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54th Annual congress of JSCN
October 24 ~ 26, 2024, Sapporo, Japan

Sapporo Super EEG 
October 24 2024 

Wide-band EEG from DC shifts to HFO 
(invasive and scalp)

14:00 〜 15:30

Lecture:
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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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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 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）Is it recorded by scalp EEG ?
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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) (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
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Amplifying effects of glial cells on slow shifts

Glia

Glia Glia

Glia

Neuron Neuron

(Kuffler et al., 1966)(Dysfunction of astrocytes in CD, 
Bordey et al., J Neurophysiol, 2001)

Intracellar
potentials

Passive
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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)
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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)
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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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Analyzed by wide-band EEG analysis software (Nihon Kohden, Tokyo, Japan) 
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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
60



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）Is it recorded by scalp EEG ?
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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
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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
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(Kajikawa et al, Clin Neurophysiol, 2022)

61% (sz)                   39%
67%(pt) 33%

Latency at peak(sec) 

Latency at peak(sec)
TC2sec 

TC 10sec

Rapid development 

Attenuation rate

Slow development 

68



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）Is it recorded by scalp EEG ?
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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)
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Recorded TC of 2sec

71
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icDCs (142/147 seizures [96.6%]) and 
icHFOs (135/147 seizures [91.8%]) occurred in all patients (100%). 

Onset time of icDCs and icHFOs

0.3 ± 5.5 s             1.7 ± 5.2 s
(p < .005, t-test).
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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) activity 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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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)
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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） Is it recorded by scalp EEG ?
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Scalp-recorded slow (DC) EEG with Lt focal motor seizures
Short duration Long duration

(Ikeda et al., 1999)

(TC of 10sec)

Ictal DC shifts (scalp recording): 
Incidence rate: 14~40% (22%) in 73 seizures.
1) Detected particularly when seizures were clinically 

intense, but not in small seizures.

-> Future advancement in recording condition is warranted. 

TC 10sec
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1) 1990s, waveform analysis of HFO (SEPs, spikes) was introduced. 
2) It was done by high value of LFF, but was not ideal method or 

rather skeptical because it would easily produce artifact 
mimicking HFO. 

3) We now have strong tools and situation after 2000 ! as 
follows

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

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

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

Currently now ready for DC shifts & HFO analysis for scalp EEG 
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acute
chronicacute(Murai et al., 2020)

TC 2sec
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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( 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) (as the working hypothesis of AMED research team of Epilepsy and Glia,  
chaired by Maehara, Japan, 2015-2018) 

(drawn by the help of Murai) 

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

(Ikeda et al., 2020)
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Recording condition : TC 2 sec
Viewer montage : AV montage

EEG onset : paroxysmal fast at P3
Active DC shift : Conventional displayChronic focus: P3

Fp1-AV
Fp2-
F3-
F4-
C3-
C4-
P3-
P4-
O1-
O2-
F7-
F8-
T3-
T4-
T5-
T6-

(Murai et al., 2020)
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Recording condition : time constant 2 sec
Viewer montage : AV montage

EEG onset : paroxysmal fast at P3
Active DC shift : Conventional displayChronic focus: P3

Fp1-AV
Fp2-
F3-
F4-
C3-
C4-
P3-
P4-
O1-
O2-
F7-
F8-
T3-
T4-
T5-
T6-

(Murai et al., 2020)
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Recording condition : TC 2 sec
Viewer montage : AV montage

EEG onset : paroxysmal fast at P4
PassiveDC shift : Conventional displayAcute focus: P4

Fp1-AV
Fp2-
F3-
F4-
C3-
C4-
P3-
P4-
O1-
O2-
F7-
F8-
T3-
T4-
T5-
T6-

(Murai et al., 2020)
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Recording condition : time constant 2 sec
Viewer montage : AV montage

EEG onset : paroxysmal fast at P4
PassiveDC shift : Conventional displayAcute focus: P4

Fp1-AV
Fp2-
F3-
F4-
C3-
C4-
P3-
P4-
O1-
O2-
F7-
F8-
T3-
T4-
T5-
T6-

(Murai et al., 2020)
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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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Bubble (=HFO) Neuron

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

Red slow? (epileptic slow)

spike

Neuron

Astrocytesultraslow

ultrafast
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