Network Neuroscience 2025
June 2, 2025
Maastricht

@ LIEGE université
GIGA

CRC Human Imaging




States of (Un)consciousness

Clinical Physiological Wakefulness

Disorders of Consciousness Sleep Mind Blanking
Anaesthesia



Spontaneous mind
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Spontaneous brain

Default mode Executive control Executive control Salience Sensorimotor
network network left network right network network

Auditory Visual medial Visual lateral Visual occipital
network network network network

(x=17,y=-73, z=-1) (x=13, y=-80, z=-1)

(x=1, y=-50, z=-14)

Heine, Soddu, .... Demertzi. Frontiers Psychol 2012



DOC separation based on cross-modal interactions

# Patient

Training set: 45 DOC (26 MCS, 19 VS/UWS)

14 trauma, 28 non-trauma, 3 mixed
34 patients assessed >1m post-insult

Classification MCS

Test set:

16 MCS, 6 VS/UWS (15 non-trauma; all chronic)

2 different centers

Classification VS/UWS
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Lower cross-modal interaction in the isolated brain
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Mediation of subcortical regions in functional reorganization

Superior Saggital Sinus
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Propofol Anesthesia

F u n Cti O n a I Wakefulness Propofol
anticorrelations

Disorders of Consciousness
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Anticorrelations as a result of neural inhibition

Region A Region B
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Deco et al., Sci Adv 2021
Joglekar et al, Neuron 2018

Demertzi, Kucyi, Ponce-Alvarez, Keliris, Whitfield-Gabrieli, Deco. Network Neurosci 2022



The brain as a network

100 billion neurons, ~100 trillion synaptic connections

The Connectome
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Fornito, Zalesky, Bullmore. Ch 1: An Introduction to Brain Networks. Fundamentals of Brain Network Analysis, Academic Press 2016
Sporns, Tononi, & Koetter. PLoS Comput Biol 2005



“Rich” connectivity in communicating states

Pattern 1 Pattern 2 Pattern 3 Pattern 4
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“Rich” connectivity in communicating states

KW =4x10" UWS/MCS = 0.007
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Simple connectivity in Unconsciousness

Pattern 1 Pattern 2 Pattern 3 Pattern 4
Aud DMN__FP_Mot Sal __ Vis_ AudDMN__FP_Mot _Sal __ Vis_ AudDMN__FP_ Mot Sal _ Vis_ AudDMN__FP_ Mot Sal _ Vis_
ﬁg 1 | | | ] r*g & - l-h 7 . -‘ L} :lﬁg E
T - & g ™ S &
=) ] ] ]

2 c>o Wl | | 2 coo e (TN E 2

- - - e - =
3 0 3 o< R e ;
- o .J 2 - -

L J el B,
g 3 e = g 5

woian e
4 g il < g
< < - 1:< <
] ] 0 1 @ 73

Propofol anesthesia

1 KW=0.9
UWS/MCS = 0.9

e B

1 KW =0.3 1. KW=0.7 1 KW = 0.2
UWS/MCS = 0.2 UWS/MCS =0.7 UWS/MCS =0.2

(@]
(6]
Rate pattern 2
o
(6]
Rate pattern 3
o
()]
Rate pattern 4

Rate pattern 1

=t @ e | I — E_f Ea == EE B :_—_]

o s
' Lo |
uws MCS EMCS uws MCS EMCS uws MCS EMCS uws MCS EMCS

Demertzi* & Tagliazucchi*, Dehaene, Deco, Barttfeld, Raimondo, Martial, Fernandez-Espejo, Rohaut, Voss, Schiff, Owen, Laureys, Naccache, Sitt.
Science Advances 2019



Higher dynamism in
conscious states
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Science Advances 2019



What do these patterns mean?

Pattern 1 Pattern 2 Pattern 3 Pattern 4
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Mind Blanking
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MB is linked to a hyper-connected pattern
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Slow wave-like activity in wakefulness

Properties of slow waves Predictive of mental states
10 ¢ Wake 40 | Sleep
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Andrillon et al, Nat Communications 2021



Higher Global Signal amplitude = Lower vigilance

Uncorrected!
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GS amplitude is linked to low arousal

R=0.68, p=0.0004
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GS amplitude decreases with caffeine intake

A = post-dose minus pre-dose
R=-0.91, p=0.0002

-0.05

AO+HIOD>X %0
S OONONDWN =

-0.1

A global signal amplitude

0 02 04
A vigilance

—caffeine session, pre-dose
—caffeine session, post-dose

015 2.9% caffeine-related
decrease in the
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0.05/delta Y theta Y alpha
2 4 6 8 10 12
Hz

61.7% caffeine-related
0.15 decrease in the

global signal amplitude
0.1
0.05
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Wong et al, Neuroimage 2013



Occurrence Rate

Lower Global Signal amplitude = Higher vigilance
*

Pattern 1 Pattern 2 Pattern 3 Pattern 4
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Higher connectivity in unconscious states

NREM sleep Isoflurane anesthesia
Humans Rats
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MB is mediated by low arousal levels

Higher Global Signal Amplitude “Hyperconnectivity”
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Altered arousal increases MB reports

Proportion of response

a Performance on different feature combinations
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Boulakis, Simos, Zoi, Mortaheb, Schmidt, Raimondo, Demertzi. Sci Rep 2025



Altered arousal increases MB reports
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| was distracted
| forgot what | but was thinking | had nothing in

had in mind about nothing in mind
particular

A physio-cognitive
Memory Attention Languaée account Of the
Cognitive mechanisms phenomenology Of

Report

No report
possible IVI B
Permits No
access formation

\ /

Neural architecture

1

Arousal

Physiological background Andrillon, Lutz, Windt, Demertzi. Trends Cogn Sci 2025



Different MB types?

Mental State Vigilance
TASK
ONTASK| OFFTASK PERSONA ALERT | VERY ALERT
BLANK|[NO RECALL ROOM SLEEPY |VERY SLEEPY|

| go " press| nogo || go |press || go || press||probe| ThSng Choice ,ngider Choice A?e3r’( Choice

GO / NO GO task 3 Experience-sampling
(~ 1 min) questions
Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5

S FIRN O ¢

F FEIERN O

0$ OV‘ K\a &\}‘\(q@ \\(‘) o)(.! o$ OV’ Q8 C«é\,@‘o@ 4(9

-0.6

Boulakis, Kusztor, Tsuchiya, Andrillon, Demertzi. In prep




MB-related patterns depend on
vigilance levels

Interaction
No evidence for a relationship Hyperconnectivity When ALERT, MB reports are
between hyperconnectivity-MB closer to Sleepy closer to Hyperconnectivity
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Boulakis, Kusztor, Tsuchiya, Andrillon, Demertzi. In prep



Take-home message |
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Network Neuroscience 8

* Insights into pathological conditions
* Insights into dimensions of consciousness
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Cardiac reactions to oddballs in MCS

Auditory oddball paradigm
Bekinschtein et al., PNAS, 2009
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Electrocardiographic markers carry
independent information from EEG
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Features

Raimondo, Rohaut, Demertzi, Valente, Engemann, Salti, Fernandez Slezak, Naccache, Sitt. Annals of Neurology 2017




Cardiac responses to word-induced relaxation during sleep

Cardiac decelaration after
Cardiac modulation = SR - RS relaxing words
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Koroma, Beck, Schmidt, Rasch, Demertzi, A. J Sleep Res 2024 night night



Cardiac reactions to oddballs in sleep

EEG: Strauss, Sitt, King, Elbaz, Azizi, Buiatti, Naccache, van Wassenhove, Dehaene, S, PNAS 2015
EEG: Blume, Niedernhuber, Spitschan, Slawik, Meyer, Bekinschtein, & Cajochen. Sleep 2022

Cardiac deceleration for global deviants only in REM
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Koroma, Boulakis, Raimondo, Blume, Strauss, Demertzi. In prep



Cardiac responses to omitted sounds presented in
synchrony to heartbeats
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