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Slow wave/DC shifts followed by LVFA

Comments for last Zoom workshop on April 18, 2025 (No.5)
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Slow wave/DC shifts prior to LVFA
⇩
Rather good, surgical outcome
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Slow wave or baseline shifts followed by LVFA
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Rapid development pattern

6



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 K homeostasis
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TC of 2sec scalp EEG could open the window for diagnosis, 
genenator mechanisms, and treatment in neurological disorders 
besides epilepsy 

1）Epilepsy
Active DC shifts, Kir4.5, tripartite synapse, 

2）Migraine aura is similar to epileptic aura
in semiology involving posterior hemisphere
delta slow, subdelta slow (1Hz >), occipital (30%)
(Hosokawa et al., Clin Neurophysiol, 2024)

3）Cerebrovascular disease, Dementia
transient focal neurological episode (TFNEs), infaslow activity (0.3Hz >)
Amyloid spell in cerebral amyloid angiopathy (CAA)

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

CSD
Cortical spreading depolarization
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(Kovac, Speckmann, Gorge et al., Prog. Neurobiol. 2017)

BP(MRCP) 
CNV

ictal DC shifts:

(Migraine)

(stroke)

Nerofeedback (NFB)
Slow cortical potentials Induced by VNS

(Kovac,(Speckmann,(Gorge(et(al.,(Prog.&Neurobiol.&2017)�

BP(MRCP) 
CNV �

ictal DC shifts: �

(Migraine)

(�troke)�

Nerofeedback (NFB)
Slow cortical potentials 
Induced by VNS�

12



Central motor control study of ACTION

Readiness potentials  
Bereitschaftspotentials 
before voluntary movement onset

Brain (1992), 115-1017-1043
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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.
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(Kovac, Speckmann, Gorge et al., Prog. Neurobiol. 2017)
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High Frequency Oscillation: HFO
(High Frequency/Gamma Activity: HFA/HGA)

Physiological HFO (HFA) Pathological HFO
Ripple (80-200 Hz), Fast ripple (>250 Hz)

Event-related Stimulus-evoked

• Motor
• Language
• Other cognitive 

functions

• Somatosensory
• Visual
• Auditory

• Invasive (macroelectrode, microelectrode)
• Non-invasive (scalp EEG, MEG)

Ictal HFO Interictal HFO

• Isolated
• Spike-related
• Slow-related
 =Red slow

Recording method

(made by Kobayashi K, Ikeda A, 2018)
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TC of 2sec scalp EEG could open the window for diagnosis, 
genenator mechanisms, and treatment in neurological disorders 
besides epilepsy 

1）Epilepsy
Active DC shifts, Kir4.5, tripartite synapse, 

2）Migraine aura is similar to epileptic aura
in semiology involving posterior hemisphere
delta slow, subdelta slow (1Hz >), occipital (30%)
(Hosokawa et al., Clin Neurophysiol, 2024)

3）Cerebrovascular disease, Dementia
transient focal neurological episode (TFNEs), infaslow activity (0.3Hz >)
Amyloid spell in cerebral amyloid angiopathy (CAA)

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

CSD
Cortical spreading depolarization
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50.2% in each

Out of 14 ictal s-EEG 
features

Opinion from 
321 experts
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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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Time constant (TC) 
to filter out slow components

TC       x LFF =0.16(1/2p)
0.1 sec 1.6 Hz
0.3 sec 0,5Hz
1 sec 0.16 Hz → scalp ?
2 sec 0.08 Hz → scalp, invasive
10 sec 0.016 Hz → invasive scalp

Application of LFF and HFF 

LFF=0.5 Hz
TC=0.3 s 70 Hz

HFF

EMG

Slow EEG

DC EEG
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Wide-band EEG in clinical （invasive） recording: 
→close to the established tool, but still a research topic

(Ikeda et al., 1996)

100Hz1Hz 1000Hz0.1Hz

(Ikeda et al, Epilepsia,1996)

(Worrell et al., 2008)
HFO (high frequency oscillation)

TC=10sec

DC shifts, infraslow 
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(Ikeda et al., 1996)

100Hz1Hz 1000Hz0.1Hz

(Imamura et al.,2011) (Kanazawa et al. 2015)(Daifu et al.,2016)

(Worrell et al., 2008)

500Hz

0Hz

Ictal DC shift preceded ictal HFO in invasive recording.

10 sec

HFO
Neurons

DC shifts
Astrocytes
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Interictal HFO

Retrospective study

Wide-band EEG
(Ictal DC shifts
ictal HFO)

Prospective study

Effective

Effective

Non-effective

•Jacobs J et al. Ann Neurol. 2010;67:209-220
•Akiyama T et al. Epilepsia 2011;52:1802‒
1811
• Van Klink NEC et al. Ann Neurol. 2017; 81: 
664-676
others

• Nakatani M et al. Brain Commun. 2022; 
4(5) : fcac222.  doi: 
10.1093/braincomms/fcac222
5 institutes in Japan

Not yet 

SDG(subdural grid)
SEEG

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

•Zweiphenning W et al. Lancet Neurol. 
2022; 21(11): 982‒993 
3 institutes

A comparison to epilepsy surgery outcome

(a table made by Prof. T Maehara, Tokyo, Japan, 2024)
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Schema of brain potentials

(Sano, 1968)

AC potentials

Steady potentials (DC potentials)

Slow potential shifts
ictal DC shifts
BP(MRCP) 
CNV:
Nerofeedback (NFB)
Slow cortical potentials by VNS

DC amplifier or long time constant(10sec) of AC amplifier needed

28
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③Active DC shift ② ① Passive DC shift
Clinical state Chronic epilepsy Acute symptomatic seizure
Clinical patients Habitual seizures Non-habitual seizures

Basic animals Chronic model Acute model

Chronic pilocarpine model
LGi1 rat model
NER(=Noda epilepsy rat model)

Acute pilocarpine model

・Conventional ictal pattern
・HFO

time

・DC shift

onset

Hypothesis of active vs. passive DC shift in the ictal period

③ ② ① time

(by Ikeda et al, 2020, Neuroscience Research) (as the working hypothesis of AMED 
research team of Epilepsy and Glia, chaired by Maehara, Japan, 2015-2018)

(drawn by the help of Murai)1960s
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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

33

Impaired K+ homeostasis is important both after seizure and 
before seizure, that may triggger (seizure as the humoral factor)?

Active

（recently shown by animal study, 
human sample from epiileptogenic 
zone generating ictal DC shifts ）

Uncoupling of
gap junction

 

(Ohno et al, 2015)
Astrocyte depolarization（including DC shifts）

→ inhibition of astrocyte glutamate clearance
→enhancing neuronal activation by glutamate
(Armbruster et al, Nature Neurosciece, 2022)

Decreased at DC shifts area
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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 studies on postoperative outcomes are still lacking.
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Reproducible, patient-specific patterns were identified.
Ictal HFO frequency band was either stable or became slower 
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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

ictal DC: -1.8 ± 6.0 (s)
ictal HFOs:  +1.5 ± 5.5 (s)

(time 0: conventional ECoG seizure onset)

(Wilcoxon signed rank test, *****: p < 0.001)

conventional ECoG onset

****
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Results: surgical outcome

p = 0.0332
(Pearson's chi-square test)

Good Bad
DC core R+ 20 5
DC core R- 6 7

p = 0.036
(Pearson's chi-square test)

Good Bad
HFOs core R+ 15 4
HFOs core R- 4 6

Complete resection of ictal DC and ictal HFOs ‘core’ areas 
significantly correlates with good surgical outcome. 

・Ratio of good outcome (Engel I)
Total: 68.4% (26/38)
ictal DC core complete resection: 80%(20/25)

・Ratio of good outcome (Engel I)
Total: 65.5% (19/29)
ictal HFO core complete resection: 78.9%(15/19)

(i) Pt group showing ictal DC (n=38) (ii) Pt group showing ictal HFOs (n=29) 

ü Outcome：Engel I as ”good”, Engel II III IV as ”bad”
ü Resection：

Complete resection of DCs(HFOs) core electrodes as “DC(HFO) core R+”
Not complete resection of DCs(HFOs) core electrodes as “DC(HFO) core R-”

77% 72%

Overall, 66% in Engel I Overall,  61% in Engel I

46/49 36/49
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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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5sec, 100microV

Type#1 DC shifts =rapid development, FCD1A
Kir4.1↓

61％（Sz), 67%(pt)

(Kajikawa et al, Clin Neureophysiol, 2022)

5sec

5sec
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5sec, 100microV

Type#2 DC shifts =slow development, FCD2A
Kir4.1→ 39％（Sz), 33%(pt)

(Kajikawa et al, Clin Neureophysiol, 2022)

5sec

5sec

46



FCD1A 29 Sz (5 Pt) Type#1>Type#2
Oligoastrocytoma/FCD1A 9 Sz (1 Pt) Type#1>Type#2
HS/FCD1A 6 Sz (1 Pt) Type#1&Type#2
Oligodendroglioma/FCD1B/FCD2A 10 Sz (1 Pt) Type#2

FCD2A 18 Sz (4 Pt) Type#1<Type#2
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Type#2=slow development

Type#1=rapid development

a peak latency 
value cutoff of 8.9 s
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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)

49

Time constant (TC) 
to filter out slow components

Application of LFF and HFF 

LFF
0.3 Hz 70 Hz
(TC=0.5 s)

HFF

EMG

Slow EEG

DC EEG

1) TC is the attenuation marker for constant voltage activity
2) Brain DC (infraslow) generator is not constant, but 
dynamically changing with increment and decrement.     

TC       x LFF =0.16(1/2p)
0.1 sec 1.6 Hz
1 sec 0.16 Hz
2 sec 0.08 Hz
10 sec 0.016 Hz
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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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acute

acute chronic

chronic

Active DC shifts

Passive DC shifts

TC 2sec
Scalp EEG
Ictal DC shifts
a part of CSD features 
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(Kovac, Speckmann, Gorge et al., Prog. Neurobiol. 2017)

BP(MRCP) 
CNV

ictal DC shifts:

(Migraine)

(stroke)

Nerofeedback (NFB)
Slow cortical potentials Induced by VNS

(Kovac,(Speckmann,(Gorge(et(al.,(Prog.&Neurobiol.&2017)�

BP(MRCP) 
CNV �

ictal DC shifts: �

(Migraine)

(�troke)�

Nerofeedback (NFB)
Slow cortical potentials 
Induced by VNS�
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TC of 2sec scalp EEG could open the window for diagnosis, 
genenator mechanisms, and treatment in neurological disorders 
besides epilepsy 

1）Epilepsy
Active DC shifts, Kir4.1, tripartite synapse, 

2）Migraine aura is similar to epileptic aura
in semiology involving posterior hemisphere
delta slow, subdelta slow (1Hz >), occipital (30%)
(Hosokawa et al., Clin Neurophysiol, 2024)

3）Cerebrovascular disease, Dementia
transient focal neurological episode (TFNEs), infaslow activity (0.3Hz >)
Amyloid spell in cerebral amyloid angiopathy (CAA)

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

CSD
Cortical spreading depolarization
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2）Migraine aura
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Hosokawa K, Clin Neurophysiol. 2024 Oct;166:166-175. 

FSDS =Focal subdelta slow FDS=Focal delta slow FDS=Focal delta slow

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

56
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FSDS occurrence rate FDS occurrence rate

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

No patients during migraine aura were recorded 
among 144 patients

zero zero
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Monopolar montage, Sensitivity:10 μv, Time constant:2.0s, High cut filter:120Hz

Fp1-A1

Fp2-A2

F3-A1

F4-A2

C3-A1

C4-A2

P3-A1

P4-A2

O1-A1

O2-A2

F7-A1

F8-A2

T3-A1

T4-A2

T5-A1

T6-A2

Fz-A1

Cz-A2

Pz-A1

Intermittent irregular sub-delta(1 cycle duration of >1sec and <3 sec) regional bilateral occipital 

Scalp EEG during migraine aura, 22 yo woman 
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(Kovac, Speckmann, Gorge et al., Prog. Neurobiol. 2017)

BP(MRCP) 
CNV

ictal DC shifts:

(Migraine)

(stroke)

Nerofeedback (NFB)
Slow cortical potentials 
Induced by VNS

(Kovac,(Speckmann,(Gorge(et(al.,(Prog.&Neurobiol.&2017)�
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ictal DC shifts: �
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(�troke)�

Nerofeedback (NFB)
Slow cortical potentials 
Induced by VNS�
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TC of 2sec scalp EEG could open the window for diagnosis, 
genenator mechanisms, and treatment in neurological disorders 
besides epilepsy 

1）Epilepsy
Active DC shifts, Kir4.5, tripartite synapse, 

2）Migraine aura is similar to epileptic aura
in semiology involving posterior hemisphere
delta slow, subdelta slow (1Hz >), occipital (30%)
(Hosokawa et al., Clin Neurophysiol, 2024)

3）Cerebrovascular disease, Dementia
transient focal neurological episode (TFNEs), infaslow activity (0.3Hz >)
Amyloid spell in cerebral amyloid angiopathy (CAA)

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

CSD
Cortical spreading depolarization
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Slow and infraslow of scalp EEG is associated 
with transient neurological events (TNE)

in Moyamoya disease

Kozue Hayashi1, Kiyohide Usami2, Masaya Togo3, Yukihiro Yamao4, 
Akihiro Shimotake1, Takeshi Funaki4, Takefumi Hitomi5, Takayuki 

Kikuchi4, Masao Matsuhashi2, Kazumichi Yoshida4, 
Susumu Miyamoto4,Ryosuke Takahashi1, Akio Ikeda2

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)

Moyamoya disease (Hayashi et al., 2025, in press)
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ISA occurred on the same day of TFNEs, delta only did not

66

(Kovac, Speckmann, Gorge et al., Prog. Neurobiol. 2017)

BP(MRCP) 
CNV

ictal DC shifts:

(Migraine)

(stroke)

Nerofeedback (NFB)
Slow cortical potentials Induced by VNS

(Kovac,(Speckmann,(Gorge(et(al.,(Prog.&Neurobiol.&2017)�
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ictal DC shifts: �
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(�troke)�

Nerofeedback (NFB)
Slow cortical potentials 
Induced by VNS�
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Activity with time constant of 2 seconds

Burst spikes=PDS（from Neuron） & SISA（most likely from astrocyte）
(Tougo et al, J clin Neurophysiol, 2022)
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No EEG abnormalities ???
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インドネシアでの、てんかん診療の質向上をめざした

デジタル脳波のワイドバンド成分の
記録解析普及の実装研究

日本医療研究開発機構

地球規模保健課題解決推進のための研究事業

キックオフミーティング

京都大学大学院医学研究科てんかん・運動異常生理学講座教授

京都大学医学部附属病院てんかん診療支援センター長

池田昭夫

Japan Agency for Medical Research and Development (AMED)
International Collaborative Research Program

Implementation study of wide band EEG recording, 
analysis and dissemination in epilepsy care using 
digital EEG in Indonesia
2022−2026
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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?

71



January 31, 2025 
AMED (Japan Agency for Medical Research and Development)

Supports

International Collaboration

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
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All recorded video and lecture PDF are available from the following URL
http://epilepsy.med.kyoto-u.ac.jp/amed-wide-band-eeg-2025
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Bubble (=HFO) Neuron

Big wave (=active-, passive DC 
shifts, infraslow) Astrocyte

Red slow? (epileptic slow)

spike

Neuron

Astrocytesultraslow

ultrafast
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