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Investigating current clinical opinions in
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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) lIs it useful? Is it redundant? Just only research?
4) Useful only in invasive EEG?

5) lIs it recorded by scalp-EEG?

6) EEG technologist could analyze?
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Wide-band EEG: a mysterious and very useful technique

Long introduction

| 1)|active- vs. passive DC shifts
AMED study in Japan (Multi-institutional study)
Surgical outcome

2) 2 types of ictal DC shifts, and pathology

3) Is it recorded by TC 2sec EEG ?
4)ls it recorded by scalp EEG ?
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Hypothesis of active vs. passive DC shift in the ictal period

onset
- Conventional ictal pattern -
. HFO p AAAAMAI\I\I\I\AI\AAA’\AAAAA/\ /\ /\ /\ /\ time
AT v \/

e ehi TN\

3 @ @ OIS time

]96‘05 (drawn by the help of Mura

3Active DC shift |2 @ Passive DC shift
Clinical state Chronic epilepsy Acute symptomatic seizure
Clinical |patients [Habitual seizures (Non-habitual seizures
Basic animals | Chronic model fcute mode )

Chronic pilocarpine model Acute pilocarpine model

LGil rat model

NER(=Noda epilepsy rat model) [\ )

(by lkeda et al) (as 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) Impaired extracellular K homeostasis by deceased Kir4.1,
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®
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Amplifying effects of glial cells on slow shifts
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(Dysfunction of astrocytes in CT,
Bordey et al., J Neurophysiol, 2001)

(Kuffler et al., 1966)
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Impaired K+ homeostasis is important both after seizure and
before seizure, that may triggg eizure as the umoral factor)?

i
Active Tripartite synapse ,

mGlu receptor

EAAT1(GLAST)

EAAT1(GLAST) \
EAAT2 (GLT-1) w, Kird.1/5.1 ~ K+
Gl + . . Fd
pre-synaptic » B Spatlal K* bUﬁerlng {
, e oe0) \X ~
Kir4.1/5.1 (@) K Kir4. ;
e + ncoupling
o Receptors K* Rl ap_junction
AQP4
H20 ) .
Down-regulation strocytes (syncytium)
or dysfunction
Kir4.1
(Ohno et al, 2015)
(recently shown by animal study, Astrocyte depolarization(including DC shifts)
human sample from epiileptogenic ~ — inhibition of astrocyte glutamate clearance
zone generating ictal DC shifts ) —enhancing neuronal activation by glutamate

(Armbruster et al, Nature Neurosciece, 2022)
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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):e1040-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
Effective Non-effective

SDG(subdural grid)
Wide-band EEG
(Ictal DC shifts — SEEG

ictal HFO)
Effective Not yet

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




Large cohort studies on postoperative outcomes are still lacking.

EEG Data
acquisition
(n=61)

Patient excluded

+ only induced Sz (n=1)
> |+ recorded with TC 2 sec (n=1)
+ SOZ supposed to be outside of

implanted electrodes (n=6)
EEG Data
for DC/HFO analysis
(n=53)
Patient excluded
+ SOZ was supposed to be
— in bilateral temporal (n=1)
- palliative surgery (n=1)
+ only MST operation (n=2)
EEG Data
for outcome analysis
(n=49)
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Analyzed by wide-band EEG analysis software (Nihon Kohden, Tokyo, Japan)
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_, patient-specific patterns were identified.
Ictal HFO frequency band was either stable or became slower
A. Representative case in previous study (Patient 4)
DO1-AV (Sz #8) s N DO1-AV (Sz #9 o1 0
(Sz )_Mn‘ I 1AV (Sz ')_ ‘
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Results: onset time

In 27 out of 46 patients showing both ictal DC and ictal HFOs,

ictal DC onset time was statistically significantly earlier than ictalHFOs

skskokok

10
5
0 % - -conventional ECoG onset
- -5
2 10 /
° 15 ictal DC: 1.8 £6.0 (s)
20 ictal HFOs: +1.5+£5.5(s)
-25 / (time 0: conventional ECoG seizure onset)
-30

DC HFO
(Wilcoxon signed rank test, *****. p<0.001)
gn p
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Correspondence of
. Occrenc roks Occuarence el :I':’m (| EDC a0C calHFOs ilHOs
ients (¢ Dixes (0 core S 0l
. P among patients (%) among seizures (%) ‘ ampltude  duration  frequency  duration
lifigr ictal DC and HFOs
ialDC  ictalHFOs  ictalDC ictal HFOs ) W) (se)  (H)  (sec)
Nakatani et al.,
AC I N > 4 8% > 62 I 39 1037£570 158+78* R(FR) 7.0:4.1*
2021 (n=61)
lkeda et al., A 82 (subdural) 85 (subdural) 200 - (subdural) _ - _
199" (n=9) 84 (scalp) 23 (scalp) 50 - (scalp)
Modur et al., Sustained
AC 100 100 100 75 10-75? (no detail) = -25 R .
2009% (n=1) (no detail)
Kim etal.,
DC 91 - 69.5 - = 800-10,000  1-493 = -
2009) (n=11)
Wuetal,
AC 100 67 91 81 19.3 1,700£910 5-180 RFR =
20149 (n=15)
Kanazawa et al.,
; 75 50 3 463 - 903144628 355:¢156 RFR 10797
20159 (n=16)
Thonpson eta, 100 100 20- 8500 100
- - - -8, - over - -
20164 (n=15)
*: Long-lasting icDC or icHFOs beyond 30 sec analysis time-window after the seizure onset were excluded due to the limitation of the software.
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Complete resection of ictal DC and ictal HFOs ‘core’ areas
significantly correlates with good surgical outcome.
Ictal DC evaluation : Ictal HFOs evaluation
! 0
A 77%  72%
100% 1 100%
1
80% | 8%
60% = Engel | : 60% = Engel |
mEngelnl ! = Engel Il
40% =Engellll | 409 = Engel Ill
m Engel IV 1 = Engel IV
20% : 20%
0% : 0%
DC core R+ DCcoreR-(I) DC coreR-(N) 1 HFO core R+ HFO core R- (1) HFO core R- (N)
E— : —
B. ;
1
Good Bad X Good Bad
DC core R+ 23 7 1| HFOs core R+ 18 7
DC core R- 7 9 | H FSs core R- 4 7
1

(p=0.044, Pearson's chi-square test)

(p=0.043, Pearson's chi-square test)

Overall, 66% in Engel |

Overall, 61% in Engel/
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Conclusion

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

2) icDCs onset was statistically earlier than icHFOs onset in both MTLE and
Neocortical epilepsy.

3) icDCs more frequently recorded than icHFOs among both patients (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.
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Wide-band EEG: a mysterious and very useful technique

Long introduction

1) active- vs. passive DC shifts
AMED study in Japan (Multi-institutional study)
Surgical outcome

2)|2 types of ictal DC shifts, and pathology

3) Is it recorded by TC 2sec EEG ?
4)ls it recorded by scalp EEG ?
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Clinical Neurophysiology 137 (2022) 113-121

Contents lists available at ScienceDirect

Clinical Neurophysiology

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

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

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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Type#2 DC shifts =slow development, FCD2A
Kird. 71— 39%(Sz), 33%(pt)
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FCDIAvs. FCD2A (including comorbid with glioma)
(Kajikawa et al., 2022)
Type#l vs. Type#2
o  Kird.1|vs. Kird.1— (Kobayashi et al, 2018),
% 90 . Type#2=slow development
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@ Oligodendroglioma/FCD1B/FCD2A 10 Sz (1 Pt) Type#2
® FCD2A 18 Sz (4 Pt) Type#1<Type#2
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FCDIAvs. FCD2A (including comorbid with glioma)

(Kajikawa et al, 2022)

Type#l vs. Type#2

Kird.1|vs . Kird.1— (kobayashi et al, 2018),

(A)
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® FCD2A 18 Sz (4 Pt) Type#1<Type#2
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Wide-band EEG: a mysterious and very useful technique

Long introduction

1) active- vs. passive DC shifts
AMED study in Japan (Multi-institutional study)
Surgical outcome

2) 2 types of ictal DC shifts, and pathology

Ells it recorded by TC 2sec EEG ?
4)ls it recorded by scalp EEG ?
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Epilepsia”

RESEARCH ARTICLE

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 Iijima’® | MasakiIwasaki’© |
Yoji Okahara® | Seiichiro Mine® | Yasuo Iwadate'® | Akio Ikeda’

Most commonly used digital EEG (TC of 2sec) in the world is available,
being as good as EEG used lesser (long TC of 10 sec)
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EEG data Recorded TC of Zsec

acquisition Patient excluded
(n=59) + Recording setting of a TC of 10s
(n=4)

* Lack of post-implantation
thin-sliced CT (n=4)

+ CT and MRI fusion not done (n=5)

* Only MST operation (n=3)

* Only one seizure recorded (n=5)

EEG data
for ciEEG
analysis (n=38)

Patient excluded
+ SOZ was judged outside implanted
electrode area (n=6)
- SOZ was identified bilaterally

(n=4)
EEG data
for ictal DC/HFO
analysis
(n=28)
I Patient excluded
« ictal DC/HFO were not
reproducible (n=3)
[
EEG data
for outcome analysis
(n=25)
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HFO duration
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Onset time of icDCs c.%ém’ IcHFOs
p=.
I |

30

20

]
=
O
B
-10
-20
icDCs icHFOs
03+55s 1.7+52s

(b <.005, t-test).

icDCs (142/147 seizures [96.6%]) and
ICHFOs (135/147 seizures [91.8%]) occurred in all patients (100%).

73
1) TC is the attenuation marker for constant voltage activity
2) Brain DC (infraslow) activity is not constant, but
dynamically changing with increment and decrement.
Application of LFF and HFF Time constant (TC)
o to filter out slow components
5 2o i DC EEG Y
§30¢ & e
§ 50 F los _ | Slow EEG
< 75k G : -
o\° ::.' X C=0.43
100 e
.05 .l
EMG
FIG. 8.32. Window bas| Fe-0033) e
;f::l?n‘:ies:icgnfesponse “ e e T 03 s chamnl 5TE 0. e chanels. 76

LFF =0.16(1/2x)

LFF

0.3 Hz 70Hz 0.1 sec 1.6 Hz

(TC=0.5s) 1 sec 0.16 Hz
2 sec 0.08 Hz
10 sec 0.016 Hz
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A comparison to epilepsy surgery outcome

Retrospective study Prospective study

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

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

3 institutes

Non-effective

r SDG(subdural grid)
Wide-band EEG
(Ilc(t3al Sf(l: shifts — SEEG

ictal HFO)
Not yet

(a table made by Prof. T Maehara, Tokyo, Japan)
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Wide-band EEG: a mysterious and very useful technique

Long introduction

1) active- vs. passive DC shifts
AMED study in Japan (Multi-institutional study)
Surgical outcome

2) 2 types of ictal DC shifts, and pathology

3) Is it recorded by TC 2sec EEG ?
4)|ls it recorded by scalp EEG ?
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Scalp-recorded slow (DC) EEG with Lt focal motor seizures
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(Ikeda et al., 1999)

5s

intense, but not in small seizures.
-> Future advancement in recording condition is warranted.

Incidence rate: 14~40% (22%) in 73 seizures.

1) Detected particularly when seizures were clinically
rather skeptical because it would easily produce artifact
mimicking HFO.

Ictal DC shifts (scalp recording):
1) 1990s, waveform analysis of HFO (SEPs, spikes) was introduced.

Currently now ready for DC shifts & HFO analysis for scalp EEG
2) It was done by high value of LFF, but was not ideal method or

TC 10sec

77

follows

1. Wide-band EEG analysis
2. Basic and animal study HFO for epileptic activity

3) We now have strong tools and situation after 2000 ! as
3. Wide frequency range time-frequency analysis

than TC 10sec
It is ready to apply DC shifts and HFO for scalp EEG

program
4. TC 2sec is better to record DC shifts in scalp EEG
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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 lkeda¥

1C Zsec

acute chronic

(Murai et al., 2020)
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Hypothesis of active vs. passive DC shift in the ictal period

* Conventional ictal pattern
* HFO
- DC shift @ ® ® NS ime
(drawn by the help of Murai)
@Active DC shift |@ (D Passive DC shift
Clinical state ‘Chronic epilepsy cute symptomatic seizure
Clinical |patients |Habitual seizures on-habitual seizures
Basic |animals [Chronic model ) |Acute model
Chronic pilocarpine model Acute pilocarpine model
\ J N\ S

(by lkeda et al) (as the working hypothesis of AMED research team of Epilepsy and Glia,
chaired by Maehara, Japan, 2015-2018)
(tkeda et al., 2020)
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Chronic focus: P3
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Viewer montage : AV montage

(Murai et al., 2020)
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Acute focus: P4 Passive DC shift : Conventional display
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Viewer montage : AV montage (Murai et al., 2020)

83

Acute focus: P4 Passive Dc shift : Conventional display
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Ryosuke Takahashi,* and Akio lkedat

P4 : Right parietal
(acute symptomatic seizure)

HFO (ripple)
by time frequency analysis

Passive DC shifts
(BPF: 0.075 - 0.5 Hz)

raw EEG (BPF:0.5 - 80 Hz)

acute

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,§

EEG onset 10 sec TC 256’6‘
l e - Scalp EEG
——— Ictal DC shifts

150 uv

a part of CSD features

raw EEG (BPF:80 - 120 Hz)

P3 : Left parietal
(chronic focus)

Active DC shifts
(BPF:0.075 - 0.5 Hz)

Lo ket
raweec (oprs0-120m2)  (Lulghl,

chronic

Il
il

I

mm hh,u
H- R M

EEG lcnset

raw EEG (BPF:0.5 - 80 Hz)

raw EEG (BPF:80 - 120 Hz)

WJW W gcute Chron|c

110wV

85

! Big wave
@ shifts, mfraslow) Astrocyte

86

Bubble (=HFO)(Neuron
Neuron |

spike |

\Red s/ow? ( ep//ep t/c s/o W)
QJ/
(—actlve-, passive DC




Collaborators

Kyoto University School of Medicine
Department of Epilepsy, Movement Disorders and Physiology
Matsuhashi M, MD, Shimotake A,MD, Hitomi T,MD, Inouchi M,MD,
Department of Neurology
Adachi T,MD, Tomoda Y, MD, Kajikawa S, MD Nakatani N, MD, Murai T, MD, Togawa
J,MD, Inoue T, MD, Daifu M, MD, Oi K, MD, Tojima M,MD, Takatani M, MD,
Takahashi R, MD
Department of Neurosurgery
Kobayashi T, MD, Kikuchi T, MD, Yoshida K, MD, Miyamoto S,MD
Ehime University School of Medicine
Kunieda T,MD
Non-linear Neuro-oscillology (Grant-in-Aid for Scientific Research on Innovative Areas,
MEXT)
Tsuda I, PhD, Namiki T, PhD, Kitano K,PhD, Aoyagi T, PhD, Kitajo K, PhD
Epilepsy and Glia (AMED)
Ohno Y, PhD, Sato K, MD (Osaka), Kakita A, MD, Kitaura H, PhD (Niigata), Maehara T,
MD (Tokyo)

International
Bernard C, PhD (Marseille), La Van Quyen M, PhD (Paris), de Curtis M (Mirano)

87




