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Postsurgical outcome according to the seizure-onset pattern.
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Seizure-onset patterns in focal cortical dysplasia and
neurodevelopmental tumors: Relationship with surgical
prognosis and neuropathologic subtypes
*Stanistas Lagarde, *#Francesca Bonini, *# Alleen McGonigal, *tPatrick Chauvel,

o u

Pre-spiking prior to LVFA -

.

Burst of polyspikes
*#Martioe Gavaret, {Didier Scararda, #{Rommain Carr, §jean Régs, *Sandrine Aubert, prior to LVFA . _
*Nathalie Villeneuve, tBernard Giusiano, § Dominique Figarella-Branger, * Agnes Trebuchon,

and *#Fabrice Bartolomei Slow-wave /DC shifts
prior to LVFA

Epilepsia, 57(9):1426-1435, 2016
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Rather good, surgical outcome

Rapid development pattern
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Rapid develop pattern of ictal DC shifts occurred
in 61% of seizures and
in 67 % of the patients.
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Scalp EEG ictal pattern is good for HFO analysis,
but may not be always for ictal DC shifts
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Epilepsy
Clinical Infraslow EEG for many neurological disorders:
a window of astrocyte and mysterious magic of Klhomeostasis

Akio IKEDA, MD, PhD, FACNS
Department of Epilepsy, Movement Disorders |
& Physiology
Kyoto University Graduate School of Medicine
Kyoto, JAPAN

[ICof2sec scalp EEG could open the window for diagnosis,
genenator mechanisms, and treatment in neurological dlsorders
besides epilepsy

E‘gile%ﬁ
@ ctive shifts, Kir4.5, tripartite synapse, CSD

Cortical spreading depolarization|

ligraine aura is similar to epileptic aura gesnts
in semiol =000

delta slow, :
(Hosokawa et al., Clin Neurophysiol, 2024) snl

3 P shemle: o
transient focal neurological episode
Amyloidspellin cerebral amyloid anglopathy (CAA)

4)

Critical care, Head trauma
Burst suppression with SISA(short infraslow activity) (Tougo et al, 2022)
OMoyamoya disease (Hayashi et al., 2025, in press)

DC Brain potentials

Physiological DC potentials
Event related potentials (ERPs)

Pathological DC potentials
Spontaneous DC potentials

. - eizure-related DC-deflection
F°‘;f;’::f:fgc“"d ‘ Pre-event DC ‘ infraslow activity (ISA)
porencar ictal DC shifts:
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VEP — N Spreading depfession
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BP(MRCP) N " ——
Nerofeedbaci CNV Terminal negative depolarization |
;Snlguwcgg"g;a\; Is 1 hypoxicfischemic SD-like event
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Brain (1992), 115-1017-1043 BP/NS’
MOVEMENT-RELATED POTENTIALS RECORDED Pre-SVA SMA proper
FROM SUPPLEMENTARY MOTOR AREA AND
PRIMARY MOTOR AREA il

ROLE OF SUPPLEMENTARY MOTOR AREA IN VOLUNTARY
MOVEMENTS
MI-Si(hand)
by AKIO IKEDA,'*® HANS 0. LUDERS,' RICHARD C. BURGESss' and
HIROSHI SHIBASAKP Contralateral Ipsilateral

(From the 'Section of Epilepsy and Clinical Neurophysiology, Deparmen of Neurology.
The Cleveland Clinic Foudation, Ohio, USA, the *Division of Neurology, Department of Internal
Medicine, Saga Medical School, Saga and the *Department of Brain Pathophysiology.
Kyoto Universiry School of Medicine, Kyoto, Japan)

Central motor control study of ACTION

Precentral (A1)
Readiness potentials
— e oo Bereitschaftspotentials

| = before voluntary movement onset

T

— 5 el
4100 +50 4250 (msec.)

Clinical Neurophysiology 170 (2025) 182—191|

Contents lists available at ScicnceDircer

Clinical Neurophysiology

Self-regulation of slow cortical potential and seizure suppression by scalp
electroencephalography: Early prediction of therapeutic efficacy

Tomoyuki Fumuro™’, Masao hashi *, Masako Kinoshita ©, Riki de

Ryosuke Takahashi ©, Akio Ikeda

Conclusions: Patients who acquired NFB control within a short period, i.e., 3 weeks,
were more likely to exhibit a lower post-training seizure frequency.

Significance: SCP self-regulation can be acquired within a short period and is
associated with seizure reduction.

Before the \nteevaipeiiod After the
first training phase PNV periol second training phase

1 training phase: 2 training phase
Baseline session 1-20 Home training session 21-35 Home training
2 months 3 wooks Ii 1-5 month(s} 2 weeks Ii >3 months

Training of NFB method at hospital
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DC Brain potentials

Physiological DC potentials
Event related potentials (ERPs)

Pathological DC potentials
Spontaneous DC potentials

High Frequency Oscillation: HFO
(High Frequency/Gamma Activity: HFA/HGA)

Pathological HFO

‘ Physiological HFO (HFA ‘
Y 9 ( ) Ripple (80-200 Hz), Fast ripple (>250 Hz)

P roelatod DCdefloctin | Eventrelated | St oked ||| IctalHFO | | Interictal HFO |
Post-stimulation and : e :
post-event DC Pl:;;l:‘rilatlgc |[1fraslow acthlty.(ISA) | |
Vil + Motor I -+ Somatosensory « lIsolated
« Language « Visual « Spike-related
cmimmﬂ!vnunm « Other cognitive « Auditory « Slow-related
functions =Red slow
BP(MRCP N N -
Nerofeedbac, Terminal negative depolarization
Slow cortical I'hypoxiclischemic SD-like event
Induced by VNS . ive (i i )
« Non-invasive (scalp EEG, MEG)
‘Amplitude (V) — averaging required .
= S = e (made by Kobayashi K, lkeda A, 2018)

€ of2sec scalp EEG could open the window for diagnosis,

genenator mechanisms, and treatment in neurological disorders
besides epilepsy

‘ Egile%%
ctive shifts, Kir4.5, tripartite synapse, CSD
. . L. . ) Cortical spreading depolarization
ligraine aura is similar to epileptic aura
in semiol B i

delta slow, B
(Hosokawa et al., Clin Neurophysiol, 2024)

3)
transient focal neurological episode

Amyloidspellin cerebral amyloid angiopath‘y (CAA)

4) Critical care, Head trauma
Burst suppression with SISA(short infraslow activity) (Tougo et al, 2022)
loyamoya disease (Hayashi et al., 2025, in press)

Digital wide-band EEG could provide us with both infralow/ DC shifts and high frequency
oscillation together for invasive EEG as well as scalp EEG as the potential biomarker
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Infraslow, DC shifts: High frequency oscillation

Astrocytes Neuron
Local field potentials, action potentialg

1) Worrell, 2008, Brain, 2) Ikeda, 1996, Epilepsia, 3) Kajikawa, 2022, Clin Neurophysiol, 4) Grinenko, 2018, Brain
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Epilepsia ! n .
RESEARCH ARTICLI Peep Wide-band EEG: a mysterious and very useful technique
Recolved: 16 FEbruary 2024 | Revised: 11 July 2024 l Accepted: 17 July 2024
Investigating current clinical opinions in . .
stereoelectroencephalography-informed epilepsy surgery 1) What is the wide-band EEG?
John Thomas'*® | Chlfnou,\bdajlhh' | ZhengchenCa.I;‘l Kassem Jaber' | 2) SpeCial machine? _
Jean Gotman' | GREE ° | S ” Out of 14 ictal s-FEG
A features ) )
Seizure omset patterns 3) Is it useful? Is it redundant? Just only research?
OpINion from  cusesssesure oot
52 experts s 4) Useful oniyininvasivelEEG?)
(e | 50.29in each
B 5) Is it recorded by scalp-EEG?
Fipples
Propagation patterns
Spike-ripple/Spike gamma q
e 6) EEG technologist could analyse?
Post-ictal spikes
00 01 02 03 04 05 06 07 08 09 10
Response (%)
21 22

Application of LFF and HFF Time constant (TC)

to filter out slow components

0=
§ 20 o 7D9 EEG
o 30 (& oo
§s0f b [———  SlowEEG
< 75
®
100

05 Ul .5 1

Hz

FIG. 832 Window oa LF filter 0.3 Hz and HF fiter 70| Hz. Based o0

frequency respoase curvk published by Grass Instrument C: y (1970, with
perma
LFF=0.5 Hz HFF
TC=0.3s 70 Hz | TC x LFF =O.16(1/2ni

0.1 sec 1.6 Hz
0.3 sec 0,5Hz

Wide-band EEG in clinical (invasive) recording:

elose butstill.a research topic

Tonic bilateral postaring  Bilateral clonic twitching

l EEG & clinical end
X L2 X R——" /M | . TC=10sec

Ba-A1 PN
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1=V e

ey (lkeda et al, Epilepsia, 1996)
DC shifts, infraslow

HFO (high frequency oscillation)
(Worrell et al., 2008) Berger Bands Gamma
<+ > ast Rippie

1 sec 0.16 Hz — scalp o De Infrie-Show Slow Fast Multi-Linit and Unit
2sec 0.08 Hz — scalp, invasive = 0 i o
| 10 sec 0.016 Hz — invasive 0.1Hz 1Hz ,m“ e umd 150Hz 1900Hz
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Ictal DC shift preceded ictal HFO in invasive recording. Y
(Imamura et al.,2011) (Kanazawa et al. 2015)(Daifu et al.,2016)
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A comparison to epilepsy surgery outcome

Retrospective study Prospective study

+Jacobs J et al. Neurology.
2018;91(11):e1040-e1052.
5 institutes

Interictal HFO

*Zweiphenning W et al. Lancet Neurol.
- 2022; 21(11): 982-993

3 institutes

Non-effective
« Nakatani M et al. Brain Commun. 2022;

4(5) : feac222. doi:
Wide-band EEG | 10-1093/braincomms/fcac222
(Ictal DC shifts | 8 institutes in Japan

ictal HFO) Effective

SDG(subdural grid)
— SEEG

Not yet

(a table made by Prof. T Maehara, Tokyo, Japan, 2024)
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A comparison to epilepsy surgery outcome

Retrospective study Prospective study

+Jacobs J et al. Ann Neurol. 2010;67:209-220 | +Jacobs J et al. Neurology.
“Akiyama T et al. Epilepsia 2011;52:1802— 2018;91(11):¢1040-e1052.

Interictal HFO | 1811 5 institutes
« Van Klink NEC et al. Ann Neurol. 2017; 81:
664-676 *Zweiphenning W et al. Lancet Neurol.
others 2022; 21(11): 982-993

3 institutes

Non-effective

Effective
r SDG(subdural grid)

Wide-band EEG

(lctal DC shitts — SEEG

ictal HFO)
tal HFO Effective Not yet

(a table made by Prof. T Maehara, Tokyo, Japan, 2024)

w potential shifts
ictal DC shifts
BP(MRCP)
CNV:

Nerofeedback (NFB)
Slow cortical potentials by VNS

Steady potentials (DC potentials; (slano, 1968)

DC amplifier or long time constant(10sec) of AC amplifier needed
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Epilepsia, 31(7):662-674, 1996 )
Lippincott—Raven Publishers, Philadelphia
© International League Against Epilepsy

Subdural Recording of Ictal DC Shifts in Neocortical
Seizures in Humans

Akio Ikeda, Kiyohito Terada, *Nobuhiro Mikuni, {Richard C. Burgess, §Youssef
Comair, *Waro Taki, tToshiaki Hamano, tJun Kimura, ¥Hans O.Liiders, and Hiroshi
Shibasaki

Dep of Brain Pathophysiology, * rgery, and tNeurology, Kyoto University School of Medicine,
Shogoin, Sakyo-ku, Kyoto, Japan; and Departments of ¥Neurology and §Neurosurgery, The Cleveland Clinic
Foundation, Cleveland, Ohio, U.S.A.
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Hypothesis of active vs. passive DC shift in the ictal period

onset |/‘,
X . . YA
ﬁgraventlonal ictal pattern annatt AN | time
. nmvun‘u‘,‘u\lw\\“ U \/
\f
- DC shift 3 @ @ SIS time
1960s (drawn by the help of Murg

(3Active DC shift |@ @ Passive DC shift
Chronic epilepsy ] [Acute symptomatic seizure]

Clinical state

Clinical |patients |Habitual seizures Non-habitual seizures

Basic animals | Chronic model (Rcute model \
Chronic pilocarpine model Acute pilocarpine model
LGi1 rat model
NER(=Noda epilepsy rat model) |\o

(b, RETEIEHENZ0Z0NEUFSCIEREaIRESEREMI the working hypothesis of AMED

research team of Epilepsy and Glia, chaired by Maehara, Japan, 2015-2018)
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Clinical neurophysiological features of epileptic seizures
1) PDS (paroxysmal depolarization shifts)
2)

related ictal DC shifts

Contents lists available at ScienceDirect
Neuroscience Research

journal homepage: www.elsevier.com/locate/neures

Review article Neuroscience Research 156 (2020) 95-101

Active direct current (DC) shifts and “Red slow”: two new concepts for
seizure mechanisms and identification of the epileptogenic zone
Akio Ikeda®, Hirofumi Takeyama®, Christophe Bernard*, Mitsuyoshi Nakatani®:,

Akihiro Shimotake*, Masako Daifu, Masao Matsuhashi*, Takayuki Kikuchi',
Takeharu Kunieda"*, Riki Matsumoto”, Tamaki Kobayashi', Kazuaki Sato*

33

/s important both after seizure and
before seizure, that may triggger{seizure as the Rumoral factor)?

Active Tripartite synapse

Glu
mGlu receptor

EAAT1(GLAST)

or dysfunction

Kird.1

——

—enhancing neuronal activation by glutamate
(Armbruster et al, Nature Neurosciece, 2022)

Decreased at DC shifts area
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Ictal direct current shifts contribute to defining the core ictal focus
in epilepsy surgery 3
Mitsuyoshi Nakatani, MD &, Morito Inouchi, MD, Masako Daifu-Kobayashi, MD, Tomohiko Murai, MD,
Jumpei Togawa, MD, Shunsuke Kajikawa, MD, Katsuya Kobayashi, MD, Takefumi Hitomi, MD, Takeharu Kunieda, MD,|
Satoka Hashimoto, MD, Motoki Inaji, MD, Hiroshi Shirozu, MD, Kyoko Kanazawa, MD, Masaki lwasaki, MD,
Naotaka Usui, MD, Yushi Inoue, MD, Taketoshi Maehara, MD, Akio lkeda, MD =
Brain Communications, fcac222, https://doi.org/10.1093/braincomms/fcac222
Published: 03 September2022  Article history ¥
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Methods: patients and recording [
AMED (Japan Agency for Medical Research and Development) study

5 institutes in Japan have participated in the study
Kyoto University Graduate School of Medicine, Kyoto
Tokyo Medical and Dental University, Tokyo
Nishi-Niigata Chuo National Hospital, Niigata
National Center Hospital, National Center of Neurology and Psychiatry, Tokyo
Shizuoka Institute of Epilepsy and Neurological Disorders, Shizuoka

Medically intractable focal epilepsy patients
- chronic placement of intracranial electrodes
- ECoG : sampling rate 1000 or 2000 Hz, time constant 10 sec

icDCs were defined as sustained negative and/or positive potentials longer than 3
sec, at least 200microV, preferentialy >1mV, viewed in a setting of a TC of 10 sec
(Ikeda et al., 1999, Brain)
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Large cohort studles on postoperative outcomes are still lacking. , patient-specific patterns were identified.
Ictal HFO frequency band was either stable or became slower
EEG Data
acquisition A. Representative case in previous study (Patient 4)
(n=61) - DO1-AV (52#8) [y ] ¢ DO1-AV (Sz #9) |l e
Patient excluded m : I by 4 GHL A
« only induced Sz (n=1) - o !
= | - recorded with TC 2 sec (n=1) .t ,\4—,\— p— . S e e — O
v + SOZ supposed to be outside of N | R |
implaated clectrodes (a=6) bt R B B s
EEG Data ! N i !
for DC/HFO analysis ] o =5 s
(0=53) - B. Patient 10
Patient excluded DOS-AV (Sz#7) | o8 DO9-AV (Sz #10) | o0me
+ SOZ was supposed to be 1 - 1
_— in bilateral temporal (n=1) h ™
v « palliative surgery (n=1) A aai ‘e — o y — omz
« only MST operation (n=2) | |
EEG Data i R
. f A — /
for outcome analysis i |
(n=49) [ o : T | Soien o |
Results: onset time  mam G S
. . . . ‘m: % DG andHFOs ampitude  duration  frequency  duration
lIn 27 out of 46 patlents ShOV‘VII‘lg both }cte}l DC and ictal HFOs, L i r——— = () () ) =)
ictal DC onset time was statistically significantly earlier than ictal HFOs =
aktani et a
i — AC I 2> N % > 6 | 3 d03TESI0  158:78° R(FR)  70:4d
10 | Todaela, T {subdora) 25 ) - (o)
5 A = = . = -
1999 (n=9) 84 (scalp) 23 (scalp) 50- (scalp)
conventional ECoG onset Moduretl, Sustained
cf 10 o % f 10-15200de) - -2 R ]
3 20099 (n=1) (no detal)
@
210 202::::_"“‘ el - 5 - - w000 1-48 - -
A5 ictal DC: -1.8+6.0(s) -~ )
. juetal., -
20 - s ictal HFOs:  +1.5£5.5(s) 2080t 1] ] 6 9 ] 193 17008910 5180  RFR
- . . .
25 _— (time 0: conventional ECoG seizure onset) K:a:':::: wl ® 5 (Y - 1228 B5L156 RFR 107407
-30
. e o Thorgsnetal, 1 fy - 10 - - 00850 -owrtt) - -
(Wilcoxon signed rank test, :p<0.001) 0169 =15) 3 over
*: Long-asting icDC or icHF Os beyond 30 sec analysis time-window after the seizure onset were excluded due to the limitation of the software.
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Results: surgical outcome ° Results: surgical outcome )
[EGMPISIEESERHBof ictal DC and ictal HFOs ‘core’ areas [EOMPISIETESEEHoNof ictal DC and ictal HFOs “core’ areas
significantly correlates with good surgical outcome. significantly correlates with good surgical outcome.

Ictal DC evaluation s Ictal HFOs evaluation Ictal DC evaluation : Ictal HFOs evaluation
s : . _
1o0m ' Toon 1oom p— HIE™ [—
| - oy u N
o s 4] o eyl o 5.,/ - ;../ ]
o “Engu® | ox Enget W P - Enget w
atrour trgun “trgun
o OCorefq) OC coreR-N) : b MFO core Re | HPO core R (1) HFO cove R (N bt OC e Rg. - - R (1) HFO cove R- (M)
5. 46/49 i 36/49 5. 46/49 : 36/49
Good Bad H Good Bad | Good Bad H Good Bad |
DC core R+ 23 7 1| HFOs core R+ 18 7| DC core R+ 23 7 i | HFOs core R+ 18 7|
OC core R- 7 B T[ HFOs core R- a 7 BC core R- 7 ° T HFOs core R- a 7
(p*0.044, Pearson's chi-square test) ' (p=0.043, Pearson’s chi-square test) (p0.044, Pearson's chi-square test) : (p=0.043, Pearson’s chi-square test)
OVErREINGEa » £nge! 1 OVEREINGTI98 Enge! / OVErEINGE%  £nge! / OVEREINGT98 - Enge! |
41 42
Conclusion

1) ltis the first large cohort multi-institutional study on wide-band EEG
analysis and postoperative outcomes in Japan.

2) [EDes onsehwas stafisticallyearlienthan icHFOs onset in both MTLE and
Neocortical epilepsy.

3) [EDSITOENEqUENIEEOrdEdthan icHFOs among both patientsi(92%]
vS. 71%) and seizures (86% vs. 62%).

4) Complete resection of the core area of icDCs significantly correlated with
favorable outcomes, similar to icHFOs outcomes.

5) The independent significance of icDCs and icHFOs should be considered
as reliable biomarkers to achieve favorable outcomes in epilepsy surgery.

Clinical Neurophysiology 137 (2022) 113-121

Contents lists available at ScienceDirect

)
Clinical Neurophysiology &&

ELSEVIER journal h www.elsevier. | [clinph

Two types of clinical ictal direct current shifts in invasive EEG of
intractable focal epilepsy identified by waveform cluster analysis

Hw

Shunsuke Kajikawa?, Masao Matsuhashi®, Katsuya Kobayashi?, Takefumi Hitomi,

Masako Daifu-Kobayashi?, Tamaki Kobayashi %, Yukihiro Yamao*, Takayuki Kikuchi ¢, Kazumichi Yoshida
Takeharu Kunieda ', Riki Matsumoto ¢, Akiyoshi Kakita", Takao Namiki', Ichiro Tsuda’,

Susumu Miyamoto®, Ryosuke Takahashi®, Akio Ikeda>*
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61%(5z), 67%(pt)

FCD1A Neuroepithel

_-DC shifts =- development; -
Kird.14.

v ‘ ,_,.\\
ph L

— S5sec A [ooometopen |
B 1o : =

Ssec, 100microV

A ) il

Ritls po [[oc onset o poms

(Kajikawa ea eureophysiol, 2022)

44

Type#2 DC shifts =slow development, FCD2A
Kird.1- 39%(Sz), 33%(pt)

Ssec, 100microV

R Wi s T

Kaji 7 Clin Neureophysiol, 2022)
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vs. FCD2A (including comorbid with glioma)
(Kajikawa et al., 2022)

vs. Type#2
s . Kird.1— (Kobayashi et al,, 2018),,

0 i Type#2=slow development|

8

Attenuation rate of amplitudes (%)
[ e
8 g & 2 3

3

development

5 10 15 20 25 30 35 i 3
Peafclatency (TC 10s) (seconds) O ek latelrsmy (Tzz:ﬂms) (secongg) »
© FCD1A 295z (5 PY) TYPEHISTyper2

a,t;eak /atte);C); 59 © OligoastrocytomaFCDIA 952 (1 PY) Type#1>Typerd
value cutoir or6.7s g ngFcpia 65z (1PY Type#1&Typet

@ Oligodendroglioma/FCD1B/FCD2A 10 Sz (1 Pt) Type#2

® FCD2A 18 Sz (4 Pt) Type#1<Type#2]

vs. FCD2A (including comorbid with glioma)
(Kajikawa et al,, 2022)

vs. Typeit2
w s . Kird.1— (Kobayashi et al., 2018),

% % . Type#2=slow development|
30 %0 . ;
70 N §70
60 - gsa
” - 2
™ Type #1 | Type #2

§ FCD IA 22 7

t FCD IIA 5 13 Hevelopment
pn p<0.01

35 0 5 30 35

Speak noy (e 102 secdr o s 20 s
eak latency ( $) (seconds) ! Peak latency (TC 10's) (seconds)

a peak latenc © Fcpia 295z (5 PY) TYBEEI>Typer

’3 t ff }; 8.9 @ Oligoastrocytoma/FCD1A 95z (1Pt) Type#1>Type#J
vaje cutorrorc.7.s g ngrepia 652 (1PY Typert&Typers
@ Oligodendroglioma/FCD1B/FCD2A 10 Sz (1 Pt) Type#2

® FCD2A 18 Sz (4 Pt) Type#1<Type#2]
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RESEARCH ARTICLE EpllepSla

Focal ictal direct current shifts by a time constant of
2seconds were clinically useful for resective epilepsy

surgery

Masaki Izumi'*© | Katsuya Kobayashi*® | Shunsuke Kajikawa‘® |
Kyoko Kanazawa® | Yutaro Takayama®® | Keiya lijima’® | Masaki Iwasaki’© |

7) TC s the attenuation marker for Gonstant voltage activity |

2) but
with increment and decrement.

Application of LFF and HFF Time constant (TC)
to filter out slow components

o

S 20 DC EEG\

s 30

Eso —— Slow EEG|

:75 D) Crmad — —
100 N

o Dy~ -
EMG

‘@‘ S e

FIG. 832 Window oa LF filter 4_) 3 Hz and HF ll.Al‘ 70 Hz. Based on
Yoji Okahara® | Seiichiro Mine® | Yasuo Iwadate'® | Akio Ikeda’s Srodmemcy resposse carv published by Ginss Lnstrument Compeyo (1975, i +——en P
. ) o LFF HFF TC  x LFF =0.16(1/2n
Most commonly used digital EEG (TC of 2sec) in the world is available, 0.3 Hz 70 Hz 0.1 sec 1.6 Hz
being as good as EEG used lesser (long TC of 10 sec) (TC=0.5s) Ve ey
sec . iz — scalp, Invasive
| 10 sec 0.016 Hz — invasive ; I
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Wide-band EEG: a mysterious and very useful technique

1) What is the wide-band EEG?

2) Special machine? Special technique?

3) Is it useful? Is it redundant? Just only research?
4) Useful only in invasive EEG?

5) Is it recorded by scalp-EEG?

6) EEG technologist could analyse?

Scalp EEG Could Record Both Ictal DC Shift and HFO Together Even
With a Time Constant of 2 Seconds (J Clin Neurophysiol 2020;37: 191-194)

Tomohiko Murai,* Takefumi Hitomi,*t Masao Matsuhashi,¥ Riki Matsumoto,* Yuki Kawamura,§ Masutaro Kanda,§
Ryosuke Takahashi,* and Akio Ikedat

e onset sbise 7C 2sec

> e > Scalp EEG
) Ictal DC shifts

T W 3 part of CSD features

b =

raw EEG (BPF:80 - 120 H) Trw

P4 Right parietal
(acute symptomatic seizure) acute
HFO (rippie) 0N
by time frequency analysis

Passive DC shifts
(BPF: 0.075-0.5 Hz)

raw EEG (BPF:0.5 - 80 Hz)

P3: Left parietal chronic = EEG omsat 10sec

(chronic focus) .
w L0038 . ot s Nt i 8
S T T Fow
Active DC'sh ‘ - :
v o mw gcute chronic

raw EEG (BPF:80 - 120 Hz) 0w

Active DC shifts
(8PF:0.075 - 0.5 Ha)

raw EEG (BPF:0.5 - 80 Hz)
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DC Brain potentials

Pathological DC potentials

Lt/ 9 L
Event related potentials (ERPs) Spontaneous DC potentials

TG of2sec sealp EEGicould open the window for diagnosis,

genenator mechanisms, and treatment in neurological disorders
besides epilepsy

%E”E%ﬁ
@ ctive shifts, Kir4.1, tripartite synapse, C‘SD

Cortical spreading depolarization|

ligraine aura is similar to epileptic aura
__— i lated DC-deflecti in semio
Pos;-:;r:lcl:::gca“d | Pre-event DC | infraslow activity (ISA) ) delta slow,
otentials "°‘°"""’ ictal DC shifts: (Hosokawa et al., Clin Neurophysiol, 2024)
-~ VEP Bercitschaftspotenta Spreading depressxon I 3)
Bace | / \\{ (Migraine) transient focal neurological episode ([IENES),
\ BP(MRCP) ) - = — Amyloidspellin cerebral amyloid angiopathy (CAA)
NerofeedbacK (NFB). NV Terminal negative depolarization
i?ﬁlgl\;vcggrg‘t;al / hypoxiclischemic SD-fike event 4) Critical care, Head trauma
Qtroke) ) - Burst suppression with SISA(short infraslow activity) (Tougo et al, 2022)
Ampitade (i) = averaging requred Am OMoyamoya disease (Hayashi et al., 2025, in press)
LI (< L L + ol D, AL hial 20171
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2) Migraine aura

Clrscal Neuroptryickogy 166 (M) 168-175

Contents lists available at SoenceDioct

Clinical Neurophysiology 0
journal www.elsevier ‘
Novel and reappraised wide-band EEG findings in migraineurs: Its )
correlation with several clinical variables =

Kyoko Hosokawa", Kiyohide Usami ", Yuu Tatsuoka*, Daisuke Danno, Takao Takeshima ®,
Yoshihisa Tatsuoka*, Ryosuke Takahashi’, Akio Ikeda "~

8 Neursdogy School of Medicine, Jopan
*Depertment of Epilepry, Movemers Divorders end Physivlag. Kyoto University Craduste Schood of Medicine Jopan

Tomnags Hospisa, jopan

HIGHLIGHTS

«OF 144 patients with migraime. Focal subdelta skow and Focal delta slow were observed in EEG of 38 and 58 patients, respectively.
«Focal subdelta slowd showed a positive correlation with several chinical variables. particulary with the phase of migraine.
« Focal subdelta slow o focal delta slow may help us delineate core or subgroup patient popalations of migraineurs.

FSDS =Focal subdelta slow  fps=rocal delta slow FDS=Focal delta slow
A 8 c

- A—
s s

FSDS=<1Hz: e
1 cycle duration
of >1sec and <3 sec...

et
s NAA) ) Pt et e TS s (05
- 131+ (g ot e 88 1 AL 1€ 8 (g o S2es 433

= - 3 4 3, Lo
hen 5 59 e AL 130 90 b 19} o

Hosokawa K, Clin Neurophysiol. 2024 Oct;166:166-175.

55

56

FDS was seen in 57/143, shlfled by age./suhdalta achvnty was seen in 37/143.

Age

%0 = occipital, PO = parietooccipiral, T = temporal, = frontal, multi =
705 = focal deha slow

FDS was seen in 57 out of 143, Subdelta activity was seen in 37 out of 143. o Y
FDS was equally seen both MA and MO All of them was seen at posterior area and during W
(x? test p>0.5). sleep. .
Subdelta activity was seen both MA and MO equally = | 1
Under 40 years old, patients tended tohave ~ (x* test p>0.5). won N IN S e

FDS in the posterior area.
While patients at age 40 and more tended to
have temporal FDS.

Subdelta activity tended to be seen in
under 40 years old.

3 /A cases were removed, LR B =r: ¥
{ the cases could not viewing| EEG byTC2.0sec) My

ubdelta activity was more frequently at symptomatic phase
& significantly seeninag with family historv.

Each phase of migraine & EEG findings ]

EEERERIRER

* There was no EEG recorded during phase of aura.

* The occurrence of FDS was almost same
at each phase.

* The occurrence of subdelta activity was more
frequently at symptomatic phase than interictal phase
(4 test p=0.0347) .

Interictal predrome headache postdrome \nterictal  predrome headache postdroy

% FDS =focal delta slow
* symptomatic phase = predrome + headache + postdrome
% 4 cases which have no data of phase were excluded.

80 Dpq OT BF OO+t Oother Onone | |

B0 Symptomas phase

Family history of migraine & EEG findings FDS occurrence (%)

§

* The occurrence of FDS was almost same in FH+and FH-.

* Subdelta activity was significantly seen in FH+ group (a group
with family history of migraine) than in FH- group ()¢ test
p=0.0323).

2 ¥ & %%

% FH = family history - -
F+ = with family history, FH- = without family history w0 om e B
% 4 cases which have no data of FH were excluded.

FHe FH-
B0 PO Dnone
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ere recorded
among 144 patients

FSDS occurrence rate, FDS occurrence rate

>
@

R zero
£100 "o £ 0 L
2 i
Em 0 Bw u’°
3 3 :
g fo "
8 Dot
» b = 7| o
i : || -
| ;om NN W
Tieica prodome  hestiche poudume Pecctl  powome | besdache  poudone
Symptomatic phase
e 3. Syrpeamatic w

fate uad bocation of PSS in v u\ﬂvpumllmn‘n e coomresn e
s,

Angane sgntscantly
o 0 - pmpets e i ptn hemfn o perecuo The S 15 . ot IRt 1 o et s o o g o7 B8
Frcorded Gurieg surs were shesned

Hosokawa K, Clin Neurophysiol. 2024, Oct;166:166-175.

Scalp EEG during migraine aura, 22 yo woman

montage, itivity:10 pv, Time 2.0s, High cut filter:120Hz
Fo1At e

Fraazt
Faar
Faaz
crar
canr

paat

paaz

orar

ora2

Frar e

Fraz

201

rons S———— W
501

Frar

crar
pear S 7 il A z
Intermittent irregular sub-delta(1 cycle duration of >1sec and <3 sec) regional bilateral occipital
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DC Brain potentials

Physiological DC potentials
Event related potentials (ERPs)

Pathological DC potentials
Spontaneous DC potentials

/6'/ lated DC-deflecti

Post-stimulation and N »
post-event DC | Fre-zlegt lgc | infraslow activity (ISA)
pofenta ictal DC shifts:

|
Bereitschaftspotential Spreading depre;s:m\\
cnv Migraine) |

AN

BP(MRCP)

%lerofeedbac NV é/l'erﬂ\al negative depolamn\
low cortical s U i jic SD-i
induced by VNS I hypoxicfischemic SD-like event
B stroke)
[ Ampitude (V)—averagng requred |
L [ L Yol ol D AL hial 2017)
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I of2sec sealp EEGicould open the window for diagnosis,

genenator mechanisms, and treatment in neurological disorders
besides epilepsy

il
Active DC shifts, Kir4.5, tripartite synapse, CSD

Cortical spreading depolarization|
@Migraine aura is similar to epileptic aura ——
in semiol T

delta slow,
(Hosokawa et al., Clin Neurophysiol, 2024)

3)
transient focal neurological episode (|

de ([IENES),
Amyloidspellin cerebral amyloid angiopathy (CAA)

4) Critical care, Head trauma
Burst suppressmn with SISA(short infraslow activity) (Tougo et al, 2022)
M i H hi et al.. 2025, in pre
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Moyamoya disease (Hayashi et al., 2025, in press)

Slow and infraslow of scalp EEG is associated
with transient neurological events (TNE)
in Moyamoya disease

Kozue Hayashil, Kiyohide Usami2, Masaya Togo3, Yukihiro Yamao#,
Akihiro Shimotakel, Takeshi Funaki4, Takefumi Hitomi®, Takayuki
Kikuchi4, Masao Matsuhashi2, Kazumichi Yoshida4,
Susumu Miyamoto# Ryosuke Takahashil, Akio Ikeda?

1. Department of Neurology, Kyoto University
2.Department of Epilepsy, Movement Disorders and Physiology, Kyoto University
3. Department of Neurology, Kobe University
4.Department of Neurosurgery, Kyoto University
5. Department of Clinical Laboratory, Kyoto University

(Hayashi et al.,Clin Neurphyol,. 2025, in press)

We focus on the transient neurological event (TNE)" with moyamoya disease.
TNE is a common phenomenon after direct revascularization.

EEG slow s associated
with the TNE?

Transient neurological events
cerebral blood flow change (TNE)

Cerebral artery stenosis
after revascularization

very slow wave (< 0.1Hz)

previous cases?

penumbra e —— o
cerebral biood flow change infarction

in cerebral vascular disease

1) Y Araki, &t al, Newrosurgical Review 2021, 44, 2785-2795 2) C Doehnmen, et al. Ann Neurol 2008:63:720-728
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ISA occurred on the same day of TENES, delta only did not

DC Brain potentials

" o o i o w1 o
® go o "~ - = Physiological DC p Pathological DC potentials
et ‘- e o posl o Event related potentials (ERPs) Spontaneous DC potentials
0000000000 !
4 + #24|
’ __—- i ‘v.-.f-_, ) __— | Seizure-related DC-deﬂecti}I\
- o o o N nanng Eostetmuiatonand Pre-event DC infraslow activity (ISA)
000 o (o) post-eve'nt DC " £
5 % - otentials ictal DC shifis:
# o
o0 ©oo (e i{e "] .‘ ,! o . {
L IG o : g;g,; ‘ ﬁ;..m.n.mN preadnd SR T incy I
0 0] EEG (winout ramarkati change)
gl 7 i nitae i Nerofeedback (NFB: \_BP(MRCP) rminal negative depolaﬁﬁw\
= * erofeedbac| ),
"ol "6 " | cosesssnn VR SRS Slow cortical Is \%/ I hypoxicfischemic SD-like event
o T RS T e 5 nciuced|byAVINS B (STroKa)
;;_hﬁ_ﬁy + v ‘Amplitude (V) - averaging required
P ¢
LI, < L L i+ ol D, AL hial 2017)
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Burst spikes=PDS (from Neuron) & SISA (most likely from astrocyte)
(Tougo et al, J clin Neurophysiol, 2022)

Cerebral Amyloid Angiopathy-Related Transient
Focal Neurologic Episodes

fric £.Smith, MO, MPH, Andreas Churiimou, MO, PO, Cerik Ayata, MD, Duvid } Werring, MO, and Correspondence
Seven M. Greeriberg, MO, PHO Or. Sty
ecamthucaiginy.ca

Newology® 202097 231-238. doic] 011212/ WNLOOO0000000 1 234

Abstract Ripwe 2 Possble Mechaniams Trggering Spre]
Oepolarasders

Transient focal nearologic epésodes  TRNES) are brief disturbances in motor,

visual, o¢ language functions that can occur in patients with cerebral amyloid angiopathy (CAA)
and may be diffcalt to distinguish fom TIAs or other transient neurolog syndromes. They
herald a high rate of future lobar intracerebral hemorthage, making it imperative to differentiate
them from TIAs to avoid potentally dang of antithroebotec drogs. Coetical spreading
depression or depolarization triggered by acute or chronic superficial brain bleeding a con-
tributor to beain injury in other neurologk: discases, may be the underlying mechanism, This
review discusses diagnosis, pathophysiology, and management of CAA-related TFNEs.

No EEG abnormalities 77?
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Implementation study of wide band EEG recording,
analysis and dissemination in epilepsy care using

digital EEG in Indonesia
2022—-2026

AURRSTTO. TALABROERALEHE L
TORIBBRDTARISVERSD
ER\HIERORETR
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Wide-band EEG: a mysterious and very useful technique

1) What is the wide-band EEG?

2) Special machine? Special technique?
3) Is it useful? Is it redundant? Just only research?

4) Useful only in invasive EEG?
5) Is it recorded by scalp-EEG?
6) EEG technologist could analyse?
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January 31, 2025
AMED (Japan Agency for Medical Research and Development)
Supports

International Collaboration

Implementation of wide band EEG in epilepsy care
by digital EEG

Lecture:
Wide Band EEG Analysis

Now ready for clinical implementation

Akio IKEDA, MD, PhD, FACNS

Department of Epilepsy, Movement Disorders
& Physiology

Kyoto University Graduate School of Medicine
Kyoto, JAPAN

@ sary 2025 @y sary 2025
Wide-band EEG from DC shifts to HFO 1 Wide-band EEG from DC shifts to HFO 2
o Ox (O Cipto Mangurbunumo HopEal, indcnesia) > B Gemeral Hovpital Dr. Kariadi, Indonesia

wiversity. lopan) (30 min |
1o Uriiversity, Japan) (30 - 60 min.]

G

Wide-band EEG from DC shifts to HFO 4

University, Japan) [30 min.|
a5 Kyoto University, Japan) [30 - 60 min.|

(Mali Hopital Maks

India (New Delhi) IST
Indonesia (Jakarta) wis
Thailand (Bangkok) ICT
Taiwan (Taipei) CST
Japan (Tokyo) JST

;

{§ Big wave (=active-,
shifts, infraslow),
o

ultrasl

Ly ~
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