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What and how do we measure with EEG?
Pro’s and Con’s of EEG

Utilities of EEG

Clinical EEG

Quantitative task-free EEG
—  Power
— Connectivity

Evoked responses
— Oddball paradigm R
- TMS-EEG -
— Heartbeat-evoked responses
— BCl applications

State fluctuations & treatment



EEG: What do we measure?
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Polarization = any potential difference (>0) between intra- and
extracellular space. Polarization is normally negative

De-polarization = loss of (negative) polarization, bringing the cell closer
to an action potential = a neuron transports electrical signals



EEG: What do we measure? R

Levels in Neuroscience: Questions to Ask, Techniques to Answer
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» Measure the head circumference

» Measure CZ




How to set up an EEG acquisition ok

» Check impedences

» Check data quality

» l

.




Advantages of EEG as compared to
other neuroimaging modalities

» Cheap » No/little contraindications

» Portable » High temporal resolution

» LOT of analyses possibilities »  Etc..

Disadvantages of EEG as compared to
other neuroimaging modalities

» Prone to noise » Low spatial resolution
» Setting up might take time » Etc..

» No/little standardization
(PREP pipeline)



Basic data preprocessing steps R
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Exact pipeline depends strongly on the analysis envisioned

+General steps

Downsample data

ﬁ . Blinks y  Jaw Clench

Filter (low-, highpass & notch) P —

g oy '\1@»‘\.‘1*& J-.M N‘"" ,\,' e, }“)J"‘IV‘\""‘JN

dentify bad electrodes s W"‘""‘*‘*“'”“ s L"*“‘{"’f’ “ i | TR
d if P ,www r%« v \y }N"m, b ,m w VTR 5
entify bad segments WW.MW%WWW%,W_ Wrdath
Mmmwmw“meww et o

ICA W e 5 MM, Bt J‘\« ‘4 h-" \" iy q‘“ "\{:‘M-,-""w‘hf*n"\ﬂ'_"-

Tima [sec)

Re-reference
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Clinical EEG
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Background activity

Reactivity

Epileptic activity
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Quiz question: Which EEG traces show

abnormal electrical activity?
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Quantitative EEG: Power P

» Calculate spectral density
- E.g. Fourier transform MV\M;JM '\f\” o

> The complex signal can be /\/\/\/ 1

composed by the sum of Y :
simple signhals VO e

» Low frequencies characterize states of unconsciousness
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Lehembre et al., 2012
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Covariation (in amplitude and phase) of two timeseries

Alpha Band Connectivity Topographs
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Work of Rajanikant Panda: characterize dynamic network organization using
graph theory and computational modelling in EEG and fMRI

—  Thesis in 180 seconds

Chennu et al., 2017



Quiz question: Which measure doyou ¥
think is more informative to
distinguish UWS and MCS patients?

» Not easy to answer question

» Machine learning approach combining many univariate markers
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» Robust between centers, electrode configuration and protocols

Engeman et al., 2018



Evoked Responses: The principle ¥
of event related potentials

L

A)
Randomly selected single trials All trials and trial-average (ERP)
3 74 l |85 =
e Time-locked average response = = 0
e Average out random fluctuations MM f“ w“ ) i
;FAW W M FWVW\(JL' §:
e Based on stimuli (e.g. sounds) T O T ) o0
e |n case of oddball paradigm: Cohen, Analyzing Neural Time

Series Data: Theory and Practice.

o Creates expectancy based on short-term (within trial)
regularities and long-term (across-trial) regularities

e Depends on attention



magnétique

Blood drug concentration

Evoked responses: TMS-EEG

Stimulation

LIS Gosseries & Casaliet al., Science Transl Med

AW

Rosanova and Gosseries et al, Brain

» Independent from the subjects’ participation/ attention level!
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Dexmedetomidine sedation in healthy controls.

Work of Paolo in collaboration with GIGA Consciousnhess

Cardone et al., in Preparation



Disconnected consciousness

Connectedness

Omgeving




Heartbeat evoked reponses

Heartbeat evoked potential
Visceral information in brain
Influences cognition

ECG ~

b

ICA
ECG
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HER relative

Heartbeat evoked potential
Diagnostic accuracy of 87%
Better than random EEG

More accurate for PET-diagnosis than CRS-R diagnose (77% accuraat)

Correlation with DMN
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ER-based consciousness score (z-scored)

Candio-Rivera & Annen et al,. Journal of Neuroscience (2021)



|_ocal Deviant

Evoked Responses: the P300 R

Global deviant

Regularity Global Deviant
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Work of Benedetta Cecconi
(GIGA DS):

Event Related
Potential

—  How is stimulus
processing altered in
disconnected
consciousness

Frequency
Power
AL

— Obtained FNRS fund and
mind science grant! ©




Evoked responses: BCl applications R

Vibrotactile P200 P300 to own name
Pﬂrﬂdrgm Response Paradigm
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L s e, st step: command following
H b | mé”p:m_g::mﬂ » 2nd step: Communication
Sl h L 7o 5 - » Could potentially be used for

assistive technology
— E.g. speller
» Other communication devices

— E g pH of saliva
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Wilhelm et al JNNP 2006
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European Academy of Neurology (EAN)
recommendations
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6 publications

Recommendation: Visual
analysis of clinical EEG (high
specificity, low sensitivity)

2 publications
B VSUWS NS

_ Recommendation: Use
Recommendation: sleep EEG

consider quantitative
high density

6 publications

6 publications
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Tracking state fluctuations with EEG
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FIGURE 1: Misdiagnosis rates (%) of patients after n CRS-R
assessments according to the diagnosis. CRS-R = Coma
Recovery Scale-Revised.

Wannez et al., Annals of Neurology 2017

Work of Glenn van der Lande:

— Track state fluctuations using

actigraphy

— Does and how does tDCS

induce state fluctuations?
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Measuring effects of Zolpidem with EEG ¥

Before Zolpidem After Zolpidem
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Williams et al, 2013

Proposed “mesocircuit™ model underlying forebrain dysfunction

> Restlng EEG power Spectra in the and interventions in severe brain injuries
naseline state revealed an abnormal Frontal Corex | 4t | ParictafOosipital/Temporal
neak at ~6—-10 Hz |
» Might reflect layer V neocortical S
pyramidal activity due to de-affertiation S DB
, - 4 activation
. . . ; < Gp [ Central |\[ ] (Gluu.‘mm:gm
» Potential mechanism of action of Dopamins ”\\\ Thals ) |
. . . . Amantadine) . P4 o
zolpidem: Mesocircuit hypothesis 1 [} P " =+ it

Schiff 2010



» EEG is a VERY broad topic

— canh be used to study neuronal function at several levels

— can characterize several aspects of neuronal function

» In DOC patients specifically

— Used for diagnosis, simple measures seem reasonably effective

— ldentify state changes, treatment effects

— Potentially used for communication purposes



Questions?
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