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ABSTRACT -Past surgical series have emphasized the diagnostic complexity
of posterior cortex epilepsy. Available data are sparse, especially in children,
and most published series report a high number of surgical failures and
post-operative neurological deficits. In this article, we present a paediatric
cohort of 62 children who underwent surgery for drug resistant posterior
cortex epilepsy before the age of 16 years with amean post-operative follow-
up of 6.94 years (range: 2-16). Mean age at epilepsy onset was 3.2 years and
28 children (45%) had onset before 1 year of age. The mean age at surgery
was 7.9 years (range: 1-16). Daily seizures were present in 63% of children.
MRI was positive in 58 cases (93.5%) and invasive stereo-EEG was judged
mandatory in 24/62 (39%) of patients.

Surgery was confined to the parietal lobe in 11 children, the occipital lobe
in 8, the occipito-parietal region in four, the occipito-temporal region in
18, and involved both the temporal and parietal lobes in the remaining 21.
Following surgery, 53 subjects (85.5%) remained seizure-free and among
those who underwent a SEEG procedure, 75% achieved seizure freedom.
Focal cortical dysplasia was the most frequent histopathological diagnosis
(50%), followed by tumoural (24%) and gliotic lesions (14.5%).

An older age at epilepsy onset, the presence of a rather restricted epilep-
togenic area, and a complete resection of the epileptogenic zone were
predictive of a favourable surgical outcome. These results demonstrate that
agood surgical outcome is possible in children with drug resistant posterior
cortex epilepsy. Accurate analysis of the chronology of ictal semiology and
electrophysiological features, viewed in the context of the complete elec-
troclinical pattern, provides a topographical orientation for posterior cortex
epilepsy and, together with the presence of a lesion detectable on imag-
ing, may improve the rate of surgical success of posterior cortex epilepsy
at paediatric age.
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Epilepsies originating from the posterior cortex,
namely the parieto-occipital lobes and the occipital
border of the temporal lobe, account for the minority
of focal epilepsies (Boesebeck et al., 2002), therefore,
epilepsy surgery in the posterior cortex has been less
extensively examined in the literature, relative to that
for temporal or frontal lobe epilepsies.

Most studies emphasize the difficulty in delineating
the precise localisation of a posterior epileptogenic
zone (EZ: the site of origin and of primary propaga-
tion of ictal discharges; Bancaud et al.,, 1970; Kahane
et al,, 2006) because of rather non-specific clinical
seizure patterns (Bancaud, 1969; Williamson et al., 1992;
Boesebeck et al.,, 2002; Bartolomei et al., 2011). Ictal
semiology in posterior cortex epilepsy (PCE) will vary
according to the discharge pathway and can falsely
localise to the anterior cortical regions. This difficulty
is even more relevant in paediatric epilepsy, as EEG
patterns are frequently generalised and the subjective
and objective chronology of ictal semiology is difficult
to obtain.

Paediatric series of PCE surgery are rare (Sinclair et al.,
2005; Mohamed et al., 2011; lbrahim et al., 2012); chil-
dren are frequently included in surgical series of adult
patients undergoing either occipital lobe epilepsy
(OLE) surgery (Salanova et al., 1992; Williamson et al.,
1992; Caicoya et al., 2007; Binder et al., 2008; Tandon et
al., 2009), parietal lobe epilepsy (PLE) surgery (Binder
et al., 2009) or PCE surgery (Dalmagro et al., 2005; Yu
et al., 2009; Jehi et al., 2009). Therefore, the aim of
this study was to characterise the anatomo-electro-
clinical features and to describe the surgical outcome
of an exclusively paediatric patient population, surgi-
cally treated for drug-resistant PCE.

Patients and methods

The patients included in this study were part of a pae-
diatric population of 312 consecutive subjects who
underwent epilepsy surgery between May 1996 and
April 2011 at the “Claudio Munari” Epilepsy Surgery
Centre. The patients were identified from a prospec-
tive epilepsy surgery database on the basis of the
following inclusion criteria: (i) tailored surgery per-
formed for focal drug-resistant epilepsy; (ii) age at
surgery of less than 16 years; (iii) at least 24 months
of post-operative follow-up; (iv) surgical resection
including the occipital and the parietal lobe, separately,
and in combination and association with the temporal
lobe.

Sixty-two children (24 females) were identified; these
represented the 19.8% (62/312) of the patients who
underwent tailored epilepsy surgery at paediatric age.
Surgery was confined to the parietal lobe (PL) in 11
children (17.8%) and to the occipital lobe (OL) in 8

(13%). Four children (6.4%) underwentatailored resec-
tion in the occipito-parietal region and in 18 (29%), the
resection involved the occipito-temporal region. In the
remaining 21 subjects (33.8%), the excision involved
the occipito-temporo-parietal (OTP) area.

For all patients, the pre-surgical evaluation protocol
included: (i) detailed history-taking with accurate ana-
lysis of the chronology of semiology of the habitual
seizure pattern; (ii) neurological and neuropsycholo-
gical examination with standardised tests according to
age; (iii) prolonged scalp video-EEG monitoring with
scalp electrodes placed according to the international
10-20 system; and (iv) high-resolution MRI with images
acquired parallel to and perpendicular to the antero-
posterior commissural line, with coronal sequences
localised over the area of seizure generation, as indi-
cated by the electroclinical data (Colombo et al., 2003),
and, when necessary, functional imaging (DTI, fMRI,
and PET).

In cases where the data obtained by non-invasive pre-
surgical evaluation were discordant, or when MRI was
non-informative, or when highly functional regions
were located immediately close to the presumed EZ,
stereoelectroencephalography (SEEG) monitoring was
performed. The implantation strategy was based on
individual electroclinical hypothesis, aiming to explore
the areas putatively involved in seizure onset and early
propagation, according to the Bancaud and Talairach
method (Cossu et al., 2006; Cossu et al., 2012; Cardinale
et al.,, 2013). Following electrode implantation, elec-
trical bipolar cortical stimulations of two adjacent
contacts were carried out at both low (LF: 1 Hz, pulse
width: 2 ms, during 30 s) and high frequency (HF: 50 Hz,
pulse width: 1 ms, during 5 s) in order to define the elo-
quent regions such as the motor, language, and visual
cortices, and to reproduce the patient’s ictal symptoms
and signs.

Six months after surgery, all subjects had a first
follow-up visit with EEG, MRI, and neuropsychological
evaluation; further follow-up was undertaken annu-
ally, up to at least five years after surgery. Postoperative
outcome was documented according to Engel’s classi-
fication (Engel et al., 1993) and in this series refers to
the last available follow-up visit.

Ictal clinical symptoms were assessed by analysing
video-recorded seizures, obtained during VEEG and/or
SEEG monitoring, in 56 patients. In the remaining
6, video was not available and we only considered
seizures that were clearly described as typical by the
patient or the patient’s family. The seizure semio-
logy was analysed according to the chronology of
ictal and postictal signs, and classified according to
the ILAE glossary (Blume et al., 2001). Ictal EEG onset
was defined by the occurrence of a low-voltage fast
(beta/gamma) activity or a well-localised flattening,
by the disappearance of well-localised interictal EEG
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abnormalities, or (in the absence of the three previous
patterns) by the occurrence of a rhythmic discharge.
Ictal electrophysiological patterns, as well as interictal
activity, were classified according to their: lateralisa-
tion (right, left, or bilateral), extent (localised: location
at no more than two contiguous electrodes; regional:
involvement of multiple electrodes over the poste-
rior quadrant; or generalised: involvement of multiple
electrodes over both cerebral hemispheres), and mor-
phology (spikes, spike-waves, slow-band: delta, theta,
and fast-band activity).

Patients were classified as MRI-positive when the
pre-operative MRI demonstrated a discrete, even
uncertain, lesion which was possibly coherent with the
electroclinical picture, and MRI-negative when MRI
was totally unremarkable.

The surgical resection of the EZ was judged com-
plete when the entire epileptogenic area, defined by
the anatomo-electro-clinical features of each single
patient, was removed. In lesional cases, this did not
necessarily imply the complete resection of the MRI-
detectable lesion.

Results

The 62 identified PCE patients were analysed as a
whole (table 1) and then subcategorised into four
groups (table 2): (i) patients who underwent a resec-
tion confined within the limits of the occipital lobe, the
pure-occipital epilepsy group (Supplementary table
S1; pure-OLE; 8 children); (ii) children who bene-
fited from a resection involving primarily the occipital
lobe overlapping the parietal and/or temporal lobe
(Supplementary table S2; O plus group; 26 children);
(iii) subjects who underwent a vast multilobar resec-
tion (Supplementary table S3; extended-OTP group;
17 children); and (iv) patients who benefited from a
tailored excision strictly within the limits of the pari-
etal lobe, namely the pure-parietal epilepsy group
(Supplementary table S4; pure-PLE; 11 children).

Patient characteristics

All PCE patients were diagnosed with sporadic, non-
familial epilepsy. In 11 subjects, there was a history
of maternal pregnancy complication characterised by
a threat of miscarriage. Eight (8) patients had a per-
sonal history of perinatal hypoxic-ischaemic insult.
Two subjects suffered from hypoxia during cardiac
malformation surgery and one child suffered from
postnatal viral encephalitis. The remaining patients
had an unremarkable personal history. Neurological
presurgical examination was strictly normal in 34 sub-
jects. Nine subjects presented with motor impairment,

Posterior cortex epilepsy surgery in children

characterised by hemiparesis of variable severity in
eight and dyspraxia in one subject.

Deficits in oculomotor functions were observed exclu-
sively in children who underwentaresection involving
the OL (51/62 children); 27.4% (14/51 subjects) pre-
sented with a pre-operative oculomotor deficit, and
in 11 of these 14 patients, this was characterised
by a convergent strabismus of the eye, contralateral
to the epileptogenic side. Moreover, a pre-operative
visual field deficit concerned 29.4% of the same group
(15/51) in the form of homonymous hemianopsia (HH)
in 8 and homonymous quadrantanopsia (HQ) in 7
cases. One child in the pure-PLE group (9%; 1/11)
also presented with an inferior quadrantic defect. In
14 patients, a formal perimetry evaluation was not
available due to non-cooperation during visual field
testing.

Four children presented with global cognitive impair-
ment and 25 exhibited neuropsychological deficits,
mostly consisting of deficits in attention, visuo-spatial
and executive functions, and verbal fluency; 5 children
presented with behavioural problems.

Mean age at epilepsy onset was 3.2 years (0-14 years)
and mean age at surgery was 7.9 (1-16 years); 45% of
children (28/62) had seizure onset within the first year
of life.

Ictal semiology

Forty-five children (73%) presented with complex
partial seizures (CPS), 16 subjects (26%) presented
with spasms (figure 1), 8 of whom also had CPS, 11
children (18%) had secondary generalised seizures
(SGS), and 5 (8%) had simple focal seizures. A
large proportion of children had a high seizure
frequency and 63% presented daily seizures; in 7
patients, clinical evolution was complicated by status
epilepticus.

Prevalentictal semiology consisted of subjective visual
symptoms followed by oculomotor signs, after which
children exhibited either an axial deviation of the head
followed by a hemiclonic or adversive seizure (frontal
pattern: 19 subjects; 30.6%) or autonomic/vegetative
manifestations and oro-alimentary automatisms (tem-
poral pattern: 34 patients; 54.8%) (figure 2). The former
pattern prevailed among the pure-PLE subjects (60%),
while the latter was more frequent among the chil-
dren who underwent an excision involving the OL
(49%).

Visual subjective symptoms were experienced by 22
subjects, in the form of positive elementary visual hal-
lucinations (EVH) in 11 cases, amaurosis in 4 cases,
and complex visual hallucinations (CVH) and visual
illusions (V1) in 7 cases. The elementary positive visual
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Table 1. Anatomo-electro-clinical features of the global population (62 patients)*.

Mean age at onset (range)

3.2 years (0-14)

Mean age at surgery (range)

7.9 years (1-16)

Anatomo-electro-clinical features

Number
of patients

Oculogyric movements
Early blinking
Eye-head version (contr/ipsil)
Automatisms
Motor
Oro-alimentary
Autonomic signs
Lip corner deviation / ictal smile
Hypertonia/clonias

5 (9%)
13 (23.2%)
35 (24/11) (62.5%)
18 (32%)
6
12
11 (19.6%)
7 (12.5%) 14 (7%)
19 (34%) /9 (16%)

Neurological impairment
Oculomotor deficit

Visual field defect:

pre-op/de novo post-op
Neuropsychological impairment

9 (14.5%)
14 (22.6%)
16 (25.8%) /20 (32.2%)

29 (46.7%)

Asymmetric EEG background

44 (71%)

Seizure frequency
High (=25 seizures/month)
Moderate (8-24 seizures/month)
Low (<7 seizures/month)

39 (63%)
9 (14.5%)
14 (22.6%)

Interictal EEG

62

Seizure type

Localising 22 (35.5%)
Regional 25 (40.3%)
Falsely localising 6 2F3FT,1T) (9.7%)
Lateralising only 3 (4.8%)
Falsely lateralising 6 (9.7%)
Ictal EEG 56
Localising 21 (37.5%)
Regional 18 (32%)
Falsely localising 7 (F) (12.5%)
Lateralising only 1(1.8%)
Falsely lateralising 3 (5.35%)
Bi-hemispheric/diffuse 6 (10.7%)
MRI-positive 58 (93.5%)
Lobar/sublobar 5/12
Bilobar 25
Multilobar 16

Engel class

(contr/ipsil)

SPS 5 (8%)
CPS 45 (72.6%)
SGS 11 (17.7%)
Spasms 16 (26%)
Aura 36 (58%)
Visual aura 22 (61%)
positive EVH (lateralised) 11 (7)
CVH, VI, amaurosis 52,4
Temporal aura 6 (16.7%)
abdominal 4
psychic 2
Fear 7 (19.4%)
Somatosensory 1(2.8%)
Vertiginous 2 (5.55%)
Ictal signs 56
Eye deviation: 41 (73%)
Tonic (contr/ipsil) 25 (16/9)
Clonic (contr/ipsil) 11 (11/0)
Monocular deviation 5 (5/0)

1 (la, Ib, I, Id) 3(52,0,0,1) (85.5%)
lla 2(3.2%
Illa 4 (6.5%)
IVa 3 (4.8%)
SEEG 24 (38.7%)
SEEG Seizure-free 18 (75%)
Histology
FCD 31 (50%)
Tumours 15 (24.2%)
Gliosis 9 (14.5%)
Others 7 (11.3%)

*More than one sign could coexist in the same individual. op: operative; SPS: simple focal seizures; CPS: complex focal seizures;

SGS: secondary generalised seizures; EVH: elementary visual hallucinations; CVH: complex visual hallucinations; VI: visual illusions;

ipsil: ipsilateral; contr: contralateral.
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Table 2. Anatomo-electro-clinical characteristics of the groups, as defined by the topography of the resection*.

Mean age at onset (years) 6 (1-13) 3.27 (0-14) 1.45 (0-5) 3.2(0-9)
Mean age at surgery (years) 8.5 (2-14) 9.58 (2-16) 5.9 (2-16) 7.27 (1-12)
Number of patients
Pure-OLE O plus Extended OTP Pure-PLE
(8 patients) (26 patients) (17 patients) (11 patients)
Personal antecedents 1 (12.5%) 2 (7.7%) 5(29.4%) 3 (27%)
Visual field deficit
Pre-op/de novo post-op 5(62.5%) /3 (37.5%)  5(19.23%)/12(46%) 5 (29.4%) /6 (35.3%) 1(9%) /0
HH
Pre-op/de novo post-op 1(12.5%) /2 (25%) 2 (7.7%) 15 (19.23%) 5(29.4%) /6 (35.3%) 0/0
Oculomotor deficit 2 (25%) 3 (11.5%) 9 (53%) 0
Neurological impairment 0 2 (7.7%) 3 (17.6%) 4 (36.4%)
Npsy impairment 3 (37.5%) 0 (38.5%) 1(64.7%) 5 (45.5%)
Seizure type
SPS 0 2 (7.7%) 1(5.9%) 2 (18.2%)
CPS 7 (87.5%) 21 (80.7%) 9 (53%) 8 (72.7%)
Spasms 1 (12.5%) 5 (19.2%) 8 (47%) 2 (18.2%)
SGS 2 (25%) 2(7.7%) 1(5.9%) 6 (54.5%)
Status 0 1(3.84%) 6 (35.3%) 0
Aura 6 (75%) 16 (61.5%) 10 (58.8%) 4 (36.4%)
Visual aura: 6 (100%) 1(68.7%) 5 (50%) 0
Positive EVH (lateralised) 5 (4) 5@3) 1(0)
CVH, VI 0 2,2 0,3
Amaurosis 1 2 1
Psychic aura 0 2 (12.5%) 1(10%) 0
Abdominal aura 0 3 (18.7%) 1(10%) 0
Fear 0 2 (12.5%) 3 (30%) 2 (50%)
Somatosensory aura 0 0 0 1(25%)
Vertiginous sensation 0 1(6.2%) 0 1(25%)
Obijective ictal signs 5 24 17 10
Initial eye deviation 4 (60%) 21 (87.5%) 12 (70.6%) 4 (40%)
Tonic (contr/ipsil) 2.(1/1) 16 (10/6) 8 (711) 4 (3/1)
Clonic (contr/ipsil) 2 (2/0) 5 (5/0) 4 (4/0) 0
Head dev (contr/ipsil) 0 2 (2/0) 5 (4/1) 2 (1/1)
Eye— head dev (contr/ipsil) 4 (3/1) 15 (9/6) 4 (3/1) 3 (30%) (2/1)
Oculogyric movement 2 (40%) 1(4.2%) 2 (11.8%) 0
Early blinking 1(20%) 7 (29%) 5 (29.4%) 0
Motor contralateral 2 (40%) 10 (42%) 9 (53%) 7 (70%)
Hypertonic/dystonic 2 (40%) 7 (29%) 7 (41.2%) 3 (30%)
Clonic 0 3 (12.5%) 2 (11.8%) 4 (40%)
Automatisms 2 (40%) 7 (29%) 5 (29.4%) 4 (40%)
Motor/oral 0/2 (40%) 1(4.2%) /6 (25%) 2 (11.8%) /3 (17.6%) 3 (30%) /1 (10%)
Autonomic signs 2 (40%) 6 (25%) 2 (11.8%) 1(10%)
Lip corner dey, ipsil 0 5 (20.8%), 1 (4.2%) 0 2(20%), 0
Ictal smile 1(20%) 0 2 (11.8%) 1 (10%)
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Table 2. (continued)

Asymmetric EEG background 8 (100%) 16 (61.5%) 16 (94%) 4 (36.3%)
Interictal EEG 8 26 17 11
Localising 3 (37.5%) 8 (30.7%) 7 (41.2%) 4 (36.3%)
Regional 4 (50%) 10 (38.5%) 7 (41.2%) 4 (36.3%)
Falsely localising 0 3(1F 2FT) (11.5%) 1 (F) (5.9%) 2(1T,1FT) (18.2%)
Lateralising only 0 0 2 (11.8%) 1(9%)
Falsely lateralising 1 (12.5%) 5(19.2%) 0 0
Ictal EEG 5 24 17 10
Localising 2 (40%) 7 (29%) 9 (53%) 3 (30%)
Regional 1(20%) 7 (29%) 5 (29.4%) 5 (50%)
Falsely localising 0 5 (F) (20.8%) 2 (F) (11.8%) 0
Lateralising only 0 0 0 1 (10%)
Falsely lateralising 2 (40%) 1 (4%) 0 0
Bi-hemispheric/diffuse 0 4 (16.6%) 1(5.9%) 1 (10%)
MRI
Negative 0 0 2 1
Uncertain 0 0 0 2
Positive 8 26 15 8
Sublobar 3 4 0 4
Lobar 1 2 0 2
Bilobar 4 17 3 1
Multilobar 0 3 12 1
Seizure-free 8 (100%) 24 (92.3%) 12 (70.6%) 9 (81.8%)
SEEG 0 12 (46%) 6 (35.3%) 6 (54.5%)
SEEG Seizure-free - 11 (89%) 3 (50%) 4 (66.6%)
Engel class
[ (Ia, Ib, Ic, 1d) 8(8,0,0,0) (100%) 24 (23,0,0,1) (923%) 12 (12,0,0,0) (70.6%) 9 (9,0, 0, 0) (82%)
lla 0 0 1(5.9%) 1(9%)
Ila 0 1(3.8%) 2 (11.8%) 0
IVa 0 1(3.8%) 2 (11.8%) 1(9%)
FCD 1(12.5%) 15 (57.7%) 11 (65%) 4 (36.3%)
Gliosis 0 3 (11.5%) 5 (29.5%) 1(9%)
Tumours/DNTs 5 (62.5%) 6 (23%) 0 4 (36.3%)
Others 2 (25%) 1(3.8%) 2 (11.7%) 2 (18%)

*More than one sign could coexist in the same individual. For individual data consult supplementary tables S1-S4.
CPS: complex partial seizures; Npsy: neuropsychological; op: operative; HH: homonymous hemianopsia; SPS: simple focal seizures;
SGS: secondary generalised seizures; EVH: elementary visual hallucinations; CVH: complex visual hallucinations; VI: visual illusions;

dev: deviation; ipsil: ipsilateral; contr: contralateral.

aura was lateralised in 7 cases (7/11; 63.6%). An initial
abdominal discomfort was encountered in 4 subjects
(12.5%), 7 children reported fear, 2 reported a sensation
of unreality, 2 reported a vertiginous sensation, and 1
reported focal paresthesias.

An ictal VEEG was available in 56 cases; 268 seizures
(mean: 4.8 seizures/child) were recorded and analysed.
The leading ictal sign consisted of oculomotor man-
ifestations or blinking in 47 children (84%): clonic

eye deviation (epileptic nystagmus) was exhibited in
11 patients, in all cases contralateral to the side of
the excision; tonic eye deviation in 25 cases, in 16
cases contralateral to the side of the excision; a mono-
cular deviation in 5 children, consisting of convergent
strabismus of the eye, contralateral to the epilepto-
genicside; and early blinking in 13 children, associated
with oculoclonic movements in 6 patients, with tonic
eye deviation in 2 and staring in 2 cases. Oculo-
gyric/opsoclonic movements, consisting of chaotic,
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Figure 1. Patient 5. Male, born 8/2003, with no significant family or personal antecedents. Neurological examination revealed no
focal deficits, the presence of slight convergent strabismus of the right eye, and moderate global deficit regarding psychomotor
development. Epilepsy onset at 17 months of age with infantile spasms was preceded by an ocular rotation or deviation to the right.
MRI showed a signal alteration involving the left occipital lobe, especially in the mesial part of the occipito-temporal junction (A).
Interictal EEG showed slow waves and spike-waves on the left posterior region (B) with rapid diffusion to the anterior ipsilateral
and posterior contralateral regions. Ictal EEG showed a bi-hemispheric rapid activity during spasms, slightly more rapid over the left
occipito-parietal region (C). At 4 years of age, a tailored resection including the occipital mesial region (D) led to complete seizure
freedom, causing a right HH, behaviourally demonstrated since a formal visual field examination was not possible.

Histopathological analysis revealed FCD IlIA. Neuropsychological evaluation at last follow-up visit showed a positive evolution of

psychomotor development.

involuntary, and multidirectional saccades without
inter-saccadic intervals, were exhibited in 5 children,
associated with asensation of eye movementin 2 cases.
In 26 cases, eye deviation was followed by a, more or
less, slow consensual head version. Automatisms were
observed in 18 children (32%); motor automatisms
prevailed among the pure-PLE group (30%) whereas
oro-alimentary automatisms prevailed among the chil-
dren who underwent an excision involving the OL
(21.5%). Similarly, a focal motor contralateral ictal sign
(hypertonic/dystonic or clonic) was more frequent
among the pure-PLE group (70%) compared with the
remaining subjects (41%).

Electrophysiological features

In all cases but one, long-term scalp EEG, either inter-
ictal or ictal, was correctly lateralising. Background
activity was asymmetric in 71% of cases, coherent with
the epileptogenic side. The interictal EEG was correctly
localising in 22 cases (35.5%) and falsely/non-localising
(bi-hemispheric or anterior localisation of interictal
paroxysms) in 12 cases (19.3%), while the distribu-
tion of interictal abnormalities in 25 cases (40.3%) was
within the posterior region. Ictal EEG was clearly local-
ising in 21 cases (37.5%), regional in 18 (32%), and
falsely/non-localising in 14 (25%).
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Figure 2. Patient 13. Female, born 9/1994, with no family or personal antecedents. The patient had normal neurological and neuropsy-
chological examination, and was right-handed. Epilepsy onset at 5 years of age with weekly seizures was characterised by amaurosis
and visual illusions without lateralisation, and followed by intense headache and, frequently, vomiting. This semiology resulted in a
diagnosis and treatment of migraine for nearly two years, and afterwards, the ictal episodes were enriched with an initial saccadic
deviation of the eyes to the left and blinking.

Interictal EEG showed the presence of spikes and spike-waves over the right PTO region and ictal EEG showed a right posterior ictal
onset, while MRI revealed the presence of three distinct signal alterations, suggesting dysplastic lesions, localised over the right
occipital pole, the OT junction at the level of the O2-O3 (and T2-T3) sulcus, and the intraparietal sulcus (A).

An invasive evaluation with depth electrodes was performed in order to explore these malformative lesions, as well as the calcarine
area, the posterior part of the hippocampus, the superior temporal gyrus, the parietal operculum, the hand area on the superior
parietal region, and the inferior parietal lobule.

Interictal SEEG showed a sub-continuous spike activity intermingled with low-voltage fast discharges in the intermediate occipital
contacts (see [B], where all the traces derived from the electrode V are displayed).

Ictal SEEG (one of the 13 spontaneous seizures recorded during invasive monitoring is presented in [C]) revealed the presence of an
intermediate occipital and dorso-lateral occipito-temporal EZ, the tailored resection of which (D) at 16 years of age, led to complete
seizure freedom (at two years follow-up) without post-surgical visual field deficits. Histopathological analysis revealed FCD Il (legend
continues at the bottom of next page with details on the Stereo-EEG scheme used).
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For 24 patients (38.7%), a SEEG procedure was per-
formed and in all cases was well tolerated; 272
spontaneous electroclinical events were recorded and
a further 157 were elicited by cortical stimulation. For
all subjects, SEEG evaluation provided clues that aided
inthe preservation of eloquent cortices and allowed to
localise more precisely the EZ; in particular, interictal
SEEG was localising in 46% (11 subjects), and ictal SEEG
and stimulations were localising in 80% (19 subjects)
and 67% (16 subjects), respectively.

Imaging and histopathological features

MRI demonstrated the presence of a discrete focal
lesion in 58 cases (93.5%), possible lobar abnormali-
ties in 1 case, and was negative in 3. An MRlI-visible
lesion was sublobar in 12 cases (6 occipital: 4 mesial,
1 basal, and 1 lateral; 6 parietal: 3 mesial, 2 lateral,
and 1 opercular), lobar in 5 cases, involved two lobes
in 25 cases, and was multilobar in the remaining 16
cases. Among the latter, MRI findings were compatible
with hemi-hemimegalencephaly or posterior quadran-
tic dysplasia in 7 patients and ulegyria in 4 subjects.
Histopathological analysis confirmed FCD in 31 sub-
jects (50%; nine with FCD | and 22 with FCD II),
tumoural lesions in 15 subjects (24%; 6 with DNT, 6
with gangliogliomas, and 3 with other tumours), glio-
sis in 9 (14.5%), cortical tubers in 3, and Sturge Weber
in 2, while one subject presented with micropolygyria
associated with nodular heterotopia, and no patholo-
gical abnormalities were identified in the excised tis-
sue in another. Finally, hippocampal sclerosis was
found in 5 cases.

Surgical outcome

A tailored resection was performed in the left
hemisphere in 33 cases. Surgery consisted of 12
lesionectomies (Lt), 4 corticectomies (Ct), and 6
functional disconnections (Dt), while 37 patients
underwent Lt together with Ct, and 3 subjects under-
went Lt together with Ct and Dt.

Permanent post-operative de novo or aggravated
visual field deficits were observed in 32% of patients:
12 cases of HH and 8 cases of HQ, all pre-operatively

Posterior cortex epilepsy surgery in children

predicted and discussed with the families. Transient
post-operative morbidity was reported in 2 children
with a tailored resection in the parietal lobe, involving
a focal motor-sensitive deficit contralateral to the side
of the excision.

Post-operative follow-up varied from 24 months to 16
years (mean: 6.92 years). Seizure freedom was achieved
for 85.5% of subjects (53/62), in one case after a two-
step operation; 77% (41/53) discontinued antiepileptic
drugs. Among children who required a SEEG proce-
dure, 75% achieved seizure freedom. The 3 patients
with negative MRl achieved an unsatisfactory outcome
(Engel class Illa and 1Va). In 5 cases, a partial resection
of the MRI-identifiable lesion was performed; 4 sub-
jects were cured and one was classified as class IVa.
In 4 further cases, the resection of the EZ was incom-
plete, due to its functional intersection with eloquent
sensorimotor areas; 2 patients were classified as class
lla and 2 as class Illa. Thus, at the last follow-up visit,
53 patients were classified as Engel class | (52 as class
laand 1 as class Id), 2 as class Ila, 4 as class Illa, and 3
as class IVa.

Groups as defined by the topography of resection

Mean age at epilepsy onset was higher among the
pure-OLE subjects, at 6 years, with respect to 3.27 years
in the O plus group, 3.2 years in the pure-PLE, and 1.45
years in the extended-OTP group.

The pure-OLE group presented with more preoper-
ative visual field deficits; 62.5%, compared to 29.4%
in the extended-OTP, 19.2% in the O plus group, and
9% in the pure-PLE. However, in the pure-OLE group,
visual field impairment was mostly not clinically signif-
icant (HQ).

Children with pure-OLE exhibited more frequent
visual aura (100%; O plus: 55%; extended-OTP: 62.5%;
pure-PLE: none), positive EVH (83.3%; O plus: 31.2%;
extended-OTP: 10%), lateralised EVH (80%; O plus:
18.7%; extended-OTP: none), ictal oculogyric move-
ments (40%; O plus: 4.2%; extended-OTP: 11.8%;
pure-PLE: none), epileptic nystagmus (40%; O plus:
20.8%; extended-OTP: 23.5%; pure-PLE: none), as well
as a bi-occipital seizure onset on EEG (40%; O plus:
8.3%; extended-OTP: 5.9%; pure-PLE: none).

Figure 2. (continued)
SEEG scheme:

Electrode C: intermediate hippocampus, T1-T2 sulcus, middle temporal gyrus; Electrode D: para-hippocampal gyrus, fusiform gyrus,
inferior temporal gyrus; Electrode E: anterior lingual gyrus, T2-T3 sulcus, posterior part of middle temporal gyrus; Electrode F:
antero-inferior precuneus, middle temporal gyrus; Electrode I: antero-superior precuneus, superior parietal lobule; Electrode N:
antero-superior precuneus, intraparietal sulcus, inferior parietal lobule; Electrode O: inferior calcarine cortex, middle occipital gyrus;
Electrode P: splenium, intraparietal sulcus, superior parietal lobule; Electrode Q: parietal cingulate gyrus, angular gyrus; Electrode S:
posterior insula, parietal operculum; Electrode V: superior calcarine cortex, superior occipital gyrus; Electrode W: postero-inferior
insula, superior temporal gyrus; Electrode X: intermediate precuneus, intraparietal sulcus, superior occipital gyrus; Electrode Y: parietal
cingulate gyrus, supramarginalis gyrus; Electrode Z: anterior cuneus, superior occipital gyrus.
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The extended-OTP group exhibited more frequent sig-
nificant personal antecedents (29.4%; pure-PLE: 27.3%;
pure-OLE: 12.5%; O plus: 7.7%), neuropsychological
impairment (64.7%; pure-PLE: 45.5%; O plus: 38.5%;
pure-OLE: 37.5%), oculomotor deficits (52.9%; pure-
OLE: 25%; O plus: 11.5%; pure-PLE: none), as well
as a more marked pre-operative impairment of the
visual field (HH) (29.4%; pure-OLE: 12.5%; O plus:7.7%;
pure-PLE: none). Furthermore, spasms represented the
most frequent seizure type in this group (47%; O plus:
19.2%; pure-PLE: 18.2%; pure-OLE: 12.5%) and sta-
tus epilepticus represented a frequent complication
(35.3%; O plus: 3.8%; pure-OLE and pure-PLE: none).
Concerning the pure-PLE group, a neurological impair-
ment, frequently in the form of spastic hemiparesis,
was exhibited by a large proportion of children (45.5%;
extended-OTP: 17.6%; O plus: 7.7%; pure-OLE: none),
while, similarly, a large proportion presented with
secondarily generalized seizures (54.5%; extended-
OTP: 6%; O plus: 4%; pure-OLE: none), more com-
monly within the first year following epilepsy onset.
Moreover, hypertonic/dystonic or clonic contralateral
ictal signs, as well as motor complexautomatisms, were
seen more frequently among the pure-PLE group (70%
and 30%, respectively).

Invasive recordings were performed in 54.5% of the
pure-PLE group, 46.1% of the O plus group, and 35.3%
of the extended-OTP group, whereas invasive evalu-
ation was obviated for all patients of the pure-OLE
group. Seizure freedom was achieved for all patients
of the pure-OLE group, in 92.3% of the O plus, 82% of
the pure-PLE, and 70.6% of the extended-OTP group.

Tumours represented the most common histopatho-
logical abnormality amongthe pure-OLE group (62.5%)
and gliotic lesions were found more frequently among
the extended-OTP subjects (29.5%), while dysplastic
lesions were observed most frequently and almost
equally in both the O plus and the extended-OTP
group (61.5% and 65%, respectively). In the pure-PLE
group, tumoural lesions were found in 36.3% and mal-
formations of cortical development in 54.5% of cases.

Oculomotor manifestations

In 9 cases, a clonic eye deviation was associated
with a “clonic” (rhythmic spiking or spike-wave) ictal
discharge on EEG/SEEG, involving the contralateral
occipital region, while a tonic contralateral eye devia-
tion was always associated with a “tonic” (low-voltage
fast activity) discharge. Moreover, when a tonic ictal
discharge became progressively slower and rhythmic,
the sustained eye deviation became saccadic, with the
eyes moving horizontally and not crossing the midline,
until the end of the ictal oculomotor event.

Among the patients studied by SEEG, high-frequency
electrical stimulations (50 Hz, 1 msecond width, 1-3

mA, during 2-6 seconds) elicited the following ocular
movements:

— a contralateral tonic eye deviation was provoked by
stimulating the posterior lingual gyrus in 3 cases, the
anterior cuneus in 3 cases, the intermediate occipital
gyrus in 3 cases, and the fusiform gyrus and the intra-
parietal sulcus each in 1 case;

— anipsilateral tonic eye deviation was observed when
stimulating the posterior para-hippocampic gyrus and
the anterior cuneus;

— a monocular sustained deviation consisting of a
convergent strabismus was seen when stimulating the
contralateral anterior cuneus and associated with a
sensation of monocular movement when stimulating
the contralateral lingual gyrus;

— oculogyric movements were provoked by stimulat-
ing the intermediate occipital gyrus and associated
with a sensation of eye movement when stimulating
the anterior part of the lateral occipito-temporal
sulcus.

We did not consider eye deviations associated with
visual hallucinations since an eye version could have
been the result of gaze orientation towards the
hallucination.

Prognostic elements

The following factors were identified to correlate
with surgical outcome (table 3): (i) younger age
at epilepsy onset correlated with outcome in a
negative way; all but one subject with seizure onset
after the first year achieved seizure freedom, with
respect to 71.4% of those with epilepsy onset in the
first year of life (p=0.00521); (ii) the presence of a
neuroradiologically-identifiable lesion represented a
favourable prognostic factor (p=0.00798); and (iii) a
complete excision of the EZ represented a strong
positive predictive element (p=0.00148), whereas a
complete resection of the neuroradiologically-visible
lesion did not correlate with outcome (p=0.31953).
However, after applying the correction for multiple
comparisons, none of these features maintained a sta-
tistically significant predictive value.

Factors unrelated to surgical outcome were: epilepsy
duration, seizure frequency, the presence of aura,
localising interictal and ictal EEG findings, pathology,
necessity of invasive evaluation, and topography of
resection.

Discussion

To our knowledge, this is the largest series of an
exclusively paediatric patient population who under-
went tailored surgery for drug resistant posterior
cortex epilepsy, with at least two years of post-
operative follow-up (mean follow-up: 6.92 years).
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Table 3. Prognostic elements (two-tailed Fisher exact test and student t-test).

Variable Total Class | Non-Class I P value Bonferroni
correction
Epilepsy duration 5.5 years mean: 5.52 years, mean: 6 years, NS
5.5 years DS: 4.29 DS: 4.89
Number of patients
Age at onset
Over 1 year 34 33 1 0.00521 0.06773
Under 1 year 28 20 8
Seizures frequency
Daily 41 34 7 0.23273
Non-daily 21 19 2
Aura 36 34 3 0.07558
No aura 26 20 6
No SEEG 38 35 3 0.05597
SEEG 24 18 6
MRI+ 58 52 6 0.00798
MRI- 4 1 3
Tumours/DNTs 15 15 0 0.07861
FCD 31 25 6
FCD . 31 25 6 0.29628
Other histology (except tumours) 15 13 2
MRI-visible lesion
Incomplete resection 5 4 1 0.31953
Complete resection 53 49 4
Epileptogenic zone
Incomplete resection 3 0 3 0.00148 0.01924
Complete resection 59 54 5
Resection topography
Extended-OTP 17 12 5 0.04545
Remaining groups 45 41 4
Interictal EEG
Localising 22 21 1 0.0834
Non-localising 40 32 8
Ictal EEG
Localising 21 19 3 0.30255
Non-localising 35 30 5

NS: non significant.

Despite the fact that the sensitivity of MRI in this
series (93.5% MRI-positive) is comparable to previous
series (Binder et al., 2008; Binder et al., 2009; Tandon
et al, 2009), the excellent post-operative seizure
outcome is more encouraging relative to previous
reports (Binder et al, 2008; Binder et al, 2009;
Tandon et al., 2009; Jobst et al., 2010; Ibrahim et al.,
2012).

As a whole, the general characteristics of our popu-
lation did not differ from those in other surgical
series; the majority of the children had a normal neu-
rological examination, moderate neuropsychological
impairment, and a frequent pre-operative visual field
defect, as well as an oculomotor deficit. Furthermore,
they mostly exhibited a severe epilepsy with high
seizure frequency, an early epilepsy onset frequently
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associated with infantile spasms, complex seizure
patterns resulting from the rapid propagation of ictal
discharges, and a high incidence of dysplastic lesions
that rarely appeared restricted. Increased awareness
of the clinical and morpho-functional peculiarities,
indicating a posterior location of the seizure focus,
resulted in an improvement in the rate of surgical
success in the present series.

Ictal semiology

The diversity of ictal manifestations in parietal lobe ori-
gin seizures in our series, such as focal tonic seizure
activity and seizures with automatisms, confirm once
more the misleading semiology of parietal lobe
seizures (Blume et al., 1991; Salanova et al., 1995; Ristic
etal., 2012) which reflects the rapid seizure spread out-
side of the parietal lobe either to the frontal region,
most commonly the supplementary motor area, or to
the temporo-limbic structures. Furthermore, a large
proportion of the pure-PLE patients exhibited SGS,
mostcommonly within the firstyear following epilepsy
onset. This feature is in line with previous series (65-
84.2%; Kim et al. [2004a], Kim et al. [2004b], Binder et
al. [2009]), suggesting that secondary generalisation is
more frequent in PLE than in other epilepsies.

With respect to the patients who benefited from an
excision involving the OL, our findings are concor-
dant with the existing literature in which the prevalent
clinical pattern of seizures, confirmed to be of occipi-
tal origin, is temporal (Salanova et al., 1992; Williamson
etal., 1992; Blume et al., 2005; Binder et al., 2008; Tandon
etal., 2009; Jobst et al., 2010) and less frequently frontal
(Ludwig and Marsan, 1975). Half of the children (25/51)
in our series exhibited a temporal seizure pattern,
mostly characterised by autonomic/vegetative mani-
festations and oro-alimentary automatisms, whereas
35.3% (18/51) presented with a frontal pattern, mainly
consisting of an axial deviation of the head followed
either by a hemiclonic or an aversive seizure.

Subjective ictal manifestations

There is general agreement concerning the high OL
localising value of early visual lateralised simple hal-
lucinations (Penfield and Jasper, 1954; Ludwig and
Marsan, 1975; Salanova et al., 1992; Williamson et al.,
1992). In our series, 63.6% of the elementary visual
aura was reliably lateralising, being contralateral to
the epileptogenic side; lateralised elementary visual
hallucinations (EVH) were exhibited mainly by the
group presenting with a pure occipital ictal onset
(pure-OLE: 80%; O plus: 18.75%; extended-OTP and
pure-PLE: none). Furthermore, with respect to cor-
tical stimulations performed, lateralised EVH were
described when the discharges were well localised in
the peri-calcarinian areas. Stimulation of the mesial

occipital region above the calcarine fissure induced
phosphenes in the lower visual field, contralateral to
the stimulated hemisphere, while stimulation below
the calcarine fissure produced phosphenes in the
contralateral upper visual field, in concordance with
previous reports (Munari et al., 1993; Lee et al., 2000).
None of our pure-OLE patients presented complex
visual hallucinations - visual illusions (CVH-VI); these
symptoms were reported mainly by the children who
benefited from occipito-temporal or occipito-parietal
resections, apparently in relation to the high-order
visual processing areas located in that region. In fact,
CVH appear if the basal temporo-occipital cortex is
stimulated (Bien et al., 2000; Lee et al., 2000; Jobst
et al, 2010), usually in the fusiform gyrus and the
lateral temporal or temporo-occipital cortex. Addition-
ally, visual illusions can be elicited by stimulation of the
basal temporo-occipital cortexand the inferior parietal
lobule (Penfield and Jasper, 1954).

Ictal blindness was described almost equally in
the three groups who benefited from a resection
involving the OL. It has been reported that amau-
rosis or large visual-field defects are induced by
the stimulation of the lateral temporo-occipital and
temporo-parieto-occipital junctional regions, even if
the pathophysiology of this symptom remains rather
unclear (Lee et al., 2000).

Beyond visual aura, fear was the most frequent ictal
subjective symptom, probably reflecting the child’s
reaction to the perception of seizure onset rather
than an ictal emotional change (Liava et al., 2012). In-
terestingly, 6 of the 7 patients reporting this symptom
benefited from a resection involving the parietal lobe.
Fear and anxiety were previously described as a mani-
festation of parietal seizures (Alemayehu et al., 1995),
reaching an incidence of 17% (Bartolomei et al., 2011),
while previous studies have reported the presence of
deficits in recognition of fearful faces in patients with
parietal lesions (Adolphs, 2002).

Even if the small patient number is taken into account,
50% of children with aura, who benefited from a pure-
PLE resection, reported contralateral paresthesias and
vertigo, which are the most common subjective mani-
festations of PL seizures (Salanova et al., 1995; Kim
et al., 2004a; Kim et al., 2004b; Bartolomei et al., 2011);
the latter symptom has been attributed to seizure
activity involving the vestibular cortex (Kahane et al.,
2003) in the temporal-parietal junction or involving the
superior parietal region (Bartolomei et al., 2011), while
vertiginous sensations have been induced by cortical
stimulation in the intraparietal sulcus (Dieterich, 2007).

Obijective ictal manifestations

The presence of ictal opsoclonic/oculogyric move-
ments represents an interesting feature of occipital
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seizures. These oculomotor manifestations are not
frequent; they are discrete and recognition is depen-
denton careful observation. In our series, this sign was
present in 5 children (11%), in all cases as a leading
ictal sign, in line with previous reports (Fogarasi et al.,
2003). Oculogyric movements were observed mainly
in the pure-OLE group and in 2 cases this manifesta-
tion was associated with a sensation of eye movement.
Previous contributions have reported a sensation of
“eye pulling” in association with occipital seizures
(Williamson et al., 1992), however, the neurologi-
cal underpinnings of this symptom are incompletely
explained at present (Tandon et al., 2009). We elicited
this kind of subjective manifestation in 2 patients by
stimulating the anterior part of the lateral occipito-
temporal sulcus and the lingual gyrus. Previous studies
have reported that moving sensations were evoked
by stimulation of the basal temporo-occipital and the
mesial parieto-occipital or temporo-parieto-occipital
junctional regions (Lee et al., 2000).

Epileptic nystagmus, defined as quick repetitive eye
movement secondary to epileptic activity, has been
reported in about 0.5% of patients in the epilepsy
monitoring unit and is noted predominantly in chil-
dren (Kellinghaus et al., 2008). In our series, epileptic
nystagmus was exhibited by 11 children (24%); it had
a lateralising value, always occurring contralateral to
the epileptogenic side and was more frequent in the
pure-OLE group. Epileptic nystagmus is reported to
have limited localising value, presumably due to incon-
sistent data with regards to the pathophysiological
mechanisms by which it is generated (Takeda et al.,
1970; Godoy et al., 1990; Kellinghaus et al., 2008). Our
results are in concordance with Fogarasi et al. who
found that 39%-47% of children under 12 years of age
with symptomatic posterior cortex epilepsy presented
with ictal nystagmus (Fogarasi et al., 2003; Fogarasi et al.,
2005).

Oculomotor manifestations, consisting mostly of con-
tralateral tonic eye deviation, represented the leading
ictal sign for a large proportion of children (85%). In
contrast, the localising value of early eye deviation
has been considered differently (Munari et al., 1993).
Munari et al. (1984) evaluated 49 occipital seizures, with
an early ocular deviation recorded during SEEG, and
found that eye deviation was related to the ictal disor-
ganisation of the mesial occipital cortex, was always
contralateral, was not related to extra-occipital dis-
charges, and was, more frequently, of a tonic type
(44/49). Furthermore, Takeda et al. (1970), in a study of
250 occipital seizures, concluded that eye-head tonic
deviation, as well as oculo-clonic eye movements,
occur in relation to the primary involvement of the
occipital lobe and constitute the most frequentleading
ictal sign. This data appears to be in to contrast to other
studies (Penfield and Jasper, 1954; Godoy et al., 1990)
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showing that contralateral eye deviation is induced
by frontal eye field (FEF) stimulation. Nonetheless,
recentdata, mainly derived from fMRIl and TMS studies
(Pierrot-Deseilligny et al., 2004), show that pursuit
eye movements are linked not only to the activity of
the lateral intra-parietal area, which is specialised for
saccadic eye movements and strongly connected with
the FEF, but also to the activity of a second eye field
in the medial parietal area, located in the proximity of
the angular gyrus, the electrical stimulation of which
also provokes eye movements (Thier and Andersen,
1998). In our series, in the few cases inwhich anisolated
eye deviation was evoked by electrical stimulation, the
involved structures included the intermediate occipi-
tal gyrus, the anterior cuneus, and the lingual gyrus.
In fact, in order to ascribe a clear localising value to
eye deviation, it is mandatory to evaluate this sign in
the context of the global semiological picture of each
patient; some associations with ictal signs and symp-
toms appear to provide a higher localising value. For
instance, an eye/eye-head deviation associated with a
tonic manifestation of the limbs could evoke a frontal
dorsolateral ictal onset (Manford et al., 1996); a head
version following an eye deviation and associated with
complex postural manifestations might suggesta SMA
ictal disorganisation (Bleasel and Dinner, 2008); an eye
deviation followed by head orientation, and not asso-
ciated with other somatomotor components, might
suggest the presence of visual hallucinations and the
initial ictal perturbation of the occipital cortex, while a
slow eye deviation associated with oculoclonic mani-
festations may indicate an occipital origin.

EEG features

The poor lateralising and localising value of scalp EEG,
reported in previous studies (Jobst et al., 2010), has
been related to the rapid spread of the OL-originating
seizures to the neighbouring regions (Blume et al.,
2005) as well as to the fact that most of the OL is
buried, making the identification and precise locali-
sation of interictal discharges challenging (Tandon
etal., 2009). Similarly, several reports have emphasized
that surface EEG monitoring is often non-localising in
PLE (Williamson et al., 1992; Kim et al., 2004b). How-
ever, in our series, interictal EEG was misleading in
only 19.3% of cases because of frontal or generalised
interictal discharges, while in the remaining cases, a
posterior predominance of the interictal discharges
was observed. Ictal EEG similarly showed a posterior
ictal onset in 69.6% of cases, with either a subsequent
early spread to the frontal regions or a rapid involve-
ment of the contralateral posterior region.

In this regard, a posterior temporal interictal focus
on scalp EEG, a relatively frequent finding in OLE
(Salanova et al., 1992; Palmini et al., 1993), does
not necessarily have a negative prognostic value, as
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previously reported (Jehi et al., 2009), but might serve
as a marker for a possible occipital EZ when other
signs and symptoms point to the occipital region
(Williamson et al., 1992). Indeed, temporal spiking is
associated with the abundant projections from the OL
to the lateral and mesial temporal structures. This EEG
feature, therefore, in the absence of temporal abnor-
malities based on imaging or very early semiology
implying involvement of temporal areas (abdominal,
psychic, or complex visual aura), cannot be considered
as a negative prognostic feature.

Globally, our results suggest that EEG features are
important for providing an indication of “posterior
localisation”, but are not accurate enough to precisely
define the “what-to-remove area” (Kahane et al., 2006).
In this view, interictal and ictal scalp EEG were poorly
localising (35.5 and 37.5% of cases, respectively) due to
poor spatial resolution.

Resection topography

The extension of the resection was always individually
tailored onthe basis of each patient’s anatomo-electro-
clinical characteristics. Nonetheless, four main groups
of patients were identified. The pure-OLE group pre-
sented with a later epilepsy onset, exhibited a higher
incidence of tumoural lesions, and obtained excel-
lent post-operative results withoutinvasive presurgical
evaluation due to the good correlation between
electro-clinical data and location of the lesion.

The O plus group exhibited a slightly less favourable
seizure outcome (92.3% seizure-free) and frequently
required invasive recordings (46%). The majority of
the underlying lesions responsible for an O plus
epilepsy were represented by relatively “restricted”
cortical dysplasias which involved the temporal or/and
parietal cortex, adjacent to the OL. Indeed, FCD is
rarely a localised process, but rather a functionally,
electrophysiologically, and clinically integrated neural
network disorder (Duchowny, 2009), exhibiting multi-
focal dysfunctional features and poorly delineated
pathways which might be intersected with function-
ally eloquentareas. In this regard, individually-tailored
surgery has more of a chance to be curative when
guided by invasive investigation (figure 2). In fact, 89%
(11/12) of the children with an O plus epileptic focus
who underwent a SEEG evaluation achieved complete
seizure freedom.

Similarly, a large proportion of the pure-PLE group
required invasive evaluation (54.5%), not only due to
the diversity of ictal signs, but also in order to map elo-
quent cortex for sensorimotor function (figure 3), since
functional imaging does not always provide adequate
informative clinical value regarding the final surgical
decision, especially in children in whom functional
neuroradiological studies are difficult to perform.

The most common imaging abnormalities among
children who benefited from more extended resec-
tions consisted of hemi-hemimegalencephaly and
ulegyric lesions. Hemi-hemimegalencephaly or pos-
terior quadrantic dysplasia is a rare malformation,
involving the OL and the posterior part of parietal and
temporal lobes. It is associated with early-onset drug
resistant epilepsy and immature seizure patterns such
as spasms and, consequently, with a deterioration of
psychomotor development (D’Agostino et al., 2004).
Ulegyria is included among the hypoxic-ischaemic
encephalopathies; it shows a peculiar MRI presen-
tation and is frequently associated with perinatal
complications, medically refractory epilepsy, and
intellectual disability (Gil-Nagel et al., 2005). Given the
severe epilepsy sustained by these conditions, and
since patients with infantile epileptic encephalopathy
may have a better post-surgical outcome, especially in
terms of developmental gains, early surgery aiming to
completely remove the abnormal tissue must be con-
sidered (figures 4 and 5). In our series, the presence
of these neuroradiological findings associated with
concordant EEG, clinical, and neuropsychological
features, obviated the need for an invasive presurgical
evaluation (11/17; 64.7%) and nonetheless, resulted
in a satisfactory outcome (9/11; 82% Engel class la).
However, the extended-OLE group had the overall
worst outcome (70.6% seizure-free), probably related
to poor visualisation of the limits of widespread
abnormal tissue based on radiology and consequently
the difficulty in delineating the epileptogenic foci.
Indeed, the presence of a rather restricted and well-
circumscribed EZ, the complete resection of which
was possible to accomplish, was a factor suggestive of
favourable surgical outcome.

Post-operative visual deficit

It emerges from most studies that visual field post-
surgical deficits following posterior cortex epilepsy
surgery occur in a high proportion of patients; preser-
vation of visual function is likely to become more com-
mon with advancing structural and functional imaging
(Tandon et al., 2009). However, despite the develop-
ments in functional neuroimaging, namely tracto-
graphy, post-operative visual field deficits following
PCE surgery are difficult to avoid and are still reported
to be relatively high (38-81%; Boesebeck et al., 2002;
Lee et al., 2005; Binder et al., 2008; Tandon et al.,
2009). In our series, 32% of patients experienced
de novo or aggravated post-operative visual field
impairment. Stimulation mapping of primary visual
cortex and visual pathways represented a milestone
for visual outcome, since imaging techniques, such
as tractography, were not always available during the
time period in which these patients were treated.
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Figure 3. Patient 61. Male, born 1/2000, with no significant family or personal antecedents. Neurological examination was normal. The
patient was shown to have an inferior quadrant visual field defect, moderate neuropsychological deficits concerning discrimination
of simple visual pattern, and reading abilities. Epilepsy onset occurred at 5 years of age with a secondary generalised seizure preceded
by crying. Five days later, the child presented with focal seizures with a high frequency, characterised either by an isolated myoclonus
of the left leg or, more commonly, by subjective symptoms consisting of a feeling of something “scary”; the child would cry and search
for help, and afterwards, stare, with eyes wide open, mimicking fear. This was followed by agitation, crying, and repetitive and frantic
movements with both arms and legs, over a duration of about 15-30 seconds, with no postictal deficits.

Interictal EEG showed spikes and sharp waves in the right temporal-parietal regions, intermixed with slow waves during slow sleep (A).
Ictal VEEG showed the presence of seizures characterised by a dystonic posturing of the left arm associated with motor automatisms,
correlated with a right temporal-parietal flattening, followed by slow monomorphic activity.

MRI showed a possible structural alteration of the right intra-parietal sulcus (B).

SEEG (C), performed at 6 years of age, revealed the presence of interictal paroxysms localised in the superior parietal lobule and in
the intraparietal sulcus, up to the mesial portion of the cuneus (D and E), the presence of hypermotor seizures and seizures with
hypertonic/dystonic posturing, and an epileptogenic area involving the precuneus and the paracentral lobule (F). The resection was
confined to the mesial portion of the parietal lobe in order to avoid a left hemiparesis (G). The child was seizure-free for about three
years; afterwards, weekly seizures re-appeared, constituting an “electric-like” sensation in the left leg associated with pain, which
could sometimes cause a fall. Histopathological analysis revealed FCD | and gliosis.

SEEG scheme:

Electrode P: precuneus, intraparietal sulcus, inferior parietal lobule; Electrode N: precuneus, sulcus in the superior parietal lobule,
superior parietal lobule, inferior parietal lobule; Electrode L: precuneus, intraparietal sulcus, inferior parietal lobule; Electrode Q:
mesial portion of cuneus, middle temporal gyrus; Electrode V: calcarine cortex, middle occipital gyrus; Electrode E: posterior portion
of lingual gyrus, inferior occipital gyrus; Electrode W: superior portion of lingual gyrus, superior portion of middle temporal gyrus;
Electrode K: superior parietal lobule; Electrode J: portion of cingulum inferior to the paracentral lobule, inferior portion of central
sulcus, post-central gyrus; Electrode X: parietal cingulum, supramarginalis gyrus.
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Figure 3. (continued).
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Patient 35 - For details, see supplementary table S3.
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Figure 4. Patient 35. Male, born 1/2001, with no family or personal antecedents. Neurological examination revealed no focal deficits,
mild psychomotor impairment, slight divergent strabismus of the right eye, and probable right hemianopic deficit. Epilepsy onset on
the eighth day of life occurred with highly frequent seizures, characterised by horizontal nystagmus beating rapidly towards both
sides, apparently without loss of contact. After several months, the ictal episodes constituted a sustained eye deviation to the right,
followed by blinking and pendular horizontal nystagmus; sometimes the seizure continued with a postural hypertonia of the right
limbs, while the child also presented with daily dialeptic seizures.

MRI revealed the presence of a vast TPO dysplastic lesion (A).

Interictal EEG showed the presence of left OT subcontinuous delta activity, intermixed with spikes and a short burst of fast activity,
localised over the left OT region and diffused to the posterior temporal and, to a lesser degree, to the OP region (B), while ictal EEG
showed a left O ictal onset (C). A partial lesionectomy consisting of a tailored OT resection (D) led to complete seizure freedom for
nearly four years, associated with developmental gain. Afterwards, the seizures reappeared and were characterised by amaurosis,
horizontal monocular nystagmus, head deviation to the right, blinking, lip corner deviation (“smile”), and hypertonia of the right
limbs.

EEG showed rare spike-waves, localised over the left temporo-parietal region and a left parieto-occipital ictal onset with early temporal
spread (E).

An SEEG investigation was performed in the left parieto-temporal region and showed: subcontinuous interictal parietal spikes
(F; electrode Q7-8), an independent frequent infraclinical paroxysmal activity in the mesial temporal region (F; electrode C4-5), and
an ictal onset over the intermediate mesial inferior parietal region (F; electrode Q2-3). The resection was extended to the inferior
parietal region, but a complete disconnection of the temporal lobe was also performed in order to achieve complete posterior quad-
rant surgery (G). Histopathological examination revealed FCD IlA. The child was classified as Engel class la since 2007 and AEDs were
definitively stopped in 2012. The neuropsychological evaluation at five years follow-up demonstrated a normal psycho-cognitive level.
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Figure 4. (continued).

Scheme SEEG:

Electrode N: parietal cingulate gyrus, inferior postcentral gyrus; Electrode B: anterior parahippocampic gyrus, hippocampus, anterior
fusiform gyrus, intermediate part of inferior temporal gyrus; Electrode Q: posterior precuneus, posterior part of superior parietal
lobule, posterior part of inferior parietal lobule; Electrode A: uncus, amygdala, middle temporal gyrus.

Electrode P: anterior precuneus, anterior part of inferior parietal lobule; Electrode X: cingulate gyrus (splenium), posterior precuneus,
supramarginalis gyrus; Electrode M: posterior paracentral lobule, intermediate postcentral gyrus; Electrode C: parahippocampic gyrus,
posterior hippocampus, posterior part of middle temporal gyrus; Electrode Z: posterior paracentral lobule, anterior part of superior
parietal lobule; Electrode K: anterior precuneus, posterior part of superior parietal lobule; Electrode D: intermediate fusiform gyrus,
posterior part of inferior and of middle temporal gyrus; Electrode U: intermediate part of superior temporal gyrus; Electrode W:
transverse temporal gyrus, posterior part of superior temporal gyrus; Electrode S: lateral insula, central operculum.
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Patient 38 - For details, see supplementary table S3.
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Figure 5. Patient 38. Male, born 5/1998. The patient was adopted at 2 years and 7 months of age, with no clear medical information
available before this age. The patient was born before term, with normal psychomotor development, and normal neurological and
neuropsychological examination. The patient was left-handed, with right-foot preference, and exhibited the presence of a slight
convergent strabismus of the right eye. Seizure onset occurred at 5 years, described as “absences” and characterised by loss of
contact, with diffuse hypertonia and elevation of the arms, slightly predominant to the right, followed by saccadic deviation of the
eyes towards the right, with possible automatic swallowing, and no postictal deficits. Seizure frequency was 300/month. Frequently,
the seizure was preceded by the patient saying “Mom, | am having a spell”. A second, rare type of seizure was characterised by an
isolated visual illusion (the patient saw his mother transforming into a monster) and an expression of fear.

MRI showed a smaller left hemisphere with a signal alteration of the TO region, suggesting a dysplastic or ulegyric lesion (A).
Interictal EEG revealed a normal background on the right and the presence of rather subcontinuous rhythmic spikes and polyspike-
waves involving the left temporo-parieto-occipital (TPO) region (B). With time, interictal discharges progressively involved the posterior
right region.

Ictal EEG showed a rapid ictal discharge on the left TPO area (C). At 7 years of age, a left occipital lobectomy was performed, associated
with a functional disconnection of the temporal lobe and infero-posterior area of the parietal lobe (D). Histopathological analysis
revealed the presence of gliosis. The child was classified as Engel class la. Neuropsychological and psychiatric evaluation at five years
post-surgery was normal, with subtle difficulties in working memory and accuracy and speed of reading.
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Post-surgical HH was more frequent in the extended-
OLE group, related to a more extended surgical
excision. However, loss of visual function in the
contralateral hemi-field in the context of asevere early-
onset epilepsy could be an acceptable trade-off to
avoid epileptogenesis-related deterioration of higher
cortical functions.

Concluding remarks

1. Epilepsy surgery can be a highly effective treatment
for symptomatic PCE in paediatric age.

2. Accurate analysis of the chronology of ictal semio-
logy and electrophysiological features, viewed in the
context of the whole electroclinical pattern, provides
a topographical orientation in PCE, the diagnostic
complexity of which has been emphasized in the
literature.

3. The presence of a pre-operative visual field
deficit, frequently not clinically-significant, along with
lateralised EVH and first ictal signs consisting of
oculogyric and oculoclonic movements, are highly
suggestive of an occipital EZ. These ictal signs are
uncommon; they are discrete and recognition is
dependant on careful observation.

4. Excellent results can be obtained in pure-OLE
without invasive presurgical evaluation in care-
fully selected patients with a neuroradiologically-
demarcated lesion, of which the location correlates
with electroclinical data. On the other hand, pre-
cise localisation in pure-PLE often requires invasive
investigations, even in the presence of MRI-detectable
lesions, given the misleading semiology and the
necessity to map functional sites of sensorimotor
function.

5. Posterior quadrantic dysplasia and ulegyria are fre-
quent aetiologies of posterior cortex epilepsy in chil-
dren and should be investigated carefully by the
neuroradiologist. Clinically, they are associated with
early-onset severe epilepsy and are potentially amen-
able to curative surgical treatment, even without inva-
sive evaluation if the electrophysiology is concordant.
6. In patients with “restricted”, but multilobar, dys-
plasia, SEEG can be highly effective in delineating an
individually-tailored cortical resection.
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