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ABSTRACT – We investigated the anatomo-electro-clinical features and clin-
ical outcome of surgical resections strictly confined to the parietal lobe in 40
consecutive patients who received surgery for pharmacoresistant seizures.
The population was subcategorized into a paediatric (11 subjects; mean
age at surgery: 7.2+/-3.7 years) and an adult group (29 patients; mean age at
surgery: 30+/-10.8 years). The paediatric group more frequently exhibited
personal antecedents, neurological impairment, high seizure frequency,
and dysplastic lesions. Nonetheless, compared with adults, children had
better outcome and more frequently reached definitive drug discontinua-
tion after surgery.
After a mean follow-up of 9.4 years (range: 3.1-16.7), 30 subjects (75%) were
classified as Engel Class I. The presence of multiple types of aura in the same
patient, as well as a high incidence of secondary generalization, represented
a characteristic feature of parietal seizures and did not correlate negatively
with surgical outcome. A total resection of the epileptogenic zone and a
localizing/regional interictal EEG were statistically significant predictive fac-
tors of outcome. Intracerebral investigation, performed in 55% of cases,
contributed to complete tailored resections of the epileptogenic area and
determination of prognosis. Frequent subjective manifestations of parietal
lobe seizures, such as vertiginous, cephalic and visual-moving sensations,
underscore their potential misdiagnosis as non-epileptic events.

Key words: parietal epilepsy, ictal semiology, epilepsy surgery,
extratemporal epilepsy, surgical outcome
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arietal lobe seizures are reported to account for
pproximately 5% of all focal seizures (Siegel, 2003;
alanova, 2012), however, their frequency may be
nderestimated mainly because of their misleading
emiology and diagnostic difficulty (Blume et al., 1991;
alanova et al., 1995; Ristic et al., 2012). Parietal lobe
esections are the least commonly performed resec-
ions of the brain (Williamson et al., 1992; Kim et al.,
004a; Binder et al., 2009; Bartolomei et al., 2011;
alanova, 2012), therefore parietal lobe epilepsy (PLE)
urgery has been examined less extensively in the
iterature with respect to other localization-related
pilepsies. Moreover, in surgical series, PLE is usually
rouped together with the occipital and occipito-
emporal epilepsies as posterior cortex epilepsies
Blume et al., 1991; Boesebeck et al., 2002).
n this study, we aimed to investigate the anatomo-
lectro-clinical features and the clinical outcome of
urgical resections strictly confined to the parietal lobe
n patients who received surgery for pharmacoresis-
ant seizures.

atients and methods

e retrospectively reviewed 1,024 patients who under-
ent resective surgery for pharmaco-resistant focal
pilepsy at the “Claudio Munari” Epilepsy Surgery
entre, Milan, from May 1996 to December 2010. We

dentified 40 subjects (3.9%) who benefited from a tai-
ored resection confined to the parietal lobe (PL).
ll subjects were submitted to an individualized pre-
urgical diagnostic protocol, including:

detailed history-taking with accurate analysis of
he semiological chronology of the habitual seizure
attern;
interictal and ictal scalp EEG;
high-resolution MRI with images acquired parallel

nd perpendicular to the antero-posterior commis-
ure line, with coronal sequences localized over the
rea of seizure generation, as indicated by the elec-
roclinical data (Colombo et al., 2003), and where
ecessary, functional imaging;

neurological and neuropsychological evaluation
ith standardized tests applied according to the age
f the patient (Scarpa et al., 2006; Guerrini et al., 2013).
pileptic Disord, Vol. 17, No. 1, March 2015

n cases where these data failed to delineate a pre-
ise topography of the epileptogenic zone (EZ: the
ite of origin and of primary propagation of ictal dis-
harges [Bancaud et al., 1970; Kahane et al., 2006]),
stereo-electro-encephalography (SEEG) evaluation,
ith stereotactically-placed intracerebral electrodes

rranged according to a pre-defined localization hypo-
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Epilepsy surgery of the parietal lobe

hesis, was performed (Cossu et al., 2005; Cardinale
t al., 2013) in order to explore the areas puta-
ively involved in seizure onset and early propagation.
ollowing electrode implantation, electrical bipolar
ortical stimulations of two adjacent contacts were car-
ied out at both low (LF; 1 Hz, pulse width: 2 msec, for
0 sec) and high frequency (HF; 50 Hz, pulse width:
msec, for 5 sec) in order to define eloquent cortex of
otor, language and visual functions and to reproduce

atient ictal symptoms and signs.
esective microsurgery was aimed at removal of the EZ,

aking into account potential functional constraints to
void new neurological deficits.
eizure outcome was assessed according to Engel’s
lassification (Engel et al., 1993).
ix months after surgery, all subjects had a first
ollow-up visit with EEG, MRI, and neurological and
europsychological evaluation; further follow-up vis-

ts were repeated annually for at least five years.
he following variables were analysed in relation to the
ostoperative seizure outcome:

1) Seizure frequency: low (<8 seizures/month); mid
8-25 seizures/month); high (>26 seizures/month).
2) Preoperative MRI: non-informative (negative or
nclear); positive multi-lobar (unique lesion extending
ver the anatomical limits of the PL or multiple lesions);
ositive lobar/sub-lobar (unique lesion confined to

he PL).
3) Seizure semiology, considering the dominant sub-
ective and objective signs of the most frequently
resented episodes in each patient according to the

LAE glossary (Blume et al., 2001).
4) Localization of surgical resection: mesial (pari-
tal cingulum, precuneus); dorso-lateral (superior
arietal lobule, angular gyrus, supramarginal gyrus);
percular (parietal operculum); post-central gyrus

Nieuwenhuys et al., 2008).
5) Completeness of resection of:

• the EZ;
• the MRI-identifiable lesion.

6) Histological result: focal cortical dysplasia (Palmini
t al., 2004; Blumcke and Spreafico, 2011); tumour

esions; gliosis; various pathologies.
tatistical analysis was performed to investigate the
ariability of seizure outcome, which was categorized
s a dichotomous variable: Engel class I versus non-
ngel class I (class II-IV). The Kruskal-Wallis rank-sum
est was used to analyze numerical variables and the
33

isher two-tailed exact test was applied to analyze
ategorical (binomial or multinomial) variables. Prob-
bility values <0.05 were considered as evidence of
ndings not attributable to chance. The statistical anal-
sis was performed with R3.03 (R Development Core
eam, 2014).
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(table 1). Interictal scalp EEG revealed a well-localizing
. Francione, et al.

or the purpose of the study, ictal and interictal EEG pat-
erns were classified according to the distribution of
he paroxysmal activity: localizing (parietal or central-
arietal); regional (posterior or central-posterior);

alsely-localizing; only-lateralizing; falsely-lateralizing;
i-hemispheric/diffuse; or normal (Kim et al., 2004a;
im et al., 2004b).
inally, in order to allow a direct comparison across age
roups and for neuropsychological tests applied for
ifferent functional domains, the results, according to

he guidelines of each test, were classified as :
impaired: strongly impaired, impaired, borderline;
normal: average, above average.

ost-operative neuropsychological findings of each
atient were compared to the preoperative results
btained in each specific test and classified as:
declined;
unchanged;
improved;
normal: average, above-average.

esults

he general characteristics of the studied population
re summarised in table 1.
he total population of 40 subjects (17 females) was
ubcategorized into two groups: 11 subjects who
eceived surgery before 16 years of age (paediatric
roup; mean age at surgery: 7.2+/-3.7 years) and 29
atients who received surgery after 16 years (adult
roup; mean age at surgery: 30+/-10.8 years).
ean age at epilepsy onset was 3.2+/-2.7 years for the

aediatric and 8+/-3.8 years for the adult group. All
atients started having seizures before 14 years of age.
he paediatric group has previously been reported as
art of a study on paediatric epilepsy surgery in the
osterior cortex (Liava et al., 2014).

eurological and neuropsychological features

neurological impairment was found in 63.6% of the
aediatric group; three children exhibited a hemipare-
is, three presented praxic impairment, and one child
resented an inferior quadrantic visual field defect.
oncerning the adults, 34.5% of subjects showed a
eurological deficit, consisting of a visual field defect
4

n two cases (one hemianopsia and one inferior quad-
antanopsia), dyspraxia in four, and a focal sensitive
eficit in one, while two subjects exhibited agnosia
igitorum, in one case associated with hemineglect,
nd one subject presented agnosia.
pecific neuropsychological deficits concerned 87.5%
f patients, with a slight prevalence among the adult

p
s
i
I
i

1

roup (table 1 and supplementary table 11). In the lat-
er, right PLE cases had mostly visuo-spatial memory
62.5%), verbal memory (43.7%) and visual-motor plan-
ing (31.2%) deficits, while among left PLE subjects,

mpairments concerned different cognitive domains
lmost to the same extent. Afasia prevailed among
he left PLE patients and problem-solving difficulties
mong the right. In the paediatric group, deficits in
ttention and verbal fluency were found more fre-
uently among right, with respect to left, PLE patients,
hile no significant differences were seen among the

emaining specific cognitive domains with regard to
he side of the resection. There were no behavioural
isorders in the paediatric population.

lectroclinical features

omplex and simple partial seizures presented
similar distribution among the two subgroups,

hile spasms were exhibited exclusively by the two
oungest children. At least one secondary generalized
eizure (SGS), more commonly within the first year
ollowing epilepsy onset, occurred in 70% of the entire
opulation.
higher seizure frequency was observed in children
ith respect to adults (p=0.4692).

ighty percent of patients reported the presence of
ura, of whom 72% (all adults; 16 with right and seven
ith left PLE) reported more than one kind of aura; 10
atients reported two types of aura, six reported three

ypes, four reported four types, and three patients
eported five types.
ubjective and objective ictal manifestations are
hown in table 2a and b. Somatosensory symptoms
ere reported to be contralateral to the epileptogenic

ide in 15 subjects (75%), ipsilateral in one, and diffuse
n four subjects. The most frequent visual aura con-
isted of visual illusions (9 of 10 patients). Vertiginous
ensations were described mainly as rotatory vertigo
5 of 9 cases), while cephalic symptoms were described
s a “weird” sensation in the head with centrifugal
irection in two cases, a sensation of “slowing-down”

n three cases, and a “head-pulsing” sensation in one
ase. Fear was frequently reported by children.
here was no substantial intergroup difference in the

ateralizing and localizing value of surface EEG features
Epileptic Disord, Vol. 17, No. 1, March 2015

attern in 25%, whereas it was misleading in 35% of
ubjects. A temporal or fronto-temporal distribution of
nterictal discharges was observed in 11 cases (27.5%).
ctal scalp EEG, available in 32 cases, was correctly local-
zing in 25%, but misleading in 10% of cases.

Available on www.epilepticdisorders.com
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Table 1. General characteristics of the patients included in the study as a whole (total pts: patients) and sub-
divided into patients who received surgery before 16 years of age (children) and after 16 years of age (adults).

Total pts (40 pts) Adults (29 pts) Children (11 pts)

Age at onset (yrs) 5.9 +/- 3.9 8.1 +/- 3.8 3.2 +/- 2.7

Age at surgery (yrs) 22.8 +/- 13.4 30 +/- 10.8 7.27 +/- 3.7

Duration of epilepsy (yrs) 15.8 +/- 12.8 21.5 +/- 12.4 4.1 +/- 3.3

Family antecedents 12 (30%) 8 (27.6%) 4 (36.3%)

Personal antecedents 12 (30%) 7 (24%) 5 (45.4%)

Neurological imp. 17 (42.5%) 10 (34.5%) 7 (63.6%)

Neuropsychological imp. 35 (87.5%) 26(89.6%) 9 (81.8%)

Seizure frequency:
high 14 (35%) 9 (31%) 5 (45.4%)
mid 8 (20%) 7 (24%) 1 (9%)
low 18 (45%) 13 (44.8%) 5 (45.4%)

Type of seizures:
SPS 10 (25%) 8 (27.6%) 2 (18.2%)
CPS 33 (82.5%) 25 (86.2%) 8 (72.7%)
SGS 28(70%) 22 (75.8%) 6 (54.5%)
spasms 2 (5%) 0 2 (18.2%)

Aura 32 (80%) 28 (96.5%) 4 (36.4%)

MRI:
negative 1 (2.5%) 0 1 (9.1%)
unclear 3 (7.5%) 1 (3.4%) 2 (18.2%)
lobar/sub-lobar 30 (75%) 23 (79.3%) 7 (63.6%)
multi-lobar 6 (15%) 4 (13.8%) 2 (18.2%)

Interictal EEG:
localizing 10 (25%) 6 (20.6%) 4 (36.3%)
regional 13 (32.5%) 9 (31%) 4 (36.3%)
falsely-localizing 11 (27.5%) 9 (5 T, 4 FT) (31%) 2 (1 T, 1 FT) (18.2%)
only-lateralizing 3 (5.5%) 2 (6.9%) 1 (9%)
falsely-lateralizing 2 (5%) 2 (6.9%) 0
normal 1 (2.5%) 1 (3.44%) 0

Ictal EEG: 32 pts 22 pts 10 pts
localizing 8 (25%) 5 (22.7%) 3 (30%)
regional 17 (53.1%) 11 (38%) 6 (60%)
falsely-localizing 1 (3.12%) 1 (T) (4.54%) 0
only-lateralizing 3 (9.4%) 3 (13.6%) 0
falsely-lateralizing 1 (3.1%) 1 (4.5%) 0
diffuse 2 (6.2%) 1 (4.5%) 1 (10%)
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Table 1. (Continued).

Total pts (40 pts) Adults (29 pts) Children (11 pts)

SEEG 22 (55%) 16 (55%) 6 (54.5%)

Side of surgery (R/L) 21/19 16/13 5/6

Localization of surgery:
mesial 15 (37.5%) 10 (34.5%) 5 (45.4%)
lateral 14 (35%) 10 (34.5%) 4 (36.3%)
mesial-lateral 8 (20%) 7 (24.1%) 1 (9%)
opercular 2 (5%) 1 (3.44%) 1 (9%)
post-central gyrus 1 (2.5%) 1 (3.44%) 0

Histology:
tumoural lesions 19 (47.5%) 15 (51.7%) 4 (36.3%)

DNET 9 (22.5%) 7 (24%) 2 (18%)
ganglioglioma 7 (17.5%) 6 (20.7%) 1 (9%)
other tumours 3 (7.5%) 2 (6.9%) 1 (9%)

MCD 13 (32.5%) 7 (24%) 6 (54.5%)
FCD I 2 (5%) 0 2 (18%)
FCD II 9 (22.5%) 7 (24%) 2 (18%)
TSC 1 (2.5%) 0 1 (9%)
PMG+SNH 1 (2.5%) 0 1 (9%)

gliosis 5 (12.5%) 4 (13.8%) 1 (9%)
cavernoma 3 (7.5%) 3 (10.4%) 0

Engel class:
I 30 (75%) 21 (72.4%) 9 (81.8%)

Ia 23 14 9
Ib 1 1 0
Ic 6 6 0
IIa 3 (7.5%) 2 (6.9%) 1 (9%)

III 4 (10%) 4 (13.8%) 0
IV 3 (7.5%) 2 (6.9%) 1 (9%)

AEDS:
stopped 17 (42.5%) 9 (31%) 8 (72.7%)

p izure
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tapered 8 (20%)
unchanged 15 (37.5%)

ts: patients; yrs: years; imp: impairment; SPS: simple partial se
eizures; T: temporal; FT: fronto-temporal; R: right; L: left; MCD: m

n invasive pre-surgical evaluation by means of SEEG
as performed in 55% of patients, with a similar distri-
ution in the two groups. In one case, this procedure
as complicated by an intracranial haemorrhage and

esulted in a hemianoptic visual field defect, along with
transitory sensitive hemisyndrome.
he most frequent responses induced by elec-
6

rical cortical stimulations in the PL structures,
esides the simple somatosensory manifestations,
onsisted of vertiginous sensations and visual illu-
ions (table 3), and were always obtained in adults.
estibular sensations were clinically variable, while
isual illusions mainly consisted of blurred vision
nd object motion. We excluded stimulations applied

c
c
t
t
i
C
s

7 (24%) 1 (9%)
13 (44.8%) 2 (18%)

s; CPS: complex partial seizures; SGS: secondary generalized
rmations of cortical development; AEDs: antiepileptic drugs.

ithin an anatomical lesion, which elicited known
ctal symptoms or were associated with an after-
ischarge.

RI and histopathological features

RI showed a discrete lobar/sub-lobar lesion in 30
Epileptic Disord, Vol. 17, No. 1, March 2015

ases and multi-lobar lesions in six cases, the latter
onsisting of malformations of cortical development in
hree cases, hypoxic-ischaemic insults in two, and mul-
iple angiomatosis in one case. MRI was uninformative
n four cases (three children).
ortical malformations and benign tumors repre-

ented the commonest histological finding; the former



Journal Identification = EPD Article Identification = 0728 Date: March 11, 2015 Time: 5:51 pm

E

Epilepsy surgery of the parietal lobe

Table 2. (A) Aura (32 patients, 28 adults and 4 children). (B) Objective ictal signs.

A

Sign N◦ of Pts
(total 40 pts)

Somatosensory 20 (62.5%)
paresthesias 15
illusions 4
disesthesias 2

Visual 10 (31.2%)
visual illusions: 9

metamorphopsia 4
blurred vision 2
macropsia 2
micropsia 2

amaurosis 2
positive elementary visual

hallucinations
3

complex visual hallucinations 1

Vertiginous 9 (22.5%)
rotatory vertigo contr/ipsil 2-Mar
disequilibrium 2
sensation of falling 1
dizziness 2

Psychic 6 (18.7%)
Cephalic sensation 6 (18.7%)

Epigastric/thoracic 5 (15.6%)

Fear/anxiety 4 (12.5%)

Auditory 4 (12.5%)

p
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T
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3
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G
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q

B

Sign N◦ of pts
(total 40 pts)

Eye +/- head deviation 22 (55%)
contralateral 13 (32.5%)
ipsilateral 9 (22.5%)

Automatisms 17 (42.5%)
simple motor 3 (7.5%)
gestural 6 (15%)
oro-alimentary 3 (7.5%)
vocalization 3 (7.5%)
bipedal, ictal automatic locomotion 2 (5%)

Motor contralateral 35 (87.5%)
clonic 18 (45%)
dystonic /hypertonic 14 (35%)
negative myoclonus 3 (7.5%)

Version 3 (7.5%)
contralateral 2 (5%)
ipsilateral 1 (2.5%)

M
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51.5% of patients with right PL resections and 61.2%
Gustatory 2 (6.2%)

Pain 2 (6.2%)

Autonomic 1 (3.1%)

revailed in the pediatric population and the latter
n adults (54.5% versus 24%, and 51.7/% versus 36.3%,
espectively, non-statistically-significant).

urgical resections and outcome

wenty-one subjects underwent a right and 19 a left
L surgical resection. Mesial resections prevailed in
he paediatric group and mesial-lateral resections pre-
ailed in adults.
pileptic Disord, Vol. 17, No. 1, March 2015

ransient post-operative morbidity was observed in
0% of patients (10 adults and 2 children) and consisted
argely of focal motor-sensitive deficits contralat-
ral to the side of the resection (nine cases) and
erstmann syndrome (six cases). Permanent post-
perative neurological deficits, in the form of
uadrantanopsia, concerned two adults.

o
p
n
r

2

3

Autonomic 3 (7.5%)
Hypermotor 1 (2.5%)
Aphasia 5 (12.5%)
Post-ictal focal paresis 7 (17.5%)

ore than one sign could coexist in the same individual.

fter a mean follow-up period of 9.4 years (range:
.1-16.7), 30 subjects (75%) were classified as Engel
lass I (23 subjects; 57.5% in Class Ia) (table 1). Among

he patients who underwent a SEEG procedure, 73%
chieved seizure freedom.
n eight cases, a partial excision of the MRI-identifiable
esion was performed, leading to seizure freedom in
0% of cases. In seven cases, an incomplete resection
f the EZ was carried out in order to avoid functional
eficits; all patients achieved an unsatisfactory out-
ome (figure 1; figure 3 from Liava et al. [2014]).

greater number of children reached complete
rug discontinuation after surgery; antiepileptic drugs

AEDs) were totally stopped in 73% of the paediatric
ersus 31% of the adult population (p=0.0305), in which
4% of subjects maintained unmodified AEDs.
t a minimum of two years follow-up, for the subset of
5 seizure-free subjects (18 adults) with pre-operative
mpairment in specific cognitive domains (supple-

entary table 2A2), a complete recovery was seen in
37

f left PLE subjects, whereas in all non-seizure-free
atients, impaired pre-operative performance in cog-
itive functions still remained within a sub-average
ange (supplementary table 2B3).

Available on www.epilepticdisorders.com
Available on www.epilepticdisorders.com
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Table 3. Subjective vestibular and visual manifestations induced by intracerebral stimulations in the
parietal lobe.

Stimulation site Vestibular symptoms (N◦ of patients) Visual symptoms (N◦ of patients)

Precuneus “falling flat” (1) blurred vision (3)
subjective vertigo (2) macropsia + object motion (1)
disequilibrium (1) “a moving object” (1)

Intraparietal sulcus body oscillations “like being on the sea” (2) double vision (1)
blurred vision (1)
metamorphopsia (1)

Superior parietal lobule subjective vertigo (1) blurred vision + object motion (1)
cephalic subjective vertigo (1) object motion (1)
“pulsation of the head” (1)

Inferior parietal lobule “falling into a vortex” (1) blurred vision (1)
object motion (1)

ng in

” (1)
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Supramarginal gyrus “falling out of bed” (1)
subjective vertigo (1)
body oscillations “like bei

Parietal cingulum “pulsation inside the head

utcome predictors

n incomplete resection of the EZ represented a statis-
ically significant negative predictive factor for surgical
utcome, whereas seizure frequency, the presence of
GS and multiple aura types, as well as an incomplete
esection of the MRI-visible lesion, did not correlate
ith outcome (table 4).
he presence of localizing/regional interictal EEG
ignificantly correlated with a favourable seizure out-
ome (p=0.007), whereas ictal EEG did not represent

significant predictive element. None of the ana-
yzed ictal clinical symptoms and signs correlated

ith outcome (data not shown), however, simple
otor automatisms prevailed among non-seizure-free

atients and bipedal automatisms and automatic loco-
otion were seen exclusively among the same group

p=0.0577).

iscussion

arietal lobe epilepsy is not frequent in surgical series,
owever, its frequency may be underestimated, mainly
ecause of misleading seizure semiology (Blume et al.,
991; Salanova et al., 1995; Ristic et al., 2012) and conse-
8

uent diagnostic difficulty. In fact, an important feature
f PL seizures, highlighted in the literature and con-
rmed by our findings, is the polymorphism of ictal
anifestations that accounts for the potential misdi-

gnosis of PLE, either with other localization-related
pilepsies or even with non-epileptic psychogenic
vents (PNES).

c
E
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t
t

blurred vision (1)
“halo around the image” (1)

a boat”(1)

blurred vision + object- motion (1)

n our series, the presence of variable ictal patterns,
uch as focal tonic or clonic seizure activity and
eizures with automatisms, reflects the rapid seizure
pread outside of the PL, either to the frontal or to
he temporo-limbic structures. Indeed, focal motor
ontralateral signs, mostly clonic activity but also asym-
etric posturing, never occurred as the leading ictal
anifestation and did not correlate with post-surgical

eizure outcome; these signs were exhibited by a large
roportion of patients (87.5%), in line with previous
eries (45%-84%: Salanova et al., 1995; Kim et al., 2004a;
im et al., 2004b, Bartolomei et al., 2011). Similarly, oro-
limentary automatisms were unrelated to outcome,
pparently resulting from the secondary involvement
f mesial temporal lobe structures, probably via the
ultiple anatomical connections existing among the

L and the hippocampal formation (Rushworth et al.,
006; Olson and Berryhill, 2009).
utomatic motor behaviours, simple, but also bipedal
utomatisms and automatic locomotion, prevailed
mong non-seizure-free patients, reflecting the impli-
ation of an extended EZ, probably including large
ortical-subcortical areas in the context of the fron-
oparietal system, the ictal involvement of which leads
o the disinhibition of innate activities controlled by
Epileptic Disord, Vol. 17, No. 1, March 2015

entral pattern generators (Tassinari et al., 2005).
ye (with or without head) deviation represented the
ost frequent leading objective ictal sign (55%). This

eature is probably related to the parietal eye field,
ocated in the lateral intraparietal subregion, but also
o the presence of a second eye field, identified in
he medial parietal area, the stimulation of which also
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Figure 1. MRI and SEEG of a patient with epilepsy originating from the parietal lobe who was shown to have FCD IIB. The patient
had no significant family or personal antecedents. At neurological examination, osteotendineous reflex was slightly prominent in the
left, with a moderate deficit of grafognosia in both legs, and a presence of atonic events on the left at Mingazzini I. The patient was
right-handed. Epilepsy onset occurred at eight years of age with a generalized seizure, afterwards, seizures were characterized by an
initial sensitive-motor sensation of the left foot or, more frequently, an initial impression of “seeing weirdly” (“the ceiling becomes
smaller and is moving towards me”), followed by eye deviation to the left (or, sometimes, to the right), flushing, diffuse hypertonia
and clonias prevalently to the left, and no apparent post-ictal language deficits. EEG showed:
- interictal spike-waves over the right centro-parieto-occipital region;
- high-voltage spike or spike-wave on the right parietal region correlating with the negative myoclonus of the left arm (and frequently
the left leg);
- ictal onset in the right centro-parietal region when associated with the major attacks (one seizure) and in the right centro-temporal
region when associated with the visual auras (two seizures).
MRI (A) showed a probable dysplastic lesion in the right centro-parietal cortex in its superior and posterior portion. In order to better
delineate the limits of the EZ and its relation with eloquent areas, an SEEG (see stereotactic implantation scheme in [B]) was performed
(electrodes and corresponding structures investigated are outlined below) and showed an ictal onset (see seizure trace in [C]) in the
superior parietal lobule, namely in the contacts N2-3, N5-6, L6-7, D4-5 (stars), followed by a fast and consistent involvement of the
paracentral lobule (electrode J; arrow) and by rhythmic fast activity arising asynchronously from different sites of the dysplastic lesion
and spreading to the inferior parietal lobule, precuneus, and cingulate gyrus. Low-frequency cortical stimulations of electrode J induced
clonic jerks of the leg and hand, and confirmed that electrode J indeed was implanted in the paracentral lobule. As a consequence of
the intracerebral neurophysiological and anatomo-functional findings, an incomplete resection of the dysplastic lesion (arrows in [D])
and epileptogenic zone was performed at 24 years of age. Histology revealed FCD IIB. The patient was classified as Engel class IVa from
surgery, despite a vagal stimulator recently implanted. At last follow-up visit (14 years post-surgery), neuropsychological examination
showed an amelioration of visual-motor planning abilities.
The cerebral structures investigated by each electrode in the stereotactic scheme (B) are listed from mesial to dorsal surfaces; the
numbers of each electrode in the trace montage follow the same direction (1 to 15: mesial to dorsal). P: cingulate gyrus, inferior
parietal lobule; H: cingulate gyrus, postcentralgyrus; I: cingulate gyrus, postcentralgyrus; V: cingulate gyrus, supramarginalgyrus; W:
supramarginalgyrus; C: para-hippocampal gyrus, hippocampus, middle temporal gyrus; E: fusiform gyrus, inferior temporal gyrus; L:
precuneus, lesion, inferior parietal lobule; N: precuneus, superior parietal lobule; O: lingual gyrus, middle occipital gyrus; J: paracentral
lobule; D: lesion, superior parietal lobule; Q: cuneus, superior parietal lobule.
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Table 4. Outcome predictors.

Engel class I (30 pts) Non-Engel class I (10 pts) P value

Age at onset (mean in years) 6.7 6.7 0.863

Age at surgery (mean in years) 23.8 23.6 0.838

Duration (mean in years) 16.6 16.9 0.606

Surgery in childhood yes 9 (81.8%) 2 (18.2%)
0.696

no 21 (72.4%) 8 (27.6%)

Seizure frequency
high 10 (66.7%) 5 (33.3%)

0.652mid 7 (77.7%) 3 (22.3%)
low 13 (81.2%) 2 (18.8%)

MRI

negative 0 1

0.464
unclear 2 (66.7%) 1 (33.3%)
focal 23 (76.7%) 7 (23.3%)
multifocal 5 (83.3%) 1 (16.7%)

Presence of SGS yes 19 (67.8%) 9 (32.2%)
0.23

no 11 (91.7%) 1 (8.3%)

Aura
no 4 (100%) 0

0.442single 11 (64.7%) 6 (35.3%)
multiple 15 (78.9%) 4 (21.1)

Interictal EEG

localizing 8 (80%) 2 (20%)

0.007

regional 13 (100%) 0
only-lateralizing 2 (66.7%) 1 (33.3%)
falsely-localising 6 (54.5%) 5 (45.5%)
falsely-lateralising 0 2 (100%)
normal 1 (100%) 0

Ictal EEG (32 pts)

localizing 6 (75%) 2 (25%)

0.542

regional 14 (82.4%) 3 (17.6%)
only-lateralizing 2 (66.7%) 1 (33.3%)
diffuse 2 (100%) 0
falsely-localising 1 (100%) 0
falsely-lateralising 0 1 (100%)

SEEG
no 14 (77.8%) 4 (22.2%)

1
yes 16 (72.7%) 6 (27.3%)

Localization of resection

mesial 11 (73.3%) 4 (26.7%)

0.918
lateral 11 (78.6%) 3 (21.4%)
mesial-lateral 5 (62.5%) 3 (37.5%)
opercular 2 (100%) 0
post-central 1 (100%) 0

Residual MRI lesion
no 26 (81.2%) 6 (18.8%)

0.089
yes 4 (50%) 4 (50%)

Residual EZ
no 30 (90.9%) 3 (9.1%)

0.000006
yes 0 7 (100%)

Histology

tumours 15 (78.9%) 4 (21.1%)

0.899
FCD 7 (63.7%) 4 (36.3%)
gliosis 4 (80%) 1 (20%)
others 4 (80%) 1 (20%)
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rovokes eye movements (Pierrot-Deseilligny et al.,
004). Eye-head deviation was ipsilateral in 41% of
ases, almost equally distributed among seizure-free
nd non-seizure-free subjects.

higher incidence of ipsilateral deviation in parietal
eizures with respect to other focal epilepsies has been
eported in the literature (Kim et al., 2004b; Binder et
l., 2009) and in one study (Bartolomei et al., 2011), the
revalence of ipsilateral version was described.

ctal semiological polymorphism also concerned sub-
ective symptoms; as many as 72% of patients, more
requently with right PLE, reported more than one kind
f aura. Polymorphism of aura was not correlated to an
nfavourable surgical outcome; a possible explanation
ould be attributed to the well-established role of the
L in the processing and integration of polysensory

nformation (Seitz and Binkofski, 2008). In addition,
he ability to recall all the different kinds of subjec-
ive manifestations may imply that the initial discharge
emains confined to the PL, without spreading to adja-
ent or deeper structures or to the contralateral side,
hus preventing a loss of awareness and, consequently,
he amnesia for the auras (Abou-Khalil, 2008).
he most frequently reported aura in our series was
well-described lateralized somatosensory manifes-

ation (37.5%). In line with the literature (Williamson
t al., 1992; Sveinbjornsdottir and Duncan, 1993),
he somatosensory disturbance occurred more fre-
uently contralateral to the side of seizure origin,
ut also ipsilaterally or bilaterally, indicating that this
ymptom does not always have a reliable lateraliz-
ng value. Although somatosensory aura is highly
uggestive of parietal seizures, it could be found in
ther posterior cortex epilepsies (Williamson et al.,
992; Sveinbjornsdottir and Duncan, 1993; Guldvog
t al., 1994), as well as in MTLE (Tuxhorn, 2005), while
revious studies have demonstrated that the pres-
nce of somatosensory aura involving the peripheral
xtremities and the face, with sparing of the prox-

mal extremities, may suggest a secondary sensory
rea origin (Penfield and Jasper, 1954). Moreover,
omatosensory sensations are also elicited with stim-
lation of the SMA (Guldvog et al., 1994) and
omatosensory aura was found in 12% of patients
ith focal epilepsy, irrespective of the localization

Tuxhorn, 2005). Other frequent types of aura in our
eries were vertiginous sensations (22.5%) and visual
llusions (28%), the former found exclusively among
he seizure-free subjects (not statistically significant).
pileptic Disord, Vol. 17, No. 1, March 2015

estibular manifestations are reported in 10-23.5% in
revious studies (Salanova et al., 1995; Kim et al., 2004b;
artolomei et al., 2011) and are described either as
ure labyrinthine symptomatology or as dizziness.
estibular symptoms have been reported in seizures

nvolving the superior parietal cortex (Bartolomei et al.,

o
t
i
t
f
2

Epilepsy surgery of the parietal lobe

011), induced by cortical stimulations of the vestibu-
ar region located in the temporal-parietal junction
Kahane et al., 2003), but also the intraparietal sul-
us (Blanke et al., 2000). In our series, nine patients
xperienced vestibular sensations after stimulation
ithout after-discharges at distinct sites in the PL,
ither in the mesial or lateral aspect, with variable
linical description depending on the stimulation site
table 3). Interestingly, four of these patients reported
ertiginous sensations when stimulating the area of
recuneus close to the cingulate sulcus; the stimula-

ion of the same area induced vertiginous symptoms in
our of 28 patients in the series of Kahane et al. (2003),
robably suggesting that this well-circumscribed area,
pparently inside BA7, might be part of the vestibular
egion and might correspond to the monkey’s vestibu-
ar cingulate region.
isual illusions elicited by stimulation of the PL struc-

ures were described mainly (87%) as object motion
nd blurred vision, and concerned almost equally
esial and lateral structures. Moving visual sensa-

ions were previously evoked by stimulation of the
asal temporal-occipital, the mesial parietal-occipital,
r the temporal-parietal-occipital junctional region
sing subdural grid electrodes in a series of 23 patients
ith epilepsy (Lee et al., 2000).
vague cephalic sensation was reported relatively

requently (19%) in our series. This subjective man-
festation, which (especially when not followed by
lear-cut epileptic signs) underscores the potential
isdiagnosis of PL seizures with non-epileptic events,
as linked to an epileptogenic area located either in

he lateral part of the PL (three cases), in the mesial
spect (two cases), or both (one case).
n our series, a large proportion of subjects (70%)
xhibited secondarily generalized seizures, most com-
only within the first year of illness; this feature is in

oncordance with previous series (65-84%; Kim et al.,
004a; Kim et al., 2004b; Binder et al., 2009), suggesting
hat secondary generalization is more frequent in PLE
han in other epilepsies. Even if this feature prevailed
mong non-seizure-free subjects, it did not represent a
tatistically significant negative predictor for outcome,
uggesting that, unlike temporal lobe epilepsy where
preoperative history of SGS significantly reduces the

ikelihood of being seizure-free (Cleary et al., 2012),
GS in extratemporal lobe epilepsy do not preclude
ostoperative seizure remission.
he total resection of EZ was a statistically signifi-
ant predictive factor for surgical outcome and in six
41

f our cases (60% of the non-seizure-free patients),
he failure of surgery to control seizures was antic-
pated during the presurgical evaluation regarding
he inability to entirely remove the epileptogenic, yet
unctional, cortex (figure 1; figure 3 from Liava et al.,
014). Intracerebral mapping of putative epileptogenic
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Figure 2. MRI, fMRI and SEEG of a patient with epilepsy originating from the parietal lobe who was shown to have right parietal
ulegyria and gliosis. The patient was born before term (34 weeks of gestation) with normal delivery. There were no focal neurological
deficits, although agnosia digitorum was present with moderate cognitive impairment involving specific deficits in: problem-solving
abilities, verbal fluency, visuo-spatial memory, visuo-motor planning, and facial recognition. The patient was ambidextrous. Epilepsy
onset occurred at eight months of age, with annual seizures, frequently facilitated by fever and characterized by diffuse hypertonia
and staring or eye-head deviation, as well as constant secondary generalization. At the time of the presurgical evaluation at 31 years of
age, the seizures had a monthly frequency, and their semiology consisted of an initial tingling-like sensation localized to the fingers of
the left hand with a centripetal direction up to the shoulder, and afterwards towards the left foot, followed by eye and head deviation
either to the right (more frequently) or to the left, and left arm hypertonia. Interictal EEG showed spike-waves over T4-T6 and P4-T6 and
asynchronous spikes over C4-P4, constantly involving Pz, while ictal EEG showed a right temporo-parietal initial rapid discharge. MRI
(A) revealed right parietal ulegyria, involving both the inferior parietal lobule and the post-central gyrus, including the underlying white
matter (arrow: Rolandic sulcus). fMRI (B) showed an activation of the left primary motor area, the left SMA, and a left post-central area
during the finger-tapping (F-T) task of the right (R) hand; an activation of a left post-central area and the primary motor area, bilaterally,
with greater extent and intensity on the left, during finger-tapping of the left (L) hand; an activation of the left somatosensory area
during brushing of the right hand; and an activation of two small areas, bilaterally, none of which corresponded to the theoretical
position of the somatosensory area in the right post-central gyrus during brushing of the left hand. The activated sensorimotor areas
did not appear to be contiguous with the ulegyric lesion.
An SEEG investigation of the right centro-parieto-temporal cortex was performed (see stereotactic scheme in [C]; electrodes and
corresponding structures investigated are outlined below) demonstrating the presence of:
subcontinous spike-waves (D) involving the post-central gyrus (X12-13), the intermediate-external aspect of the inferior parietal region
(external contacts of R and intermediate-external contacts of P) and the posterior part of precuneus (L4-5), and polyspikes in the fusiform
gyrus and inferior temporal gyrus (electrode D), while activity in the precentralgyrus (X8-9) was free of interictal abnormalities;
- subclinical paroxysms (E) arising from the inferior parietal area (see fast activity from intermediate-external contacts of electrodes L
and P), in the intermediate-external aspect of theparieto-occipital junction (see flattening at electrodes Y and V), but also in the inferior
temporal and fusiform gyri (see rhythmic bursts of high-voltage polyspikes at electrode D);
- ictal onset, either similar to the subclinical paroxysms or, more frequently, characterized by a high-voltage spike (F) immediately
followed by fast activity of very low voltage involving the majority of electrodes, more pronounced in the intermediate contacts of L,
D, P and external contacts of V and R.
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C

D

Figure 2. (Continued) Electrical cortical stimulations of the supra marginal gyrus and the post-central gyrus induced the habitual
aura, and revealed a normal function of the motor area and a partially functional somatosensory area. Invasive neurophysiological
and anatomo-functional findings permitted to delineate an epileptogenic zone localized in the intermediate-external part of the
parietal region and involving the post-central gyrus in the superior aspect, as far as the parietal-occipital junction in the inferior aspect
(G), the total resection of which leaded to complete seizure freedom (Engel class Ia) without motor-sensitive deficits. Post-operative
visual field testing revealed a predicted, incomplete left inferior quadrantanopsia. Histopathological analysis revealed the presence
of gliosis. Neuropsychological evaluation at five years of follow-up showed an amelioration of verbal fluency, visuo-motor planning,
facial recognition, and problem-solving abilities.
The cerebral structures investigated by each electrode in the stereotactic scheme (C) are listed from mesial to dorsal surfaces; the
numbers of each electrode in the trace montage follow the same direction (1 to 15: mesial to dorsal). F1-2: anterior part of paracentral
lobule; F3-5: superior part of precentralgyrus; G1-3: posterior part of paracentral lobule; G4-7: superior part of postcentralgyrus; H1-
6: anterior part of superior parietal lobule; W1-5: transverse temporal gyrus; W6-7: posterior part of superior temporal gyrus; D1-5:
intermediate part of fusiform gyrus; D6-11: posterior part of inferior temporal gyrus; N1-2: posterior part of central gyrus; N9-13:
intermediate part of precentralgyrus; S1-2: posterior part of central gyrus; S11-15: inferior part of postcentralgyrus; X1-2: posterior
part of paracentral lobule; X7-9: intermediate part of precentralgyrus; X11-14: postcentralgyrus (lesion). P1-2: posterior part of central
gyrus; P6-11: lesion; P12-15: supramarginalgyrus; R1-2: posterior part of central gyrus; R10-11: lesion; R12-15: supramarginalgyrus; C1-3:
intermediate part of hippocampus; C11: posterior part of middle temporal gyrus; L1-4: posterior part of precuneus; L5-7: lesion; L8-11:
posterior part of inferior parietal lobule; V1-2: posterior part of precuneus; V9-15: angular gyrus (lesion); Y1-3: anterior part of cuneus;
Y5-6: lesion; Y7-10: superior occipital gyrus.
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igure 2. (Continued)

esions, potentially intersected with functionally elo-
uent areas, was the cornerstone for the complete
xcision of the EZ and consequently for surgical suc-
ess (figure 2).

problematic definition of the extent of the epilep-
ogenic focus is also attributed to the tendency of

ultiple EEG spread patterns and the non-localizing
calp EEG findings in parietal seizures (Williamson
t al., 1992; Ristic et al., 2012). In fact, the presence
f large association areas in the PL and its elabo-
ate connectivity to various distant regions reasonably
ccount for these EEG features, and probably account
or a relatively higher incidence of invasive proce-
ures in PLE compared with other focal epilepsies.
his is the case in our series, where 55% of patients
equired a presurgical SEEG evaluation. It is notable,
owever, that in our series, interictal EEG contributed
4

o the formulation of a well-framed seizure-focus
ypothesis in 57.5% of subjects, of whom 91.3%
chieved freedom of seizures. In fact, the presence of
ell-localizing/regional features on interictal EEG cor-

elated significantly (p=0.007) with a favourable seizure
utcome.

t
(
s
i
a
d

nterestingly, all subjects had seizure onset in paedi-
tric age, thus depicting PLE as a paediatric disorder.
n our series, the paediatric group exhibited more
requently personal antecedents, neurological impair-

ent, higher seizure frequency, as well as more
ysplastic lesions. Despite these features, children had
etter outcome compared with adults, and a signifi-
antly greater number of children reached complete
rug discontinuation after surgery, compared with the
atients who received surgery in adulthood. There-

ore, this could imply that a longer duration of focal
pilepsy is correlated to worse seizure prognosis after
esective surgery, in concordance with previous stud-
es (Dalmagro et al., 2005; Liava et al., 2012), which

ight be related to the fact that deviations from nor-
al interactions between networks, as well as more

xtended dysfunctional areas and/or decreased plas-
Epileptic Disord, Vol. 17, No. 1, March 2015

icity, are more likely with a longer duration of epilepsy
Bartolomei et al., 2008). In this regard, it might be
uggested that an earlier indication of surgery could
ncrease the percentage of surgical success and of
chievement of complete post-operative “drug free-
om” (Francione et al., 2012).
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n both paediatric and adult groups, after two years of
ollow-up, seizure freedom was associated with a strik-
ng post-operative improvement or even complete
ecovery of preoperative specific neuropsychological
eficits in a remarkably high number of subjects, thus

ndicating the deleterious effects of chronic epilepsy
n the cognitive functions. This was particularly evi-
ent in the domain of mnemonic performances; 65%
f patients with preoperative impairment in visuo-
patial memory and 50% of those with impairment
n verbal memory presented a complete remission of
eficits after two years of follow-up. Globally, all but
ve adults and four children exhibited pre-operative
emory deficits. Indeed, our data provide further

vidence of the role of the parietal structures in
emory, already demonstrated by functional neu-

oimaging, either by means of PL activations to various
nemonic demands (Olson and Berryhill, 2009) or

hrough anatomical linkages in white matter tractog-
aphy between PL and frontal and temporal lobe areas
Rushworth et al., 2006).

onclusion

urgical management of PLE, significantly aided by
igh-resolution neuroimaging and, frequently, by

nvasive neurophysiological evaluation, may attain
xcellent results.
subtotal resection of the EZ, due to functional con-

traints, is relatively frequent in PLE and intracerebral
apping might be essential in order to perform tai-

ored resections and determine prognosis.
n earlier surgical referral may increase the chances
f seizure control and complete post-operative drug
iscontinuation.
he presence of multiple types of aura in the same
atient does not appear to represent a negative pre-
ictive factor of surgical outcome, but a characteristic

eature of PL seizures. �
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