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This observation may render new insight into
epileptogenesis and provide additional information
concerning the epileptogenic zone as well as prediction
of epileptic seizures.

ANN NEUROL 2011;69:201-206

lectroencephalography (EEG) is essendal for assessing

patients wirth epilepsy. Convendionally, EEG is usually
analyzed at a narrow frequency band ranging from 0.5Hz
to 70Hz However, brain actividies bevond the conven-
tomal frequency range, such as high-frequency oscillacion
(HFO) manging from 100Hz to S00Hz,"? very high fre-
quency oscilladion (VHFOY (over 1.000Hz!, infraslow
brain acriviry,” and icral direct currenc shife (IDS)” have
also been ohserved. In recenr vears, these unconventional
FEG findings have remained a topic of intensive investi-
gation for their dinical significance.

We first report here a distinet jcral electrophysiolog-
ical activity in the infraslow band, which was derected in
3 padents with refractory neocortical epilepsy by means
of subdural elecrrodes. T was characrerized by very carly
occurrence before the clinical seimire onsces, periodical
appearance of slow negarive bascline shifts, gradual evolu-
rion in amplitude, frequency, and distribution, and disap-
pearance soon afrer the clinical seizures. Since it was dis-
tinguishable  from  any previously known ictal EEG
patterns. we namied it “ictal very low frequency oscilla-
don” (VLYO} ro bighlight its unique neurophysiological
features.

Patients and Methods

We investigated 26 patients with tntractable neocortical e¢pilepsy
who underwent presirgical evaluation with subdural electrodes
because noninvasive investigatans could not delineate their epi-
(EZ3, benween July 2004 and June 2009 at the

leptogenic zone
Shizuoka Institute of Epilepsy and Neurological Disorders. A
low-{requency lilier of 0.016H2z, which was in accordance with
a tme constant (TC) of 10 seconds was used during recording
in these patients,

We used a digital EEG machine (Nenrofax, Nihon-
Kodeo Corp.. Tokyo, Japan). The invasive cecorades were
placed according to the clues indicated by noninvasive siudies.
Each subdural electrode was 2. 3mm in diameter, linearly
arrayed, made of platinum-iridium alloy, and with a center-to-
center clectrode distance of H0mm (Ad-Tech Medical Instra-
ment Corp., Racine. W Recording sessions staited 1 weck at-
ter the implantation of elearodes. and lasied for 2 weeks.

The parameters tor the conventional analysis of EEG are
TC af 0.1 second, high trequenay filier tHFF) of 70 Hy, and
10 scconds per epoch of EEG display. To pick up very slow
perindic elecrrical patentials, we evaluated the ERG widh TC of

10 seconds and a highly compacted FEG display with 5

minuies per epoch (30 umes the routine EEG display). For
cach patient, a 2-hour EUG window with hour before and !
hour after the chinical seizures, and S-hour continuous intericial

EEG was evaluaied.

Results

Among 26 patienss, only 3 patients clearly demonstrared
VLFO (Figs 1-3, Supporang Fig S1D, and Supporting
Figs 82
drug-resistant seizures including simple partial serzures

S4}. Patient 1 was an 18-year-old female, having

(SPS) manitesting focal moror symproms and secondarily
generalized tonie-clonic seiwures (sGTC) since 2 years of
age. Her brain magnetic resonance  imaging (MRI)
showed increased signal intensiry on the right parictal
cuneus in fAuid arrenuation inversion recovery (FLAIR)
imaging. The scalp EEG demonsitared invericral low-am-
plitude spikes or sharp waves over the righr parietal area.
lctal discharges started with low-ampliude slow waves
over the righr occipital and posterior emporal areas.
Patient 2 was a  30-vear-old female whose seizures
oceurred at the age of 16 years. Her scizures, including
auras manifesting as complex audirory symproms, com-
plex partial seizures {CPS). and somerimes followed by
sGTC, were refractory to andepilepsy drugs (AEDs). Her
brain computed tomography {(C1} and MRI were nor-
mal. Scalp intericral EEG showed epilepriform discharges
in the lefr anterior temporal aren, and ictal discharges
started with GHz, thera activities over the left anterior
remporal arca, evolving into  the surrounding  areas.
Pagient 3 was a 23-year-old male having seizures since 12
vears of age. His refracrory CPS starced with the eves
and head turning to the left side, sometimes followed by
sGTC. Surface inrerictal EEG showed intermitent spikes
over the right frontal, temporal, and parietal lobes
dependently, while diffuse icral discharges wese found
widely over the right hemisphere. His brain MR showed
mild increased signal intensity in the righe frontal inferior
sulcus in FLAIR imaging (see Fig 3).

During intracranial EEG monitoring, 9 SPS and 7
sGIC in Padient 1; 2 8PS, 4 CPS, and 2 sGTC in
Patient 2: and 4 CPS and 11 sGTC in Patient 3 were
caprured and analyzed in rotal.

Witch highly compacred FEG display and long TC
of 10 scconds. very slow, irregular, low-amplirude base-
line fluctuations were found during the interictal period.
However, there was 1o regular, periodic, or evolving par-
wrn (see Supportng Fig S1B). In contrast, VLFOQ were
clearly idendfied only prior to CPS (8/8 seizures) and
SGTC (20720 seizures) but not SPS (0/11 seizures) in
these 3 parients. The patrern of VLFQO was homogenous,

but with variation of dme duration and amplitude
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FIGURE 1: ictal EEG changes during one sGTC with schematic location of electrodes in Patient 1. (A} Conventional ictal
discharges {a TC of 0.1 second, HFF 70Hz) started with low amplitude, followed by fast activities originating from C4, D4, and
H2 (black arrow and bold lines) 6 seconds before clinical onset (white arrow). {B) VLFO {a TC of 10 seconds, HFF 70 Hz, highly
compacted display) developed over C2, Dé, and G2 (black dots), followed by gradual evolution in morphology, amplitude,
frequency, and wider distribution. A particularly well-organized periodic pattern developed with an interpeak interval from 40
to 60 seconds over C4, G1, G2, H1, and H2. The maximal amplitude became more than 3mV. The onset of VLFO (black arrow)
preceded clinical seizure onset (white arrow) by 18 minutes 10 seconds. Notably, positive IDS could be detected in the initial
stage of seizure onset on A1, A2, D4, and D5, channels in which VLFO was insignificant. The black triangle marks enhanced
interictal discharges, which were superimposed over VLFO. The open frame of black lines indicates the time window in A.

among scizures in individual patients. No  subjecrive
complaines or objective symproms were reporred during
VLFO. The obscrvation of the interictal discharges, con-
ventional icral EEG, VIFO. and comical napping are
summarized in Supporting Table S1.

\"’l.Fl‘) in 3 patients shared common cssential fea-
preceded clinical seizure

Tures: The occwrrence always

onser xﬂd conventional icral EEG onset by a period of

time ranging from & minures 10 scconds to 22 minures

40 seconds. Gradually, repetitive negative slow bascline

shifts developed from very fimired arcas invelving a few
electrodes. {2} The momphology. amplirude, frequency,
and disribution of VLIO evolved progressively. Gener-
ally, VEFO became more regular and periodical. Incer-
peak intervals of 40120 seconds and more than 3mV of
maximal amplirudes were derceted. (3) The intensive
intericral discharges in Pacicne 1 and ~'.u1)cl'mia al discharge

5

in Patient 2 were superimposed on the VLEFO waveform

several minutes after VIFO occurrence. (4) The spatial

distributions of VLFO were in the vicinity of, or even
overlapped wirh rhc conventonal icral EEG onser and
1S«

Hl'xkii'i"\! Hﬂ'(‘f cessation UT’ rh\.' ’\.lllﬂ(.}(}l seizure.

3) Finally, VLEO disappeared or significantly aree

Paricnts 1 and 2 were not operated on because the

EZ could sor be loalbized dearly and/or the cloquent

January 2011

areas overlapped with the possible EZ. Patienr 3 under-

went lesionecromy (see Supporting Fig 1C). The lesion
was confirmed as focal cordeal dysplasia histologically.
His scizures reduced by abour 50%, aldhough the follow-

up period is sull less than 1 vear.

Discussion

The current study revealed & distinet icral brain activity
in the range of the infraslow band. Theoretically, it EEG
recording i carried out with direcr current (DC) amplifi-
cation or alternate current (AC) amplification, but with
very ltong TC. slow porentiuls can be evaluated.® Never-
theless, significane artifaces in surface EEG, the routinely-
used short TC, or unavailabilicy of 2 DC amplifier made
it difficulr or even impossible to observe DC shitr, Inira-
aranjal recording, very long TC, and highly compacted
ary o ddendfy VIFO. The

platinum-iridium  alloy elecrrodes are opamal to mini-

EEG display were necess

mize  electrode  potentials,  which  could  distorr slow
potcmmi sign;ﬂs.T Ir is essential to ditferenrtiare real acriv-
ities from artifaces resulting from clecrrode placement,
patient movements, or orher noise in the evaluatdon of
VLFO. Artifacts are readily decected based on irregularicy

or bizarre morphology, lmxg»hxs ing instabiliy of rthe
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=
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FIGURE 2: ictal EEG changes during 1 CPS with schematic focation of electrodes in Patient 2. (A} Conventional ictal discharges
(a TC of 0.1 seconds, HFF 70Hz) started with low-amplitude fast activity (black arrow and bald lines) 12 seconds before clinical
onset (white arrow) over the basal temporal and posterior lateral temporal lobes simultaneously. (B) VLFO (a TC of 10
seconds, HFF 70 Hg, highly compacted display) developed at LBP4 and D1 (biack dots), evolving into a higher-amplitude and
well- organized periodic pattern with interpeak interval from 90 to 120 seconds. The maximal amplitude became more than
3mV. The onset of VLFO (black arrow) preceded clinical seizure onset (white arrow) by 22 minutes 40 seconds. The black
triangle indicates onset of subclinical discharges, which were superimposed over VLFO. The open frame of black fines indicates
the time window in A,
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FIGURE 3: Ictal EEG changes during one sGTC with schematic location of electrodes in Patient 3. (A} Conventional ictal EEG (a
TC of 0.1 seconds, HFF 70Hz) started with low-voltage fast activities regionally 10 seconds prior to clinical onset (white arrow)
in a start-attenuation-restart pattern (black arrow and bold lines). (B) VLFO (a TC of 10 seconds, HFF 70 Hz, highly compacted
display) developed at E3 and Eé {black dots), becoming higher, wider, and periodic, and disappeared with seizure cessation. A
particularly well-organized periodic pattern developed with an interpeak interval from 40 to 60 seconds over B5, E3, and E6.
Clearly, negative IDS could be identified in the initial stage of seizure onset over E5, H7, H8, L1, and L2, channels in which
VLFO was insignificant. VLFO onset {black arrow) preceded clinical seizure onset (white arrow) by 13 minutes 20 seconds. The
open frame of black lines indicates the time window in A. (C) MRI findings demonstrated the thickness of gyrus with mildly
increased signal in the right inferior frontal lobe {white arrow).
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baseline, lack of evolution partern, or continuarion afrer
the seizures.
Idenafication of VLIFO would expand the brain ac-

tivity specorum, and it is different from any other previ-

ously known slow activities. The exclusive correlation
berween VEFQ and dinical scizure distinguish it from
intericial infrastow acriviey,” which mighr represent the
slow, cvelic modularion of cortical gross excitability. Also,
it is easily distinguished from 1DS, which occurred with
conventional EEG onser almost simultaneously and
supposed to resule from astrocytic depolarization duce o
the increased extragellular porassium released from rhe vi-
cinity of tiring neurons,” because of its very early appear-
ance, perindic evolving partern, and the discrepancy in
the distriburion.

The ohservarion of VLFO would also broaden
our understanding of epileprogenesis. Traditionally, cpi-
feptic physiology was neuron-cenrric. A S0-msec to

200-msec paroxysmal  depolarizarion  shite (PDS)  was

considered a hallmark of epilepsy.” However, epilepto-
genesis might be hetesogencous. The role of astrocyres
is especially interesting, for they not only can exhibic
excitability i the form of spontancous caldum oscilla-
ton with an interval of up o several minutes,'™ " bur
also bave a complex inweracrion with  neurons.* "’
Astrocytes are found ro express similar ion channels
iln(i Tf\_’\fi)"()rb © Neurons 4[1'!(.1 r(fiéilb‘(f g,‘.i(’\(l’;il‘.&lnirﬂ:!'.\',

including glutamare, to act on neurons, resulting in

synchronizing neuronal activity or wiggering PDIS-

like events.'® Therefore, it is assumed that ascrocyres
might initiate the VLFO, followed by activaring neu-
rons and driving epilepriform discharges, fimally resule-
ing in clinical seizure.

VLFO may be of dinical significance for idenrifica-
rion of reliable biological markers for EZ, stnce currently
no single technique can point our the EZ perf xCd\’
Since VLFO was only identified wirh seizure, and rhe
spatial disrriburions of interictal discharges, convenrional

ictal EEG onser, 1DS and VLFQ were adjacent, or even

overlapped, VLFO has the potential to provide valuable
addidonal informarion to determine EZ despire the lim-
ited number of padents in this study. Furthermore,
VIEFO provides evidence
that has long been debared. One of the mose disabling

for the dynamic preictal srate

aspects of epilepsy is the unpredictability of seizures. It

reliable prediction is pnssihe epilepsy  treatment will
improve dramarically.'® Although many efforts have been
made to exrract preictal EEG changes from conrinuous
EEG since the 1970s."

v . . . > . 1]
reproduce previously oprimistic findings.

more recent studies could not

Hence, the

relatively long rime lag berween occurrence of VLIFO and

fanuary 2011
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climcal seizure makes VLIO porentally 4 potent parame-

ter for predicring seizures.
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Large Genomic Deletions:
A Novel Cause of Ullrich
Congenital Muscular
Dystrophy

A. Reghar: Foley, MD,"? Ying Hu, MS,’
Yaqun Zou, MD," Michele Yang, VD,
Livijs Medne, MS, CGC,™*

Meganne Leach, MSN, CRNP Laura K. Conlin, PhD,A
Nancy Spinner, PhD,>® Tamim H. Shaikh, PhD,*?
Marni Falk, MD,*® Ann M. Neumeyer, MD,”
Laurie Bliss,” Brian . Tseng, MD, PhD,’
Thomas L. Winder, PhD, FACMG ®
and Carsten G. Bénnemann, MDY

Two mutational mechanisms are known to underlie
Ullrich  congenital muscular  dystrophy  {UCMD):
heterozygous dominant negatively-acting mutations
and recessively-acting loss-of-function mutations. We
describe large genomic deletions on chromosome
21922.3 as a novel type of mutation underlying
recessively inherited UCMD in 2 families. Clinically
unaffected parents carrying large genomic deletions of
COL6AT and COLSAZ also provide conclusive evidence
that haploinsufficiency for COL6AT and COL6AZ s not a
disease mechanism for Bethiem myopathy. Our findings
have important implications for the genetic evaluation
of patients with collagen Vi-related myopathies as well
as for potential therapeutic interventions for this patient
population.

ANN NEUROL 2011;69:206-211

llrich congeniral muscular dyserophy (UCMD); MIM

254090}, Bethlam myopachy (BM; MIM 15881() and
phenotypes intermediare o UCMID and BM form a group
of congeniral muscular dystrophics known as the collagen
Vi-related myoparhies.” Underlying these conditions is a
decrease, absence, or dysfuncrion of the extacellular marrix
protein collagen V1. The collagen VI heterotrimeric mono-
mer is composed of 3 alpha chains: 210V1), 22(VI), and
23V cach conmaining a shore wviple helical domain
Hanked by globular domains. Assembly of collagen VI pro-
ceeds intracellularly with monemers aligning in an antipar-

allel fashion o form dimers, which then align laterally o

206

{()rn] TCTramears. ’l‘hc‘ CEITAINCTS are S(:l:rﬁ're(i Allnd uiign CXtrac-
ellulasly in an end-to-end tfashion, forming beaded microfi-
faments as the final product of collagen VI assembly.
Mutations in any of rhe 3 genes coding for the 3
collagen V1 alpha chains, COLOAL COLGA2, or COLGAS,
can aftect the complex assembly and secretion of colla-
gen V1, resulting in che phenotype of a4 collagen V-
related mvopachy. COLO6AL and COLGA2 are located
on chromosome 21¢q22.3 (Heiskanen and‘collcagucs%)
and COL6A3 is locared on chromosome 2q37 (Weil
and colleagues®). UCMD results from cither recessive
or dominanty-acting mutatons™ ' and is characrer-
ized by 1 combinarion of carly-onset muscle weakness,
congenital contractures of the proximal joines, and
hyperlaxity of the distal joints."" BM rtypically follows
aurosomal dominane inheritance; however, aurosomal
recessive inheritance has recentdy been described  as

well. ! %14

BN is characrerized by slowly progressive
muscle weakness and joint contracrures. '

Here we describe a novel type of mutation underly-
ing recessively inherited UCMD by delincaring large
genomic delerions on chromosome 21g22.3, resulting in
loss of COLGA2 or both COL6ATI and COLGA2, and
oceurring in combination with a mutadon in COLGA2
or a deletion of COLGA2 on the other allele to canse dis-
case. We also conclusively demonstrace that haploinsufti-
ciency for COLGAT and COL6A2 is associared with
decreased collagen VI deposition but is nor associated

with dlinical neuromuscular disease.

Patients and Methods
Clinical details were collecied according w a protocal approved

by the insutuiional review board and are summarzed in the

artment of
University

scular and

Y ihis article cndine at wite
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Case Report
Ear movement induced by electrical cortical stimulation
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ARTICLE INFO ABSTRACT

Cortical areas that control ear movernent have not been reported in humans. We describe a rare case in
which ear auricle movement was induced by extraoperative electrical cortical stimulation, A 21-year-old
man with intractable localization-related epilepsy was admitted for presurgical evaluation. Subdural
electrodes were implanted over the right temporal and frontal regions. Tonic upward contraction of the left
ear auricle was elicited by stimulating the subdural electrode on the posterior portion of the right superior
temporal gyrus close to the end of the Sylvian fissure. No other body movements or auditory symptoms were
elicited. A possible mechanism underlying this rare phenomenon is discussed.

© 2010 Elsevier Inc. All rights reserved.
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sleep with a frequency of several times per day to once per month. An
interictal scalp electroencephalogram (EEG) showed epileptiform
discharges in the right anterior temporal {maximum in Sp2) and right

1. introduction

The sornatotopical representation of the cortical areas was clarified

by the pioneering work of Penfield and jasper [1]. However, ear
movement has never been evoked by electrical cortical stimulation in
previous human studies. We experienced a rare case of localization-
related epilepsy in which ear movement was induced by electrical

stimulation of the brain through subdural electrodes, Although ear

movement by cortical stimulation has been reported in monkeys [2-4],
this is the first report of ear movement elicited by electrical cortical
stimulation in humans.

2. Case report
2.1. Medical history and noninvasive presurgical evaluation

A 21-year-old right-handed man was admitted for presurgical
evaluation for epilepsy surgery. The patient had no specific past medical
or familial histories, and had experienced intractable seizures since
9 years of age. His seizures were characterized by motionless staring,
followed by vocalization, stiffening of all limbs, and generalized violent
movements, lasting less than 1 minute. Seizures tended to occur during

* Corresponding author. Departiment of Neurology, Natienal Epilepsy Center,
i ¢ and Neurological Disorders, Urushivama 886, Aoi-ku,

+81 54 247 9781

yhi-teradac@umin net (K. Terada).

E-inail address: &

1325-5030/
doin10I016

- see fronf matter © 2010 Elsevier Inc. All rights reserved.
vebeh.2010.05.C18

frontal (F4) regions. The ictal EEG showed rhythmic slow waves in the
right midposterior temporal region (T4 and T6). Brain MRI revealed no
abnormality. Interictal single-photon-emission computed tomography
(SPECT} with N-isopropyl-4-['*’lJiodoamphetamine (['**1]IMP)
showed hypoperfusion in the right pesterior temporal region. Interictal
SPECT with Technetium-99 m ethyl cysteinate dimer {¥*"Tc-ECD)
showed hypoperfusion in the right frontal pole and posterior temporal
regions. Ictal SPECT with ““™Tc-ECD revealed hyperpertusion in the
right midtemporal and frontal regions. Neurclogical examination
revealed no significant abnormality. The patient could not move his
ears voluntarily.

2.2, Intracranial EEG and functional mapping

The patient underwent a right frontotemporal craniotomy, and
subdural electrodes were implanted over the right temporal and
frontal regions. In addition to the electrodes covering the basal frontal
(OF). anterior temporal (AT), and basal temporal (TBA and TBP)
regions, the right lateral temporal-frontal-parietal areas were also
covered by a4 x 6 subdural grid (Fig. 1. Each electrode was 23 mm in
diameter, and the center-to-center interelectrode distance was 1 cm.
The location of the grid was confirmed before and after functional
mapping by X-ray. Clectrical stimulation was performed via the
implanted subdural electrodes for functional mapping. Repetitive
square wave electric currents of alternating polarity with a pulse

Pféase cxte ﬂus amclt- a8 ‘z’u L er al, Ear movemem m
yf:beh 1(}19 05 GIG

by electrical cortical stimufation, Epilepsy Behav (2010,
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% Motor response
% Nagative motor resgonse
Auditery halivemation
® Ear movemant
=" Auditory svoked potential

Fig. 1. Skull X-ray showing the location of the electrodes {A} and reconstructed MRI scan
with the electrode placement and the results of functional mapping (B {A; flectrndes A1
through D6 are displaved. (B} The locations of the motor, negative motor, and auditory
areas are indicated. The blue circles at A4, BS, and B6 correspond to positive motor
responses; the green circles af AS and A6 to negative motor responses; the yellow circle at
€3 to an auditory hatlucnation: and the red circie ar €2 to the ear motoy 1esponse. The (2
electrode is at the end of the Syivian fissure. Auditory evoked potentials are identified at BS
and C4 {dotted ellipse . OF indicates the electrodes covering the basal frontal region; AT,
anterior temporal region; TBA, anterior of basal temporal region; TBP, postesior basal
temparal region.

width of 0.3 ms and a frequency of 50 Hz were delivered to each
subdural electrode. Throughout the stimulation, an electrocortico-
graph {(ECoG) was monitored continuously to detect induced after-
discharges or EEG seizure patterns. Stimulus current was increased
gradually until (1) a maximum of 15 mA was reached, (2} after-
discharges were elicited, or (3) clinical symptoms were evoked.

The results of functional mapping are shown in the Fig. 1. Tongue
motor {A4 and B5 both at 5 mA of intensity), left hand motor (B6 at
5 mA), and negative motor (A5 and A6 both at 5 mA) responses were
elicited by electrical stimulation. Brief tonic upward contraction of the
left (contralateral) ear auricle was induced by stimulating the C2
electrode with an infensity of 9 mA (see Appendix A}. This response
was reproducible. No other clinical symptoms (such as movements of
other parts of the body including the right ear or auditory symptoms}
or afterdischarges were elicited. The C2 electrode was located in the
posterior portion of the superior temporal gyrus close to the end of
the Sylvian fissure. When an adjacent electrode (C3 electrode} was
stimulated with an infensity of 9 mA, the patient had an auditory
hallucination (voices of his classmates). No other sensory response
was observed in any other areas, even though it was likely some
electrodes covered the postcentral gyrus. This was probably because
the patient was less sensitive to these stimulations. Auditory evoked
potentials {AEPs} demonstrated middle latency responses at B5 and
(4, indicating that the generator of AEPs, supposed to be on the
superior temporal gyrus [5], was around these electrodes. Because
motor response of the tongue was evoked by stimulating A4 and B5,
and because the location of the electrodes was suspected to be too
lateral for the generation of somatosensory evoked potentials {SSEPs},
SSEPs were not applied to verify the localization of the central sulcus
in the current patient. Because the intracranial EEG could not
delineate the epileptogenic zone, the surgical resection was not
performed.

3. Discussion

The movement seen in the current patient was probably caused by
contraction of the superior and/or posterior auricle muscles inner-
vated by the ipsilateral facial werve. Because the contralateral
hemisphere was stimulated, it is very unlikely that direct activation
of the auricle muscles or the facial nerve evoked this movement. It is
most likely that this auricle movement was caused by brain activation.

1 & Betiavior xxx {2010 xxx-xxx

The ear movement seen in the current patient was not accompa-
nied by any other symptoms, such as somatosensory. auditory,
autonomic, or other higher cortical functions, Therefore, it is assumed
that this movement was caused by activation of the pure motor
function of the ear, rather than by the activation of the auditory
assaciation cortex.

Most of the somatotopical representations have been identified in
human brain [1]. However, a cortical area that controls ear movement
has not been reported in humans, aithough the primary sensory area
of the ear was identified around the primary sensory area of the neck
and face [6.7]. In studies of macaque monkeys, Bon et al. [4] reported
that electrical stimulation of area 8b, which is in the rostral area of the
frontal cortex, evoked contralateral ear movements with or without
conjugate movements of the eyes. Other investigators also evoked ear
movements by stimulating the frontal eye field and the supplemen-
tary eye field associated with the eye movements [2,3]. Considering
the location of the ear sensory area and these animal studies, it is
likely that the “ear motor center” is in the frontal lobe, probably
within or close to the eye fields, even in humans.

There are, however, no previous reports demonstrating ear
movements on stimulation of such frontal areas in humans. This
discrepancy may be explained by the evolution of the species. Ear
moventents are important in localizing the origin of sound in monkeys
and other animals, but are not as wseful in humans. Therefore, it is
presumed that the human “ear motor center” has degenerated or even
disappeared in the course of evolution.

In the current study, auricle movement was evoked by stimulating
the posterior portion of the superior temporal gyrus. The location was
within or close to the auditory association cortex, but far from motor
areas. Therefore, it is very unlikely that this stimulated point itself has
a motor function. and it is possible that the electrode position that
induces ear movement may have some neural connections with an
“ear motor center.” This kind of response was previously reported by
Penfield and Jasper as a "distant response” [1].

Reasons why direct stimulation of the frontal areas, which may
include an “ear motor center,” failed to show ear movements, not only
in this study but also in previously reported patients, may be: {1} The
cortical representation of the area responsible for ear movement may
be very small in humans; {2} the electrical threshold to stimulate ear
movement may be higher than that of other body parts; (3) not all
humans may have an "ear motor center” as expected from clinical
observations; and/or {4) physicians have not paid much attention to
ear movements ptevxousiy.

In addition to these reasons, distortion of normal cortical function by
epileptogenicity may play some role in the ear movement elicited in the
current patient. Repeated epileptic seizures could alter normal brain
function, and nonphysiological ear motor function may appear within
the temporal cortex. This phenomenon may also explain why a hand
motor response could be recorded by stimulating B6, an area located
lateral to the tongue motor area (A4 and B5). This phenomenon was

called “epileptic sensitization” by Penfield and jasper [1].

Although it is still uncertain if an "ear motor center” is present in
all humans, if the center is in the frontal area or in the temporal area,
and if a “distant response” or “epileptic sensitization” distorted the
normal function in this patient, it is still interesting that the ear
movement could be seen by stimmulating the superior temporal gyrus.
It might be clinically useful in functional mapping if ear movements
could be elicited only when the superior temporal lobe is stimulated.
In addition, because repeated epileptic seizures may alter normal
brain function, if ear movement associated with the remote auditory
center is found, a stricter and more careful presurgical evaluation for
{ocating the epileptogenic zone and brain function areas could be
performed by clinicians before epilepsy surgery. However, because
this is only a single case report, additional research is required to
clarify the clinical usefulness of this ear movement, as well as the
underlying mechanism.

P{ease ctte this article. as: Yu L et aE Ear movv
\'gbeh 2010.05.01 ﬁ
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KEYWORDS Summary  Megative myoclonus (NM) is a sudden brief atonia in muscle that causes jerky

['B1liomazenil SPECT; lapses of posture. This study employed an electrophysiological technique (silent-period-locked-

Negative myoclonus; ) averaging (SPLA) electroencephalography (EEG)) and a pharmacodynamic imaging technique
('23]-IMZ -SPECT) to examine epileptic NM (ENM}.

Epilepsy; s

Sgenf— geriodiocked- Delayed-phase '*1-IMZ-SPECT images, which reflect the specific binding of the tracers to
averaging GABA-A receptors, exhibited significant decrease in the left medial frontal area. The deficit
EEG in GABA-A receptors indicated that abnormal synchronization was mediated by the lack of

inhibitory postsynaptic mechanism.

The SPLA-EEG recorded spike-like notches superimposed on the stope of negative slow activity
in the contratateral fronto-central region. The slow activity started around 100ms before and
the peak of the spike-like component was 30 ms before the onset of ENM.

Since the '231-IMZ-SPECT shows the actual distribution of the tracers, the abnormal area
associated with ENM in this particular patient was supposed to be on the left medial frontal
lobe. Scalp FEG, though it cannot always accurately locate the abnormal area, was highly
sensitive to be able to detect electrical activities transmitted through neuronal network or
volume conductor.

Combined use of the two methods provided high resolution both in spatial and temporal
domain.
© 2010 Elsevier B.Y. All rights reserved.
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Introduction

Negative myoclonus (NM), termed as such by Shahani and
Young (1976}, is a sudden brief atonia in muscle that causes
jerky lapses of posture (Shibasaki and Hallett, 2005). In
electromyogram (EMG), NM is recorded as a brief (<500 ms)
silent period, without any preceding abrupt muscle contrac-
tion (Tassinari et al., 2005). While the phenomenon occurs
in a variety of pathological conditions such as asterixis in
patients with hepatitis (Adams and Foley, 1949) and with
hypoxic encephalopathy (Lance and Adams, 1963}, NM as
an epileptic symptom (epileptic negative myoclonus, ENM)
is characterized by an epileptiform discharge on the con-
tralateral hemisphere, time-locked to NM (Tassinari et al.,
1968; Tassinari, 1981). Although some cortical areas have
been identified to be associated with the phenomenon by
invasive studies using subdural or depth electrodes placed
on the brain of patients who underwent surgical treatment
of refractory epilepsy, the mechanism of ENM is still not fully
understood.

Invasive procedures are considered to be able to specify
the details of a wide variety of functions and/or phe-
nomenon in the brain. However, number of cases where
invasive methods can be applied, and the types of method(s)
that can actually be used are limited. Even if invasive proce-
dure is possible, combined use of invasive and non-invasive
techniques is essential in actual clinical evaluations and
research.

We have chosen ['**1]liomazenil ('?I-IMZ) single photon
emission computed tomography ('21-IMZ-SPECT) as a non-
invasive method in our study of a patient with ENM. Although
B IMZ is a relatively new radioactive tracer which has
been applied to the SPECT study of brain activities only
recently (Beer et al., 1990; Johnson et al., 1990}, it has
been proved to be useful to identify the pathological areas
in patients with temporal lobe epilepsy (Shuke et al., 2004;
Morimoto et al., 2005; Umeoka et al., 2007). Compared
with other conventional techniques using perfusion agents,
which usually detect regional cerebral blood flow, one of the
advantages of '2|-IMZ-SPECT is its selectivity to the central-
type gamma-aminobutyric acid-A (GABA,)/benzodiazepine
receptors (Van Huffelen et al., 1990; Bartenstein et al,,
1991; Cordes et al., 1992). Since GABA is known to be the
major inhibitory neurotransmitter in the brain, the 2 |-IMZ-
SPECT enables the detection of the activity of GABA, which
leads to pharmacodynamic imaging of the central nervous
system,

In this paper, we report the results of a combined use
of '2%|-IMZ-SPECT and silent-period-locked-averaging (SPLA)
electroencephalography (EEG) (Ugawa et al., 1989), which
delineate the feature of ENM with high temporal and spatial
resolution. We also demonstrate the potential of '2*I-IMZ-
SPECT as a useful technique in the evaluation of functions
in extra-temporal epilepsy.

Methods

Patient

The subject was a 19-year-old right-handed college student. The
etiology of his epilepsy was unknown. He had two types of epileptic

seizures; one was a tonic seizure and the other NM. Tonic seizures
occurred since the age of 4 months. EEG was taken at the age of 1
year, revealing focal spikes on the left frontal area. With the admin-
istration of anti-epileptic drugs (AEDs), the patient had seizures
only occasionally. At the age of 18 years, he started to have a tonic
seizure 23 times per month. The tonic seizures occurred only when
the patient was asleep.

NM started at the age of 13 years. The movement was character-
ized by brief and repetitive loss of postural tone of the right upper
extremity when the arms were held upright. Consciousness was fully
preserved. On admission, the NM on the right upper extremity was
observed in the daytime when the patient was fully awake, almost
everyday. )

Neurological examination was unremarkable and 1,5-Tesla MR
FLAIR, T1-, and T2-weighted images of the brain were normal
(Fig. 1A). Somatosensory evoked potentials (SEPs) obtained by stim-
ulating the median nerve at the wrist were normal both in amplitude
and latency in ipsi- and contralateral hemispheres to the NM. No
giant SEPs were observed.

The conventional EEG recorded with the electrodes positioned
in accordance with the international 10—20 system showed interic-
tal focal spikes in the left parasagittal fronto-central region, every
2-3min, insleep. In awake EEG, when the patient had NM, intermit-
tent irregular slow activity was recorded in the left parasagittal and
midline fronto-central region. The voltage of the slow activity was
largest at Fz and second largest at C3 and Cz. By visual inspection,
the temporal relationship between the slow activity and NM was
not apparent. In tonic seizures, which occurred exclusively in sleep
at night, movement artifact and electromyographic (EMG) artifact
obscured the EEG in most of the seizures, except one. The seizure,
in which EEG abnormality was successfully recorded, began with
repetitive spikes at F3 and C3 followed by paroxysmal beta activity
at C3. After the clinical onset, EMG artifacts obscured the EEG.

123].1MZ-SPECT

The SPECT was conducted in the daytime, when the patient was fully
awake. 167 MBq of '231-IMZ was intravenously injected, with the
patient’s arms placed in rest. Brain scintigram was obtained using
a dual-head gamma camera (Millennium VG, GE Medical Systems,
Japan) equipped with a pair of low-energy, high resolution colli-
mators. The patient was scanned twice after injection; 5-35min
(early image) to examine the tracer uptake in brain in proportion
to blood flow at an early phase, and 165—-195min (delayed image)
to examine the retention of tracer at specific binding sites at a late
phase (Umeoka et al., 2007).

SPECT images were acquired in a 128 « 128 matrix at 5 angular
steps, with 45sin each step. Raw SPECT data were reconstructed by
using a Ramp filter and then post-filtered using a Butterworth filter
{order 10) with a cutoff value of 0.45 cycle/pixel. Transaxial slices
were reoriented to ‘‘sagittal’’ (parallel to the midsagittal plane),
‘‘oblique transaxial’’(parallel to base of the temporal lobe), and
“‘oblique coronal’’ (perpendicular to the two aforementioned direc-
tions) slice orientations. No attenuation correction was applied. The
final reconstructed pixel size was 3.16mm x 3.16 mm x 3.16 mm.

SPECT MRI co-registration and statistical analysis

The SPECT images were anatomically standardized based on the
patient’s T1-weighted MR images with a slice thickness of 1mm
(FSPGR) obtained by a 1.5-T machine (Signa Twin Speed 1.5 Tesla
system, General Electric, Yokogawa, Japan}, and analyzed by using a
modified version(Nihon Medi-physics, Japan) of the software 3-DSSP
{Minoshima et al., 1994).

The patient’s data was compared with the database made of
the data from control group consisting of 20 healthy normal vol-
unteers of the age between 19 and 21 years. Accurate anatomic
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(A)

(B)

Figure 1

MRI, co-registered IMZ-SPECT and 3D-SSP analysis. (A) T1-, T2-weighted and FLAIR MR axial images were unremarkable.

{B) MRI co-registered SPECT showed normal uptake after 30 min from injection (upper panel). 3h after injection, decreased uptake
was identified on the left frontal region (lower panel, white arrowhead). (C) 3D-SSP shows the area with significant decreased

uptake on the medial aspect of the left frontal region.

reference of uptake change was statistically analyzed using the
Z-score calculated by the following equation

averaged using Matlab, with respect to the onset of silent period
which was determined visually in the EMG. Epochs starting 200ms

standardized tracer uptake count of DB — tracer uptake count of the subject

Z-score =
score standard deviationof DB

where DB is the database made of the data of 20 healthy normal
volunteers.

Significant uptake change (Z=2) was superimposed on the
patient’s 3D-MR images.

Silent-period-locked-averaging EEG

Polygraphic recordings with video monitoring were performed using
a computerized EEG system (EEG-1100, Nihon Kohden, Japan).
The bicelectrical signals were digitized with a bandpass filter of
0.016—300Hz at a sampling rate of 1000 Hz. The resolution of A/D
converter was 16 bits. Electrodes were positioned over the scalp
based on the international 10—20 system. Muscle activities were
simultaneously registered with surface EMG electrodes placed on
the right wrist extensors and flexors, biceps, and triceps muscles.
Recordings were performed during bilateral arm elevation with
wrist extension, Two 2-min periods of hand-holding were performed
with 3-min intervals between each period. The acquired data were
stored digitally on a digital versatile disc and the signal was off-line

before and terminating 300 ms after each onset of silent period were
averaged. Epochs with eye blinks or other artifacts were excluded
from averaging. More than 30 epochs were averaged in one mea-
surement.

All the procedures were approved by the ethics committee of
National Epilepsy Center, Shizuoka Institute of Epilepsy and Neuro-
logical Disorders. Written informed consent was obtained from the
patient and normal volunteers.

Results

1231 |MZ-SPECT

The early '"2I-IMZ-SPECT imaging did not reveal observable
unusual distribution (Fig. 1B upper panel). in the delayed
images, abnormal area of decreased uptake was identified
(Fig. 1B lower panel). The focus with statistically signifi-
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Silent-period-locked-averaging EEG. Averaged signals showed a slow activity on the midline fronto-central area extending

more toward the left hemisphere. The slow activity started 100ms before the onset of muscular silent period (SP). A small notch
was superimposed on the slope of slow activity at Fz, Cz, F3, and C3. The peak of the notch was 30 ms before the onset of SP. No
spikes preceding the SP was identified on the right. EMG: electromyogram; EDC: extensor digitorum communis.

cant decreased uptake was on the medial aspect of the left
frontal area rostral to the precentral gyrus, which largely
corresponded to Broadmann area 6 (Fig. 1C). No significant
change in uptake in primary motor or somatosensory cortex
was observed.

NM-related cortical activities studied by
silent-period-locked-averaging EEG

By investigating the raw data, it was confirmed that the
recorded NM, in other words, muscular silent period (SP),
was not preceded by any enhancement of muscle contrac-
tion.

The averaged waveform of silent-period-locked-
averaging (SPLA) showed a relatively large surface-negative
slow activity starting almost 100ms before the onset of
the SP and lasting about 300ms. The amplitude of SPLA-
EEG signal was largest at the midline fronto-central area
extending more toward the left hemisphere (Fig. 2). Signals
exhibiting the slow activity in the left fronto-central area
(Fz, Cz, F3, C3), which were contralateral to the hand with
NM, appeared to be superimposed by a small notch. The
peak latency of the notch was 30 ms before the onset of SP.

Discussion
Functional abnormality revealed by 1231-IMZ-SPECT

in the past, SPECT study of epilepsy was mainly conducted
by using perfusion agents, which detect regional cerebral

blood flow (rCBF). Although the number of reports on NM
examined by SPECT so far was limited in the literature, one
study showed the increased rCBF on the contralateral mid-
dle frontal gyrus during the NM (Baumgartner et al., 1996a).
They used HMPAO, one of perfusion agents, in their exam-
ination. They suspected that the area with increased rCBF
was the main source of causing NM,

Although their finding is significant in rare SPECT stud-
ies of NM, it should be interpreted with caution because of
the use of HMPAO in ictal period. It has been known that
rCBF increases in the epileptogenic area in ictal event. The
increase in rCBF might be caused by the normal neuronal
activities in the cortex responsible for the movement of the
extremity. HMPAO cannot distinguish the cause of change in
rCBF.

The present study, by using '2I-IMZ as a radioactive
tracer, has some advantages for accurate examination of
NM. The radioactive tracer IMZ is carried by CBF instantly
to the brain tissue, spread into various portion of the brain
and selectively bind to the GABA-A/benzodiazepine recep-
tor. Free tracers, by contrast, are taken by the blood flow
without being bound to the receptor. Distribution of the
radioactive tracer during the early post-injection phase
reflects regional CBF, while the distribution during the
delayed post-injection phase reflects the existence of stored
radioactive tracers bound to the receptors. The distribution
of the radioactivity is consistent with the known distribu-
tion of the receptor in the human brain (Morimoto et al.,
2005). The pattern of storage of radioactive tracers in nor-
mal region is different from that in epileptogenic region.
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Observed difference in the distribution of the bound radioac-
tive tracer, therefore, can be a useful indicator of normality
of the receptor.

In addition, noticeable feature of our patient was that
he exhibited epileptic negative myoclonus only when he was
awake. We conducted the '2%|-IMZ-SPECT receptor imaging
study only in the daytime when NM occurred almost every-
day. The patient’s arms were at rest so that rCBF would not
change by the movement of arm. In the delayed-phase '*I-
IMZ-SPECT images, which reflect the specific binding of the
tracers to GABA-A receptors, we found statistically signifi-
cant decrease in the left medial frontal area.

The early-phase '2I-IMZ-SPECT imaging and magnetic
resonance imaging showed no abnormal findings, indicating
that the brain had no macroscopic structural abnormality
and that rCBF was preserved. The observation suggested
that the neuronal viability was preserved in the cortex even
though decreased binding of the tracers was observed. We,
therefore, ruled out the possibility that the decrease in bind-
ing of the tracers is caused by the loss of neurons.

Since the neuronal viability was preserved, there are
two possible mechanisms of reduced receptor-binding dis-
tribution; weakened function of GABA-A receptor, or low
density of GABA-A receptor. Invasive microscopic techniques
are ideal to identify the mechanism. Techniques we were
allowed to employ, though not invasive, still enable us to
ensure the reliable understanding if we carefully compare
possible interpretations.

The finding in the present study was a deficit in GABA-A
receptors, which was caused by either weakened function
or low density, or by both, in this particular area. Since
GABA-A receptor mediates fast-acting inhibitory mechanism
on postsynaptic neurons, which prevent the propagation
of abnormat synchronization of neuronal populations, the
deficit in GABA-A receptors indicates that abnormal synchro-
nization was mediated by the lack of inhibitory postsynaptic
mechanism.

NM-related EEG abnormality

Some of the electrophysiological studies in the literature
have been demonstrated possible association of EEG wave-
forms with NM. Findings in most of these studies were
regarding spikes and/or sharp waves that were recorded in
EEG. Such reports include both non-invasive studies (Ugawa
et al., 1989; Oguni et al., 1992; Rubboli et al., 1995;
Baumgartner et al., 1996a; Meletti et al., 2000) and an inva-
sive study (Noachtar et al., 1997).

Our results exhibited small spike-like negative notch
recorded by SPLA. The notch was recorded on the midline
and parasagittal left fronto-central area. The peak latency
of the notch was 30ms before the onset of SP. The char-
acteristics of the small notch and its peak latency were in
line with the NM-related spikes reported in the literature
mentioned above.

A striking feature in the present study was, however, that
the spike-like notch looks as if it is superimposed on the
slope of negative slow activity. SPLA revealed the temporal
relationship of the slow activity and NM; the slow activity
started about 100 ms before the onset of the SP and lasted
for around 300 ms.

Since little attention has been paid to this kind of slow
activities in the literature so far, only a few researchers men-
tioned slow activity that was supposed to be related to NM
(Cirignotta et al., 1981) or to myoclonic jerks (Wilkins et
al., 1985). Cirignotta et al. (1981) reported the slow compo-
nent of a spike-and-wave-discharge associated with loss of
tonus of outstretched arm, which is synonymous to NM, They
pointed out that the slow component exerted the inhibitory
effect to the arm maintaining the posture.

The mechanism of the slow activity was still to be exam-
ined. One possibility is that the jitter in.averaging might
obscure the electrical activity with shorter duration. The
SPLA indicated that the NM-related electrophysiological
abnormality existed on the midline and parasagittal fronto-
central area on the left hemisphere. Although the functional
significance of the slow activity has not been fully under-
stood yet, we can safely say that the slow activity on the
midline and parasagittal fronto-central area was associated
with NM together with the spike.

Cortex associated with NM revealed by the
combined study of IMZ-SPECT and SPLA

Non-invasive studies using scalp EEG reported two different
but adjacent locations of NM-associated spikes; contralat-
eral perirolandic area (Ugawa et al., 1989; Oguni et al.,
1992) and contralateral frontal area (Rubboli et al., 1995;
Baumgartner et al., 1996a). Invasive methods using elec-
trical cortical stimulation by means of subdural and/or
depth electrodes provided more detailed information on the
cortical areas as generators of ENM. Primary sensorimotor
area (lkeda et al., 2000), post-central somatosensory cortex
(Tassinari et al., 1995; Noachtar et al., 1997), and premo-
tor cortex including supplementary motor area (Rubboli et
al., 2006) were reported to cause disturbance in sustained
muscle contraction. These studies indicate that there are
several cortical areas which can generate ENM.

Since the present study lacked the opportunity to apply
F1 and F2 or C1 and C2 electrodes due to the limitations
of clinical setting, detailed contour map of electrophysio-
logical activities was not obtained. Both '2I-IMZ-SPECT and
SPLA we employed, however, captured distinctive abnormal
neuronal activities. In pharmacodynamic imaging, '?*|-IMZ-
SPECT revealed that the uptake of '2I-IMZ was decreased
in the contralateral medial frontal area. In our examina-
tion using EEG, the NM-related signal was recorded on the
contralateral fronto-central region.

Although the abnormal cortical sites in these two
methods did not match precisely, we speculate that the
abnormal area associated with ENM in this particular patient
was on the left medial frontal lobe, as demonstrated
by '2|-IMZ-SPECT. The chemical imaging of SPECT shows
the actual distribution of the tracers, which reflects the
function of different areas in the brain. Focal decrease
in IMZ binding indicates either the lowered function of
benzodiazepine/GABA-A receptor or decreased neuronal
viability in the corresponding cortical area. Since we ruled
out the decreased neuronal viability, the result suggested
functional abnormality in this particular area.

As a fundamental characteristics of scalp EEG, this tech-
nique cannot always accurately locate the cortical source
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of abnormal electric activity. When the pathological area is
in the interhemispheric fissure, scalp EEG cannot locate the
abnormal signal immediately above the source because the
dipole is tangentially oriented to the scalp. The zero isopo-
tential line is located on the scalp immediately above the
source.

The fact that EEG detects electrical activity the source
of which might exists somewhere other than the immediate
vicinity suggests that some form of signals may be transmit-
ted from one cortical site to another. Plausible explanations
of the spread of electrical activity in the brain are, for exam-
ple, transmission through neuronal network (Baumgartner
et al., 1996b) or volume conductor (Sasaki et al.,
1996).

Since the neuronal network is well developed both within
and outside of the frontal lobe, one possibility of detect-
ing EEG signal on the scalp electrode is that the electrical
activity recorded in the present study was the signals con-
veyed by this network. It is well known that medial frontal
area had strong fiber connection to the primary motor area
(Baumgartner et al., 1996b). Since the motor area is located
immediately beneath the contralateral convexity, the lat-
eralization is contralateral to the motor phenomenon. The
epileptic discharge originated in the medial frontal region
was conveyed through cortical network, reached the left
precentral motor area, and was recorded on the scalp elec-
trodes placed on this area.

The other possibility is that the signal may reach the
detector of EEG through volume conductors, such as the
cerebrospinal fluid, which has low impedance and con-
tributes to a so-called "shunting effect’ (Sasaki et al., 1996).
Since the signals of abnormal electric activity in the medial
aspect of the frontal lobe may go through these transmis-
sion routes, the maximal amplitude on the scalp appears not
immediately above the source but somewhere apart from
the actual location.

In some cases, so-called ‘paradoxical lateralization’
(Adelman et al., 1982) might be a cause for concern. Para-
doxical lateralization is a phenomenon that the voltage of
abnormal discharge, such as an epileptic spike, is higher
on the ipsilateral side to the affected limb. In the lit-
erature, the phenomenon is reported to occur when the
generator is in the medial cortical area within interhemi-
spheric fissure and has its spatial dipole oriented obliquely
to the recording electrodes on the scalp. We speculate that
the spatial orientation of the abnormal discharge in the
present study was not oblique to the scalp. The abnormatl
discharge was recorded on the scalp in the parasagittal areas
and with higher amplitude in the pathological (left) side
through the cortical network, or by a so-called 'shunting
effect’,

Concluding remarks

Abnormal functional area related to ENM was delineated
by two different techniques: pharmacological imaging and
electrophysiology. The result of '*I-IMZ-SPECT was supposed
to identify the location of the area that caused the abnor-
mality.

Silent-period-locked-averaging (SPLA) EEG revealed
spike and slow activities both of which are supposed to

be associated with NM. Combined use of the two methods
provided high resolution both in spatial and temporal
domain.
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162 Seizures Induced by Th

Praxis

Yushi noue

Short Description
Praxis and spatial thinking may precipitate seizures, typically
in juvenile idiopathic generalized epilepsies.

Definition of the Terms

Praxis refers to the process of transcoding thinking into vol-
untary or intentional acts (Inoue et al. 1994). Spatial thinking
and the eventual action represent the two ends of the spec-
trum (€ Fig. 762-1). A seizure may be induced by praxis
typically when a patient is required to think of a complicated
spatial task in a sequential fashion, to make decision, and to
give response by using a part of the body under stressful
circumstances. Processing of spatial information (spatial
thinking) or ideation of motor activity alone can induce
seizures {(Inoue and Zifkin 2004). Praxis induction is more
than simple seizure triggered by proprioceptive input or
simple repetitive movement.

Demographic Data

Onset Juvenile

Prevalence 7.9% (Matsuoka et al. 2000). The vast majority
of patients have idiopathic gencralized epilepsy, especially
juvenile myoclonic epilepsy (JME). Approximately one-third
to one-half of the patients with JME demonstrates praxis-
sensitivity {Guaranha et al. 2009).

Clinical Manifestation
The precipitating factors include ideation or execution of
complicated actions involving sequential spatial processing
such as written or mental calculation, plaving games, drawing,
writing, construction, plaving musical instruments and com-
plicated finger manipulations. Calculation, construction and
writing are the most effective trigger. Simple handling never
constitutes a trigger. Stress and concentration of attention are
important additional contributors to precipitate seizures.
The types of seizure induced are typical of juvenile idio-
pathic generalized epilepsy, including myoclonus, absence
and tonic-clonic. Motor symptoms such as myoclonus may
predominate in the body part involved in executing the

&

inking and

intentional activity, often in the preferred hand. Unprovoked
seizures are also common.

Pathophysioiogical Mechanism

The hyperexcitable regions and systems activated by praxis,
which can be diffuse but not necessarily uniform and differ
in degree and extent, may produce epileptic activity that
involves the cortico-reticular or cortico-cortical pathways
{Ferlazzo et al. 2005). The induced clinical manifestations
may be symmetrical, asymmetrical, or even localized.

Diagnostic Procedures

Interictal EEG (€ Figs. 162-2 and € /162-3): Runs of spike-
wave that may be bilateral and diffuse, predominantly unilat-
eral, or even localized, as often seen in idiopathic generalized
epilepsy.

Ictal EEG (€8 Figs. [62-2 and €% 102-3): Burst of spike-waves
or polyspike-waves during neuropsychological activation in-
cluding spatial and praxis tasks.

Brain MRl Not informative, often normal.

fNosology

Epilepsy with praxis-induced seizures constitutes a subgroup
across the whole spectrum of juvenile generalized epilepsy
syndromes; in this respect praxis-sensitivity resembles
photosensitivity, but the two differ in the location of cortex
excitability. There are also many similarities between primary
reading epilepsy and epilepsy with praxis induction (Wolf and
Inoue 2002): both have juvenile onset, are idiopathic, have a

- benign course and respond to similar antiepileptic drugs,

involve both higher cortical and motor performances,
and manifest ictal motor symptoms starting in the same
motor segment where the precipitating activity takes place
(%% Figs. 162-4 and €% 162-5).

Prognosis

Most patients respond well to antiepileptic drugs used for
idiopathic generalized epilepsy, but some have intractable
course.

C.P. Panayiotopoulos (ed.), Adas of Epilepsies, DO 10.1007/978-1-84882-128-6_162,

< Springer-Verlag London Limited 2010
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Figure 162-1, Schematic representation of the relation
between action, spatial thinking and praxis. Myoclonus
occurs more often when the motor component is
involved, while spatial thinking alone precipitates absence
more frequently
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Figure 19722 EEG paroxysms induced by written calculation in a 49 year-old women with concomitant myoclonus of the upper
extremities (feft part)

Figure 162-%. EEG and MEG paroxysms induced during game playing in a 19 year-old boy
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Management

Avoidance of precipitating stimuli is usually not possible
in daily life. Medical treatment is often necessary and non-
specific facilitating factors such as sleep deprivation should be
avoided.
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