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1. SUMMARY

Background: Hypermotor seizures (HMS) are characterized by complex movements involving
the proximal segments of the limbs and trunk. Seizures frequently begin in childhood, with a
nocturnal predominance, high frequency of seizures and possible drug-resistance that can lead
to epilepsy surgery. HMS are usually considered to arise from the frontal lobe but recent
evidences suggest that they can also arise from other cerebral regions. Thus, their localizing
significance remain uncertain, especially in MRI negative cases. Whether there exist anatomo-
electro-clinical features that allow to distinguish HMS of frontal origin from HMS of extra-
frontal origin remains a crucial issue in epilepsy surgery candidates.

Methods: General features and anatomo-electro-clinical findings were retrospectively reviewed
in a cohort of 28 HMS patients who underwent resective/disconnective surgery (n=23) or radio-
frequency thermo-coagulations (RFTC, n=5) in our center. A SEEG study was performed prior
to surgery in 25 cases. Based on surgery location and SEEG data, patients were divided in 2
groups: a 'pure’ frontal lobe epilepsy (FLE) group (n=14) and an extra-FLE group (n=14,
including one temporal case, 5 insular or insulo-opercular cases, and 8 multilobar cases). The
main aim of the study was to identify clinical features of seizures that allowed to distinguish
the two groups of patients. Whether general clinical features, MRI data, and scalp-EEG
recordings were helpful for differentiating the two groups was also evaluated. The two groups
were compared using Mann-Whitney T-test for quantitative data and Fisher’s test for qualitative
data. Significance was set at p<0.05.

Results: The 2 groups of patients were difficult to distinguish based on general features, MRI
findings and interictal scalp-EEG abnormalities. However, a few ictal scalp-EEG features and
ictal clinical signs significantly differentiate the 2 groups. Ictal scalp EEG more frequently show
an anterior frontal onset in the FLE group (p=0.01), whereas it was more frequently non-

localizing in extra-FLE patients (p=0.016). Patients with extra-FLE presented more frequently



a marked agitation (p=0.046) and screaming (p=0.006). They also had more frequently a
bimanual/bipedal activity and vegetative signs, although not statistically significant. Patients
with FLE had more frequently a short seizure duration (<30s) (p=0.033) and they presented
more frequently a bilateral tonic/dystonic posturing, ictal pouting and grasping, but the
difference did not reach statistical significance. Seventeen of the 23 patients who had a
resective/disconnective surgery, and 1 of the 5 patients who were treated by RFTC became
seizure-free (Engel's class 1). Results were better in the FLE group (class I: 85.7%) than in the
extra-FLE group (class I: 42.9%), and the difference was statistically significant (p=0.046).

Conclusions: Our data indicate that both ictal scalp-EEG data and a detailed analysis of ictal
clinical signs of HMS may help to differentiate HMS of frontal lobe origin from HMS arising

from extra-frontal lobe regions among patients contemplating epilepsy surgery.
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2. ABBREVIATIONS

DNET: dysembryoplastic neuroepithelial tumour
EEG: electroencephalography

EZ: epileptogenic zone

FCD: focal cortical dysplasia

FLE: frontal lobe epilepsy

GGM: ganglioglioma

HM: hypermotor

HMS: hypermotor seizures

HS: hippocampal sclerosis

ILE: insular lobe epilepsy

MLE: multilobar epilepsy

MRI: magnetic resonance imaging

OAA: oro-alimentary automatisms

PCE: parietal lobe epilepsy

PNES: psychogenic non epileptic seizures
SGTC: secondary generalized tonic-clonic seizures
SEEG: stereo-electroencephalography

SUDEP: sudden unexpected death in epilepsy.
TLE: temporal lobe epilepsy
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3. INTRODUCTION

According to the definition proposed by Liiders et al. (1998) and by the International League
Against Epilepsy (ILAE) glossary (Blume et al., 2001), hypermotor or hyperkinetic seizures
(HMS) are characterized by complex motor movements involving primarily the proximal
segments of the limbs and trunk. This results in large-amplitude movements that are frequently
relatively explosive and violent. HMS occur in adults as well as in children, although only a
few paediatric series have been reported (Weinstock et al., 2003; Sinclair et al., 2004). HMS
are often mistaken for psychogenic non epileptic seizures (PNES) or parasomnia, in as much
as interictal and/or ictal EEG may prove uninformative (Derry et al.,, 2009). Seizures
predominantly occur during sleep, and their frequency may be very high with a frequent
clustering. The clinical pattern is very reproducible in each patient, but widely varies from one
patient to another. Seizure semiology mainly includes different forms of complex motor
behaviours such as body rocking, pelvic thrusting, pedalling, boxing and kicking (Williamson
et al., 1985; Luders et al., 1998; Provini et al., 1999; Jobst et al., 2000; Blume et al., 2001,
Tinuper et al., 2005). Additional motor and non-motor signs may occur, including emotional
symptoms, grimacing, vocalizations, tonic/dystonic posturing, and head version (Provini et al.,
1999; Jobst et al., 2000; Kotagal et al., 2003; Tinuper et al., 2005). The rate of HMS in focal
epilepsies is unknown, but probably low, at least in epilepsy surgery patients where HMS would
account for 3% to 4.5% of surgically-treated cases (Rheims et al., 2008; Tao et al., 2010;
Masuda et al., 2012). Although unfrequent, this seizure type raises important issues in the
context of epilepsy surgery, in particular regarding its localizing significance.

HMS have been initially (and continue to be frequently) considered as related to frontal lobe
epilepsy (FLE), especially when they occurred during sleep. They have been reported in 15-
27% of FLE cases (Swartz et al.,1994; Manford et al., 1996; Jobst et al., 2000; Kotagal et al.,

2003 ; Bonini et al., 2014) and can arise from any part of the premotor and prefrontal cortices,
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including the orbito-frontal cortex (Ludwig et al., 1975; Rougier et al., 1988; Chang et al., 1991,
Bancaud et al., 1992; Manford et al., 1996; Jobst et al., 2000; Lombroso et al., 2000; Biraben
et al., 2001; Bartolomei et al., 2005; Mai et al., 2005; Nobili et al., 2006; Rheims et al., 2008),
the anterior cingulate gyrus (Waterman et al., 1987; Biraben et al., 2001; Rheims et al., 2008),
the mesial frontal cortex (Penfield and Jasper et al., 1954; Green et al., 1980 ; Kanner et al., 1990;
Bancaud et al., 1992; Veilleux et al., 1992; Devinsky et al., 1995; Jobst et al., 2000; Chassagnon
et al., 2003; Mai et al., 2005; Nobili et al., 2006 ; Nguyen et al., 2009 ; Tao et al., 2010), the
frontal pole (Jobst et al., 2000; Mai et al., 2005; Nobili et al., 2006; Tao et al., 2010), and the
dorsolateral frontal cortex (Jobst et al., 2000; Mai et al., 2005; Nobili et al., 2006; Tao et al.,
2010). However, and mainly over the last decade, HMS of extra-frontal origin have also been
described, including the temporal lobe (Biraben et al., 2001 ; Bartolomei et al., 2002 ; Nobili et
al., 2004 ; Carreno et al., 2005 ; Mai et al., 2005 ; Wang et al., 2008 ; Vaugier et al., 2009;
Mirandola et al., 2010 ; Tao et al., 2010 ; Masuda et al., 2012), the insula or insulo-opercular
cortex (Roper et al., 1993 ; Cukiert et al., 1998 ; Rosetti et al., 2005 ; Kaido et al., 2006 ; Ryvlin
et al., 2006, Dobesberger et al., 2008; Zhang et al., 2008; Nguyen et al., 2009; Proserpio et al.,
2011, Heers et al., 2012; Dylgjeri et al., 2014) and the parietal lobe (Boesebeck et al., 2002;
Nishibayashi et al., 2009; Bartolomei et al., 2011; Fluchére et al., 2012; Montavont et al., 2013;
Enatsu et al., 2014). Thus, the localizing value of HMS remain uncertain, which represents a
challenging issue especially in MRI negative cases.

We therefore conducted a retrospective study aiming at better delineating the spectrum of
HMS in a series of 28 patients who underwent resective/disconective surgery or radio-
frequency thermo-coagulations in our center. Since HMS continue to be mainly regarded as
arising from the sole FL (and the term "Nocturnal Frontal Lobe Epilepsy" is a good example of
such an over-simplification), we used a pragmatic approach and divided the patients in two

groups: one where the Epileptogenic Zone (EZ) was located in the frontal lobe only (FLE
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group), and one where the EZ outpassed the limits of the frontal lobe or was located outside the
frontal lobe (named extra-FLE group). The main aim of this study was to identify ictal clinical
features that could allow to distinguish these two groups of patients. Whether general clinical
features, MRI data and scalp-EEG findings were helpful for differentiating the two groups was

also evaluated.

4. PATIENTS AND METHODS

4.1. Selection criteria (Figure 1)

From the database of 682 patients who underwent resective/disconnective surgery or radio-
frequency thermo-coagulation (RFTC) for refractory partial epilepsy at our institution between
1990 and 2014, we identified 35 patients who experienced HMS. HMS was defined by ictal
complex motor agitation with proximal movements of the limbs, producing irregular sequential
ballistic movements such as pedaling, pelvic thrusting, kicking, boxing and rocking movements
while lying on the bed (Luders et al., 1998; Blume et al., 2001). In five of the 35 patients, HMS
was not the principal type of seizures so that these patients were not kept for the study. Thus 30
of the 682 patients (4.4%) experienced HMS as the main type of seizures, of whom 2 were
excluded from analysis because of missing data. The studied population therefore comprised
28 patients, of whom 12 had been previously published either as case reports (Vercueil et al.,

1999; Chassagnon et al., 2003) or short series (Ryvlin et al., 2006; Rheims et al., 2008).
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Fig.1 : Flow chart of the study

682 patients with drug-resistant focal
epilepsy who underwent
resective/disconnective surgery or RTFC
1990-2014

HMS patients excluded: n=7

- Missing data (n=2)

- HMS not being the main type of
seizures after video review (n=5)

HMS patients included: n=28

FLE group : n=14 Extra-FLE group : n=14
- Prefrontal n=10 - ILE n=5
- Premotor n=2 -TLEn=1
- Premotor and posterior - Multilobar n=8:
prefrontal n=2 o Temporo-fronto-insular n=4
o Fronto-insular n=2

o Temporo-insular n=1
a Temporo-frontal n=1

4.2. Patients’s characteristics (Tables 1 and 2)

The 28 patients comprised 19 males and 9 females, whose mean age at last (in case of 2-
steps operation) surgery or RFTC was 26.1 = 13.1 years (range 7-53). Mean age at epilepsy
onset was 8.7 £ 6.5 years (range 0.8-24) with a mean epilepsy duration of 17.3 = 11.7 years
(range 3-44). Five patients had a past-history of febrile seizures (n=2) or head trauma (n=3),
and 2 had a family history of epilepsy. Seizures frequency ranged from 1 to more than 500 per
month (mean: 62.7 per month), with a sleep predominance in 19 patients (68%). The clinical
presentation of HMS remained constant over time in 17 patients (61%), other types of seizures
were reported in 13 patients (46%), and inconstant secondary generalizations occurred in 8
patients (29%). MRI was negative in 13 cases (46%), whereas it showed different kind of

lesions in 15 patients (54%), including 9 cases of focal cortical dysplasia (FCD).
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4.3. Presurgical evaluation (Tables 1 and 2)

In all the 28 patients, presurgical evaluation included high-resolution MRI,
neuropsychological tests and continuous long-term scalp video-EEG monitoring. Based on
these data, surgery was considered possible without invasive evaluation in 3 patients (11%), all
suffering from a right FLE (prefrontal: P4, P9; premotor: P13). In the remaining 25 cases (89%),
non-invasive data were considered not sufficiently concordant for localizing the epileptogenic
zone (EZ) and video-SEEG recordings were undertaken according to the methodology
developed by our group (Kahane et al., 2004). Six of these 25 cases were explored twice (of
whom 3 in another center) because the first SEEG study failed to localize correctly the EZ.
Following SEEG results, the EZ proved to be right-sided in 13 cases and left-sided in 12 cases.
Seizure arose from the frontal lobe in 11 patients (prefrontal: 8, premotor: 1, prefrontal and
premotor: 1), from the insular or insulo-opercular cortex in 5 patients, from the temporal lobe
in one patient, and from a complex multilobar EZ in 8 patients (temporo-frontal: 2, temporo-
insular: 1, fronto-insular: 2, temporo-fronto-insular: 3).

Overall, based on these results, the 28 patients were divided in 2 groups: a 'pure’ frontal
lobe epilepsy (FLE) group (n=14) and an 'extra’-FLE group (n=14). This latter group included
both temporal lobe epilepsy (TLE) and insulo(-opercular) epilepsy (ILE) cases, as well as
multilobar epilepsy (MLE) cases, of whom 7 had an EZ encompassing part of the frontal lobe.
We acknowledge that including these latter 7 patients in the 'extra’-FLE group raises some
issues, in particular regarding the clinical analysis of HMS. These issues have been addressed

in the results section and in the discussion.

4.4. Surgery (Tables 1 and 2)
Twenty-three of the 28 patients had a resective (n=23) and/or a disconnective (n=5)

surgery, of whom 5 were operated twice (previous resection: 3, previous disconnection: 2)
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because the first surgery failed to control the seizures (P21, P22, P23, P24, P26). RFTC were
applied within the EZ in the remaining 5 patients, of whom 2 had a very focal EZ (P11, P17)
and 3 had an EZ encompassing eloguent areas that made resective surgery too risky (P16, P18,
P19). Pathological examination, available for 21 of the 23 the resection procedures, provided
an histological diagnosis for all the 15 lesions seen on MRI in these 21 patients, and revealed
different kind of lesions in all of the remaining 6 patients in whom MRI was negative. Seizure
outcome was assessed according to Engel’s classification (Engel et al., 1993). After a mean
follow-up after surgery or RFTC of 56.6 months (range 3-204 months), 18 patients were in
Engel's class | (64.3%), 2 in class Il (7.1), 1 in class Ill (3.6%), and 7 in class IV (25%)
(including one patient - P19 - who died from a SUDEP). Results were better in the FLE group
(class I: 85.7 %) than in the extra-FLE group (class I. 42.9%), and the difference was

statistically significant (p=0.046).

4.5. Data analysis

To extract potential information allowing to distinguish, non-invasively, patients with
frontal HMS (FLE group) from patients with HMS of other location (extra-FLE group), the
general clinical and MRI features, scalp-EEG findings and ictal clinical symptology were
compared between the 2 groups. The clinical reports detailing scalp-EEG data were used to
evaluate the presence/absence of interictal abnormalities (spikes and/or slow waves), their
lateralization (unilateral, bilateral) and their localization (according to the 10-20 system).
Seizure onset was lateralized and localized similarly. Seizure onset was defined by the
occurrence of a fast (beta) activity, clear-cut flattening, or rhythmic (theta) activity, or by the
disappearance of focal interictal EEG abnormalities, providing that these changes occurred
before the clinical onset of the seizure. Seizure semiology was assessed by reviewing the

videotapes of all the seizures recorded during video-EEG and video-SEEG monitoring. Only
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the clinical manifestations that were observed consistently across the seizures were considered
as relevant. Seizure duration was evaluated during one typical episode, and calculated from the
beginning of the first clinical sign to the clinical end of the fit (cessation of motor
manifestations). Seizure semiology was analysed according to a working definition of ictal
symptoms, including auras (if any), HM behaviours, other motor signs, and non-motor
manifestations (see Tables 4 and 5). The description of HM behaviours was inspired from the one
proposed by Rheims et al. (2008), the intensity of the agitation being considered as 'marked' or
'mild’ by taking account the amplitude and the speed of the movements. HMS were then
classified as type 1 and type 2 HMS, according to the classification proposed by these authors.
HMS1 mainly consisted of marked agitation with body rocking, kicking, or boxing, associated
with a facial expression of fear and vegetative signs; and HMS2 mainly consisted of mild
agitation with horizontal movements or rotation of trunk and pelvis while lying on the bed,
usually associated with a tonic/dystonic posturing of the limbs (Rheims et al., 2008). The other
ictal clinical manifestations were categorized according to the glossary proposed by the
International League Against Epilepsy (ILAE) (Blume et al., 2001).

Statistical analyses were performed using SPSS (v19 and above). All relevant data were
compared between patients with FLE and extra-FLE using Mann-Withney test for quantitative
data, and Fisher’s Exact Test for qualitative data. Significance was set at p < 0.05.

In addition, we did a review of the HMS patients in the literature on PubMed database,
using “hypermotor seizures” and “hyperkinetic seizures” keywords. Only reports published
after 2000 were selected, and reports without details on the semiology of seizures of patient

were excluded.
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5. RESULTS

5.1. General clinical features (Table 3)

There was no statistical difference between FLE and extra-FLE groups when comparing
age at seizure onset, epilepsy duration, seizure frequency, sleep predominance of seizures,
clinical pattern consistency of HMS over time, association with other seizure types, and

secondary tonic-clonic generalization.

5.2. MRI data (Table 3)

MRI proved more frequently informative in the FLE group (71.4%) than in the extra-FLE
group (35.7%), including the presence of FCD (FLE: 50%, extra-FLE: 14.3%). The difference,
however, did not reach significance. Interestingly, MRI was negative in all the 5 patients
suffering from ILE, as compared with 8 of the other 23 patients suffering from other forms of

epilepsy, but the difference was not significant (p=0.28).

5.3. Scalp-EEG findings (Table 3)

Four patients did not exhibit any interictal EEG abnormalities (14.3%), 3 in the FLE group
and one the extra-FLE (p=NS). No significant differences were found between FLE and extra-
FLE patients regarding lateralization and localization of interictal abnormalities. The seizure
onset was non definable (muscle artifacts) in 2 patients (7.1%), bilateral in 5 patients (17.9%)
and lateralized in 21 patients (75%), without significant differences between FLE and extra-
FLE patients. The first ictal EEG changes, however, were more frequently localized over the
anterior frontal region in the FLE group (p=0.03). This remained significant when comparing
the 14 FLE patients with the 7 MLE involving part of the frontal lobe (p=0.047). By opposition,
the seizure onset was more frequently non localizing in the extra-FLE group (p=0.006), and this
remained significant when comparing the 7 MLE involving part of the frontal lobe with the 14

FLE (p=0.03).
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Table 3. General features, MRI findings, and scalp-EEG data of the 28 patients with hypermotor
seizures. The patients were divided in two groups: one where the epileptogenic zone (EZ) was located
in the frontal lobe only (FLE group, n=14), and one where the EZ outpassed the limits of the frontal lobe
or was located outside the frontal lobe (extra-FLE group, n=14).

FLE (n=14) Extra-FLE (n=14) p

General features

Sex Ratio (male/female) 18 2,5

Age at seizure onset 8,56 5,44 8,99 +7,32 0.91
Age at surgery 28,07 £14.28 23.79£11,82 0.35
Epilepsy duration 19,87 £12,66 15.32 £10.38 0.26
Seizure frequency per month 56,82 £55,86 68,82 £124,64 0.61
Sleep predominance of seizures 9 10 1
Clinical consistency of HMS over time 8 9 1
Other associated seizures 6 7 1
Tonic-clonic generalizations 3 5 0.68
MRI findings

MRI+ 10 5 0.13
MRI signs of focal cortical dysplasia 7 2 0.10
Interictal scalp-EEG abnormalities

None 3 1 0.60
Bilateral 4 5 1
Lateralized 7 8 1
Not localized 2 3 1
Frontal (FP1-F3-F5, FP2-F4-F8) 4 3 1
Temporal (T3-T5, T4-T6) 1 3 0.60
Fronto-temporal (FP1-F7-T3, FP2-F4-T4) 2 2 1
Fronto-precentral (F3-C3, F4-C4) 2 1 1
Centro-parietal (C3-P3, C4-P4) 0 1 1
Seizure onset on scalp-EEG

Non definable 1 1 1
Bilateral 1 4 0.33
Lateralized 12 9 0.38
Non localizing 0 7 0.006
Anterior frontal (FP1-F3, FP2-F4) 7 1 0.03
Fronto-precentral (F3-C3, F4-C4) 2 1 0.33
Fronto-temporal (FP1-F7-T3, FP2-F4-T4) 3 4 1
Temporal (F7-T3-T5, F8-T4-T6) 1 0 1
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5.4. Seizure semiology analysis (Tables 4, 5 and 6)

A total of 191 HMS were recorded in the 28 patients (mean: 7 seizures per patient, range 1-
25). Altogether, different types of auras were experienced in most of the patients (71.4%), of
which digestive auras were the most frequent (32.1%). HM behaviors were the most often
characterized by a marked agitation (64.3%) with a combination of different behaviors during
which the patients frequently presented a rotation and horizontal movements of the trunk
(60.7%), and often rose and sat (57.1%). Other motor signs were seen in all but 2 cases (92.9%),
and consisted the most frequently in tonic/dystonic posturing (53.6%). Vocalizations were
common (64.3%), as well as changes of facial expression (82.1%) and vegetative signs (64.3%).
Consciousness was frequently impaired (67.9%), and an immediate recovery without post-ictal
deficit or confusion was observed in a majority of the cases (67.9%). Generally, and according
to the classification of Rheims et al. (2008), 15 patients had the clinical presentation of HMS1
seizures (53.6%) and 13 the clinical presentation of HMS2 seizures (46.4%).

Overall, the only statistically significant differences between the two groups were as
follows: (i) the seizure duration was shorter (<30s) in the FLE group than in the extra-FLE
group (p=0.033); (ii) the agitation intensity was more frequently mild in the FLE group and
marked in the extra-FLE group (p=0.046), although the rate of HMS1 and HMS2 was similar
between the 2 groups (p=0.449); (iii) the occurrence of a scream during the events was observed
only in the extra-FLE group (p=0.006). Also, extra-FLE patients exhibited much more
frequently bipedal or bimanual activities but the difference with FLE patients did not reach
significance (p=0.077). Interestingly, ictal grasping was significantly associated with the group

of the 7 MLE involving part of the frontal lobe when compared with the FLE group (0.025).
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Table 6: Ictal clinical signs in the 28 patients with hypermotor seizures.
Note: More than one sign or behaviour of the same category could coexist in the same individual

Number of patients presenting the event

Hypermotor seizures All patients FLE Extra-FLE p
(n=28) (n=14) (n=14)
Seizure duration
<30 seconds 7 1 0,033
Aura 20 (71.4%) 9 11 0,678
None 8 (28.6%) 5 3 0,678
Somatosensory (ipsilateral/contralateral) 2 (7.1%) 1(0/1) 1(0/1) 1(0/1)
Auditory (illusions) 1 (3.6%) 0 1 1
Digestive (throat/abdomen) 9 (32.1%) 3 (0/3) 6 (1/6) 0,420 (1/0,420)
Gustatory 1 (3.6%) 0 1 1
Cephalic 2 (7.1%) 2 0 0,485
Emotional (fear/anxiety/pleasure) 3 (10.7%) 2 (1/1/0) 1 (0/0/1) 1(1/1/1)
(ﬁ)]toh\;eer)psychic (déja-vu/distorsion of reality/urge to 3 (10.7%) 3 (1/1/1) 0 0,222
Unspecific 2 (7.1%) 1 1 1
HM behavior
Kicking, boxing, body rocking 12 (42.9%) 6 6 1
Standing or sitting up 16 (57.1%) 7 9 0,704
Bipedal or bimanual activity 7 (25%) 1 6 0,077
Rotation or horizontal movements of the trunk 17 (60.7%) 10 7 0,44
Body rolling 10 (35.7%) 4 6 0,695
Pelvic thrusting/rolling 7 (25%) 2 5 0,385
Agitation
Marked 18 (64.3%) 6 12 0,046
Mild 10 (35.7%) 8 2 0,046
Other motor signs 23 (92.9%) 2 0 0.48
Tonic/dystonic posturing (bi-/ipsi-/contralateral) 15 (53.6%) 7 (2/0/5) 8 (7/0/1) 1 (0,103/0/0,165)
Head version (ipsi-/contralateral) 8 (28.6%) 4 (2/2) 4 (3/1) 1
Grasping 10 (35.7%) 7 3 0,236
Oroalimentary automatisms 12 (42.9%) 4 8 0,252
Vocalization 18 (64.3%) 10 8 0,695
Screaming 7 (25%) 0 7 0,006
Laughing 3 (10.7%) 3 0 0,222
Groaning 3 (10.7%) 3 0 0,222
Shouting 3 (10.7%) 3 1 0,596
Facial expression 23 (82.1%) 11 12 1
Fear 12 (42.9%) 6 6 1
Pouting 6 (21.4%) 5 1 0.16
Grimacing 7 (25%) 2 5 0,385
Vegetative 18 (64.3%) 7 11 0,236
Cardiovascular (flushing/pallor) 15 (53.6%) 7 (4/3) 8 (4/4) 1(1/1)
Respiratory (apnoea, hiccup) 4 (14.3%) 1 (1/0) 3(2/1) 0.596 (1/1)
Urination 3 (10.7%) 2 1 1
Sialorrhea 4 (14.3%) 0 4 0.098
Mydriasis 4 (14.3%) 0 4 0.098
Consciousness impairment 19 (67.9%) 9 11 0,678
Postictal phase 9 (32.1%) 4 5 1
Type of HMS
HMS 1 15 (53.6%) 6 9 0.449
HMS 2 13 (46.4%) 8 5 0.449
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5.5. Literature data (Table 7 and 8)

We have found on PubMed database 81 cases of FLE with HMS in 8 articles (Bartolomei
et al., 2005; Biraben et al.; 2001, Guedj et al., 2012; Masuda et al., 2011; Nguyen et al., 2009;
Nobili et al., 2006; Sinclair et al., 2004; Tao et al., 2010), 18 cases of ILE with HMS in 8 articles
(Dobesberger et al., 2007; Dylgjeri et al., 2014; Heers et al., 2012; Kaido et al., 2006; Nguyen
et al., 2009; Propersio et al., 2011; Zhang et al., 2008); 41 cases of TLE with HMS in 8 articles
(Biraben et al., 2001; Guedj et al., 2012; Masuda et al., 2011; Nobili et al., 2004; Tao et al.,
2010; Vaugier et al., 2009 ; Wang et al., 2008 ; Yu et al., 2013) ; and 18 cases of PLE with
HMS in 5 articles (Nishibayashi et al., 2009; Bartolomei et al., 2011; Enatsu et al., 2014; Gued;]
etal., 2012; Montavont et al., 2013). Some data were not available (especially about semiology

of the seizure and HM behaviour).

6. DISCUSSION

The prevalence of HMS is low among drug-resistant epileptic patients, with only 28
patients during a 24 years period at our institution, and 158 cases described in the literature
since 2000. Reliability of comparing our cohort and the literature is fragile, due to the small
number of patients. General characteristics of all HMS patients of the literature matches with
our cohort: paediatric onset (94.6%, and a mean age at onset of 8.7 years in our cohort), sleep
predominance of seizures (80.2% versus 68% in our cohort), and high frequency of seizures
more than 10 by month (93.9% and a mean seizure frequency of 62.7 by month in our cohort).
MRI is often uninformative (53.8% in the literature and 46% in our cohort). In contrast, all
operated patients but one with nonlesional MRI revealed FCD or gliosis on histological

examination. There is a high proportion of interictal (72.4% versus 85.7% in our cohort) and
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ictal (93.1% versus 92.9% in our cohort) abnormalities, with non-always lateralized and or
localized correlations (respectively 56.9% for ictal and 49% for interictal abnormalities).

Extreme various patterns of HMS among patients exist, as demonstrated by our series
and the literature (with lack of information about detailed HM behaviours). Classifying ictal
symptoms in HMS1 and HMS2 (Rheims et al., 2008; Masuda et al., 2012) in our cohort did not
permit to find a type of HMS related to a specific lobe onset, but marked agitation (present in
HMS1) was statistically more associated with extra-frontal epilepsies. Associated ictal signs
might help define different HMS patterns.

HMS from an extra-frontal lobe origin, reported over the last decade, are frequent
(48.7% in the literature and 50% in our cohort). However, only one patient with TLE and none
with PCE were treated at our institution during a 24 period of time. In contrary, MLE
represented a high proportion of our patients (8 patients), with EZ not always strictly correlated
to the MRI lesion. Five of them had an informative MRI, in which two patients had a strictly
frontal lesion and two other a fronto-insular lesion. No other study in the literature describes
patients with these complicated networks initiating the seizures.

The aim of the present study was to address pragmatically this issue in two groups of
patients contemplating for epilepsy surgery; HMS from FLE and extra-FLE implying a different
invasive exploration and curative treatment. Our results, although not conclusive, showed that
the two groups of patients were difficult to distinguish. General characteristics of FLE and
extra-FLE tend to be similar. MRI is an informative non-invasive exam, when a lesion is
present. However, a MRI lesion was identified in 72.2% of ILE patients in the literature,
whereas all of our 5 ILE patients had a negative MRI. The incidence of uninformative MRI was
47.6% in Nobili’s report and 73.9% in Tao’s series (Nobili et al., 2007; Tao et al., 2010).
Interictal scalp-EEG in FLE showed localized abnormalities in 38.7% in the literature and 50%

in our series, with predominant fronto-anterior onset. Non localizing ictal onset being frequent
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in extra-FLE (especially in MLE) in our series is hard to confirm by the literature (ictal scalp-
EEG abnormalities in 44.5% (ILE) to 85.6% (PCE)). Scalp-EEG is also often unable to
differentiate insular seizures from temporal, posterior, or frontal seizures. (Nguyen et al., 2009).

HM behaviour during the seizure itself is not enough to presume the origin of the
seizure. Particular attention must be paid to associated ictal signs: a short duration of seizures
being a sign of FLE, marked agitation and screaming being signs of extra-FLE. Aura is a
common associated symptom, in whom epigastric sensation is a typical temporal sign (Biraben
etal., 2001; Nobili et al., 2004; Vaugier et al., 2009; Yu et al., 2013). In Tao and al 2010, HMS
characterized by mild agitation are more associated with asymmetric tonic or dystonic posturing
(Tao et al., 2010), and those ictal signs are typical of HMS2 (Rheims et al., 2008). Grasping
(present in 7 patients (50%) of the FLE group, and 3 patients of the extra-FLE group with
prefrontal regions involvement) is an almost constant manifestation in frontal hyperkinetic
seizures (Gardella et al., 2006).

In our series, outcome after invasive treatment was better in FLE group; with a
significant rate of Engel score IV after surgery in extra-FLE group. This information is hard to
confirm, other studies essentially being on patients with positive outcome, where EZ was sure.
(Rheims et al., 2008; von Lehe et al., 2008). The present study included all HMS patients,
seizure free after the treatment or not. In Engel score | patients, we were certain of the
epileptogenic zone. In other cases, the EZ was maybe less extensive than the volume of resected
tissue in some patients, particularly in those with a multilobar epilepsy. Comparison between
FLE and extra-FLE groups is also fragile due to some patients with multilobar epilepsies having
an EZ including part of the frontal lobe.

Overall, identifying non-invasively the epileptogenic origin of HMS remains a
challenge. Ictal scalp-EEG features and a detailed analyse of the seizures s important. Summary

of our findings, which need to be confirm by larger studies, are reported in Figure 2.
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Figure 2 : Pragmatic non invasive characteristics of HMS from FLE and extra-FLE
group.

HYPERMOTOR SEIZURES

l \ NOT EPILEPTIC :

- Parasomnia
EPILEPTIC - PNES
Good response to
antiepiletic drugs i
Drug resistant HMS
FLE l Extra-FLE
Pediatric onset
General High frequency of seizure (>1 per day)
features Nocturnal seizures predominance

Constant seizure pattern during life

MRI + (p=0,13) MRI - in ILE (p=0,15)
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7. CONCLUSION

Whether there exist anatomo-electro-clinical features that allow to distinguish HMS from
frontal or extra-frontal origin remain a crucial issue in epilepsy surgery candidates, especially
in those with negative MRI and/or scalp-EEG. General characteristics of patients, MRI results
and interictal scalp-EEG of our cohort and the literature were not sufficient. Our data remain to
be confirmed by larger studies but indicate that both ictal scalp-EEG data and a detailed analysis
of ictal clinical signs of HMS may help to differentiate HMS of frontal lobe origin from HMS

arising from extra-frontal lobe regions among patients contemplating epilepsy surgery.
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Thése soutenue par Elodie LAMETERY

The spectrum of hypermotor seizures: a pragmatic approach

CONCLUSION

Background: Hypermotor seizures (HMS) are characterized by complex movements
involving the proximal segments of the limbs and trunk. Seizures frequently begin in
childhood, with a nocturnal predominance, high frequency of seizures and possible
drug-resistance that can lead to epilepsy surgery. HMS are usually considered to arise
from the frontal lobe but recent evidences suggest that thev can also arise from other
cerebral regions. Thus, their localizing significance remain uncertain, especially in MRI
negative cases. Whether there exist anatomo-electro-clinical features that allow to
distinguish HMS of frontal origin from HMS of extra-frontal origin remains a crucial
issue in epilepsy surgery candidates.

Methods: General features and anatomo-electro-clinical findings were retrospectively
reviewed in a cohort of 28 HMS patients who underwent resective/disconnective
surgery (n=23) or radio-frequency thermo-coagulations (RFTC, n=5) in our center. A
SEEG study was performed prior to surgery in 25 cases. Based on surgery location and
SEEG data, patients were divided in 2 groups: a 'pure’ frontal lobe epilepsy (FLE) group
(n=14) and an extra-FLE group {n=14, including one temporal case, 5 insular or insulo-
opercular cases, and 8 multilobar cases). The main aim of the study was to identify
clinical features of seizures that allowed to distinguish the two groups of patients.
Whether general clinical features, MRI data, and scalp-EEG recordings were helpful for
differentiating the two groups was also evaluated. The two groups were compared
using Mann-Whitney T-test for quantitative data and Fisher’s test for qualitative data.
Significance was set at p<0.05.

Results: The 2 groups of patients were difficult to distinguish based on general features,
MRI findings and interictal scalp-EEG abnormalities. However, a few ictal scalp-EEG
features and ictal clinical signs significantly differentiate the 2 groups. Ictal scalp EEG
more frequently show an anterior frontal onset in the FLE group (p=0.03), whereas it
was more frequently non-localizing in extra-FLE patients (p=0.006). Patients with
extra-FLE presented more frequently a marked agitation (p=0.046} and screaming
(p=0.006). They also had more frequently a bimanual/bipedal activity and vegetative
signs, although not statistically significant. Patients with FLE presented more frequently



a bilateral tonic/dystonic posturing, pouting and grasping. but the difference did not
reach statistical significance. Seventeen of the 23 patients who had a
resective/disconnective surgery, and 1 of the 5 patients who were treated by RFTC
became seizure-free (Engel's class I). Results were better in the FLE group (class I: 85.7
%) than in the extra-FLE group (class I: 42.9%). and the difference was statistically

significant (p=0.046).

Conclusions: Our data indicate that both ictal scalp-EEG data and a detailed analysis of

ictal clinical signs of HMS may help to differentiate HMS of frontal lobe origin from

HMS arising from extra-frontal lobe regions among patients contemplating epilepsy

surgery.
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8. ATTACHMENTS

8.1. Attachment 1 : Engel's score (Engel and al., 1993)

Class | - Free of disabling seizures

A: Seizure free

B: Non-disabling SPS only

C: Free for last two years

D: Convulsions with AED discontinuation only
Class Il - Rare disabling seizures

A: Initially free, rare seizures now

B: Rare disabling seizures

C: Rare last 2 years

D: Nocturnal seizures only
Class 111 - Worthwhile improvement

A: Worthwhile seizure reduction

B: Prolonged seizure free periods, not<2 years
Class 1V - No worthwhile improvement

A: Significant seizure reduction

B: No appreciable change

C: Seizures worse
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