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Brain dynamics as a means 
to quantify consciousness 
states and ongoing 
thinking



Clinical               Physiological     Wakefulness

States of (Un)consciousness



Spontaneous mind Spontaneous brain

Demertzi & Whitfield-Gabrieli, in: Neurology of Consciousness 2nd ed. 2015
Demertzi, Soddu, Laureys, Curr Opin Neurobiology 2013 
Demertzi et al, Front Hum Neurosci 2013
Raichle et al, PNAS 2001



Default mode of function

Demertzi & Whitfield-Gabrieli, In: Neurology of Consciousness 2nd ed. 2015
Demertzi, Soddu, Laureys, Curr Opin Neurobiology 2013 
Raichle et al, PNAS 200
Fox et al, PNAS 2005

Default Mode Network Functional Anticorrelations



Anticorrelations reflect cognition



External-internal: r=-0.44, p<.02
Mean switch: 0.05Hz (range: 0.01-0.1)
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FDR p<0.05 SVC  p<0.05

Vanhaudenhuyse*, Demertzi* et al, J Cogn Neurosci 2011

Anticorrelations reflect cognition



Anticorrelations reduce in hypnosis

Demertzi, Soddu, Faymonville et al, Prog Brain Res 2011
Demertzi, Vanhaudenhuyse, et al, J Physiol Paris 2015



Anticorrelations reduce in extreme environments

Parabolic flight Parabolic flight Trajectory



Anticorrelations reduce in extreme environments

Van Ombergen, … and Demertzi, Sci Rep 2017
Demertzi et al, Brain Str Funct 2015 

Angular gyrus/TPJ



No Anticorrelations in DoC Patients

Di Perri, … Demertzi*, Laureys*, Soddu*, Lancet Neurol 2016



Anticorrelations predict recovery of consciousness

Snider, Shi , Bodien, … Fox. PNAS 2025



Resting State has Multiple Networks

Biswal et al., Magn Reson. Med 1995
Smith et al, PNAS 2009
Heine et al, Front Psych 2012



• 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



Unsupervised Clustering

By Chire - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=59409335



“Rich” connectivity in conscious states

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



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



Kawagoe et al, Hum. Brain Mapp 2019

Kawagoe et al , Eur J Neurosci 2018

Voluntary Mind Blanking?

“When you realize that you 
are thinking about something, 
disengage your attention and 
again try to think of nothing 
during the scans”

”Keep awake, fixate on the 
cross, and think of nothing 
as best you can. When you 
realise that you are thinking 
about something, disengage 
your attention and again try 
to think of nothing”.



Boulakis, Mortaheb, Van Calster, Majerus, Demertzi. JNeurosci 2023

Probed Mind Blanking linked to widespread deactivations

voxel-level puncorrected <0.001    
cluster level pFDR <0.05

fMRI univariate analysis of MB 
reports reveals whole-brain 

deactivations

Posterior  values
The vmPFC/ACC contains 

significant evidence for MB deactivations

Posterior distribution contrasts
Frontal deactivations differentiated 

between MB and SInd

Prior expectations                     Traceplot of model fit (MCMC-NUTS)

Bayesian linear model of the beta parameters in 
the ACC cluster (Kawagoe 2019)



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

Probing MB reports

n subjects= 36
n probes = 50
duration = 48-58min

(48-58min)



Less frequent Equally probable across time  Transient relay

Mind Blanking characteristics

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

Dependent    Independent

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



Sparsely reported                            Reduced perceptions        Equiprobable      

MB is linked to a hyper-connected pattern

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



What is the 
neurophysiological 

substrate?



El-Baba et al, PLOS One 2019
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NREM sleep
Humans

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, Georgoulaa, Majerus, Van De Ville*, Demertzi*. PNAS 2022 



Andrillon et al, Nat Communications 2021

Slow wave-like activity in wakefulness
Properties of slow waves            Predictive of mental states



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



Boulakis & Demertzi. Curr Opinion Behav Sciences 2025

Different mechanisms of MB



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



Bayne, Hohwy, Owen Trends Cogn Sci 2016

Functional Anticorrelations

“Rich” inter-regional 
communication

Consciousness is multidimensional

Cross-modal interactions

Inter-state dynamism

Embodied responsiveness
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