures (anteromedial temporal lobe resections or
esionectomies) with minor modifications based on

o
c
f
h
c
T
r

Table 1. Patient, lesion, EEG an

Patient Age Gender MRI lesion Inte

1 25 M R MTS Ran
T4/T
RF (F

2 57 M R MTS Ran
F10/

3 7 M RT FCD type
IIb

Rmi
Ran

4 8 M LT FCD Lant
F9/T

5 25 M LT astrocytoma LC (

6 8 M LT astrocytoma LC (

7 46 M RT astrocytoma Ran
T4/T

8 21 M LT astrocytoma LF (F

: right; L: left; B: bilateral; F: frontal; T: temporal; C: central; P: pariet
emporal sclerosis; FCD: focal cortical dysplasia; m: month.
Extratemporal EEG features in unitemporal epilepsy

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

6 months).

ase studies

atient 1

25-year-old, right-handed man presented with a his-
ory of seizures since age 10 years. He had no personal
277

r family risk factors for epilepsy. Seizure semiology
onsisted of a rising epigastric sensation and a fear-
ul feeling, clouding of consciousness, and oral and
and automatisms. The events usually presented in
lusters of 3-4 within 48 hours, 2-3 times per month.
he MRI revealed findings strongly consistent with
ight MTS (figure 1A1). Interictal surface video-EEG

d surgical outcome data.

rictal EEG Ictal EEG Surgical outcome

tT (F8/F10 &
10)
p2/F4/Fz)

RF (Fp2/F4/Fz) Seizure-free at
20 m PostOp

tT (F8/T4 &
T10)

BF (Fp2/F4 &
Fp1/F3)

Seizure-free at
30 m PostOp

dT (T4/T6)
tT (F8/Fp2)

RF (Fp2/F4/Fz) Seizure-free at
22 m PostOp
(drug withdrawal-
related seizure at
12 m PostOp)

T (F7/T3 &
9)

LF (F3)
LC (C3/P3)

Seizure-free at
66 m PostOp

C3) LC (C3/P3 &
T3/T5)

Seizure-free at
54 m PostOp

C3) LCP (C3 &
P3/Pz)

Seizure-free at
44 m PostOp

tT (F8/F10 &
10)

RPT (T6/P4) Seizure-free at
36 m PostOp
(then lost during
follow-up)

p1/F3) LF (Fp1/F3/F7) Seizure-free at
12 m PostOp

al; PT: parietotemporal; ant: anterior; mid: middle; MTS: mesial-
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igure 1. Patient 1. (A1) MRI showing high signal intensity over t
emporal (F8/F10/T10) and right frontal (Fp2/F4/Fz) distribution. (
nd frontal area (Fp2/F4/Fz).

evealed an ipsilateral anterior temporal SW focus
F8/F10 and T4/T10), accounting for 65% of the total
nterictal activity and an additional right frontal SW
ocus (Fp2/F4/Fz), accounting for the remaining 35%
figure 1A2). Four typical seizures were recorded, with
broadly distributed ictal rhythm consisting at onset
f repetitive SW activity over the right frontopolar and

rontal area (maximum over Fp2/F4/Fz), with rapid sub-
equent spread to the ipsilateral centroparietal and
emporal region, and in a less well-organised manner,
ver the contralateral side as well (figure 1A3). Acute

ntraoperative ECoG revealed active spiking from the
ight temporal pole and the right subtemporal region.
78

ery rare spikes were recorded from the six-contact
trip placed anteriorly, over the lateral-inferior frontal
ortex. The patient underwent an ipsilateral temporal
ole resection plus amygdalohippocampectomy and
as been continuously seizure-free, currently at the

wentieth postoperative month. Biopsy was consistent
ith severe hippocampal sclerosis (HS).

m
r
o
t
s
a
s

ght hippocampus. (A2) Interictal EEG of SW activity with a right
tal EEG reveals repetitive SW activity over the right frontopolar

atient 2

52-year-old, right-handed man, with a history of com-
licated febrile convulsions at age 18 months, had
nset of typical seizures starting at age 14 years, with
n aura of rising epigastric sensation, clouding of con-
ciousness, oral automatisms, and posturing of the
eft upper extremity. Postictally, he was confused and
yperactive for a few minutes, sometimes suffering
inor injuries. By the time of the evaluation, he was

xperiencing 3-4 seizures per week. MRI revealed fea-
ures consistent with right MTS. Surface interictal EEG
emonstrated a typical right anterior SW focus (maxi-
Epileptic Disord, Vol. 14, No. 3, September 2012

um over F8/T4 and F10/T10), while ictal EEG, in three
ecorded seizures, showed a widespread pattern at
nset consisting of bilateral frontopolar-frontal repeti-

ive SW activity (maximum over Fp2/F4 and Fp1/F3) with
ubsequent emergence of a right temporal sustained
nd well-organised “theta/alpha” rhythm (Appendix 1,
upplementary figure 1). Acute intraoperative ECoG
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evealed active spiking from the polar and medial-
asal temporal region, and less frequently from the

ateral temporal neocortex. An ipsilateral anteromedial
emporal resection plus amygdalohippocampectomy
as performed and the patient has been continuously

eizure-free, now at 2.5 years postoperatively. Biopsy
evealed severe HS.

atient 3
pileptic Disord, Vol. 14, No. 3, September 2012

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

t
p
a
t
s
d
p
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igure 2. Patient 4. (A1) MRI showing extensive left medial-basal and i
idtemporal SWs (F7/T3/F9/T9). (A3) Ictal EEG showing a low-amplitude

preading over the ipsilateral parasagittal region.
Extratemporal EEG features in unitemporal epilepsy

nvolving the pole, medial-basal and lateral temporal
eocortex and extending as far back as the occipito-

emporal junction. By the time of the evaluation and
ollowing multiple drug trials, he had 1-2 seizures
eekly. Interictal EEG revealed right mid-posterior

emporal SW activity (maximum over T4/T6), extending
ccasionally to the anterior temporal region (F8/Fp2),
hile ictal EEG onsets were poorly organised with a
roadly distributed semi-rhythmic “delta” pattern,
ore prominent over the right frontal region and
279

he anterior midline (Fp2/F4/Fz). A late, intraictal,
osterior temporal-occipital activation, consisting of
focal (T6/O2) rhythmic theta pattern, was consis-

ently seen in all four recorded seizures (Appendix 1,
upplementary figure 2). Acute intraoperative ECoG
emonstrated prominent spiking over the temporal
ole and the medial-basal and lateral-inferior temporal

nferior lateral temporal FCD. (A2) Interictal EEG shows anterior-
fast rhythm over the left lateral frontal region (F3), subsequently
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eocortex, up to the temporo-occipital junction. The
argest part of the lateral temporal neocortex, although
nvaded by the lesion, was inactive and the same was
rue for the sampled areas from the lateral inferior
nd basal frontal cortex. A generous right temporal
obectomy, plus resection of the medial temporal
tructures, was performed. The patient has since been
eizure-free, now at the twenty-second postoperative
onth, with the exception of a brief drug withdrawal-

ssociated relapse at postoperative month 12. Biopsy
evealed type IIb FCD.

atient 4

n 8-year-old male presented with a long history of
eizures since age 25 days and borderline intelligence.
e reported feeling “dizzy” at the beginning of his

eizures and was then unresponsive and motionless
or 40-60 seconds. At the time of the evaluation, he
as suffering multiple events daily. The MRI revealed

n extensive left medial-basal and inferior lateral
emporal lesion, consistent with FCD (figure 2A1).
nterictal EEG showed an anterior-midtemporal SW
ocus (maximum over F7/T3 and F9/T9) (figure 2A2),
owever, the first ictal EEG changes, manifesting as
low-amplitude fast rhythm, were detected over the

eft lateral frontal region (maximum over F3), with sub-
equent spread over the ipsilateral parasaggital region
C3/P3) (figure 2A3). The patient underwent an exten-
ive left temporal lobectomy plus resection of the
edial structures and to date, 5.5 years postopera-

ion, has remained continuously seizure-free. Biopsy
evealed immature and poorly organised neuronal
lements, however, the lesion was not adequately
ategorised.

atient 5

25-year-old, right-handed man presented with a
istory of seizures since age 13. They manifested with
sensation of dizziness, difficulty with speaking and

omprehending language, clouding of consciousness,
nd some tonic posturing of both upper extremi-
ies. MRI revealed an extensive low-growth tumour
nvolving the basal and inferior left temporal lobe,
ncroaching on the ipsilateral temporal horn and abut-
ing the ipsilateral parahippocampal gyrus (figure 3A1).
urface video-EEG revealed an interictal left central
W focus (maximum over C3) (figure 3A2) and a
80

o-localised focal ictal rhythm, consisting of repetitive
W activity maximum over C3/P3 and extending to the
idtemporal region as well (T3/T5) (figure 3A3). Acute

ntraoperative ECoG revealed infrequent spiking
ver the inferior and basal temporal region and
uch more frequently from the medial border of the

esion, corresponding to the parahippocampal gyrus.

s
r
s
w
y
w
f

otal lesion resection was performed with additional
esection of the ipsilateral parahippocampal gyrus
nd the patient, 4.5 years postoperation, remained
ontinuously seizure-free. Biopsy revealed a pilocytic
strocytoma.

atient 6

n 8-year-old, right-handed boy presented with a
istory of seizures since age 3 years, manifesting
ith behavioural arrest and unresponsiveness. MRI

evealed a left temporal lobe tumour invading the basal
emporal and inferior lateral temporal neocortex. At
ge 4, he underwent a partial tumour resection and
emained seizure-free for one year postoperatively.
ubsequently, seizures relapsed with identical semio-

ogical features, progressively increasing in frequency
o multiple daily, by the time of the evaluation. A
ell-localised interictal SW EEG focus was shown over

he left central region (C3), while ictal EEG onset was
roader and less well-organised, with left-hemispheric
hythmic delta, more prominent over the parasaggital
egion (P3/Pz) (Appendix 1, supplementary figure 3).
e was subjected to total resection of the lesion and

cute intraoperative ECoG revealed spiking over the
asal and lateral temporal neocortex, up to the supe-
ior temporal gyrus. This gyrus was not resected, in
pite of persistent post-excisional spiking, due to con-
erns about damaging language cortex. Following a
eizure cluster on postoperative days 19 and 25, the
atient has remained seizure-free continuously for 44
onths of postoperative follow-up. Biopsy revealed a

ilocytic astrocytoma.

atient 7

46-year-old man presented with a history of
eizures since age 19 years, with a non-describable
ura, motionless stare, and subsequent oral and
and automatisms. Although imaging revealed a right
edial temporal lobe mass lesion and the seizures

ollowed a drug-resistant course, he did not consider
urgery until many years had passed. Presurgical video-
EG monitoring revealed a right anterior temporal
nterictal SW focus (F8/F10 and T4/T10), while ictal
EG consistently demonstrated focal onsets with 8-
Hz sinusoidal activity from the posterior temporo-

arietal region (T6 spreading to P4) (Appendix 1,
upplementary figure 4). He underwent a gross lesion
Epileptic Disord, Vol. 14, No. 3, September 2012

esection along with removal of medial temporal
tructures. Biopsy revealed an oligoastrocytoma. He
as seizure-free for the first three postoperative

ears and subsequently had a seizure, associated
ith tumour recurrence. He was later lost during

ollow-up.
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igure 3. Patient 5. (A1) MRI revealing an extensive low-growth
n the ipsilateral temporal horn and abutting the ipsilateral parah

A3) Ictal EEG showing repetitive SW activity over C3/P3, extendin

atient 8

21-year-old man presented with a history of seizures
ince age 17 years, with stereotyped episodes of
uras described as “. . .an altered sense of reality
nd nearby objects become larger. . .”, accompanied
ccasionally by an abnormal numbness-like sensa-

ion of the entire left side of the body. He then lost
wareness and became agitated and hyperkinetic. MRI
evealed a left basal temporal, non-enhancing, cystic

ass lesion (figure 4A1). Prolonged video-EEG studies
pileptic Disord, Vol. 14, No. 3, September 2012

emonstrated a left frontotemporal interictal SW focus
maximum over Fp1/F3 with field spread to F7/F9)
figure 4A2) and several typical events were recorded
ith an ictal, low-amplitude sinusoidal fast rhythm

ocalised over Fp1, spreading quickly to F7/F3 and
p2 (figure 4A3). The patient underwent lesion resec-
ion with acute intraoperative ECoG, documenting

E
T
c
p
r
m
m

ur involving basal and inferior left temporal lobe, encroaching
campal gyrus. (A2) Interictal EEG with left central SW focus (C3).
the midtemporal region (T3/T5).

piking from the anterior and lateral lesion margin.
n postoperative day 9, he experienced a cluster of

artial seizures. He has otherwise been seizure-free,
urrently one year postoperation.

iscussion

f 47 surgical patients with unitemporal structural
maging lesions, MTS, indolent tumours, and FCD,
ight (16%) presented surface interictal and/or ictal
281

EG features suggesting an extratemporal localisation.
hese were not predictive of an adverse surgical out-
ome, as almost all of these cases showed excellent
ostoperative seizure control following temporal lobe
esections aimed at removing the imaging abnor-
ality, with only minor modifications of resection
argins in some cases, guided by acute intraoperative
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igure 4. Patient 8. (A1) MRI shows a left basal temporal cystic
nterictal SW focus (Fp1/F3 spreading to F7/F9). (A3) Ictal EEG reve
o F3/F7 and Fp2.

CoG, and not extending to extratemporal regions
epicted by surface EEG. We recognise that there is
o literature data for a quantitative definition of a
ominant interictal extratemporal sharp wave focus

n the setting of lesional temporal lobe epilepsy,
gainst which to compare our own data. In this study,
his was defined as at least 35% of total interictal
ctivity localised over extratemporal electrodes; this
as an arbitrary cut-off point we utilised to include
atients with a significant proportion of extratemporal

nterictal activity (suggesting perhaps the presence
82

f an active remote focus) and to exclude patients
ith rare and non-consistent extratemporal spiking.

n a post-hoc analysis, we were able to identify
wo more cases (both with MTS) with less than 5%
f total interictal spiking recorded over extratem-
oral areas (frontopolar and posterior temporal/
arietal).

b
l
c
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lesion. (A2) Interictal EEG demonstrates a left frontotemporal
low-amplitude fast rhythm localised over Fp1, spreading quickly

he prevalence of extratemporal EEG localising fea-
ures was much lower in the MTS group (2/26 cases
7%] versus 6/21 for tumours and FCD [30%]), thus
upporting a more concrete and predictable electro-
hysiological behaviour of MTS, compared to

umoural and FCD cases. Both of our two MTS cases
emonstrated early ictal EEG features implicating

rontopolar regions, while Patient 1 had a frontopolar-
nferior frontal lobe interictal SW focus in addition to a
redominant ipsilateral anterior-basal temporal focus.
pparently, frontopolar surface ictal EEG onsets have
Epileptic Disord, Vol. 14, No. 3, September 2012

een described in cases with medial/basal temporal
obe lesions and concordant ictal onsets on intra-
ranial EEG recordings with subdural (Mikuni et al.,
997) and foramen ovale electrodes (Alarcon et al.,
001). Seizures may readily propagate from the medial
emporal region to the basal-orbitofrontal and thence
o the anterior frontal cortex, utilising established
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natomo-functional connections in these areas, as
as been shown by chronic recordings with depth
lectrodes implanted in the relevant regions (Lieb
t al., 1991) and evoked potential studies documenting
rbital frontal cortex responses to hippocampal
timulations (Catenoix et al., 2005). If this occurs
efore propagation to ipsilateral temporal neocortex

akes place, erroneous frontal lobe localisation may
e suggested. Frontopolar regions were the only
xtratemporal areas implicated in our MTS patients.
alsely localising lateral frontal and parietal surface
ctal EEG onsets have been described in exceptional
ases of medial temporal lobe epilepsy, verified by
oramen ovale recordings (Alarcon et al., 2001).
xtratemporal suprasylvian, frontocentral, and centro-
arietal locations were observed in 3 of our 6 tumoural
nd FCD cases; frontopolar/frontal in 2 and posterior
emporal-parietal in one. The lesion was located lateral
o the collateral sulcus in three patients (Patients 5, 7,
nd 8), involved parts of the medial temporal lobe plus
asal/lateral temporal neocortex in two (Patients 3 and
), and was strictly mediotemporal in one (Patient 6).
here was no obvious difference with regard to EEG

ocalisation within particular extratemporal regions
etween the medial temporal lesion and the lateral

emporal lesion subgroups, however, our sample was
oo small to be able to infer the presence of such
ifferences. Studies focusing on the electroclinical fea-

ures of lesional temporal neocortical epilepsies either
o not report on the presence of extratemporal interic-

al/ictal EEG findings (O’Brien et al, 1996; Foldvary et al.,
997), or report such findings among 6-11% of their
opulation (Pfander et al., 2002) without specifying par-

icular localisation. Apparent discordant interictal and
ctal EEG localisation was noted in 2 (Patients 4 and 7) of
ur 6 tumoural and FCD cases. In both of them, inter-

ctal EEG localisation was lesion-concordant and cor-
ectly localising, thus being more reliable compared to
ctal EEG. This is in agreement with Pfander et al. (2002)
eporting extratemporal interictal EEG localisation in
% versus 11% with ictal EEG among their lesional
eocortical temporal group. We postulate that ictal
nset from the temporal neocortex may be hidden on
urface EEG due to poor synchrony among discharg-
ng neurons and recruitment of neuronal substrate,
ot yet large enough to produce a detectable surface
EG signal (Tao et al., 2007). Subsequent propaga-
ion to extratemporal cortex by incorporating larger
euronal populations and achieving greater discharge
pileptic Disord, Vol. 14, No. 3, September 2012

ynchrony may give rise to an obvious, nonetheless
alsely localising, extratemporal ictal EEG pattern.

f 9 patients with medial temporal lobe tumours
Hammer et al., 1999), 7 demonstrated extratemporal
nterictal SW activity, accounting for only a small
roportion of the total recorded interictal activity.
ccording to our criteria, the extratemporal interictal

r
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Extratemporal EEG features in unitemporal epilepsy

W focus should account for at least 35% of the totally
ecorded interictal activity and thus our method
s not comparable. Besides this, only one of our 6
umoural/FCD patients (Patient 7) had a lesion strictly
onfined within the medial temporal region.
ropagation of interictal and ictal activity from
emporal neocortex or from both medial and neo-
ortical temporal areas and early involvement of
xtratemporal suprasylvian neocortical areas through
orticortical connections, utilising most likely polar
nd insular cortex as intermediary nodes (Kahane
t al., 2001; Chabardès et al., 2005; Bartolomei et al.,
010), appears to be the most likely explanation for
uprasylvian-pericentral EEG localisation in the three
Patients 4, 5, and 7) of our tumoural and FCD
atients. This could be consistent with the recently
roposed concept of the “temporosylvian epilep-

ogenic network” (Bartolomei et al., 2010), which
specially applies to temporal lobe lesions other
han HS. The temporopolar-orbital frontal pathway
as most likely utilised for Patient 8, who showed

ery prominent hyperkinetic behaviours, consistent
ith recent reports linking this pathway to seizures
f temporal lobe origin manifesting similar ictal
ehaviours (Rheims et al., 2008; Wang et al., 2008;
augier et al., 2009). The organisation of the epilepto-
enic zone for Patient 3 was probably more complex
nd extensive involving temporal, frontal, and occipital
ortices. Patient 6 was the only patient demonstrating
posterotemporal/parietal ictal EEG onset, in obvious
iscordance with an ipsilateral medial temporal mass

esion and an anterior temporal interictal SW focus.
ccording to the previous discussion, we postulate
seizure propagation phenomenon from the medial

emporal region, perhaps utilising insula as an inter-
ediary node. Temporo-occipital ictal EEG onsets have

een reported in a recent series of lesional insular
pilepsies (Lehe et al., 2009).
n alternative explanation for our findings is the
resence of an additional epileptogenic pathology,
on-detectable by MRI, underlying areas of extra-

emporal EEG abnormalities. Co-existence of MTS
ith FCD and other dysplastic features is reported in

0-50% of MTS patients in surgical series (Diehl et al.,
004; Kalnins et al., 2004; Fauser and Bongahe, 2006).
oth pathologies, however, are usually co-localised in

he same temporal lobe, often in the anterior and basal
ortion (Srikijvilaikul et al., 2003; Kalnins et al., 2004),
nd it is very questionable whether they could gene-
283

ate discordant EEG foci. The same holds true for some
ypes of developmental tumours (DNET, GG) that may
lso be associated with occult cortical malformations
n their vicinity (Prayson et al., 1993; Ferrier et al., 2006).
n any case, it is difficult to consider that a hypotheti-
ally non-visible intratemporal pathology, nonetheless
n close proximity to the main lesion, may account for
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uch prominent extratemporal EEG activity. In addition,
he excellent surgical outcome following temporal
obe resections only argues against an extratemporal
pileptogenic pathology. We certainly recognise that a

onger follow-up time is needed to confirm successful
utcome in the long-term, as three of our eight
atients were followed postoperatively for periods of
etween one and two years and another (Patient 3)
ad an isolated seizure, most likely related to drug
ithdrawal, 12 months postoperatively and is currently

eizure-free following reinstitution of drug treatment
or 10 months. However, the remaining patients have
een continuously seizure-free since surgery for

ollow-up periods ranging between 2 and 5.5 years.
rench groups have introduced the concept of
temporal lobe plus” epilepsies (Chabardès et al.,
005; Barba et al., 2007) and utilised sophisticated
ignal analysis (“epileptogenicity index”) (Bartolomei
t al., 2008; Aubert et al., 2009; Bartolomei et al.,
010) to describe seizures of multilobar origin based
n intracranial EEG depth recordings involving the

emporal lobe and neighbouring areas. They have sug-
ested that the presence of extratemporal surface EEG
eatures is predictive of such cases (Barba et al., 2007).
heir patients differed from ours, with a much higher
revalence of MTS and a considerable proportion of
ormal MRI cases. Nevertheless, the topographical
pectrum of extratemporal EEG localisations, when
escribed (Barba et al., 2007), was comparable to that
f our mixed MTS and tumoural/FCD group, involving

rontocentral, frontotemporal, and posterotempo-
al/parietal regions. Most cases of the French series
ere subjected to invasive monitoring and tailored

esections, however, failures still occurred, reflecting
ntricacies and complexities of the epileptogenic zone
rganisation in this group.

n conclusion, we obtained excellent results with
esections aiming to primarily remove lesions. Sample
izes for each pathology (HS, tumoural, and FCD)
ubgroup were too small to draw any conclusions
egarding valid statistical differences. Another source
f difficulty with statistical analysis was that our defini-

ion of “surface extratemporal EEG features” included
ither or both interictal (provided it was >35% of totally
ecorded) and ictal extratemporal activity. Although
e suspect that tumoural and FCD cases may more
ften show extratemporal surface EEG features and
pecific constellations of findings, such as interictal
nd ictal activity exclusively localised to extratemporal
84

reas, we elected to simply report actual numbers
nd percentages, recognising the need for stronger
amples in order to prove statistically significant dif-
erences. We recognise difficulties with reproducing
ur findings in larger comparable cohorts, given the
doption of different presurgical approaches among
pilepsy surgery centres. We proceeded to surgery
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ithout previous intracranial EEG studies and in spite
f the presence of such EEG findings. Our decision
as based on the constellation of: 1) seizure semio-

ogy consistent with temporal lobe involvement; 2)
nitemporal structural abnormalities of high epilepto-
enic potential, ipsilateral to EEG findings; 3) absence
f any other imaging evidence suggesting pathology
ver areas depicted by remote EEG signals; and 4)
ecognition that the discordant EEG signals may well
tilise a common epileptogenic network. We certainly
o not advocate that utilisation of invasive monitoring
hould be dogmatically rejected in every case compa-
able to ours. Instead, we propose that the presence
f this kind of EEG discordance should not discourage

he surgical option, does not necessitate non-invasive
valuations in an as yet undetermined, but perhaps sig-
ificant, proportion of such patients, and may well be
ompatible with excellent surgical outcomes provided
generous lesion resection is accomplished. �
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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. (A2) 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. (A1) MRI showing extensive right temporal lobe FCD, involving the pole, the medial-basal and lateral temporal
neocortex, extending back towards the occipito-temporal junction. (A2) 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. (A2) 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. (A2) 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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