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Spontaneous mind Spontaneous brain

Heine, Soddu, …. Demertzi. Frontiers Psychol 2012



Demertzi & Whitfield-Gabrieli, in: Neurology of Consciousness 2nd ed. 2015
Raichle et al, PNAS 2001

Functional 
connectivity

Brain networks



Clinical               Physiological     Wakefulness

States of (Un)consciousness



Complete hemispherotomy

Inter-hemispheric connectivity 

Functional connectivity gets lateralized in hemispherotomy

Blauwblomme* & Demertzi*, Tacchela, Fillon, Bourgeois, Losito, Eisermann, Marinazzo, Raimondo, Alcauter, Van De 
Steen, Colenbier, Laureys, Dangouloff Ros, Naccache, Boddaert, Nabbout et al, Epilepsia Open 2020



• Training set: 45 patients (26 MCS, 19 UWS)
• Test set (independent) : 22 patients (16 MCS, 6 UWS)

Demertzi & Antonopoulos et al, Brain 2015

Cross-modal connectivity classifies DOC patients



The brain as a dynamic network

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

The Connectome

100 billion neurons, ~100 trillion synaptic connections



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

“Rich” connectivity in conscious states



Simple connectivity in Unconsciousness

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



Higher dynamism in 
conscious states

Healthy >  MCS >  UWS 
UWS > MCS > Healthy

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



What do these patterns mean?

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



Christoff et al, Nat Rev Neurosci 2016

Mental states

Slide courtesy:  Boulakis Paris, Physiology of Cognition Lab



Less frequent Equally probable across time  Transient relay

Mind Blanking

Mortaheb, Van Calster, Raimondo, Klados, Boulakis, Georgoulaa, Majerus, Van De Ville*, Demertzi*. PNAS 2022 
Van Calster, D’Argembeau, Salmon, Peters, Majerus, J Cogn Neurosci 2017

MB      Senses   Stimulus       Stimulus
n subjects= 36
n probes = 50
duration = 48-58min

Dependent    Independent



Sparsely reported                            Reduced perceptions        Equiprobable      

Mortaheb, Van Calster, Raimondo, Klados, Boulakis, Georgoulaa, Majerus, Van De Ville*, Demertzi*. PNAS 2022 

MB is linked to a hyper-connected pattern



What is the 
neurophysiological 

substrate?



El-Baba et al, PLOS One 2019
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Higher connectivity in unconscious states

Aedo-Jury et al, eLife 2019

Isoflurane anesthesia
Rats



GS amplitude decreases with caffeine intake

GS amplitude is linked to low arousal

Wong et al, Neuroimage 2013

Higher Global Signal amplitude à Lower vigilance

Liu et al, NeuroImage 2017

The Global Signal



Mortaheb, Fort, Mason, Mallaroni, Ramaekers, Demertzi. Biol Psychiatry-CNNI 2024

*
BOLD amplitude reductions

Psilocybin-Placebo

Lower Global Signal amplitude à Higher vigilance



MB is mediated by low arousal levels
Higher Global Signal Amplitude when MB 

Mortaheb, Van Calster, Raimondo, Klados, Boulakis, Georgoula, Majerus, Van De Ville*, Demertzi*. PNAS 2022 



Altered arousal increases MB reports

Baseline      Biking    Sleep Deprivation

Boulakis, Simos, Zoi, Mortaheb, Schmidt,  Raimondo, Demertzi. Sci Rep 2025



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



Why do we 
mind blank?



Empty Mind – Busy Brain 



Yang et al., Nature Neuroscience, 2025

Low arousal is linked to higher CSF movement

Bitanihirwe, Lizano & Woo.  Molecular Psychiatry (2022)



Nedergaard, Science, 2013
Demertzi & Andillon, in prep

Glymphatic clearance



• The resting brain is rather active

• Content-less reports may inform 
about neuropsychiatric disorders

• Brain dynamics inform about 
metal states and cognition

Conclusions
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