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FOCAL PERIODIC SLOW TRANSIENTS IN EPILEPSIA
PARTIALIS CONTINUA: CLINICAL AND

PATHOLOGICAL CORRELATIONS IN TWO CASES!
(Chatrian et al.,1964)
GIAN EMILIO CHATRIAN, M.D., CHENG-MEI SHAW, M.D.2 AND FRED PLUM, M.D.

Electroenceph. clin. Neurophysiol., 1964, 16: 387-393

The first report of PLEDs with epilepsia partialis continua

Periodic focal slow wave with focal seizure described in 2 cases
Time constants (TC) of 1 sec was employed, tin electrodes used

These slow transients may be the expression of local shifts
of the steady potential (SP) of the cerebral cortex.

“The lack of any detectable epileptiform pattern in the EEG of some
patients in the course of focal seizure activity is often adduced as an
example of the limitations of EEG.”

EPILEPSIA PARTIALIS CONTINUA
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Wide-band EEG in clinical invasive recording
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Ictal DC shift preceded HFO in invasive recording. o
(Imamura et al.,2011) (Kanazawa et al. 2015)(Daifu et al., 2016)
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Hypothesis of active vs. passive DC shift in the ictal period

onset
« Conventional ictal pattern I time
* HFO

- DC shift ® @ @ time
1960s (drawn by the help of Murai)|
BActive DC shift |@ @ Passive DC shift
Clinical state Chronic epilepsy ] cute sympt i i ]

Clinical |patients |Habitual seizures lon-habitual seizures

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

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

Neuron, glia, and epilepsy: is it a paradigm shift?

1) Glia vs. neurons, i.e., active- vs. passive DC shifts
AMED study in Japan
Surgical outcome

2) Interictal red slow, i.e., co-occurrence of slow and HFO

3) 2 types of ictal DC shifts
endorsed by TC10 sec vs. TC 2sec

4)ls it recorded by scalp EEG ?

5) Proposal of clinical practice parameter for recording and analysis of
ictal DC shifts and HFO: invasive EEG




Expression of epileptogenicity by EEG

1) By conventional EEG

spikes, sharp waves (pyramidal neurons)

2) By wide-band EEG (surrogate marker?)

DC shifts, slow shifts (pyramidal neurons; glia)
HFO or fast ripple activity (pyramidal neurons,
interneurons?)

Terminology: Ictal DC (direct current) shifts

Also described as very slow, infra-slow, steady,

Recorded by
DC amplifier DC shifts
AC (alternative current) amplifier Slow shits
long time constant, i.e. 10 sec
small low frequency filter (LFF) i.e., 0.016Hz

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

« Conventional ictal pattern
* HFO

- DC shift 5 @ O .

(drawn by the help of Murai)

(Active DC shift ‘@ (D Passive DC shift
Clinical state Chronic epilepsy ] |fAcute symp ti i )|

Clinical |patients |Habitual seizures lon-habitual seizures

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

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

Ictal activity by pentylentetrazole

(acute animal model)
EEG 1

DC/ EEG
passive DC shifts?

(Speckmann & Elger, 1987)

Amplifying effects of glial cells on slow shifts
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Impaired K+ homeostasis is important both after seizure and @
before seizure, that may triggger seizure?

3 Active (?)

Tripartite synapse

mGlu receptor

EAAT1(GLAST)

EAAT1(GLAST)
EAAT2 (GLT-1)

Kird.1/5.1
Kird.1

Down-regulation <
or dysfunction

Kird. 1§

Astrocytes (syncytium)

Figure 1. Astroglial spatial K* buffering and Kird.1 channels. Astrocytes play a key role in controlling environmental K*
concentrations at tripartite synapses via spatial K° buffering function, which also regulates exiracellular glutamate
concentrations. Kir4.1 channels, which consist of the homo-tetramer of Kir4.1 (Kird.1) and the hetero-tetramer of Kir4.1 and
Kir.1 (Kird.1/5.1), conduct K” buffering currents in astrocytes. (Ohno et al. 2015)

Possible generator mechanism of Ictal DC shifts o

Active vs. Passive mechanism

Passive generator mechanisms
1) Sustained paroxysmal depolarization shift (PDS) occurring in
the epileptic neurons (1960s)

2) Augmented passive depolarization by increased [K*] of glia as
the functional syncytium, associated with its dysfunction to
salvage increased [K*] following seizure (1960s, 1990s)

Active generator mechanism
3) Active roles of glia: spontaneous slow oscillation of glia itself
and decreased Kir4.1 channel in the astrocytes (after 2000)
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Subdural Recording of Ictal DC Shifts in Neocortical
Seizures in Humans
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Focal ictal direct current shifts in human
epilepsy as studied by subdural and scalp
recording
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Subdurally recorded ictal EEG in Patient 1
TC=10sec, Focal, ictal slow shifts
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Lt lateral temporal lobe epilepsy(oligodendroglioma)
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Subdural recording of ictal DC shifts (Lt. lateral TLE)

(T.C.=10sec)-35sec MO5SEC) ~ -3sec
¥ Q (to clinical onset)
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Ictal DC shifts (invasive recording): summary

1) Ictal DC shifts recorded by invasive electrodes,
especially subdural ones, in humans were almost
invariably recorded regardless of underlying etiology or
epilepsy type.

2) 96 % of patients showed ictal DC shifts, incidence rate
being 42~100% (87%) of seizures in each patient.

2) Its more restricted localization could aid in delineating
ictal onset zone clinically before surgery presumably as a
core epileptogenic zone, if present.

Conventional EEG

Conventional initial change TCO.1sec

/A/w‘wwmw"vw'\-v"‘MIM.'wyﬁ\/\WvuJ“’\V“’\/\/‘WW”«W
o gy S e A g g N )
e

AN .
e e g g g
A AT AL et N T AW N A D P Y T o e Vs
ot et mtinssing AA\@WW«/NM,»M WNMWMWWWMWMB
AW RS ’t’w mw T TN [ YyY e e S T

B8 st Miscssptersimsescutnii it P s esten. i

e o ey

7

' (imamura et al, 207T)

Sampling rate=2kHz, TC=10s, time window=20,30,60sec, 2m, 3m,
HFF=300,1Hz
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‘Time frequency analysis on the EEG review station (+-60sec)
Collaboration with Nihon Kohden (HFO up to 600Hz and DC shifts shown together in the review station)
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Ictal DC shifts occurred earlier than or as early as ictal HFO.

Pt1 ©ox oem |
B3 - «—— DC onset plotted as
m‘ compared with
e - HFO onset at 0 sec.
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m[ VR
= *=P<0.05
L (3
E * DConset
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Pt10 x -- 0O - onset)
Pt12 x-- 0 x- O Mean
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Alligned iron sand | #| ’ “oex | |- HFOonset
by the magnetic P15 o x (0=C-EEG
field. Pti6 . onset)
O Mean
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modified extracellular

circumstances (Kanazawa et al., Clin Neurophysiol, 2015)

Occurrence rate of ictal DC shifts and HFO

DC shifts HFO

Ikeda et al,1996,1999 96% of pts
87% of sz

100% of sz
94% of sz

100% of sz
84% of sz

Imamura et al, 2010
Wu et al, 2014

Kanazawa et al, 2015 75% of pts
72% of sz

95% of sz

50% of pts
47% of sz

Nakatani (AMED) 77% of sz
(2017)

Neuron, glia, and epilepsy: is it a paradigm shift?

1) Glia vs. neurons, i.e., active- vs. passive DC shifts
AMED study in Japan
Surgical outcome

2) Interictal red slow, i.e., co-occurrence of slow and HFO

3) 2 types of ictal DC shifts
endorsed by TC10 sec vs. TC 2sec

4)ls it recorded by scalp EEG ?

5) Proposal of clinical practice parameter for recording and analysis of
ictal DC shifts and HFO: invasive EEG

Study group of Epilepsy and Glia by AMED (Japan Agency for
Medical Research and Development)

Clinical approach= multi-institutional study of DC shifts in epilepsy
surgery

Maehara T,MD (Tokyo), Inoue Y, MD (Shizuoka), Shirozu H, MD
(Niigata), Watanabe Y, MD (Tokyo), Ikeda A, MD (Kyoto)

Pathology
Kakita Y, MD (Niigata)

Basic

Ohno Y, PhD (Osaka), Okada M, MD (Mie): pharmacology
Fukuda A, PhD (Hamamatsu), Koizumi S, PhD (Yamanashi): in
vivo and in vitro analysis

Irritative zone vs. epileptogenic zone
Red spike? Green spike?.

Irritative zone
Interictal,

Epileptogenic lesion

Epileptogenic zong Ictal,
Ictogenesis

Pacemaker zone

Functional deficit zone
Red slow? (epileptic slow)

Ictal symptomatogenic zone (L[] ders. 199 2)




Co-occurrence of interictal slow &HFO| TP meiT e verso0 i) B07 electrode Fig. 2.
B7: ictal focus bottom : ECOG(TC:10 sec, HFF:10 Hz) S—" z oo
BOsec W v i " TR " n :::;«ZZ: -
%MMWW 0 1e -,
e 4 '.,“ {037 eniy A i . 4 . 300 Hz l’ ¥ 4
BOSEC hndymirsiay n b f , " A Wm -
WMWWM%WW
N,
- )  HFOs onset, conventional initial change ]
et ‘; A ¢ o -<~~|L;'nf;“ln‘;“;} side [ Y ISR bR A S - "
BOsec % ? ot y oottt A
WWW . . A Seizure
. Seizure , | DC shift onset.
AT S i ‘17‘ ¥ Iy 5 5 % 3 " A AR e o 3
BOsec M%WMWWW“W”WW ) o . .
R SR SR PR ; fi ; it , e o
Osec ! A 0 M W N
Lot A NP e IO 0 | 500 v W . . . - e
(Inoue T et al., Annual congress of JCNS, 2014)
: : : . . o
Interictal slow shifts by macroinvasive electrodes (D1:the most ore electrode witrin epleptcfocus) g 1y jnterictal and ictal
Interictal 500 He o state may resemble
HFO & . .
Red slow? i each otherlquallt'at'lvely
o1 £ from the viewpoint of
. 500 pv .
It could be defined as SowibC * DC shifts and HFO.
> 200 microV e
d t f O 33 10 |Cta| (Imamura et al., 2011 "), Kanazawa et al., 2014 2))
uration of 0.33-10sec
: HFO HFO
always accompanied by HFO Neurons i
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low/DC v N
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TC=10s, HFF =1Hz

Subjects: 18 patients with intractable partial epilepsy
ECoG recording:
1) Glia vs. neurons, i.e., active- vs. passive DC shifts #1. band-pass filter of 0.016-600 Hz sampling rate of 2,000 Hz
AMED study in Japan #2. band-pass filter of 0.016-300 Hz sampling rate of 1,000 Hz
. Analysis software: EEG review program (Nihon Kohden, Tokyo, Japan)
Surgical outcome Selection of electrode: 1 electrode with the earliest ictal DC shifts
with TC 10 sec

Neuron, glia, and epilepsy: is it a paradigm shift?

2) Interictal red slow, i.e., co-occurrence of slow and HFO Parameters: #1. the amplitude and duration from onset to peak of
ictal DC shifts with TC 10 sec and TC 2 sec superimposed
. . TC 10 sec.
3) 2 types of ictal DC shifts #2. the attenuation rate of the amplitudes
endorsed by TC10 sec vs. TC 2sec = (TC10sec-TC2sec)/TC10secx100 (%)

TC: 10sec TC: 2sec

L i S Attenuation rate
4)ls it recorded by scalp EEG ? N I of amplitudes(vertical axis)

5) Proposal of clinical practice parameter for recording and analysis of
ictal DC shifts and HFO: invasive EEG

Duration with TC 10sec
(horizontal axis) (Kajikawa et al, JES annual congress,2017)




Seizure-onset patterns in focal cortical dysplasiaand
neurodevelopmental tumors: Relationship with surgical
prognosis and neuropathologic subtypes

*{Stanislas Lagarde, *{Francesca Bonini, *Aileen McGonigal, *{Patrick Chauvel,
*Martine Gavaret, {Didier Scavarda, 1§Romain Carron, 1§Jean Régis, *Sandrine Aubert,
#*Nathalie Villeneuve, 7Bernard Giusiano, {Dominique Figarella-Branger, *{Agnes Trebuchon,
and *Fabrice Bartolomei

Epilepsia, 57(9):1426-1435,2016
Results: We identified six seizure-onset patterns using visual and time-frequency anal
ysis: low-voltage fast activity (LVFA); preictal spiking followed by LVFA; burst of poly-
spikes followed by LVFA; slow wavelDC shift followed by LVFA; thetalalpha sharp
waves; and rhythmic spikeslspike-waves, We found  high prevalence of patterns that

. 7 Engel Class
Figure 4. -
Postsurgical outcome according to the seizure-onset pattern. 5!

1%

LVFA

Pre-spiking prior to LVFA

Burst of polyspikes
prior to LVFA

Slow-wave /DC shifts
prior to LVFA
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Figure 2.
[ The six patterns of seizure onset according to the time-frequency representation from SEEG trace. (A) Low-voltage fast activity (LVFA).|
(B) Preictal spiking with rhythmic spikes of low frequency followed by LVFA. (C) Burst of polyspikes of high frequency and amplitude fol-
lowed by LVFA. (D) Slow wave or baseline shift followed by LVFA. (E) Rhythmic spikes or spike-waves, at low frequency and with high|
amplitude. (F) Thetalalpha sharp activity with progressive increasingamplitude.

Neuron, glia, and epilepsy: is it a paradigm shift?

1) Glia vs. neurons, i.e., active- vs. passive DC shifts
AMED study in Japan
Surgical outcome

2) Interictal red slow, i.e., co-occurrence of slow and HFO

3) 2 types of ictal DC shifts
endorsed by TC10 sec vs. TC 2sec

4)ls it recorded by scalp EEG ?

5) Proposal of clinical practice parameter for recording and analysis of
ictal DC shifts and HFO: invasive EEG

Scalp-recorded slow (DC) EEG with Lt focal motor seizures
Short duration

Long duration

2. Bl bd bbbk L L
Feay e

EMG(LIGO),
H

(TC of 10sec)

Ictal DC shifts (scalp recording)
1) Incidence rate: 14~40% (22%) in 73 seizures.
2) Detected particularly when seizures were clinically
intense, but not in small seizures. (Ikeda et al., 1999)

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

onset /\
* Conventional ictal pattern AN /\ time
- HFO ¥ Huwvw\/\/v\/
- DC shift i
® @ @ time
1960s (drawn by the help of Murai)
BActive DC shift |@ @ Passive DC shift
Clinical state Chronic epilepsy ] cute sympt ic seizure ]
Clinical |patients {Habitual seizures on-habitual seizures
Basic animals | Chronic model fAcute model
Chronic pilocarpine model IAcute pilocarpine model J
LGi1 rat model
NER(=Noda epilepsy rat model) |\

-> Future advancement in recording condition is warranted.

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




Neuron, glia, and epilepsy: is it a paradigm shift?

1) Glia vs. neurons, i.e., active- vs. passive DC shifts
AMED study in Japan
Surgical outcome

2) Interictal red slow, i.e., co-occurrence of slow and HFO

3) 2 types of ictal DC shifts
endorsed by TC10 sec vs. TC 2sec

4)Is it recorded by scalp EEG ?

5) Proposal of clinical practice parameter for recording and analysis of
ictal DC shifts and HFO: invasive EEG

Standards as clinical practice parameters for recording and
analysis of ictal DC shifts and HFQO
(i) Clinical habitual Sz #1
Initially made by AMED researcHiessss ===
approved by JES, Japan Epileps =
currently on the investigation b
Neloll:15%
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Standards as clinical practice parameters for recording and
analysis of ictal DC shifts and HFO

Initially made by AMED research group in Japan

approved by JES, Japan Epilepsy Surgery Society
currently on the investigation by Japan Clinical Neurophysiology
Society
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Conclusion

1) Subdurally recorded ictal DC shifts could represent humoral
state of at least [K*] immediately before seizure onset.

Active DC shifts were predominant in “chronic” epilepsy.
Decreased Kir 4.1 channels of the astrocytes is responsible for
DC shift generation.

Red slow, i.e., interictal slow with HFO may represent similar
feature to ictal event.

Scalp EEG cold record both ictal DC shifts and HFO, but in a
limited manner.

Proposal of clinical practice parameter for recoding and analysis
of ictal DC shifts and HFO is warranted for further clinical
application
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