Vyuziti (intrakranialniho) EEG pro
sledovani fyziologickych procesu



Intrakranialni EEG

* |nvazivni
* Pacienti s farmakorezistentni epilepsii
e Kognitivni testovani behem video-EEG monitorace

SEEG (stero-EEQG) ECoG (electrokortikografie)




Fyziologickeé vs. patologické procesy

* iEEG je implantovano pro sledovani patologickych
(epileptogenich) procesu

* Mnoho elektrod nahrava ze ,,zdrave” casti mozku
e Pomeér:

OK

Based on 100 patients at Stanford Medical Center
Parvizi and Kastner (2018) Nature Neurosci



Kontrolni otazka: kolik neuronu je v
bezprostrednim okoli iEEG elektrody ?

A: 20 — 25 (varianta , klasik®)
B: 100 - 1,000
C:1,000-10,000

D: 10,000 - 100,000

E: 100,000 — 1,000,000 (1 M)
F:1M—-10 M 2 mm
G: 10 M —100 M 4 R

H: > 100 M



Kolik neuronu je v bezprostrednim
okoli iEEG elektrody ?

Elektroda ma povrch: 1 — 10 mm?
Hustota neurond v kare: £ 100,000/mm?
E: 100,000 — 1,000,000

Otazka: kolik neuronu ,,prispiva® k iEEG signalu ?
— Neni jednoducha odpovéd ...

Parvizi and Kastner (2018) Nature Neurosci



Elektrofyziologické signaly z mozku
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Analogové signaly: LFP, iEEG, EEG, MEG

(spektrogramy zacatku pohybu ruky v motorické kuire)
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Waldert et al. (2009)



IEEG: z pohledu kognitivni neurovedy

Vyhody Nevyhody
 Temporalni rozliSeni (ms) * Pouze u pacientu (EPI)
* Prostorové rozliseni (mm?3)  Rozmisténi elektrod

e Spektralni rozliSeni (> 50 Hz) (vylucne dle klinickych

«  Studium lidského mozku potreb)

e Mo3nost el. stimulace * Neni pokryti celeho mozku



IEEG signal: co je v ném zakddovano?
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Svaty gral kognitivniho neurovédce: umét ,Cist“ v tomto signalu.



Metodika zpracovani iEEG: priumérovani

 Od toho se odviji i experimentalni design
— stimulus — response
— opakovat, opakovat, opakovat, ...

* Proc¢ prumérovani?
— X =Y + N(o,0)

recorded response

— Sum se v priméru vyrusi

* Evokovany potencial (EP)
P300 EVOKED POTENTIAL

VOLTAGE

— VEP, AEP, SEP, MEP i .
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EEG (pV)

PSD (uLV¥Hz)

Spektralni analyza iEEG

(a) Raw EEG
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Fourierova transformace iEEG signalu
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Spektrogram

(time-frequency decomposition)

a) EEG During Eye-Closing for Channel Oz
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Frekvencni pasma EEG

(frequency bands)

Alfa (8 — 12 Hz)
Beta (13 — 30 Hz)

Gamma ( > 30 Hz)
— Low gamma (30 — 50 Hz)

— High gamma (> 50 Hz)
Delta (1 — 3 Hz)
Theta (4 — 7 Hz)

I Theta I Delta IAlpha I Beta
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|2-50 micro volt
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Frekvencni pasma EEG
(frequency bands)

Human Brainwaves

muse-

the brain sensing headband
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High-gamma band
(50 — 300 Hz, aka: HGB, HFA, BBA, ...)

e Ukazatel (biomarker)
aktivity neuronu v okoli

250

elektrody 4
* Koreluje se £™ ‘
— SUA/MUA &
— fMRI BOLD signalem 0!
e HFA vs. HFO (high- ol

frequency oscillation)

Kalina et al. (2019) in prep.



Charakteristiky iEEG aktivaci

e Aktivity ve frekvencCnich pasmech
— High-gamma

* Cross-frequency coupling
— amplitude-phase (gamma-theta)
— phase-phase

* Functional connectivity
— MI (mutual information)
— PLV (phase-locking value)
— Granger causality
— DCM (dynamic causal modeling)



Konkrétni priklady/studie

* Neurologicka klinika 2. LF a FN Motol
* Brain-machine interface (BMlI)

Pocet publikaci s iEEG tématikou 160
120
80
MY
.,|.|..|.|||,|I|Im | |
1975 1985 1995 2005 2015

Parvizi and Kastner (2018)



Test: Rozpoznavani emoci

stimuli Lokalizace: R IFG (inferior frontal gyrus)

Objekty (kontrolni Uloha)
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Test: Obrazky tri kategorii
PPA/FFA localizer

%

Obliceje Objekty



Odpoved oblasti PPA

channel 77 p97-VT1 3

25 f podnét -
(K2-K3) : (LC-LG),(R ParaHippocampal Gyrus-R ParaHippoca
MNI127 5 43 5.6
oL epiinfof -,-,- i
15 7
1 L -
0.5 r ‘ 7
O =
05| p=0 ceee g
p=0 oo
-0.2 0 0.2 0.4 0.6 0.8
-300ms Oms 800ms

Vicek et al. (2019) in prep.
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Odpoved oblasti FFA
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Test odhadu allocentrickych
a egocentrickych vzdalenosti

ORIENTACNI
ZNACKY

Egocentricka reprezentace  Allocentricka reprezentace

Vicek et al. (2019) in prep. 23
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Test: motorika
(kddovani pohybu v motorické kure)

Hammer et al. (2013)
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BMI - principles

Brain-machine interface (BMI)

signal

acquisition

—

feature
extraction

—

feature
decoding

26



Biomimeticky BMI, ECoG: ukazka 1

(electrocorticography)

Pistohl et al. (2008) J Neurosci Methods




Biomimeticky BMI, ECoG: ukazka 2

(electrocorticography)

Milekovic et al. (2012) J Neural Eng



NeuroBots: EEG robotic arm control




Trendy kognitivniho iEEG vyzkumu

Sdileni iEEG dat mezi vyzkumnymi centry
Syntéza dat

— EEG, fMRI, strukturalni konektivita, el. stimulace,

Zkoumani interakci mezi ruznymi oblastmi
mozku

El. stimulace kortexu béhem kognitivnich testu
Closed-loop feedback (neuro-rehabilitace)



