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States of (Un)consciousness

Clinical Physiological Wakefulness

Disorders of Consciousness Sleep Mind Blanking
Anaesthesia



The Spontaneous Mind

The stream of thought (Chapter 1X)
The principles of psychology 1890 Oct18,1969 THE Price 50 cents

NEW YORKER
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The 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

Aud FP

Mot Sal Vis
Raichle et al, PNAS 2001 Heine, Soddu, .... Demertzi. Front Psychol 2012 Sporns, et al. PLoS Comput Biol 2005
Demertzi, Soddu, Laureys, Curr Opin Neurobiology 2013  Demertzi & Gomez et al, Cortex 2014 Demertzi* & Tagliazucchi*, et al, Sci Adv 2019

Demertzi, [..], Deco. Netw Neurosci 2022 Demertzi & Antonopoulos et al, Brain 2015 Mortaheb, et al. Biol Psychiatry-CNNI 2024



Mental states
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Mind Blanking

Less frequent Equally probable across time Transient relay
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MB  Senses Stimulus Stimulus

n subjects= 36
Dependent Independent n probes = 50

duration = 48-58min

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



MB is linked to a hyper-connected pattern
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DMN Cont SM LmVA DA Vis

What is the
neurophysiological
substrate?



Higher connectivity in unconscious states

NREM sleep Isoflurane anesthesia
Humans Rats
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slow wave activity:
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El-Baba et al, PLOS One 2019 Aedo-Jury et al, eLife 2019




Higher Global Signal amplitude = Lower vigilance

The Global Signal

PCC Correlation Maps
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Liu et al, Neurolmage 2017

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
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Wong et al, Neuroimage 2013



MB is mediated by low arousal levels

Higher Global Signal Amplitude when MB

DMN Cont SM LmVA DA Vis
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Mortaheb, Van Calster, Raimondo, Klados, Boulakis, Georgoula, Majerus, Van De Ville*, Demertzi*. PNAS 2022




Slow wave-like activity in wakefulness

Properties of slow waves Predictive of mental states
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Andrillon et al, Nat Communications 2021



Does arousal mediate MIB?

| 110=120s Experience Sampling Task
| nProbes=40
Rest Period Probe é Rest Probe .e Rest PfObe Rest Probe
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arousal monitoring arousal monitoring arousal monitoring
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Boulakis, Simos, Zoi, Mortaheb, Schmidt, Raimondo, Demertzi. Sci Rep 2025



Altered arousal increases MB reports

Proportion of response

a Performance on different feature combinations
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but MB was more frequent in
first half of post-exercise vs. second half

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



Altered arousal increases MB reports
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Boulakis, Simos, Zoi, Mortaheb, Schmidt, Raimondo, Demertzi. Sci Rep 2025



| was distracted
| forgot what | but was thinking | had nothing in

had in mind about nothing in mind
particular

A physio-cognitive .
epor
account Of the Memory Atte‘ntion Languaée
phenomenOIogy Of Cognitive mechanisms

No report
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Andrillon, Lutz, Windt, Demertzi. Trends Cogn Sci 2025 Physiological background




Organism

The embodied

perspective

Predictive ability

Top-down
expectations

Seth & Friston. Phil Trans R Soc London B 2016

Perturbations Minimization of
> prediction error
to induce Ascending otz
prediction sensory adaption of
errors Input body states

Physiological arousal
and adaptation



Cardiac acceleration to
oddballs only in minimally conscious patients

Auditory oddball paradigm Cardiac cycle-phase acceleration Electrocardiographic markers carry
Bekinschtein et al., PNAS, 2009 only in MCS independent information from EEG
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Cardiac deceleration to
oddballs for global deviants only in REM

EEG: Strauss, Sitt, King, Elbaz, Azizi, Buiatti, Naccache, van Wassenhove, Dehaene, S, PNAS 2015

EEG: Blume, Niedernhuber, Spitschan, Slawik, Meyer, Bekinschtein, & Cajochen. Sleep 2022
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Koroma, Boulakis, Raimondo, Blume, Strauss, Demertzi. bioRyiv 2024



Cardiac decelaration after
listening to relaxing words during sleep

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



The brain supports content-full and content-less mental states
The body reacts to perturbations during unconsciousness
Thinking has an embodied perspective

We know not through our intellect
but through our experience.
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