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ABSTRACT – We report a 37-year-old, right-handed patient with drug-
resistant focal epilepsy whose seizures were characterized by explosive
hyperkinetic behaviour. Video-SEEG revealed bifocal organization of
epilepsy with two distinct cortical origins of seizures: the right temporal
pole and left temporal lateral and perisylvian cortex. Irrespective of the

yperkinetic semiology was extremely
“final common pathway” subcortical
etic semiology in this patient.

etic / hypermotor semiology, central

thrusting. The excessive motor activ-
ity may be associated or not with
emotional motor expression such
as fear or anger (appearance sug-
gestive of attack or defence), in
which case vocalization is a common
feature; the apparent emotional
context and recognisable pattern
of behaviour lends an “integrated”
appearance to the motor signs
(Bonini et al., 2014). In other semi-
cortical pattern of seizure onset, the h
similar. This supports a major role for
circuits in the genesis of the hyperkin

Key words: focal epilepsy, hyperkin
pattern generator

Seizures involving hyperkinetic (or
hypermotor) behaviour are charac-
terized by excessive and sometimes
explosive movements (Blume et al.,
2001), the pathophysiological basis
of which remains poorly under-
stood. While hyperkinetic semio-
logical patterns are diverse, their
common feature is excessive motor
activity, predominant in axial and
proximal structures (Rheims et al.,
d
o
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2008; Bonini et al., 2014). Patients
may present with large movements,
usually rapid balletic limb move-
ments, which may be of variable
directionality and rhythmicity, often
associated with axial movements
such as trunk torsion or pelvic

ological patterns, the excess motor
activity may appear organised in
complex motor sequences, resem-
bling physiological activity such as
cycling, walking or boxing (Nobili
et al., 2004; Tassinari et al., 2005a;
Nobili et al., 2007). Because of their
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xcessively repetitive nature, such ictal motor pat-
erns can be also characterized as stereotypies
McGonigal et al., 2008). Other seizures with hyperki-
etic movements show neither emotional expression
or clearly recognisable physiological-type movement
equences, but rather apparent uncoordinated and
isjointed movements, which may be associated with

onic and sometimes dystonic limb and/or facial
ontraction (Bonini et al., 2014).
xplosive hyperkinetic motor behaviour was first
escribed in the context of orbitofrontal seizures

Tharp, 1972) and was subsequently recognized as
typical component of nocturnal frontal seizures

Rheims et al., 2008; Bonini et al., 2014). However, over
he past decade, the concept of a univocal frontal ori-
in has been challenged by several reports showing
hat other cortical epileptogenic zones (such as the
emporal pole and parieto-insular region) may trigger
imilar hyperkinetic behaviour during seizures (Nobili
t al., 2004; Ryvlin et al., 2006; Vaugier et al., 2009).
f course, seizures with semiology characterized by

omplex motor behaviour tend to involve widely dis-
ributed cortical networks, and not only seizure onset
ut propagation patterns are key to clinical expres-
ion (Bartolomei et al., 2013). The hypothesis that
redominantly subcortical generators lead to some
yperkinetic behaviours has been postulated, with

he idea that loss of higher cortical control during
he seizure leads to release of “instinctive motor
ehaviours” (Tassinari et al., 2005a).
ere, we report a patient with nocturnal hyperkinetic

eizures, in whom essentially the same semiologi-
al expression was produced by seizure origins from
ither the right temporal polar cortex or the left peri-
ylvian region. This case adds further evidence to the
ypothesis that some forms of hyperkinetic semiol-
gy are not directly produced by a specific cortical
egion but are more dependent upon subcortical
rganization.

ase presentation

37-year-old, right-handed man was admitted for
ssessment of intractable refractory epilepsy. Birth and
sychomotor development were normal. He had com-
lex febrile seizures at 9 months. Seizures started at
ge 13 years and were mostly nocturnal with hyper-
inetic semiology. He was sometimes able to report a
pileptic Disord, Vol. 19, No. 3, September 2017

ubjective experience of a rising unpleasant warm sen-
ation in the body, associated with dyspnoea. He would
hen present facial grimacing and fairly explosive
yperkinetic motor signs with pedalling, side-to-side
emi-rhythmic rocking, rotation of the body, neck
xtension, and pelvic thrusting. Seizures were resistant
o antiepileptic drugs and recurred every night. Long-

T
b
a
t
r
i

Hyperkinetic motor seizures

erm video-EEG showed interictal right anterior spikes
nd sharp waves. Ictal video-EEG showed semiology as
escribed above, with bilateral flattening on scalp EEG.
erebral MRI was normal and FDG-PET (positron emis-

ion tomography) showed left temporo-polar and left
ronto-opercular hypometabolism. Stereoelectroen-
ephalography (SEEG) was indicated with the aim
f identifying the epileptogenic zone. SEEG explo-
ation was carried out during long-term video-EEG

onitoring. Recordings were performed using intra-
erebral multiple-contact electrodes (10-15 contacts;
ength: 2 mm; diameter: 0.8 mm; 1.5 mm apart), placed
ccording to Talairach’s stereotactic method, as previ-
usly reported (Bartolomei et al., 2008). Signals were
ecorded on a 128-channel Deltamed TM system. They
ere sampled at 256 Hz and recorded on a hard disk (16
its/sample), without a digital filter. The SEEG scheme

s indicated in figure 1. Two separate epileptogenic
ones were identified, associated with very similar
yperkinetic semiological expression (figure 2): one
ith seizure onset in the right temporal pole/orbito-

rontal cortex system (figure 1A) and the other in
he left temporal lateral cortex and opercular region
figure 1B). The right temporo-polar seizures were
haracterized by rapid changes in facial expression
with grimace more pronounced on the right side) and
ignificant hyperkinetic semiology including repeti-
ive rocking and rotation of the body (figure 2). The
rst electrical changes were observed under the form
f a rapid discharge affecting the temporal pole,
receded by a polyspike complex (figure 1A). No

nvolvement of the cingulate gyrus was observed. The
eft operculo-insular seizures were sometimes associ-
ted with an aura (disgust and throat striction). Ictal
ymptoms included first swallowing movements and

slightly more delayed hyperkinetic phase. Hyper-
inetic movements were very similar (prominent
otational movement and facial contortion) (figure 2B).
he initial SEEG discharge was observed in the left
osterior insular cortex under the form of a rhythmic
ischarge with beta frequency (figure 1B). A delayed

nvolvement of the frontal opercular regions, the ante-
ior insular cortex, and the temporal regions was
bserved.
he bilateral/multifocal organization of the epilepsy
nally led to contraindication for curative surgery.

iscussion
363

his case shows that two distinct, independent and
ilateral epileptogenic cortical networks may produce
lmost identical hyperkinetic seizure semiology in
he same patient. The specific epileptogenic cortical
egions involved in our case (the left operculo-
nsular and temporal polar-orbitofrontal regions) have
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Figure 1. SEEG implantation and the two different ictal onsets recorded in the patient. (A) Seizure starts from the right temporal
polar cortex by a rapid discharge (*) before the emergence of clinical semiology. (B) Seizure starting from the left temporal region
(firstly from the temporal gyrus) and then the fronto-opercular region. The pattern here is different with changes first appearing at the
T’ electrodes (*) and then involving the left orbito-frontal region (OR’, **) and the left opercular cortex (OF’). The ictal hyperkinetic
sequence is delayed following seizure onset.
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igure 2. Sequences of hyperkinetic signs for the two types of se
B) left temporo-perisylvian onset.
64

reviously been identified as a potential source of
yperkinetic seizures. In particular, temporo-frontal
eizures (with preferential involvement of the tem-
oral pole and orbital frontal cortex) (Nobili et al.,
004; Vaugier et al., 2009) have been reported with ictal
yperkinetic motor behaviour. Hyperkinetic motor

b
p
p
e
i
c

s (lasting for 30 seconds) with (A) right temporo-polar onset and
Epileptic Disord, Vol. 19, No. 3, September 2017

ehaviour encompasses many diverse semiological
resentations which seem likely to have different
athophysiological mechanisms. As such, the het-
rogeneous category “hyperkinetic seizures” per se

s not necessarily a useful one when trying to elu-
idate the brain dynamics involved. For example,
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seizures: an ictal SPECT study. Epileptic Disord 2012; 14: 32-40.
yperkinetic motor behaviour, including intense emo-
ional expression (screaming, fearful and/or angry
acial expression, swearing, or attack behaviour), has
een well-described in seizures involving the lim-
ic fronto-temporal system (Bartolomei et al., 2005;
assinari et al., 2005b; Bonini et al., 2014). In this
ontext, emergence of explosive motor behaviour
as been related to decoupling between the orbito-

rontal cortex and the amygdala (key structures within
he emotional limbic system), directly produced by
ltered network dynamics due to cortical seizure activ-
ty, which is postulated to produce dysregulation of
ortical emotional control (Bartolomei et al., 2005).
he repetitive nature of some hyperkinetic behaviour
such as rhythmic body rocking) suggests the possi-
ility of a similar mechanism to that involved in the
roduction of motor stereotypies which may occur in
ther clinical conditions, involving cortical-striatal cir-
uits (Edwards et al., 2012). In the context of epilepsy,
ecognisable motor patterns, especially locomotor
ehaviour but also grooming or eating behaviour, have
een interpreted to be related to the release of prim-

tive, stereotyped motor behaviours, depending on
entral pattern generators, which can also be observed
n some sleep disorders (Tassinari et al., 2005a). How-
ver, possible mechanisms and the circuitry involved
emain unknown, mainly because electrophysiologi-
al investigation of such epilepsy cases predominantly
nvolves only the cortical components of the likely
nvolved cortico-subcortical circuits, based on clinical
ndication. It is probable that cortico-subcortical inter-
ctions, depending on the precise localization and
lectrophysiological pattern of cortical seizure activ-

ty, can influence clinical expression. There is some
vidence for the latter in terms of patterns of motor
tereotypies in frontal seizures, which seem to be orga-
ized along a rostro-caudal cortical axis (McGonigal
nd Chauvel, 2014). While intracranial EEG offers rela-
ively limited possibilities for better understanding the
ole of subcortical structures, functional imaging may
rovide some clues, although ictal recordings are rare.

n an interictal PET study, significant hypometabolism
as observed in the caudate head and midbrain in
atients showing ictal hyperkinetic behaviour, com-
ared to those without (Guedj et al., 2012). In another
tudy, Masuda and co-workers have used ictal SPECT
nd voxel-based analysis to identify the neuronal net-
orks generating specific ictal symptomatology in
pileptic Disord, Vol. 19, No. 3, September 2017

atients with hyperkinetic seizures. They showed that
oth cortical and subcortical regions are involved
uring these kinds of seizures. In particular, the mes-
ncephalic locomotor nucleus could be the most likely
elay to trigger access to spinal central pattern gen-
rators responsible for the hyperkinetic movements
Masuda et al., 2012).

M
m

M
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Hyperkinetic motor seizures

ur case adds further indirect evidence for the cru-
ial role of subcortical organization of some forms
f hyperkinetic motor behaviour. While subcortical
ircuits necessarily play an important part of any semi-
logical expression, it may be that some semiological
atterns are more “cortical-dependent” whereas oth-
rs are more “subcortical-dependent”. The present
bservation is indeed in favour of this hypothe-
is; since essentially identical hyperkinetic behaviour
ould emerge from seizure onset in two distinct and
ilaterally independent cortical networks, it seems

ikely that this was expressed via a “final common path-
ay”, organized within basal ganglia and brainstem

tructures. �
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