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CHALLENGES IN ELECTROPHYSIOLOGY
What resting state EEG paradigms for Global Brain Consortium (GBC) 

mission?



Manifest A vs. B

Prodromal A vs. B

Preclinical A vs. B

What resting state EEG paradigms and techniques may produce 
biomarkers in A, B, and C brain diseases? 



Resting state EEG (rsEEG) markers reflecting brain arousal and vigilance

Sistine Chapel ceiling (1508 – 1512; 
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On-going alpha rhythms: intrinsic thalamocortical 
synchronizing capacity
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Courtesy by Prof. Vincenzo Crunelli

Thalamus (lateral geniculate nucleus)

Visual cortex

Lorincz ML, Kékesi KA, Juhász G, Crunelli V, Hughes SW. Temporal framing of thalamic relay-mode firing by phasic inhibition during the alpha rhythm. Neuron. 2009 
Sep 10;63(5):683-96. doi: 10.1016/j.neuron.2009.08.012.

Ascending reticular activating systems

Alpha rhythms reflect cortical inhibition: 
- low brain arousal in quiet wakefulness
- active discriminant inhibition in information processing

GABA

mGlu



• What electrode montage and spatial resolution for rsEEG 
applications in Clinical Neurophysiology? 

• What resting state rsEEG recording conditions in clinical research? 

• Scalp rsEEG sensors or sources? Opportunities and limitation of 
topographical analysis of rsEEG rhythms at scalp sensors or sources.

• Linear or nonlinear measurements? 

• Disease markers and/or windows on Human Neurophysiology? 
Limits and opportunities.

The challenges for rsEEG



rsEEG rhythms: 
What electrode montage? 

• Electrode montage using 10-20 System (new guidelines recommending 25 

electrodes) for the rsEEG analysis at sensor level

• Electrode montage using 10-10 System (up to 81 electrodes) for the rsEEG 

analysis at source level

• Electrode montage using 10-5 System (up to 300 electrodes) for the rsEEG 

analysis at source level in special clinical applications (e.g., localization of 

very focal sources of epilepsy)



Resting state EEG rhythms: 
What experimental conditions?

• Resting eyes closed (3-5 min) and eyes open (3-5 min) in sequence to 

explore ascending activating systems maintaining vigilance stable over time

• Resting eyes closed (30 s) and eyes open (30 s) in rapid sequence repeated 

3-4 times to explore ascending activating systems increasing/decreasing 

the vigilance (“reactivity”)

• Resting eyes closed for a long period without any alert (> 30 minutes) to 

explore transition from quiet vigilance to drowsiness and sleep onset



The challenges for rsEEG

Frequency
(Hz)

IFCN
1999 (I)

IFCN
1999 (II)

IPEG
2012

IFCN-
2017

Glossary

Delta 0.5 - 4 0.5 – 4 1.5 - < 6 0.1 - < 4

Theta 4 - 8 5 – 7 6 - < 8.5 4 - < 8

Alpha α1: 8 - 10
α2: 10 – 12/13

8 – 12 α1: 8.5 - < 10.5
α2: 10.5 - < 12.5

8 – 13

Beta β1: 12 - 16
β2: 16 – 20
β3: 20 - 24
β4: 24 – 28
β5: 28 – 32

β1: 14 - 20
β2: 21 – 30

β1: 12.5 - < 18.5
β2: 18.5 - < 21
β3: 21.0 - < 30

14 - 30

Gamma ɣ1: 32 - 36
ɣ2: 36 – 40
ɣ3: 40 – 44
ɣ4: 44 – 48
…

ɣ1: 30 - 40
ɣ2: 40 - …

30 - <40

ɣ1: 30 - < 65*
ɣ2: 65 - < 90*
ɣ3: 90 - < 135*
*: empirical subdivision

> 30 - 80

Divergent guidelines of International Federation of Clinical Neurophysiology (IFCN I and II; Nuwer et al. 1999), 
International Pharmaco-EEG Society (IPEG; Jobert et al. 2012), 
IFCN Glossary of terms most commonly used by clinical electroencephalographers (Kane et al., 2017)

Recommendation for individual bands based on individual alpha frequency peak (Klimesch)



The challenges for rsEEG

• Head volume conduction effect spreading electric fields generated 
by brain sources can inflate (especially bivariate) measures of 
interdependence of scalp rsEEG rhythms (Blinowska, 2011, Nunez 
and Srinivasan, 2006)

Legend. Three exploring scalp electrodes “a”, “b”, and “c” and four underlying cortical sources “At” (i.e., under the electrode “a” with a tangential 
orientation), “ABr” (i.e., halfway between the electrodes “a” and “b” with a radial orientation), “Br” (i.e., under the electrode “b” with a radial 
orientation), and “Cr” (i.e., under the electrode “c” with a radial orientation). In the model, the source ”At” electric fields are volume conducted 
to the electrode “b”. The source ”ABr” electric fields are volume conducted to the electrodes “a” and “b”. The source ”Br” electric fields are 
volume conducted to the electrode “b”. The source ”Cr” electric fields are volume conducted to the electrode “c”. In this model, the electrode “b” 
records electric fields generated by both the cortical tangential source “At” and the cortical radial sources “ABr” and “Br”. 

Electric fields generated from a cortical source decay to zero values at 10-12 centimeters of distance (Srinivasan et al., 2007). 



• “Common drive” and “cascade flow” effects depend on physiological 
conduction of action potentials through axons from a brain neural 
mass to two (or more) cortical neural masses as EEG-MEG sources 
(Blinowska, 2011, Nunez and Srinivasan, 2006)

Legend. Due to the effect of “common drive”, a coherent activation of the source “Cr” with the sources “Br” and ABr” may induce an 
interdependence of the rsEEG rhythms recorded at the electrodes “a” and “c” and those recorded at the electrodes “b” and “a”. Such 
interdependence could be erroneously interpreted as a functional connectivity between the cortical sources “At” and “Cr” and between the 
cortical sources “Br” and “ABr”, underlying those electrodes. A directional connectivity from the source “Cr” to “Br” and from “Br” to “ABr” (see 
nomenclature in the previous slide) is illustrated to show the difference between “direct” and “indirect” connection pathways. The green arrows 
indicate the interdependence of scalp EEG activity (not shown) that would correspond to the functional source connectivity, while red arrows 
indicate the interdependence of scalp EEG activity (not shown) that would not. 

The challenges for rsEEG

fake

true



• Inverse estimates of rsEEG source activity are quite consistent across 
the following conditions (Mahjoory et al., 2017): 

- two independent cohorts,
- two anatomical head templates (i.e., Colin27 and ICBM152), 
- three electrical models (i.e., boundary element model, finite element model, and spherical harmonics 

expansions), 
- three inverse methods (eLORETA, weighted minimum norm estimation, and linearly constrained minimum-

variance beamformer)
- three software platforms (Brainstorm, Fieldtrip, and a home-made toolbox).

• Inverse estimates of rsEEG source connectivity show a considerable 
variability in relation to different procedures and cohorts (Mahjoory et 

al., 2017). 

• More basic research needed on how to make reliable and sensitive 
rsEEG source connectivity measures, before clinical applications.

The rsEEG source analysis



• rsEEG rhythms show prominent linear features (Lopes da Silva et al., 1994;

Stam et al., 1999; Blinowska and Zygierewicz, 2012). They are the first choice.

• Epilepsy (Pijn et al., 1997), schizophrenia (Kim et al., 2000), and
neurodegenerative disorders may induce some nonlinear rsEEG
features (Hernandez et al., 1996; Jeong et al., 2001; Stam, 2005).

•Linear and nonlinear regression, phase synchronization, and
generalized synchronization methods were compared (Wendling et al., 2009):
- some methods were insensitive to the imposed coupling parameter,
- performance of those methods was dependent on the extension of the frequency 

band,
- there was no ideal method, namely none of the methods performed better than the 

other ones in all tested situations and evaluation criteria.

• More basic research needed on how to make reliable and sensitive 
nonlinear measures, before clinical applications.

Linearity vs. nonlinearity



Linear rsEEG source activity: rsEEG alpha rhythms are more abnormal in 42 
Alzheimer’s (ADD) than 42 Parkinson’s (PDD) and 34 Lewy body (DLB) dementia 

patients

Babiloni C, Del Percio C, Lizio R, Noce G, Cordone S, Lopez S, Soricelli A, Ferri R, Nobili F, Arnaldi D, Aarsland D, Orzi F, Buttinelli C, Giubilei F, Onofrj M, Stocchi F, Stirpe P, Fuhr P, Gschwandtner U, Ransmayr G, Caravias G,

Garn H, Sorpresi F, Pievani M, Frisoni GB, D'Antonio F, De Lena C, Güntekin B, Hanoğlu L, Başar E, Yener G, Durusu Emek-Savaş D, Triggiani IA, Franciotti R, De Pandis MF, and Bonanni L. Abnormalities of cortical neural

synchronization mechanisms in patients with dementia due to Alzheimer’s and Lewy body diseases: an EEG study. Neurobiology of Aging 2017 Jul;55:143-158.

… possibly due to impairment of cholinergic systems greater in AD than PDD-DLB?



Linear rsEEG source connectivity: posterior alpha rhythms are more abnormal in 42 
Alzheimer’s (ADD) than 42 Parkinson’s (PDD) and 34 Lewy body (DLB) dementia 

patients

Babiloni C, Del Percio C, Lizio R, Noce G, Lopez S, Soricelli A, Ferri R, Nobili F, Arnaldi D, Famà F, Aarsland D, Orzi F, ButtinelliC, Giubilei F, Onofrj M, Stocchi F, StirpeP, Fuhr P, Gschwandtner U, Ransmayr G, Garn H, Fraioli L, Pievani M, Frisoni GB, 
D'Antonio F, De Lena C, Güntekin B, Hanoğlu L, Başar E, Yener G, Emek-Savaş DD, Triggiani AI, FranciottiR, Taylor JP, Vacca L, De Pandis MF, Bonanni L. Abnormalities of resting-state functional cortical connectivity in patients with dementia 
due to Alzheimer's and Lewy body diseases: an EEG study. Neurobiol Aging. 2018 May;65:18-40.

… even if delta source activity (source power) is greater in PDD and DLB than ADD patients



• Enlarge the multidisciplinary discussion about the challenges for 
rsEEG source connectivity to experts of Brain Biophysics, 
Computational Neuroscience, Clinical Neurophysiology, Translational 
Neurophysiology and Pharmacology, and others.

• Pursue consensus about new methodological standards and research 
and clinical opportunities/limits of rsEEG brain connectivity.

• Promote international scientific initiatives to address main 
challenges (e.g., Electrode montage/spatial resolution, sensors vs. 
sources, linear vs. nonlinear measurements, Graph theory, clinical 
validation, etc.).

• Generate position and white papers on EEG/MEG brain connectivity 
and Clinical Neurophysiology.

Global actions needed



• Controlling environmental conditions and instruct the subject in a 
repeatable way to compare results in cross-modal and longitudinal 
clinical studies.

• Use of high-resolution EEG techniques (up to 128-256 electrodes and 
more than one referential electrode). 

• Use individual alpha frequency peak to adjust frequency bands from 
delta to alpha in groups of patients showing frequency slowing in 
that peak.

• Cross-validation of source estimation and (especially) connectivity 
using more than one technique.

• Control of nonlinearity of rsEEG data. If affirmative, compare results 
of more than nonlinear measurements.

• International cooperation to create a public repository for data and 
analysis toolboxes and documentations

Conclusions


