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ABSTRACT - Aims. Hyperkineticseizures are usually associated with frontal
lobe epilepsy. However, some patients have hyperkinetic seizures of tem-
poral lobe origin. The semiological differences in hyperkinetic seizures
between frontal and temporal lobe epilepsy have not been well studied.
Here, we retrospectively assessed ictal semiology in order to distinguish
between hyperkinetic seizures of frontal lobe origin and those of temporal
lobe origin.

Methods. We retrospectively reviewed data on patients who had under-
gone surgery for hyperkinetic seizures of temporal or frontal lobe origin
and achieved favourable seizure outcomes (Engel Class 1) with a minimum
postoperative follow-up of 24 months. We reviewed seizure histories, imag-
ing reports, video-EEG monitoring data, operative records, and pathological
findings. We analysed and compared the hyperkinetic semiology of video-
recorded seizures of temporal lobe origin and those of frontal lobe origin.
Results. Forty hyperkinetic seizures in eight patients (seven adult patients
and one 12-year-old patient) with temporal lobe epilepsy and 45 hyperki-
netic seizures in nine patients (eight adult patients and one 16-year-old
patient) with frontal lobe epilepsy were analysed. Emotional facial expres-
sions (such as fear, laughing, or anger), bilateral forceful elbow flexion,
bilateral forceful grasping, facial flushing, and bilateral facial contraction
were observed significantly more frequently in seizures of frontal lobe ori-
gin. Oroalimentary automatisms, seizures during wakefulness, salivation,
and bilateral drop of the corners of the mouth were observed significantly
more frequently in seizures of temporal lobe origin.

Conclusions. Observation of a number of signs during hyperkinetic mani-
festations may help to predict whether a seizure originates from the frontal
lobe or the temporal lobe.

Key words: epilepsy surgery, frontal lobe epilepsy, hyperkinetic, semiology,
temporal lobe epilepsy

This work has previously been presented at the 76" Annual Meeting of The Japan Neu-
rosurgical Society, the 515t Congress of The Japan Epilepsy Society in Kyoto, and the 12th
Asian and Oceanian Epilepsy Congress.

154

Epileptic Disord, Vol. 21, No. 2, April 2019

L¥0L°61L0T Pda/p89L 0L:10p


mailto:usui-nsu@umin.ac.jp

Hyperkinetic seizures involve predominantly the prox-
imal limb or axial muscles, producing irregular
sequential ballistic movements, such as pedalling,
pelvic thrusting, thrashing, rocking movements, and
increase in the rate of ongoing movements or inap-
propriately rapid performance of a movement (Blume
et al., 2001). Penfield and Erickson described a case
of a violent seizure that was characterized by marked
confusion, weeping, and violent struggling, followed
apparently by amnesia (Penfield and Erickson, 1941).
In this case, the patient had a scar, caused by a head
injury in the right superior frontal and precentral gyri;
stimulation at a triangular gyrus, lying anterior to the
scarred area and including area 6a beta, reproduced
the signs observed in the patient’s habitual attacks.
Such hyperkinetic seizures, which are characterized
by violent movements, such as kicking of the arms and
legs, rocking back and forth, struggling, and uncontrol-
lable running, have been reported to be characteristic
of frontal lobe epilepsy (Tharp, 1972; Geier et al., 1975;
Ludwig et al., 1975; Williamson et al., 1985). However,
some hyperkinetic seizures originate from the tem-
poral lobe and other brain regions (Holthausen and
Hoppe, 2000; Nobili et al., 2004; Ryvlin et al., 2006;
Nishibayashi et al., 2009). These hyperkinetic seizures
originating from brain regions other than the frontal
lobe have been considered to be similar to those
originating from the frontal lobe, and differences in
semiology between hyperkinetic seizures of tempo-
ral lobe origin (TLHKSs) and hyperkinetic seizures of
frontal lobe origin (FLHKSs) have not been extensively
analysed.

Here, we show the differences in semiology between
TLHKSs and FLHKSs. Our results may help in differen-
tiating between the two.

Methods

Study design

This was a retrospective study approved by the insti-
tutional review board of the National Epilepsy Center
(Shizuoka Institute of Epilepsy and Neurological Dis-
orders). We searched the medical records at the
National Epilepsy Center and analysed video recorded
hyperkinetic seizures of patients with favourable post-
operative seizure outcomes.

Selection criteria

Patients were included if they had the following:

— Temporal Lobe HyperKinetic Seizures (TLHKS) or
Frontal Lobe HyperKinetic Seizures (FLHKS);

— long-term monitoring of video-scalp EEG recording
or intracranial EEG recording, with capture of at least
five analysable hyperkinetic seizures;
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— postoperative Engel Class | outcome afteraminimum
follow-up of 24 months.

From a database of patients operated on for intractable
focal epilepsy at the National Epilepsy Center between
January 1983 and December 2014, we identified eight
eligible patients who had suffered from TLHKSs (all
seizures had been recorded during long-term intracra-
nial EEGs). We also identified nine eligible patients
who had suffered from FLHKSs from January 2001 to
December 2014 (seizures in seven patients had been
recorded during long-term intracranial EEG monitor-
ing, and seizures in the remaining two had been
recorded during long-term video-scalp EEG monitor-
ing). There were six males and two females in the group
with TLHKSs, and seven males and two females in the
group with FLHKSs; there was no significant difference
in sex between the two patient groups (table 7).
Three patients with TLHKSs (37.5%) had an epilepto-
genic zone on the left side and five patients (62.5%)
on the right side, whereas five patients with FLHKSs
(55.6%) had an epileptogenic zone on the left side
and four patients (44.4%) on the right side; there
was no significant between-group difference (p=0.64).
The mean age at epilepsy onset in the temporal lobe
epilepsy group was significantly older than that in
the frontal lobe epilepsy group (13.3 £ 7.1 versus 4.1
+ 1.3 [mean *x SDJ]; p=0.003). Four TLHKS patients
(50%) had daily seizures and four (50%) had weekly
or monthly seizures, whereas six FLHKS patients (67%)
had daily seizures and three (33%) had weekly or
monthly seizures; there was no significant between-
group difference (p=0.64). The eight patients with
TLHKSs underwent anterior temporal lobectomy with
mesio-temporal resection (n=4) (figure 1A), lesionec-
tomy (n=2) (figure 1B, D), lateral temporal resection
(n=1) (figure 1C), or total temporal lobectomy (n=1).
No patients were diagnosed with mesial temporal lobe
epilepsy. The nine patients with FLHKSs underwent
frontal corticectomy (n=3) (figure 1E-H, K, L), prefrontal
lobectomy (n=4) (figure 11, ]), or frontal lobectomy
(n=2) (figure 1M, N) (tables 2 and 3). Histological
examination of resected specimens of TLHKSs patients
showed dysembryoplastic neuroepithelial tumour in
four patients, focal cortical dysplasia in one, and non-
specific lesions in three, whereas there was focal
cortical dysplasia in all patients with FLHKSs (tables 2,
3). Findings based on patientimages are also described
in tables 2, 3.

Seizure analysis

We reviewed the first five analysable recorded hyper-
kinetic seizures for each patient. Video recorded
seizures were carefully reviewed in order to study the
characteristics of hyperkinetic seizures and the pres-
ence or absence of accompanying signs. We evaluated
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Table 1. Demographic background of patients with hyperkinetic seizures of temporal lobe
or frontal lobe origin.

Demographic item Temporal lobe seizure Frontal lobe seizure p value
patients (n = 8) patients (n =9)
Sex
Female 2 (25.0%) 2 (22.2%) 1.00
Male 6 (75.0%) 7 (77.8%)
Laterality of epileptogenic zone
Left 3 (37.5%) 5 (55.6%) 0.64
Right 5 (62.5%) 4 (44.4%)
Age at epilepsy onset, years 13 (5-27) 4 (2-6) 0.003
Age at surgery, years 28 (12-41) 27 (19-40) 0.56
Seizure frequency
Daily 4 (50%) 6 (67%) 0.64
Weekly or monthly 4 (50%) 3 (33%)

Categorical data are shown as numbers (percentages of samples) and continuous data are shown as mean (range).

Figure 1. Resection areas in patients with hyperkinetic seizures of temporal lobe origin (A-D) or frontal lobe origin (E-N). Bilateral
facial contraction (O) and bilateral drop of the corners of the mouth (P). Note that bilateral facial contraction is often accompanied
by emotional expressions and forceful eye closure. Refer to the text and the tables for further details. These facial expressions were
adopted and modified from drawings by Faigin (1992).

1 56 Epileptic Disord, Vol. 21, No. 2, April 2019



IC selzures

Frontal and temporal hyperkinet

aewi payySom 71 :IMzL AYySu 1y ‘BuiSew aouruosal dipoudew YW ‘Ya| 11 ‘A1an0dal
UOISIaAUL pajenuane pinjj :Y|v14 ‘eise|dsAp [ed1340D [ed0y) :qD4 “4nowny jerpyudaoinau onsejdoAiquiasAp ;1N ‘AydesSowol paindwod 1D ‘Awoidaqol [erodway Joudiue 11y

e| ql1 ad4 uo130asal [esodwal-olsaw + 11V 1 uoIsa| ON /T S |edjodway q

(@ 2n81y)
AW0}23U0IS9| dIv14 uo sniAg jesodway
el 1INd |edodwa) [esayejoaisod y S|ppiw Y ui uoisa| Ayisuarul-ydiy (jyw 6C LL [edodway y

(D1 2in81y)
e| ay1ads-uoN uonasal [edodwiay |eiare| y uolIs9| ON %S 9L jesodwoy y

IMZL uo sniAg jesodway
e| ay1ads-uoN Awo0329qo| |[esodwa) [€}0} ] 3|ppIw T Ul uoisa| 213SAd Ausuaiul-ysiy (YW 0¢ GL jesodwoy |

IMZL uo Aydouye
jedwedoddiy y yum aqoj jesodway-oisaw

(g1 2n8y) 3y ut uoisa| Aysuarui-ydiy J W "2qoj
e| 1Nd Awo31oau0is9| [eJodwal-o1sa Y Jesodwa) [eipaw Y ul uoisa| Ausuap-ydiy ;1D rd} S jesodwoy y
b]| oiy1dads-uoN uonasal [edodwal-olsaw + 11V 1 uoIsa| ON L e jedodway q

IMZL uo suoi3ai [ejodway [esdle|

e| INA  uonoasai [erodwal-oisaw + 11V Y pue [eseq y ul uoisa| Alsuajul-ySiy ;YW 9L LL [etodway y
Aydouye jedwedoddiy y yum
(YL 24n31y) diy jerodway Y ul uoisa| Ayisuayul-ysiy (YW
el INA  uonoasai [erodwial-oisaw + 11V Y *'SNOUN Y Ul UOIJBDIHID[ED 1] D) Q¢ 9] [edjodway y
(s1eak)
(sIeak) J9suo Jauoz
ssepd s)nsaa A138ans Asdapida s1uadoydapda
198u3 reo13ojoyredoysiy ainpadoad [ea13insoanaN sSuipuyy SuiSewn aayesadoarg je 3y jeady  Jo uonezijedol]

‘u18110 aqoj [edodway jo sainzids diupiadAy yum syuaned jo sonsualoerey) g djqer

157

Epileptic Disord, Vol. 21, No. 2, April 2019



N. Nitta, et al.

aewi pajySom g1 IMZL AYySu Y ‘BuiSew aouruosal di3oudew YW Ua] 17 ‘A19A0D31 UOISISAUI paleNnualIe PIN() Y[V 14 ‘eise|dsAp [ed13110D 8204 :(0D4

(N ‘WL 2in8y) dIvi4 uo

e| qi1 2dAy ad4 Awo03102qo| [eIU0} Y snJAS aye|n8uid Joudue Y ul Ajutew ‘eate Ayisuajul-ydiy (YW ford 9 |eyuouy y
(7 /L 24n31y) wnnaiado pue sniA3 [ejuoly Joridjul

e| qr1 2dAy ad4 AW 0303213102 [eIUOL} Y ¥ ut 1o13ew 4248 Jo SuruaydIy) yum uonew.ojjew [eIAS (YW 0z Z |[eluody y

e| e[ adAr D4 Awo030aqo| [eyuodyaid uolisa| ON lord q |e1uo4y |
snJAS [eyuoly

e| e[| adA)y D4 Awooaqoj [eyuolyaad 7 aopadns 7 Ul X23100 Jo SurudDIY} YHM SND|NS [elIouqe YW 6l € |eIuoly |

e qiadAradd  Awoydaqoj jeyuodyaid y IMZL uo uoi3al [eyuougald Y ur uoisa| Aysuaiul-ydiy YW QT S |eluody y
¥IV14 pue |AMZL uo wnndiado

el q11 2dAy ad4 Awo0323qo| [eIuod) ] [eyuody T pue sniAZ aye[nduid 7 u uoisa| Aysuaiul-ysiy YW G¢ v |ewuody |

(‘1L 81n31y)

e qadAradd  Awoydaqoj jeyuodyaid y ¥IV14 uo uoial [elu0.}031GI0 Y Ul Bate Ayisualul-ydiy :[YwW lord ¥ |eluody y
(H DL 2in8y) ¥IV14 uo snuAS [eyuouy s|ppiw

e| q11 2dAy aD4 AWO0}29211100 [eJUOL) T pue sndOINs [eyuody Jouadns 1 punoJe eate Ausuaiul-ydiy (YW 6C S |ewuody |
(4 ‘71 21n81y) EI\AE|

e| qi1 2dAy ad4 AW 03109213102 [eJUOl} ] uo snd|Ns [eyuody Joradns 7 punode ease Ayisuaui-ysiy YW ot ¢ |eyuouy |

(sa1eak)

(s1eal) }asuo auoz

ssep S)nsai ainpadoad A138ins  Asdapids  oua8oydapda

[98uz  [eo1SojoyyedolsiH [eo13insoinaN sSuipuyy SuiSewn aaperadoaly je ady jeady  jo uoneziedoq]

‘u13110 2qOJ [e3uUO.} JO s24nzIds DU PIadAY yum syuaned Jo sonsualoerey) g djqer

Epileptic Disord, Vol. 21, No. 2, April 2019

158



the clinical signs in 40 TLHKSs and 45 FLHKSs (all clini-
cal signs and results are given in Appendix tables 1-3).
Ictal emotional facial expressions were analysed by
visual inspection. Auras were investigated by review-
ing the medical records of each patient.

Statistical analysis

Statistical analyses were performed to determine
which clinical signs had frequencies that differed sig-
nificantly between TLHKSs and FLHKSs. Fisher’s exact
test was used to test differences between categorical
variables, and the Mann-Whitney U test was used to
compare groups with regards to ordinal or continuous
variables, with a level of significance at p<0.05.
Calculations were performed using JMP 13 (SAS Insti-
tute Inc., Cary, NC, USA).

Results

A total of 40 TLHKSs were analysed in eight patients
and 45 FLHKSs were analysed in nine patients. Because
the ictal semiology varied slightly across hyperkinetic
seizures in each patient, we analysed the clinical signs
not per patient, but per seizure. The results are pre-
sented in table 4 and Appendix tables 1-3.

Based on the analysis, emotional facial expression
(fear, laughing, or anger) (21/38 vs 39/44; p=0.001), bilat-
eral forceful elbow flexion (6/39 vs 23/44; p<0.001),
bilateral forceful grasping (0/38 vs 9/41; p=0.003),
flushing (7/26 vs 31/43; p<0.001), and bilateral facial

Frontal and temporal hyperkinetic seizures

contraction (11/40 vs 41/45; p<0.001) (figure 10) were
observed significantly more frequently in FLHKSs than
in TLHKSs, whereas oroalimentary automatism (8/39
vs 1/42; p=0.01), salivation (5/28 vs 0/43; p=0.008), and
bilateral drop of the corners of the mouth (12/40 vs
4/45; p=0.02) (figure 1P) were observed significantly
more frequently in TLHKSs than in FLHKSs, respec-
tively (table 4). Because truncal movements consisted
of rocking back and forth, rotating, and pelvic thrust-
ing -in a random fashion- in many seizures, we were
unable to analyse these features statistically. Before
seizure onset, for more than half of the TLHKSs, the
patient had been awake, whereas only eight of the
45 FLHKSs occurred during wakefulness (22/40 vs 8/45,
respectively; p<0.001) (table 4).

The latency from the onset of hyperkinetic seizures
to the beginning of vocalization, such as screaming,
groaning, speaking, and laughing, was significantly
shorter for TLHKSs (n=36) than FLHKSs (n=36) (2.6+3.8
vs 4.8+4.3 [mean+SD], respectively; p=0.01) (table 4).
Although the latency from the beginning of initial
manifestation to the onset of hyperkinetic manifes-
tations tended to be longer in TLHKSs (n=40) than
FLHKSs (n=45), the difference was not statistically sig-
nificant (11.6£20.2 vs 5.3+7.0 [mean+SD], respectively;
p=0.55) (Appendix table 3). The latency from the onset
to the end of the hyperkinetic seizure did not differ
between the two groups of TLHKSs (n=39) and FLHKSs
(n=45) (32.7£16.6 vs 28.4£19.5 [mean £ SD], respec-
tively; p=0.06) (Appendix table 3). The results for the
latency from the end of the hyperkinetic seizures to
the beginning of communication are shown only as

Table 4. Video-recorded semiological features of hyperkinetic seizures of temporal lobe and frontal lobe origin.

Video-recorded semiological feature Temporal lobe Frontal lobe p value
seizures (n) seizures (n)

Emotional facial expression 21/38 39/44 0.001
Oroalimentary automatism 8/39 1/42 0.01
Bilateral forceful elbow flexion 6/39 23/44 <0.001
Bilateral forceful grasping 0/38 9/41 0.003
Seizure when awake 22/40 8/45 <0.001
Facial flushing 7126 31/43 <0.001
Salivation 5/28 0/43 0.008
Bilateral facial contraction 11/40 41/45 <0.001
Bilateral drop of corners of the mouth 12/40 4/45 0.02
Latency from onset of HKS to vocalization (secs) 2.6 + 3.8 (36) 4.8 +4.3 (36) 0.01

Categorical data are shown as number/number of samples that were evaluable on video. Data for latency are shown as mean + SD

(number of samples that were evaluable on video).
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Table 5. Auras associated with hyperkinetic seizures
of temporal and frontal lobe origin.

Aura Temporal lobe Frontal lobe p value
origin (n=8) origin (n=9)
Visual 1 0 0.47
Auditory 1 0 0.47
Visceral 1 0 0.47
Emotional 0 3 0.21
Unclassifiable 3 3 1.00
None 2 3 1.00

a reference, because in many seizures there was no
intervention by a physician, nurse, or family member
(Appendix table 3). As shown in Appendix tables 1-
3, the incidences of many other signs did not differ
significantly between TLHKSs and FLHKSs.

We also investigated auras on a per-patient basis
(table 5). Visual auras (blurred vision) (1/8 vs 0/9;
p=0.47), auditory aura (auditory hallucination) (1/8 vs
0/9; p=0.47), and visceral sensation (choking sensation
or a sensation of squeezing in the abdomen) (1/8 vs
0/9; p=0.47) were observed in patients with TLHKSs
but not in patients with FLHKSs, whereas emotional
auras (fear in two patients, and a startled feeling in one
patient) were observed in patients with FLHKSs but not
in patients with TLHKSs (0/8 vs 3/9, respectively; p=0.21).
The two patients with fear auras exhibited frightened
facial expressions during their seizures, whereas the
patientwith a startled aura had a fierce look or laughed
during seizures.

Discussion

Although the incidence of many clinical signs dur-
ing hyperkinetic seizures did not differ significantly
between temporal lobe epilepsy and frontal lobe
epilepsy, we found that four signs were observed more
frequently in TLHKSs and five others were observed
more frequently in FLHKSs (table 4, Appendix tables
1-3).

Nevertheless, the lack of significant difference in the
rates of occurrence of many signs between TLHKSs
and FLHKSs (Appendix tables 1-3) suggests that the
two have the same hyperkinetic symptomatogenic
zones (Bartolomeil et al.,, 2002). Previous studies
have reported that hyperkinetic behaviour appears
when ictal discharge in the temporal lobe spreads
to extratemporal structures, such as the cingulate
gyrus, supplementary motor area, and orbitofrontal
area (Nobili et al., 2004; Ryvlin et al., 2006).

Emotional facial expression was observed more fre-
quently in FLHKSs than in TLHKSs. Furthermore,
emotional auras, such as fear and startled sensation,
were observed in patients with FLHKSs but not in
those with TLHKSs (table 5). Bancaud and Talairach
commented that anterior cingulate gyrus seizures are
accompanied by intense fright, with a facial expression
of fear (Bancaud and Talairach, 1992). Two of our three
FLHKS patients with emotional auras had lesions in the
cingulate gyrus on MRI. Bartolomei et al. reported that
intense emotional alterations, such as intense agita-
tion, screaming, and facial expressions of rage, fear,
or anger, were associated with a loss of synchrony
between the orbito-frontal cortex and the amygdala
(Bartolomei et al., 2005). Our results suggest that such
disruption of functional connections occurs more fre-
quently in FLHKSs than in TLHKSs. Our patients with
TLHKSs did not have auras of fear. Gil-Nagel and
Risinger reported auras of fear in hippocampal tempo-
ral lobe seizures (HTSs), but not in extrahippocampal
temporal lobe seizures (ETSs) (Gil-Nagel and Risinger,
1997). The fact that all of our patients with TLHKSs
had ETSs may therefore explain why they had no auras
of fear.

Oroalimentary automatisms are commonly observed
in patients with temporal lobe epilepsy and are consid-
ered indicative of mesial temporal lobe involvement,
and especially involvement of the amygdala (Wieser,
1983; Engel et al., 2008). A previous study found that
hyperkinetic behaviour is followed by typical oral
automatisms in six of 12 patients with TLHKSs (Carrefio
et al., 2005). Epileptic discharges in TLHKSs may more
easily propagate to the mesial temporal lobe and cause
oral automatisms than those in FLHKSs. Another expla-
nation is that a transient dysfunction of higher cortical
centres by epileptic seizures can release the brainstem
masticatory central pattern generators (CPG) respon-
sible for oroalimentary automatisms that are normally
inhibited by the cortical centres (Tassinari et al., 2009).
Epileptic discharges in TLHKSs may more easily inhibit
the mature neopallium that controls the brainstem
masticatory CPG than those in FLHKSs.

Gardella et al. examined the prevalence of
ictal grasping in FLHKSs, frontal lobe seizures
other than FLHKSs, temporal lobe seizures, and
extrafrontal/extratemporal seizures (Gardella et al.,
2006). They reported that the prevalence of ictal
grasping was significantly higher in FLHKSs than
in other seizure groups. Irrepressible exploratory
reaching/grasping movements can be elicited by
direct electrical stimulation in the vicinity of the
contralateral cingulate sulcus, from the anterior
cingulate motor areas or pre-supplementary motor
area (Chassagnon et al., 2008). As for bilateral forceful
elbow flexion, electrical stimulation of the ventral
banks of the cingulate cortex produces tonic flexion

160

Epileptic Disord, Vol. 21, No. 2, April 2019



of the contralateral wrist and elbow (Basha et al,
2013). We speculate that the epileptic discharges in
FLHKSs can more easily affect the cingulate motor
areas bilaterally via the corpus callosum than those in
TLHKSs; there is thus more frequent bilateral grasping
and forceful flexion of the elbows in FLHKSs than in
TLHKSs. Since protective reflexes such as grasping
are proposed to be carried out by subcortical CPG
(Tassinari et al., 2009), ictal grasping may be a release
phenomenon caused by loss of control of neocortical
structures on the CPG.

TLHKSs have been reported to be associated with sleep
(Nobili et al., 2004; Mai et al., 2005). Mai et al. reported
that TLHKSs frequently occurred during sleep (Mai et
al., 2005). However, 55% of TLHKSs occurred during
wakefulness in our study; this was significantly more
frequent than in FLHKSs (17.8%). TLHKSs are thus not
always nocturnal.

As a paediatric autonomic sign in temporal lobe
epilepsy and extratemporal lobe epilepsy;, ictal flushing
has been reported to be of no value for either lateral-
izion or localizion of seizure origins (Fogarasi et al.,
2006). However, our results suggest that ictal flushing
might be a useful localizing clue when differentiating
between FLHKSs (in which it was more common) and
TLHKSs.

Hypersalivation has been observed in patients with
focal impaired awareness seizures of temporal lobe
origin, as well in seizures of insular-opercular,
orbitofrontal, or dorsolateral frontal origin (Delgado-
Escueta et al., 1991; Satow et al., 2004; Shah et al., 2006;
Proserpio et al., 2011). We observed hypersalivation
only in TLHKSs, suggesting that it may be a clue for
localization when comparing FLHKSs and TLHKSs.
Bilateral facial contraction was observed more fre-
quently in FLHKSs than in TLHKSs. Souirti et al.
investigated (mainly by using stereoencephalography)
the anatomical neural network underlying ictal pout-
ing, with the mouth turned downwards as a “chapeau
de gendarme,” in frontal lobe epilepsy (Souirti et al.,
2014). Hypermotor seizures occurred in seven of their
nine patients with ictal pouting, and vegetative signs,
including rubefaction, were also seen. The authors
concluded that ictal pouting is sustained by recipro-
cal mesial and lateral frontal interactions involved in
emotional and cognitive processes, in which the ante-
rior cingulate cortex plays a pivotal role. Bilateral drop
of the corners of the mouth was observed more fre-
quently in TLHKSs than in FLHKSs, although we could
not find any description about this symptom in the
literature. During bilateral drop of the corners of the
mouth, patients closed their mouth and opened their
eyes with no apparent emotional expression, whereas
during bilateral facial contraction, the facial muscles
were strongly contracted with deep nasolabial folds,

Frontal and temporal hyperkinetic seizures

sometimes with firmly closed eyes as part of the strong
facial contraction. It seems that there is emotional
involvement in most of the seizures with bilateral facial
contraction during HKS.

Ictal vocalization occurred in not only FLHKSs, but
also TLHKSs (Appendix table 7). The latency from the
onset of hyperkinetic seizures to the beginning of
vocalization (such as screaming, groaning, speaking,
or laughing) was significantly shorter in TLHKSs than
in FLHKSs (table 4). In some cases, vocalization began
earlier than hyperkinetic manifestations in TLHKSs.
The significance of the earlier onset of vocalization in
TLHKSs is unclear, and further studies are needed to
clarify this.

Although the sample sizes were small, visual and audi-
tory auras and visceral sensations were observed in
patients with TLHKSs but not in those with FLHKSs
(table 5). Auditory and visual hallucinations are more
common in ETSs than in HTSs, whereas epigastric
symptoms are more common in HTSs (O’Brien et al.,
1996; Gil-Nagel and Risinger, 1997). Because all of our
patients with TLHKSs had ETSs, it is not surprising
that auditory or visual hallucinations were observed
in our patients with TLHKSs. Although auditory and
visual hallucinations have been reported in patients
with frontal lobe epilepsy, they are not common in this
condition, and our patients with FLHKSs did not experi-
ence them (La Vega-Talbot et al., 2006; Ferri et al., 2014).
One patient with TLHKSs experienced visceral sensa-
tions as auras, suggesting that the seizure spreads to
the mesial temporal region or the insular cortex-where
viscerosensitive responses have been reported to be
evoked by stimulation- at an early stage (Ostrowsky et
al., 2000).

Gibbs et al. reported that the mean duration of clini-
cally observable ictal manifestations and the clinically
observable delay between the first video-detectable
movement and onset of hypermotor manifestations
were significantly shorter in frontal sleep-related
hypermotor epilepsy (SHE) than in extrafrontal SHE
(Gibbs et al., 2018). Although there were no statisti-
cally significant differences, the duration of HKS and
the latency from initial manifestation to HKS tended to
be shorter in FLHKSs than in TLHKSs in our study.

To our knowledge, this is the first study to have
evaluated and compared the semiology of TLHKSs
and FLHKSs. TLHKSs are rare; they were observed in
one or two of 23 patients with hyperkinetic seizures
(Holthausen et al., 2000; Tao et al., 2010). Conversely,
in patients with temporal lobe epilepsy, hyperkinetic
seizures were observed in 12 of 502 patients (Carrefio
et al., 2005). This low prevalence of TLHKSs proba-
bly makes it difficult to evaluate the semiology of
hyperkinetic seizures for the purpose of distinguish-
ing between TLHKSs and FLHKSs. Here, we found

Epileptic Disord, Vol. 21, No. 2, April 2019

161



N. Nitta, et al.

only eight patients with TLHKSs who had postopera-
tive Engel Class | outcome. We intend to confirm our
results in a larger study.

In summary, we identified several differences in semi-
ology between TLHKSs and FLHKSs. Emotional facial
expression, bilateral facial contraction, bilateral force-
ful elbow flexion, bilateral forceful grasping, and
facial flushing were more commonly associated with
FLHKSs, whereas bilateral drop of the corners of
the mouth, oroalimentary automatism, salivation, and
diurnal seizures were more commonly associated with
TLHKSs. These findings, which remain to be confirmed
in a larger study, might help to infer the epileptogenic
zone in hyperkinetic seizures, in particular, in non-
lesional cases. [
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TEST YOURSELF

(2) What signs are more frequent in seizures of frontal lobe origin?

(3) What signs are more frequent in seizures of temporal lobe origin?

(1) Does the semiology of hyperkinetic seizures of temporal lobe origin differ from that of frontal lobe origin?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.

lobe and frontal lobe origin.

Annexe Table 1. Video-recorded semiological complex behaviour during hyperkinetic seizures of temporal

VIDEO-RECORDED SEMIOLOGICAL FEATURE Temporal lobe Frontal lobe p value
seizures (n) seizures (n)
Nonversive head turning
Contralateral to epileptogenic zone 1/40 1/45 1.00
Ipsilateral to epileptogenic zone 8/40 5/45 0.37
Forceful eye closure 13/40 18/44 0.50
Vocalization 36/40 36/45 0.24
Screaming or groaning 29/40 34/45 0.24
Speaking 5/40 1/45 0.10
Laughing 2/40 1/45 0.60
Emotional facial expression
Fearful facial expression 21/38 39/44 0.001
Mouth opening and closing 10/38 22/44 0.04
Mainly opening 13/39 24/45 0.08
Mainly closing 13/39 7/45 0.07
Oroalimentary automatism 8/39 1/42 0.01
Categorical data are shown as number/number of samples that were evaluable on video.
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Annexe Table 2. Video-recorded semiological complex behaviour during hyperkinetic seizures of temporal
lobe and frontal lobe origin.

VIDEO-RECORDED SEMIOLOGICAL FEATURE Temporal Frontal p value
lobe lobe
seizures seizures
(n) (n)
Laterality of movements of the upper extremities
Contralateral to epileptogenic zone 2/40 8/45 0.09
Ipsilateral to epileptogenic zone 12/40 5/45 0.06
Laterality of movements of the lower extremities
Contralateral to epileptogenic zone 1/40 6/45 0.11
Ipsilateral to epileptogenic zone 5/40 7/45 0.76
Forceful flexion of the elbow
Bilateral 6/39 23/44 <0.001
Unilateral
Contralateral to epileptogenic zone 6/39 1/44 0.048
Ipsilateral to epileptogenic zone 2/39 2/44 1.00
Forceful grasping
Bilateral 0/38 9/41 0.003
Unilateral
Contralateral to epileptogenic zone 2/38 4/41 0.68
Ipsilateral to epileptogenic zone 4/38 2/41 0.68
Pedalling 2/40 0/45 0.22
Kicking 8/40 10/45 1.00
Rhythmic repetitive movements of trunk and limbs 13/40 13/45 0.81

Categorical data are shown as number/number of samples that were evaluable on video.
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Annexe Table 3. Video-recorded semiological features during hyperkinetic seizures of temporal lobe
and frontal lobe origin.

VIDEO-RECORDED SEMIOLOGICAL FEATURE Temporal Frontal p value
lobe lobe
seizures seizures
(n) (n)
Seizure when awake 22/40 8/45 <0.001
Initial manifestation (+) before HKSs 29/40 32/45 1.00
Facial flushing 7/26 31/43 <0.001
Salivation 5/28 0/43 0.008
Head version 0/40 1/45 1.00
Bilateral facial contraction 11/40 41/45 <0.001
Bilateral drop of corners of the mouth 12/40 4/45 0.02
Facial clonic movement
Contralateral to epileptogenic zone 0/40 0/45 No result
Ipsilateral to epileptogenic zone 2/40 8/45 0.09
Dystonic posturing
Bilateral 0/40 5/44 0.06
Unilateral
Contralateral to epileptogenic zone 8/40 3/44 0.11
Ipsilateral to epileptogenic zone 2/40 0/44 0.22
Tonic movement of extremities 1/40 0/45 0.47
Clonic movement of extremities 1/40 0/45 0.47
Latency from initial manifestation to HKS (secs) 11.6 & 20.2 (40) 53 £7.0 (45) 0.55
Latency from onset of HKS to vocalization (secs) 2.6 + 3.8 (36) 4.8+ 4.3 (36) 0.009
Latency from onset of HKS to end of seizure (secs) 32.7 £ 16.6 (39) 28.4 +19.5 (45) 0.06
Latency from end of HKS to communication (secs) 26.2 +21.0 (19) 17.8 +30.8 (32) 0.01

Categorical data are shown as number/number of samples that were evaluable on video. Data for latency are shown as mean £ SD
(number of samples that were evaluable on video). HKS: hyperkinetic seizure.

Epileptic Disord, Vol. 21, No. 2, April 2019 165




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


