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ABSTRACT – Aim. Atonic seizures are common in some epileptic syn-
dromes beginning in infancy or early childhood but they are rarely
described in epilepsy with focal seizures of structural aetiology. We aimed
to characterize the electroclinical features of atonic seizures in surgically
remediable paediatric patients and to study the spatiotemporal organiza-
tion of the underlying epileptogenic networks.
Methods. We retrospectively analysed two consecutive, longitudinally eval-
uated and surgically treated paediatric patients presenting with atonic
seizures as a manifestation of pharmacoresistant epilepsy of structural
aetiology, evidenced by scalp- and stereotactic intracerebral video-EEG-
recordings. A quantitative analysis of the epileptogenic zone organization
was performed using the “epileptogenicity index”.
Results. Long-lasting generalized ictal atonia, occurring in infancy, was a
predominant clinical feature in both patients, with some hints of focal origin
present in one case. The seizure phenotype evolved at later age into sub-
tle segmental atonia, associated with prominent positive motor signs. The
epileptogenic zone was localized within the dorsolateral or mesiolateral
premotor region. Its spatial organization was focal, matching the lesional
cortex in one and distributed involving several lesional and non-lesional
structures in the other case. The emergence of atonic semiology tempo-
rally correlated with involvement of both lateral and mesial premotor, as
well as primary motor areas.
Conclusion. We hypothesize that atonic seizures may be considered as
a motor system seizure phenotype in the setting of structural epilepsy.
Complete removal of the epileptogenic area provided excellent seizure
control.

Key words: atonic seizure, premotor cortex, negative motor area, intrac-
erebral EEG, epileptogenicity index
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tonic seizures are common in several electroclin-
cal epileptic syndromes that begin in infancy or
arly childhood, such as Dravet syndrome, epilepsy
ith myoclonic atonic seizures, and Lennox-Gastaut

yndrome. Negative motor phenomena may be
ncountered in atypical benign epilepsy with cen-
rotemporal spikes. However, atonic seizures are also
bserved in epilepsy with focal seizures of struc-

ural aetiology. Whereas focal atonic phenomena
haracterized by ictal limb or facial paresis, or neg-
tive myoclonus are well described in this setting
Abou-Khalil et al., 1995; Noachtar and Lüders, 1999;

atsumoto et al., 2005; O’Donovan et al., 2007), only
ew video-EEG documentations of focal seizures with
xial or generalized ictal atonia are available (Satow
t al., 2002; You et al., 2007; Zhao et al., 2010; Kovac
t al., 2012). The latter phenotype might be difficult
o recognize as a focal seizure if the precise electro-
linical characteristics are lacking. These aspects are
articularly relevant in early-onset pharmacoresistant
pilepsies associated with MRI-obscure cortical devel-
pmental malformations.
he pathophysiological basis of ictal atonia is still
nder debate. In seizures with focal atonic semiology,

here is growing evidence for a predominant loca-
ion of the epileptogenic areas within the frontal or
eri-central part of the cortical motor system (Tinuper
t al., 1998; Noachtar and Lüders, 1999; Matsumoto
t al., 2000; Rubboli and Tassinari, 2006; Kovac et
l., 2012; Maillard et al., 2014). Alteration in electri-
al activity within the distinct areas of dorsolateral
r mesial associative motor cortex, defined as pri-
ary and supplementary negative motor areas (Lim

t al., 1994; Lüders et al., 1995), or within the pri-
ary motor or sensory cortex (Ikeda et al., 2000;
atsumoto et al., 2000; Kovac et al., 2012), may produce

ocal atonic signs. Moreover, the frequency content
f the ictal discharge within the primary motor cor-

ex could be important for the semiological expression
f ictal phenomenon as positive or negative motor
igns (Maillard et al., 2014). As for generalized ato-
ia, the few available human intracerebral EEG studies
ave analysed cases of epilepsy with hypothalamic
amartoma and demonstrated that atonic seizures in

his particular context were associated with extended
ilateral frontal cortical discharges (Munari et al.,
995; Kahane et al., 2003). An acute perturbation in
he corticoreticulospinal regulatory pathway has been
ypothesized as a possible mechanism underlying a
16

udden loss of postural tone, being a hallmark of
ome generalized epileptic syndromes (Elger et al.,
981; Mori et al., 1995; So, 1995; Kovac and Diehl,
012).
ur objectives were to assess the electroclinical phe-

otype of atonic seizures in surgically remediable

t
L
u
2
B
t

aediatric patients and to study the organization of the
nderlying epileptogenic zone defined by intracere-
ral EEG (icEEG) recordings.

ethods

atients and EEG recordings

n this retrospective study, we analysed two consecu-
ive, serially evaluated paediatric patients presenting
ith atonic seizures as a manifestation of phar-
acoresistant epilepsy of structural aetiology, as

videnced by scalp- and stereotactic intracerebral
ideo-EEG-recordings (SEEG). Both patients under-
ent presurgical assessment, followed by resective

urgery at the Epilepsy Unit of the Strasbourg Univer-
ity Hospital (France). They were identified from 114
ntracerebral EEG investigations performed at our unit
etween 2004 and 2015.
e used the ILAE definition of atonic seizures (Blume

t al., 2001) to distinguish seizures that are character-
zed by a sudden loss or diminution of muscle tone

ithout apparent preceding myoclonic or tonic event,
nvolving the head, trunk, jaw, or limb musculature.
resurgical evaluation included detailed clinical his-
ory, physical examination, long-term video/scalp-EEG
ecordings according to the 10-20 system with simulta-
eous bipolar surface EMG recording from the right
nd left deltoid muscles, neuropsychological evalu-
tion, high-resolution 1.5 Tesla MRI, and metabolic
maging using FDG-PET.
oth patients required icEEG to allow more precise def-

nition of the epileptogenic zone (EZ) and subsequent
ailored resection. SEEG recordings were performed
t the Epilepsy Unit of the Strasbourg University Hos-
ital. Intracerebral multiple contact electrodes (5-18
ontacts of 2 mm length; diameter: 0.8 mm; 1.5 mm
part; Dixi Medical, France) were implanted unilat-
rally in different cortical areas, using a frameless
tereotactic surgical robot ROSATM. The placement of
lectrodes was guided in each patient by the hypothe-
es for EZ localization, based on available non-invasive
ata. The frontal, insular, and temporal regions were
xplored in the first patient and the frontal and insu-

ar regions in the second patient. A cranial CT scan
as performed after intracerebral electrode implanta-

ion to verify the absence of any complication and the
patial accuracy of the implantation. 3D CT/MRI data
usion was used for the accurate anatomical localiza-
ion of each electrode contact.
Epileptic Disord, Vol. 19, No. 3, September 2017

ong-term scalp and icEEG recordings were performed
sing a DeltamedTM system (SEEG signal sampling rate:
56 Hz; high-pass filter cut-off: 0.16 Hz).
oth families gave their written informed consent prior

o investigation.
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eizure analysis

or each patient, scalp video-EEG and SEEG recordings
f all seizures were reviewed. The clinical duration and

he topography of the muscle atonia (generalized or
egmental), the presence of other clinical ictal phe-
omena, as well as the order of appearance of atonic
emiology during the seizure were analysed.
n this retrospective study, the polygraphic monitoring,
erformed within the frame of a routine presurgi-
al work-up, was limited to bilateral EMG recordings
rom the deltoid muscles in Patient 1 and additionally
overed the neck muscles in Patient 2. However, the
LAE definition of atonic seizures does not formally
equire an extended polygraphic documentation. The
ctal atonia definition was based on clinical observa-
ion of loss of posture on video recording, as well
s on absence of myographic activity demonstrated
n the EMG traces. The atonic phase comprised the
hole period of muscle atonia, with absence of visible

oluntary movements, including the fall period. Total
eizure duration was defined as the period between
he electrographic seizure onset and its termination.

nalysis of anatomo-electroclinical organization
f the epileptogenic zone

he hypothesis for the localization of the EZ was made
ased upon icEEG and neuroimaging data. For the
urpose of the anatomo-electroclinical correlations,

he boundaries and subdivisions of dorsolateral (lat-
ral Brodmann area 6 [BA6] and Brodmann area 8
BA8]) and mesial (supplementary motor area [SMA],
re-supplementary motor area [preSMA], and cingu-

ate motor area [CMA]) premotor cortex were defined
ccording to previous proposals (Rizzolatti et al., 1998;
atsumoto et al., 2007; Bonini et al., 2013). The primary
otor (MI) and the primary sensory (SI) areas were

efined according to cortical electrical stimulations,
erformed as a part of the routine pre-surgical SEEG
valuation.
e determined a quantitative definition of the EZ

ased on the estimation of a mathematical quantity
eferred to as the “epileptogenicity index” (EI) in brain
tructures, involved (or not) with the ictal discharge.
pileptogenicity index is a novel quantitative measure
hat characterizes the epileptogenicity of brain struc-
ures recorded by depth electrodes, with the aim of
bjectively quantifying and defining a neuronal net-
pileptic Disord, Vol. 19, No. 3, September 2017

ork underlying seizure generation. In this method,
ach recorded SEEG signal is analysed in the transition
eriod from interictal to ictal activity and two parame-

ers are evaluated and combined into a single quantity:
the propensity of a given brain structure to gen-

rate rapid discharges (beta [12.4-24 Hz] and gamma
24-90 Hz] bands), considered as a typical electrophy-

T
r
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t
w
h
c

Surgically remediable atonic seizures

iological pattern of the EZ in focal epilepsies,
eplacing background activity (delta [1-3.4 Hz], theta
3.4-7.4 Hz], and alpha [7.4-12.4 Hz]);

the delay of appearance of this rapid discharge in
given structure with respect to the first structure,

tself involved in a “rapid discharge mode” (Bartolomei
t al., 2008a).
n this respect, the EI is built on the same informa-
ion as that used during visual review of EEG seizure
ecordings. In practice, we use a semi-automatic
pproach involving a handy graphical user interface;
he user can easily inspect and validate automatically-
etected change points indicating the accurate onset
f rapid discharges. From this validation performed
n a “structure-by-structure” basis, the EI is then
omputed.
he EI estimation can be used as a classification
easure to distinguish between epileptogenic and

on-epileptogenic structures independently of the
nderlying pathological substrate or the patient’s age

Aubert et al., 2009; Bartolomei et al., 2011; Bonini
t al., 2013; Sevy et al., 2014). The method has been
ecently validated in the setting of epileptogenic neu-
odevelopmental disorders (de la Vaissière et al., 2014;
ollwitzer et al., 2016; Lagarde et al., 2016).
normalized EI value is used, ranging from 0 to 1. If

here is no involvement of the brain structure, EI=0
no epileptogenicity), whereas if the brain structure
enerates a rapid discharge and the time to seizure
nset is minimal, EI=1 (maximal epileptogenicity). An
I between 0 and 1 corresponds to secondary involve-
ent of the brain structure concerned (for detailed
ethodology, see Bartolomei et al. [2008a]). We arbi-

rarily set a cut-off EI value, i.e. a value above which
e considered a structure as highly epileptogenic and

hus belonging to the epileptogenic zone, as EI>0.4.
his cut-off was defined as optimal based on a previous
tudy on epileptogenicity of developmental lesions
Aubert et al., 2009), where this value corresponded
o the 90th percentile of EI values in the intrinsically
pileptogenic lesional sites. EI values from brain struc-
ures investigated were computed and averaged for all
nvasively recorded seizures in each patient.

esults

linical data
317

he patients were aged 6 months and 36 months,
espectively, at epilepsy onset. Atonic seizures were
rst reported at age 16 months and 36 months, respec-

ively. Both patients had uneventful personal history
ith uncomplicated pregnancy and birth. Neither
ad a family history of epilepsy. Neuropsychologi-
al evaluation demonstrated moderate developmental
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Figure 1. Scalp electroclinical findings and neuroimaging of Patient 1. (A) Interictal scalp EEG at age 24 months (referential common
average montage: 30 mV/mm, 0.3 seconds, 70 Hz, during non-REM sleep) showing left precentral and median pseudorhythmic spikes
and polyspikes with recurrent bursts of low-voltage fast activity of the same topography. (B) Seizure recorded by scalp video-polygraphic
EEG at age 24 months (referential common average montage: 15 mV/mm, 0.3 seconds, 70 Hz), showing ictal onset (arrow) involving a
r ding
w h con
t ion w
a al dy
r

d
w
e

S

I
m
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r
s
i
s
f
C
s

g
(
s
i
m
A
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s
a
T

hythmic recruiting left precentral fast polyspike discharge prece
as associated with “positive motor” signs; “slow” forward fall wit

o the left (arrows). (D) MRI at age 9 months (left) showing a les
nd at age 8 years (right) revealing a suspicion of residual cortic
esection (white arrows).

elay (Patient 1) or deficits in executive functions and
orking memory (Patient 2), which installed after
pilepsy onset. Clinical data are summarized in table 1.

calp electroclinical findings

n Patient 1, interictal EEG showed focal pseudorhyth-
ic epileptiform discharges and slowing over left

recentral and vertex regions, with presence of
pileptic Disord, Vol. 19, No. 3, September 2017

ecurrent bursts of low-voltage fast activity of the
ame topography (figure 1A). This periodic pattern
ncreased and became continuous during non-REM
leep, suggesting a characteristic surface EEG aspect of
ocal cortical dysplasia (FCD) type 2 (Palmini et al., 1995;
hassoux et al., 2000; Tassi et al., 2012). In Patient 2,

calp EEG showed both regional (bilateral frontal) and

o
2
d
r
p
p
a

the onset of atonic phenomenon. (C) The atonic phenomenon
comitant stretching of the right arm, then slight head orientation
ithin the left dorsolateral premotor region BA6 (white arrows),

splasia with elusive borders close to the dorsal limit of the first

eneralized interictal epileptiform discharges
figure 2A). Generalized polyspike bursts were
ometimes symptomatic of the myoclonia of the
solated head, face, or arms. This patient was initially

isdiagnosed with progressive myoclonic epilepsy.
total of nine atonic seizures (3-6 per patient) were

nalysed. The negative motor semiology comprised
udden generalized atonia with dropping of the head
nd arms and loss of postural tone, leading to a fall.
he duration of the atonic phase was 47.5±21.0 sec-
319

nds in Patient 1 and 23.6±3.2 seconds in Patient
. Representing more than 70% of the total seizure
uration (63.8±13.1 seconds and 30.0±1.7 seconds,
espectively), it was the core but not the only ictal
henomenon. In both patients, the atonic phase was
receded by a brief behavioural arrest. In Patient 1,
subtle concomitant “positive motor” sign (slight
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left fronto-central and median slow waves with superposed spikes and polyspikes, and generalized left frontal predominant fast
polyspike bursts. The latter were sometimes symptomatic of the isolated myoclonia of the head, face or arms. This patient was initially
misdiagnosed with progressive myoclonic epilepsy. (B) Seizure recorded by scalp video-polygraphic EEG at age 8 years (referential
common average montage: 15 mV/mm, 0.3 s, 70 Hz) showing ictal onset involving a brief bilateral, left frontal predominant polyspike-
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nd-wave discharge, followed by generalized background deflec
tonic fall (arrows). The atonic phenomenon was characterized b
he absence of myographic activity on the EMG traces during the
well-delimitated hypermetabolic area in the left dorsolateral p

his area (arrows).

tretching of the contralateral arm) was observed
uring the atonic phase, followed by contralat-
ral dystonic arm posturing and contralateral head
rientation.
he ictal EEG onset patterns were immediately bilat-
ral, predominant over frontal regions (Patient 2;
gure 2B), or localized over a precentral region on

he lesion side with fast bilateral spread (Patient 1;
20

gure 1B).

euroimaging findings

n Patient 1, MRI displayed an extended lesion,
uggestive of FCD, located in the dorsolateral
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and low-voltage fast polyspike activity, simultaneously with the
udden generalized hypotonia with “rapid” fall to the right. Note
c phase. (C) MRI (left) and MRI-PET-fusion image (right) showing
tor cortex, with abnormal gyration of superior frontal sulcus in

remotor region, adjacent to the primary motor cor-
ex (figure 1C). In Patient 2, initial MRI at age 5 years
as considered normal. At age 16 years, FDG-PET

evealed a well-delimitated hypermetabolic area in the
eft dorsolateral premotor cortex corresponding to the
bnormally deep superior frontal sulcus (figure 2C).
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EEG electroclinical findings

atient 1 did not become seizure-free after the first
ortectomy at age 25 months that targeted the epilep-
ogenic zone, as determined by the MRI lesion and
oncordant scalp video-EEG. He was investigated using
EEG at age 7 years. Four invasively recorded habitual
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Figure 3. SEEG recordings of Patient 1. (A) Location of the SEEG electrodes used to investigate the left hemisphere, shown on the
sagittal planes of 3D CT/MRI fusion images. Electrode entry points are represented as circles or lines that correspond to orthogonal
or to oblique electrode trajectories, respectively. Electrode Y’ was used to investigate the posterior insula (internal contacts) and hand
SI area (lateral contacts); R’ the superior insula (INS) and face MI area; M’ the cingulate motor area (CMA) and the premotor part
of the superior frontal gyrus (SFG BA6, residual lesion on MRI); S’ the supplementary motor area (SMA), the premotor part of the
superior frontal sulcus (SFS BA6, residual lesion on MRI) and the premotor part of the middle frontal gyrus; X’ the anterior insula, as
well as the premotor parts of the inferior frontal sulcus (IFS BA6) and of the middle frontal gyrus; G’ the anterior insula and the frontal
operculum (FOp); and H’ the pre-supplementary motor area (preSMA) and the premotor part of the superior frontal gyrus, rostral to
M’ (SFG BA8). Internal contacts of electrodes P’ and E’ were used to investigate the rostral part of the anterior cingulate cortex (ACC).
The lateral contacts of P’, F’ and E’ recorded the dorsolateral prefrontal cortex (dPFC). Internal contacts of F’ were used to investigate
the orbitofrontal cortex. Electrodes T’, B’ and W’ sampled the mesial and lateral structures of the left temporal lobe. (B) Seizure onset
within the “lesional” dorsolateral premotor cortex (SFG, SFS BA6), with early implication of the SMA, showing increasing synchrony of
interictal spikes and transition to rhythmic polyspike activity, followed by a low-voltage rapid discharge. A subtle atonic phenomenon
(head dropping) with concomitant dystonic right-arm posturing was associated with a vast tonic discharge affecting mesial and lateral
p prim
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remotor cortices, and a less tonic low-voltage fast activity in the
eizure onset. Changes in energy ratio of high frequencies (25-90
nd prefrontal regions are depicted in a colour scale. Maximal i
A6) and the SMA. (D) The epileptogenicity index (EI) values quo
uperior dorsolateral premotor cortex BA6.
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eizures were analysed. The ictal semiology comprised
ehavioural arrest, followed by head dropping with
ystonic stretching of the right arm, head orientation

o the right, and bilateral inferior facial contraction.
he duration of this subtle segmental atonic phe-
omenon was significantly shorter than in infancy:

1
4
(
t
d
r

ary motor face area. (C) Quantification of the rapid discharge at
R[n]) in the selected SEEG signals from primary motor, premotor,
se in ER is observed in the superior premotor cortex (SFG, SFS
n the web chart demonstrating maximal epileptogenicity in the
321

0.5±2.0 seconds (51% of total seizure duration) versus
7.5±21.0 seconds (75%), respectively. SEEG recordings
figure 3) revealed a mesiolateral premotor epilep-
ogenic network with seizure onset in the lesional
orsolateral premotor cortex (BA6) next to the ante-
ior and superior borders of the first resection, with
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apid involvement of the SMA (<0.5 sec), as well as of
he inferior dorsolateral premotor cortex, rostral to the
rst resection. A vast spread of rapid discharge affect-

ng mesial and lateral premotor (lateral BA6, SMA, and
MA), as well as the MI areas, preceded the emergence
f ictal atonia.
atient 2 remained misdiagnosed with progressive
yoclonic epilepsy until the age of 16 years when
potential structural abnormality was finally sus-

ected on FDG-PET-guided MRI that encouraged
ubsequent SEEG exploration. Four habitual seizures
ere analysed. The initial semiology comprised a
ehavioural arrest, followed by slow head dropping. As

or Patient 2, the duration of the negative motor phe-
omenon became much shorter, compared to the first
valuation: 4.3±1.0 seconds (15% of total seizure dura-
ion) versus 23.6±3.2 seconds (79%), respectively. The
eizure then evolved with rubefaction and contralat-
ral tonic head and gaze deviation. Ictal SEEG showed
eizure initiation within the premotor part of the supe-
ior frontal sulcus and rapid implication (<0.5 seconds)
f the adjacent superior frontal gyrus (BA8). A tonic
ischarge then rapidly invaded both lateral and mesial
remotor areas (lateral BA8 and BA6, and SMA), as well
s the MI, in temporal correlation with the emergence
f segmental atonia (figure 4).

n both patients, no isolated atonic phenomena could
e elicited by cortical electrical stimulations.

rganization of the epileptogenic zone

he epileptogenicity profiles of the analysed patients
re illustrated in figure 5A. The mean EI values of
ecorded seizures were maximal in the lateral premo-
or cortex in both patients (0.90±0.15 and 0.78±0.27,
espectively). In Patient 1, the quantitatively defined
Z (EI values >0.4) included several lesional and non-
esional structures within the lateral (BA6) and mesial
SMA) premotor cortex (figure 5B). In Patient 2, it was
estricted to a part of the lateral premotor cortical area
ithin the “lesional” part of superior frontal sulcus and

he adjacent superior frontal gyrus (BA8; figure 5C).

urgery and outcome

oth patients underwent subsequent tailored resec-
ions of the invasively defined epileptogenic zone.
athological examination of resected specimens
howed FCD in both cases. Postoperative seizure out-
22

ome corresponded to Engel Class Ia (Engel et al., 1993)
t the last follow-up visit. Patient 1 presented with mod-
rate, partially reversible right-sided hemiparesis after
he first surgery; no transient or permanent postoper-
tive neurological deficits were reported in Patient 2.
europsychological outcome one year after surgery
as favourable, with improvement of partial scores

z
m
s
A
s
a
a

verbal comprehension), but persistence of moderate
evelopmental delay in Patient 1 and normalization of
reviously deficient scores (backward verbal and spa-

ial working memory spans and cognitive flexibility) in
atient 2.

iscussion

ur study demonstrates that different electroclini-
al phenotypes might be encountered in focal-onset
tonic seizures occurring in infancy or early childhood.
he first presented phenotype comprised an ictal
tonic phenomenon associated with some lateraliz-
ng clinical features and focal scalp EEG abnormalities;
he second was characterized by “pure” atonic semi-
logy without lateralizing clinical signs and by the
resence of bilateral ictal and interictal EEG patterns.
owever, long-lasting (over dozens of seconds) gener-

lized atonia was a predominant feature in both cases.
his clinical aspect is of particular interest as it cor-
oborates the previously postulated hypothesis that
ong duration of an atonic phenomenon might be a
eature distinguishing the phenotype of focal-onset
tonic seizures from that of atonic seizures within the
rame of generalized epileptic syndromes, in which
rief atonia lasting from milliseconds to 1-2 seconds
as been classically reported (Gastaut et al., 1966; So,
995; Oguni et al., 2001; Satow et al., 2002). Nonethe-
ess, this requires further investigation using a larger
atient cohort.
he epileptogenic zone underlying atonic seizures was

ocalized within the premotor regions, rostral or adja-
ent to the primary motor cortex. Using a quantitative
nalysis of the intracerebral EEG recordings, we iden-
ified a “focal”, dorsolateral premotor EZ in one case
nd a more distributed mesiolateral premotor EZ in the
ther case. These findings are in good agreement with
reviously described motor seizure network subtypes

Bonini et al., 2013). In both situations, the emergence
f atonic semiology temporally correlated with nearly
imultaneous spread of the tonic ictal discharge to the
ateral and mesial premotor and primary motor areas,
s demonstrated by SEEG recordings.
ccording to the recent concept proposed by
artolomei et al. (2008b), the emergence of clinical
igns in a focal seizure depends on the phenomena of
ynchronized or transitorily desynchronized activity in
he cortical structures, defined as the “epileptogenic
Epileptic Disord, Vol. 19, No. 3, September 2017

one network”, followed by synchronized rhythmic
odifications of the other cortical and subcortical

tructures belonging to the “propagation network”.
recent study based on direct cortical stimulations

uggested the possible integrative role of higher-order
ssociative fronto-parietal cortices in producing neg-
tive motor signs that would result from impairment
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Figure 4. SEEG recordings of Patient 2. (A) Location of the SEEG electrodes used to investigate the left hemisphere, shown on the
sagittal (orthogonal electrode entry points) and axial (oblique electrode entry points) planes of 3D CT/MRI fusion images. Electrode
M’ was used to investigate the SMA (internal contacts) and hand MI area (lateral contacts); Y’ the cingulate motor area (CMA, internal
contacts) and the caudal premotor part of the superior frontal gyrus (SFG BA6, lateral contacts); X’ the rostral part of the anterior
cingulate cortex (BA24) and the rostral premotor part of the superior frontal gyrus (SFG BA8); electrodes S’ and L’ the “lesional” aspect
of the superior frontal sulcus in the area of the metabolic PET abnormality (SFS BA8); electrodes F’ and P’ the orbitofrontal cortex and
the dorsolateral prefrontal cortex; D’ the preSMA (internal contacts), the “lesional” aspect of the SFS (intermediate contacts), and the
premotor part of the medial frontal gyrus (BA8, lateral contacts); R’ the superior insula (INS) and rolandic operculum; G’ the anterior
insula and the Broca area (BA44); H’ the anterior cingulate cortex (ACC, BA32, internal contacts) and the dorsolateral prefrontal cortex
(BA9, lateral contacts); and O’ the ACC (BA25, internal contacts), medial, and lateral orbitofrontal cortex (BA47/12, intermediate and
lateral lids). (B) Seizure onset within the rostral dorsolateral premotor cortex (BA8), showing recruiting polyspike activity within the
“lesional” part of the SFS, with rapid involvement of the adjacent SFG, followed by a slower rhythmic activity involving the rest of the
lateral and mesial premotor areas, while a non-sustained slow rhythmic pattern was observed in the prefrontal areas. The seizure then
e ral p
m ome
( egio
t the
q ty in

o
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t
t

volved with a low-voltage tonic discharge affecting the dorsolate
otor cortices, with subsequent appearance of an atonic phen

ER[n]) in the above-selected SEEG signals from different frontal r
he rostral dorsolateral premotor cortex (BA8) and secondarily in
uoted on the web chart demonstrating maximal epileptogenici
pileptic Disord, Vol. 19, No. 3, September 2017

f movement organization (Enatsu et al., 2013). Thus,
ctal negative motor semiology might not correspond
o the involvement of just an isolated brain area (e.g.
he so called negative motor areas [Lüders et al., 1995]
hat would elicit negative motor responses when stim-

u
c
I
a
s

remotor (BA8 and BA6), mesial premotor (SMA), and the primary
non (arrow). (C) Changes in energy ratio of high frequencies

ns are disclosed with a colour scale. Increase in ER is seen first in
MI and SMA regions. (D) The epileptogenicity index (EI) values
the superior dorsolateral premotor cortex BA8.
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lated), but could reflect a larger perturbation of the
ortico-subcortical motor networks.
n the light of these concepts, we hypothesize that
tonic seizures might represent a motor system
eizure phenotype in the setting of structural epilepsy.
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vast initial spread of the high-frequency desyn-
hronizing discharge, arising from the motor areas
whether corresponding to the negative motor area or
ot), would lead to a functional decoupling between

he primary, lower-order, and higher-order associa-
ive cortical and subcortical (the fast corticoreticular
athway) parts of the motor system, resulting in
isorganization of postural control that underlies gen-
ralized atonia. The subsequent decrease in discharge
requency and increase in network synchronization
etween the specific cortical (the SMA and dorso-
24

ateral premotor cortex) and subcortical (the basal
anglia) nodes might mediate the emergence of posi-
ive motor signs, such as contralateral tonic/dystonic
rm posturing, the M2e posture, or head version
Ajmone-Marsan and Ralston, 1957; Bancaud and
alairach, 1992; Rusu et al., 2005; Bonini et al., 2013;
arashly et al., 2016).
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otor cortex; preF lat: dorsolateral prefrontal cortex; preSMA:
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s far as the developmental aspect is concerned, it
hould be accepted that atonic seizures are not exclu-
ively seen in infants and children, but may also be
bserved in epilepsy with focal seizures in adulthood.
owever, in an adult cohort, they were mostly reported

s focal and, only exceptionally, as generalized ato-
ia (So, 1995; Kovac and Diehl, 2012). Our findings in

wo serially evaluated patients suggest a possibility of
ge-dependent evolution of atonic seizures from pro-
onged generalized atonia with a few subtle positive

otor signs at early age to brief segmental atonia with
Epileptic Disord, Vol. 19, No. 3, September 2017

rominent positive motor signs in later life, along with
he maturation of the physiological brain motor net-
orks throughout childhood, adolescence, and early

dulthood (Chugani et al., 1987; Chiron et al., 1992;
chäfer et al., 2014).
inally, our data demonstrate that atonic seizures,
ommonly associated with generalized syndromes,
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ay have a focal onset and be amenable to surgery.
urgical outcome was excellent in both our cases sug-
esting that early-onset pharmacoresistant epilepsy
anifesting with atonic seizures should be consid-

red for presurgical evaluation if some clinical, EEG
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onclusion

ong-lasting generalized atonia was a predominant
linical feature of focal-onset atonic seizures occur-
ing in infancy. This ictal semiology evolved into subtle
egmental atonia associated with prominent positive
otor signs at later age. The spatio-temporal orga-

ization of the underlying epileptogenic networks
upports the hypothesis that atonic seizures may
epresent a motor system seizure phenotype in struc-
ural epilepsy. Sustained seizure freedom could be
chieved by complete removal of the epileptogenic
one. �
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