
Journal Identification = EPD Article Identification = 0615 Date: December 3, 2013 Time: 4:27 pm

3

C
L
“
N
P
2
<

Original article
Epileptic Disord 2013; 15 (4): 392-9

Ictal EEG modifications
in temporal lobe epilepsy
Veronica Pelliccia 1,2, Roberto Mai 1, Stefano Francione 1,
Francesca Gozzo 1, Ivana Sartori 1, Lino Nobili 1,
Giorgio Lo Russo 1, Chiara Pizzanelli 2, Laura Tassi 1

1 “Claudio Munari” Epilepsy Surgery Centre, Niguarda Hospital, Milan
2 Neurology Unit, Department of Neuroscience, University of Pisa, Pisa, Italy

Received April 08, 2013; Accepted August 28, 2013

ABSTRACT – Temporal lobe epilepsy is the most common type of epilepsy
in adults with medically intractable, localisation-related epilepsy, amenable
to surgery. Together with clinical and neuroimaging data, presurgical ictal
scalp-EEG findings are often sufficient to define the epileptogenic zone. It
is widely believed that ictal scalp-EEG findings in temporal lobe epilepsy
are represented by 5-9-Hz lateralised rhythmic theta activity or 2-5-Hz
lateralised rhythmic delta activity. On the basis of experimental models
and experience with intra-cerebral EEG recordings, the pattern of low-
voltage fast activity is considered to be the electrophysiological hallmark
of the epileptogenic zone. We reviewed the ictal scalp-EEG data relating
to 111 seizures in 47 patients with temporal lobe epilepsy who under-
went video-EEG recordings during presurgical work-up. We found that 35
patients (74.4%) showed flattening, low-voltage fast activity or fast activity
as the initial EEG pattern. When visible, the rhythmic delta or theta activity
followed the fast activity. Low-voltage fast activity, flattening or fast activity

h temporal lobe epilepsy and repre-
voltage fast activity (or similar) is also
tern in scalp-EEG recordings.

tal scalp-EEG, temporal lobe epilepsy,
, video-EEG recording

depends on the interaction of
various factors, such as the electrical
properties of the conductive tissues
of the head, background activity, the
setting in which the recording is
made, and the patient’s condition
(Jan et al., 2010; Cosandier-Rimélé
et al., 2012). However, the evaluation
of EEG findings is complete and reli-
occurs in the majority of patients wit
sents the main ictal EEG pattern. Low-
identifiable as the initial ictal EEG pat
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Temporal lobe epilepsy is the most
common type of epilepsy in adults
with drug-resistant, localisation-
relatedepilepsy,amenabletosurgery.
Together with clinical and neuro-
imaging data, the presurgical evalu-
ation of interictal and ictal scalp-EEG
findings is often fundamental for
defining the epileptogenic zone
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(EZ). However, ictal EEG modifica-
tions are now considered to be more
important than interictal EEG abnor-
malities in localising the EZ (Engel
et al., 2003; Jan et al., 2010).
The identification of any specific
activity in scalp-EEG recordings

able only when it is strictly related
to ictal onset because the secondary
propagation of ictal discharges can
involve different and distant brain
areas.
Published studies of the subject date
back some decades and describe
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nly a few ictal EEG patterns. The ictal scalp-EEG
ndings in temporal lobe epilepsy are historically
escribed as 5-9-Hz lateralised rhythmic theta activity
r 2-5-Hz lateralised rhythmic delta activity (Blume et
l., 1984; Risinger et al., 1989; Ebner and Hoppe, 1995;
bersole and Pacia, 1996; Pacia and Ebersole, 1997; Jan
t al., 2010). More recent studies have not dealt with
he subject directly and electrophysiological findings
re typically described on the basis of previous reports
Bentes et al., 2008; Jung et al., 2009; Rodin et al., 2009;
apolitano and Orriols, 2010; Adamolekun et al., 2011).

ctal scalp-EEG propagation is generally more evi-
ent and easily identifiable, but determining the ictal
nset discharge is more complicated because of the
resence of artefacts and low signal-to-noise ratio in
calp-EEG (Pacia and Ebersole, 1997; Rodin et al., 2009;
an et al., 2010; Cosandier-Rimélé et al., 2012). Low-
oltage fast activity (LVFA) is characterised by elevated
requency (20-80 Hz) and low amplitude (no more than
0 �V) and is often considered as an electrophysio-
ogical hallmark of EZ.
n fact, studies on experimental models have demon-
trated that LVFA plays a role in epileptogenesis
nd correlates with the EZ (Wendling et al., 2003;
artolomei et al., 2008; Jacobs et al., 2008; Bragin et al.,
010). Moreover, it has been demonstrated that LVFA
an be identified in intracranial EEG recordings, thus
pening up a new perspective for interpreting seizure
nset. In particular, many studies have demonstrated

hat LVFA does not depend on the underlying patho-
ogy (Jacobs et al., 2008; Jacobs et al., 2009) and that
he surgical prognosis is related to the removal of
rain areas producing it (Lee et al., 2000; Jacobs et al.,
008; Wetjen et al., 2009; Bartolomei et al., 2010; Jacobs
t al., 2010). However, to the best of our knowledge, no
tudies have yet investigated the presence of LVFA in
calp-EEG recordings, despite its recognised value in
ocalising the EZ.
n order to identify any change before the first clinical

anifestation (corresponding to ictal onset), we
eviewed the ictal EEGs of patients with temporal lobe
pilepsy who had undergone video-EEG recordings
uring the presurgical work-up. The aim of this study
as to determine whether LVFA can also be identi-
ed in scalp-EEG recordings and evaluate its role in
efining the EZ.

atients and methods
pileptic Disord, Vol. 15, No. 4, December 2013

atients

etween September 2005 and July 2011, 636 patients
ere investigated in the Laboratory of the “Claudio
unari” Epilepsy Surgery Centre as part of their

resurgical work-up or in order to determine correct
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Ictal EEG in temporal lobe epilepsy

iagnosis. The digitalised EEG data were available for
eview (Nihon Kohden System). For each patient, one
r more seizures were recorded and all were followed

or at least one year after surgery.
or the purposes of this study, we selected 47
atients with medically intractable temporal lobe
pilepsy and reviewed their clinical, anatomical, and
europhysiological data in detail (i.e. their clini-
al history, neurological examination results, seizure
emiology, brain magnetic resonance imaging (MRI)
ndings, neuropsychological assessment results, and
europathological information). Twenty-four patients

51.1%) did not have any significant risk factors for
eizures (i.e. a family history of epilepsy, pre- or peri-
atal brain damage, febrile seizures, or head trauma),
nd 9 (19.1%) had a history of febrile seizures. Twelve
atients (25.5%) reported a seizure-free period of at

east one year during the disease.
orty-three patients (91.5%) had positive brain MRI
ndings. Twenty-five patients (53.2%) underwent left
nd 22 (46.8%) right temporal lobe surgery. The main
linical characteristics, neuropathological data, and
utcomes are shown in table 1.

ethods

ideo-EEG monitoring and EEG analysis
ll of the patients underwent video-EEG monitoring
t the Claudio Munari Epilepsy Surgery Centre, with
lectrodes positioned according to the 10-20 inter-
ational system (Fpz as reference). No sphenoidal
lectrodes were used. During long-term monitoring,

mpedance and the possible presence of artefacts
ere constantly checked. The neurophysiological
ndings were retrospectively reviewed by two
ompetent independent investigators.
ideo-EEG monitoring was performed by means of
referential montage, thus allowing the recordings

o be reviewed in numerous bipolar and referen-
ial montages. During the review, digital filtering and
ain adjustment were used to optimise the EEG dis-
lay. The sampling rate was 500 Hz. The low filter
as always 1.6 Hz, and depending on the technical

aspect” of the EEG, the range of the high filter was
0-120 Hz. Every patient underwent baseline EEG with
timulation tests (hyperventilation, intermittent photic
timulation, and auditory stimulation). If necessary,
leep deprivation and/or antiepileptic drug withdrawal
as used to increase the probability of a seizure.
393

e analysed interictal abnormalities during wake-
ulness and sleep but, above all, we evaluated the
ctal scalp-EEG findings in order to identify any
hange before the first clinical (subjective or objec-
ive) manifestation (ictal onset) and subsequent ictal
EG propagation.
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Table 1. Main clinical characteristics of patients.

Males/Females (%) 32/15 (68/32)

Age at epilepsy onset 10.26±8.53 (0-37)

Duration of epilepsy 21.42±12.43 (1-47)

Age at surgery 31.72±15.01 (2-57)

Number of seizures/month 15.28±17.06 (2-60)

Number of AEDs 2.15±0.72 (1-4)

NEUROPATHOLOGY 14 isolated HS (29.8%)
7 FCD IIIa (14.9%)
5 MCD (10.7%)
4 low-grade brain
tumour (8.5%)
4 FCD I (8.5%)
3 FCD IIIb (6.4%)
2 double pathology
(4.2%)
8 negative (17%)

OUTCOME (months)
follow-up 40.2±20.6 (12-86)

35 Ia+Ic (74.6%)
2 Ib (4.2%)
1 Id (2.1%)
2 II (4.2%)
7 III (14.9%)

HS: hippocampal sclerosis; FCD: focal cortical dysplasia;
M
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A favourable outcome was observed in 18/23 patients
CD: malformation of cortical development.
europathological data are reported according to Blümcke clas-

ification (Blümcke et al., 2011). Outcome is reported according
o Engel classification (Engel et al., 1993).

ctal EEG classification
e retrospectively reviewed a total of 2,884 hours of

EG recordings and 111 seizures (2.3 seizures/patient).
e analysed all the seizures of the patients, but due

o certain circumstances (position or activities of the
atient, technical and muscular artefacts), the EEG of

ctal onset was not clear in 42 seizures (37.8% of the
otal number) and consequently not included in our
nalysis. Nevertheless, only in 4 patients (8.5%) was
he ictal onset (considered as “no visible pattern”) not
dentified. For the majority of the patients (26 patients;
5.3%), we recorded at least two seizures and the
ther patients (17 patients; 36.2%) each had one seizure
94

hich was suitable for analysis. The total number of
nalysed seizures was 69.
e observed the following ictal EEG patterns:
no visible pattern;
background attenuation (disappearance of back-

round activity mainly localised in posterior regions);

w
1
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a
a

reduction/disappearance of interictal EEG
bnormalities;
rhythmic spikes;
rhythmic slow activity (theta or delta);
flattening (clear reduction of focal amplitude without
ny distinct fast activity, with different localisation);
fast activity (generally beta activity);
low-voltage fast activity (fast activity associated with
clear reduction in amplitude; no more than 20 �v).

tatistical analysis
he associations between ictal EEG patterns and post-
urgical outcomes or neuropathological findings were
valuated using the Pearson’s �2 test with Yates’ correc-
ion. One-way analysis of variance (ANOVA) was used
o evaluate any differences in age at epilepsy onset,
llness duration, seizure rate or seizure freedom, in
elation to postsurgical outcome.

esults

ctal EEG

nalysis of the ictal EEGs revealed two distinct phases:
) ictal onset; and ii) subsequent discharge develop-

ent and possible contralateral propagation.
he following EEG patterns were observed in relation
o ictal onset (figures 1-5):
no visible pattern in 4 patients (8.5%);
background attenuation in 4 patients (8.5%);
reduction in interictal EEG abnormalities in 3 patients

6.3%);
fast activity in 2 patients (4.2%) (figure 4);
rhythmic spikes in 1 patient (2.1%);
flattening in 23 patients (48.9%) (figures 1 and 5);
LVFA in 10 patients (21.5%) (figures 2 and 3).

EG flattening, LVFA, and fast activity were observed in
total of 35 patients (74.4%), of whom 27 (77.1%) had

avourable postsurgical outcome (Engel class I). None
f the patients showed rhythmic slow activity (theta or
elta) at seizure onset. All of the patterns were clearly

ocalised on the EEG unless otherwise specified, and all
he discharges were clearly confined to the temporal
obe (F8-T4, T4-T6 and F7-T3, T3-T5).
Epileptic Disord, Vol. 15, No. 4, December 2013

ith EEG flattening (78.3%), 8/10 with LVFA (80%), and
/2 with fast activity (50%); i.e. 71.1% of all patients with
avourable outcome. The other favourable outcomes
ere observed in the 4 patients with background

ttenuation, the 3 patients with reduced interictal
bnormalities, and the patient with rhythmic spikes.
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Figure 1. Left temporal EEG flattening. We observed rhythmic delta activity ten seconds later.

Fp2-F8

F8-T4

T5-O1

T4-T6

T6-O2

Fp1-F7

F7-T3

T3-T5

F mic t

T
s
-
(
-
(
-
-
I
g
c

T
o
1

C

igure 2. Low-voltage fast activity in left temporal regions. Rhyth

he following patterns were observed in relation to
ubsequent discharge development or propagation:
rhythmic slow activity (theta) in 30 patients (63.8%)

figures 2 and 5);
rhythmic slow activity (delta) in 10 patients (21.3%)
pileptic Disord, Vol. 15, No. 4, December 2013

figures 3 and 4);
rhythmic spikes in 6 patients (12.8%);
fast activity in 1 patient (2.1%).

n 9 patients (19.1%), 4 of whom had unfavourable sur-
ical outcome, the propagation of discharge involved
ontralateral regions or was diffuse.

t
-
-
-
(
-

50 µV 1 sec

heta activity becomes visible 13 seconds later.

wenty-one of the 35 patients with EEG flattening, LVFA
r fast activity showed rhythmic theta activity, of whom
7 had favourable outcome (81%).

onsidering the total number of seizures, we observed
395

he following at ictal onset:
no visible pattern in 42 seizures (37.8%);
background attenuation in 4 seizures (3.6%);
reduction in interictal EEG abnormalities in 5 seizures

4.5%);
fast activity in 2 seizures (1.8%);
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Figure 3. Low-voltage fast activity in right temporal regions. Rhythmic delta activity appears seven seconds later.
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igure 4. Fast activity in right temporal regions.
he subsequent development of the ictal discharge (ten seconds

rhythmic spikes in 1 seizures (0.9%);
flattening in 35 seizures (31.6%);
LVFA in 22 seizures (19.8%);
in 59/111 seizures (53.2%), we observed EEG flatten-

ng, LVFA or fast activity.

oreover, we analysed the extent of localisation of
he initial ictal onset relative to the subsequent EEG
96

atterns (65 seizures; EEGs in which there was “no
isible pattern” or no localised background attenua-
ion were excluded). In 59 seizures (90.8%), localisation
f the initial ictal onset was better defined, with respect

o the delimitation of the subsequent pattern. In 6
eizures (9.2%), localisation of the initial ictal onset and
ubsequent pattern was identical. Localisation of the

P
(
h
t
s
t

50 µV 1 sec

r) is characterised by rhythmic delta activity.

ubsequent pattern was consistently less defined than
hat of the initial ictal onset.
inally, we evaluated the duration of the ictal EEG
attern. The median duration of initial ictal EEG pattern
bserved was 13±8 seconds (mean±standard devia-

ion; range: 2-50 seconds).

ostsurgical outcome
Epileptic Disord, Vol. 15, No. 4, December 2013

ostsurgical outcome was favourable in 38 patients
80.9% in Engel class I). All of the 14 patients with
ippocampal sclerosis had a favourable outcome and

he presence of hippocampal sclerosis was statistically
ignificant (p=0.0087). Four patients with a negative his-
ological examination had an unfavourable outcome,
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igure 5. EEG of two different seizures of the same patient. The
mplitude followed by EEG flattening with right temporal localisa
ischarge appears four seconds later and is characterised by rhy

ut this association was not statistically significant
p=0.052). We did not find any significant correlations
etween neuropathology and the ictal patterns.
he associations between outcome and age at surgery,

llness duration or seizure frequency were not
tatistically significant (p=0.65, p=0.68, and p=0.10,
espectively), nor were the associations between out-
ome and interictal spikes during wakefulness or sleep
p=0.73 and p=0.70, respectively).

iscussion

e reviewed the ictal EEGs of 47 patients with
rug-resistant temporal lobe epilepsy who, on the
asis of clinical, anatomical, and video-EEG findings,
nderwent temporal cortectomy. Our aim was to anal-
se and describe early ictal EEG patterns, determine
hether LVFA is also identifiable on scalp-EEG, and

ssess its value in defining the EZ.
he analysis of scalp-EEG recordings of 111 seizures
llowed us to identify ictal onset (i.e. EEG changes
ccurring before or at the same time as the first clinical
igns) in all but four patients (8.5%).
VFA is considered the electrophysiological signature
f the EZ (Fisher et al., 1992; Wendling et al., 2003;
pileptic Disord, Vol. 15, No. 4, December 2013

artolomei et al., 2008) and does not depend on the
nderlying pathology (Bragin et al., 2004; Jacobs et al.,
008; De Curtis and Gnatkovsky, 2009; Jacobs et al.,
009; Cosandier-Rimélé et al., 2012). Moreover, it has
een shown that surgical prognosis is related to the
emoval of brain areas generating LVFA (Lee et al., 2000;

etjen et al., 2009; Bartolomei et al., 2010).

s
U
t
i
s
i
c

EEG pattern is identical and starts with a slow wave of elevated
Also, in these seizures, the subsequent development of the ictal

theta activity.

he frequency of scalp-EEG LVFA is clearly different
rom that observed in intra-cranial EEG recordings, but
he concept and significance remain the same. The
ifferences are mainly due to the presence of arte-

acts and the electrical properties of the conductive
edia in the head. It was commonly held that LVFA

annot be seen on scalp-EEGs because of artefacts and
he low signal-to-noise ratio (Cosandier-Rimélé et al.,
012). However, we found that the main early ictal EEG
attern was LVFA, flattening or fast activity (variants
f the principal pattern), which we distinguished as
ifferent expressions of the same EZ activity that
epended on the patients’ condition (position of the
atient, i.e. standing, sitting, lying; what the patient
as doing, i.e. eating, speaking, sleeping; where the

ecordings were performed; and the presence of the
echnical and muscular artefacts). LVFA was observed
n 21.5% of patients, and flattening, LVFA or fast acti-
ity in 35 patients (74.4%), of whom 27 (77.1%) had
avourable surgical outcome. None of the patients
howed rhythmic theta/delta activity at the time of ictal
nset.
onsidering the total number of seizures (111), we
bserved flattening, LVFA or fast activity in 59 seizures

53.2%). Moreover, we observed that the initial ictal
attern was more localised compared to the sub-
397

equent EEG pattern in 59/65 seizures (90.8%).
nlike previously published findings, our data suggest

hat scalp-EEG patterns can also play an important role
n localising the EZ. It is important to underline the
ignificance of greater accuracy in localising LVFA (or
ts variants) which should be considered in order to
arefully investigate these ictal EEG patterns.
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oreover, despite one of the limitations of our study
hich was certainly the small number of patients, we

uggest that scalp-EEG LVFA is probably related to
avourable outcome, as demonstrated by intracranial
EG recordings.
he first ictal discharge in patients with temporal lobe
pilepsy is usually described as rhythmic theta/delta
ctivity (Risinger et al., 1989; Walczak et al., 1992; Ebner
nd Hoppe, 1995; Pacia and Ebersole, 1997; Vossler
t al., 1998; Tatum et al., 2008; Jan et al., 2010), however,
lthough we observed rhythmic theta/delta activity in
5.1% of the patients, this appeared on average 13
econds after the LVFA (or similar activity). We there-
ore consider this to be a subsequent EEG pattern
hat corresponds to ictal discharge development (or
ropagation, if contralateral).
his is of importance with regards to localising the
true” onset of ictal discharge since, clinical signs may
therwise be overlooked and the EZ may be incor-
ectly localised. Considering the long time (mean: 13
econds) between the initial and subsequent ictal EEG
ischarges, there is a high risk of overlooking some

mportant clinical and neurophysiological charac-
eristics, not only because the development of an
ctal discharge appears later, but also because it can
nvolve different, and in some cases even contralateral,
egions. Nine of our patients (19.1%) showed discharge
ropagation involving the contralateral regions or
iffuse involvement, four of whom had unfavourable
urgical outcome. This underlines the need to search
or the “true” onset of discharge which may be found
nce the first clinical sign has been identified.

dentifying the ictal onset discharge is complicated
ecause of the presence of artefacts and the low signal-

o-noise ratio of scalp EEG, however, this is not a
ajor limitation as we failed to identify the ictal onset

n only 8.5% of our patients. Probably, this limitation
an be further reduced by increasing the number of
ecorded seizures of each patient (generally at least
wo seizures).
t therefore appears that, in clinical practice, the
ctal onset should always be carefully investigated by
nalysing any subtle EEG modifications before the first
linical sign. �

isclosures.
one of the authors have any conflict of interest to disclose.
98

eferences

damolekun B, Afra P, Boop FA. False lateralization of seizure
nset by scalp EEG in neocortical temporal lobe epilepsy.
eizure 2011; 20: 494-9.

F
H
N

J
i
o
e

artolomei F, Chauvel P, Wendling F. Epileptogenicity of
rain structures in human temporal lobe epilepsy: a quan-

ified study from intracerebral EEG. Brain 2008; 131: 1818-30.

artolomei F, Cosandier-Rimélé D, McGonigal A, et al. From
esial temporal lobe to temporoperisylvian seizures: a quan-

ified study of temporal lobe seizure network. Epilepsia
010; 51: 2147-58.

entes C, Pimentel J, Costa J, Santos R, Rolo V. Ictal singing:
ase report and reappraisal of the literature. Epileptic Disord
008; 10: 113-8. doi: 10.1684/epd.2008.0185.

lümcke I, Thom M, Aronica E, et al. The clinicopathologic
pectrum of focal cortical dysplasias: a consensus classifica-
ion proposed by an ad hoc Task Force of the ILAE Diagnostic

ethods Commission. Epilepsia 2011; 52: 158-74.

lume WT, Young GB, Lemieux JF. EEG morphology of par-
ial epileptic seizures. Electroencephalogr Clin Neurophysiol
984; 57: 295-302.

ragin A, Wilson CL, Almajano J, Mody I, Engel Jr. J.
igh-frequency oscillations after status epilepticus: epilep-

ogenesis and seizure genesis. Epilepsia 2004; 45: 1017-23.

ragin A, Engel J, Staba RJ. High-frequency oscillations in
pileptic brain. Curr Opin Neurol 2010; 23: 151-6.

osandier-Rimélé D, Bartolomei F, Merlet I, Chauvel P,
endling F. Recording of fast activity at the onset of partial

eizures: depth EEG vs scalp EEG. Neuroimage 2012; 59: 3474-
7.

e Curtis M, Gnatkovsky V. Reevaluating the mechanisms
f focal ictogenesis. The role of low-voltage fast activity.
pilepsia 2009; 50: 2514-25.

bersole JS, Pacia SV. Localization of temporal lobe foci by
ctal EEG patterns. Epilepsia 1996; 37: 386-99.

bner A, Hoppe M. Noninvasive electroencephalography and
esial temporal sclerosis. J Clin Neurophysiol 1995; 12: 23-31.

ngel J Jr, Van Ness PC, Rasmussen TB, Ojemann LM. Out-
ome with respect to epileptic seizures. In: Engel J Jr. Surgical
reatment of the epilepsies. New York: Raven Press, 1993:
09-21.

ngel J, Wiebe S, French J, et al. Quality Standards Subcom-
ittee of the American Academy of Neurology; American

pilepsy Society; American Association of Neurological Sur-
eons. Practice parameter: temporal lobe and localized
eocortical resections for epilepsy: report of the Quality
tandards Subcommittee of the American Academy of
eurology, in association with the American Epilepsy Society

nd the American Association of Neurological Surgeons.
eurology 2003; 60: 538-47. Erratum: 1396.
Epileptic Disord, Vol. 15, No. 4, December 2013

isher RS, Webber WR, Lesser RP, Arroyo S, Uematsu S.
igh-frequency EEG activity at the start of seizures. J Clin
europhysiol 1992; 9: 441-8.

acobs J, LeVan P, Chander R, Hall J, Dubeau F, Gotman J. Inter-
ctal high-frequency oscillations (80-500 Hz) are an indicator
f seizure onset areas independent of spikes in the human
pileptic brain. Epilepsia 2008; 49: 1893-907.



Journal Identification = EPD Article Identification = 0615 Date: December 3, 2013 Time: 4:27 pm

E

J
H
t

J
t
e

J
f
2

J
p
t
2

L
o
3

N
a
i

P
i
6

R
d
s

R
d

T
t
p
S

V
i
p

W
r

W

acobs J, Levan P, Châtillon CE, Olivier A, Dubeau F, Gotman J.
igh frequency oscillations in intracranial EEGs mark epilep-

ogenicity rather than lesion type. Brain 2009; 132: 1022-37.

acobs J, Zijlmans M, Zelmann R, et al. High-frequency elec-
roencephalographic oscillations correlate with outcome of
pilepsy surgery. Ann Neurol 2010; 67: 209-20.

an MM, Sadler M, Rahey SR. Electroencephalographic
eatures of temporal lobe epilepsy. Can J Neurol Sci
010; 37: 439-48.

ung K, Kang J, Kim JH, Im C, Kim KH, Jung H. Spatiotem-
orospectral characteristics of scalp ictal EEG in mesial

emporal lobe epilepsy with hippocampal sclerosis. Brain Res
009; 1287: 206-19.

ee SA, Spencer DD, Spencer SS. Intracranial EEG seizure-
nset patterns in neocortical epilepsy. Epilepsia 2000; 41: 297-
pileptic Disord, Vol. 15, No. 4, December 2013

07.

apolitano CE, Orriols MA. Graduated and sequential prop-
gation in mesial temporal lobe epilepsy: analysis with scalp
ctal EEG. J Clin Neurophysiol 2010; 27: 285-91.

acia SV, Ebersole JS. Intracranial EEG substrates of scalp
ctal patterns from temporal lobe foci. Epilepsia 1997; 38:
42-54.

v
f
1

W
t
o
2

Ictal EEG in temporal lobe epilepsy

isinger MW, Engel J. Van Ness PC, Henry TR. Cran-
all PH. Ictal localization of temporal lobe seizures with
calp/sphenoidal recordings. Neurology 1989; 39: 1288-93.

odin E, Constantino T, Rampp S, Modur P. Seizure onset
etermination. J Clin Neurophysiol 2009; 26: 1-12.

atum WO, Benbadis SR, Hussain A, et al. Ictal EEG remains
he prominent predictor of seizure-free outcome after tem-
oral lobectomy in epileptic patients with normal brain MRI.
eizure 2008; 17: 631-6.

ossler DG, Abson Kraemer DL, Knowlton RC. Temporal
ctal electroencephalographic frequency correlates with hip-
ocampal atrophy and sclerosis. Ann Neurol 1998; 43: 756-62.

alczak T, Radtke R, Lewis D. Accuracy and interobserver
eliability of scalp ictal EEG. Neurology 1992; 42: 2279-85.

endling F, Bartolomei F, Bellanger JJ, Bourien J, Chau-
399

el P. Epileptic fast intracerebral EEG activity: evidence
or spatial decorrelation at seizure onset. Brain 2003; 126:
449-59.

etjen NM, Marsh WR, Meyer FB, et al. Intracranial elec-
roencephalography seizure onset patterns and surgical
utcomes in nonlesional extratemporal epilepsy. J Neurosurg
009; 110: 1147-52.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (FOGRA27)
  /Description <<
    /FRA <>
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


