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”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”.
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Default mode (33) - Visual (34)
Default mode (33) - Temporal (35)
Default mode (36) — Frontal (39)

think of nothing think of nothing think of nothing

Functional Network Connectivity (2)

Kawagoe et al , Eur J Neurosci 2018

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

x=-46 Lateral
Kawagoe et al, Hum. Brain Mapp 2019




fMRI univariate analysis of MB
reports reveals whole-brain
deactivations

I
-5.8 -4.3 -3.1

voxel-level puncorrected <0.001
cluster level pgpg <0.05

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

Prior expectations
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Posterior values
The vmPFC/ACC contains
significant evidence for MB deactivations

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

Traceplot of model fit (MCMC-NUTS)
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Mind Blanking reports happen spontaneously

Less frequent Equally probable across time Transient relay
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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



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
Image from: Demertzi & Tagliazucchi, Dehaene, Deco, Barttfeld, Raimondo [...] Sitt. Science Advances 2019



MB is linked to a hyper-connected state

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

NREM sleep Isoflurane anesthesia
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Slow wave activity in wakefulness: “local sleeps’

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



Higher connectivity and BOLD

The Global Signal Higher Global Signal Amplitude
E— around MB reports
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GS amplitude is linked to low arousal GS amplitude linked to signal decreases

R=0.68, p=0.0004 R=.0.46, p=0.03 in subcortical structures of arousal
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GS amplitude decreases with caffeine intake
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Do arousal variations mediate MIB?

110-120s
| |
I |

{ .

Probe ‘<

Rest Period

Experience Sampling Task

Rest Probe <
MW SENS

nProbes=40

Rest Probe

HFH} @*

Rest Probe

MB SLEEP

arousal monitoring

eeoe@

arousal monitoring

Ceo@l

Alpha Power 1
Delta Power ‘ PupiISizet HRT EDAf
Theta Power $

arousal monitoring

{@@W@)

Alpha Power ‘
Delta Power t Pupil Size § HR{
Theta Power t

EDA §

»

Day 1 — Baseline measurements

(J
% Day 2 — High Arousal

>

time
@ Day 3 — Low Arousal i

Boulakis, Simos, Zoi, Mortaheb, Schmidt, Raimondo, Demertzi. Registered Report Stage2 (results), bioryiv 2024



Altered arousal increases MB reports
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Balanced Accuracy

MB has a unique brain-body profile

MB vs. other states

Performance on different feature combinations
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Summary

Mind Blanking reports:

e are uniform time in typical waking

* are more frequent after sleep deprivation

* are more frequent after immediate physical exercise

e are "spontaneous” (but also can be induced, forgotten,
u ndetectEd) Andrillon, Lutz, Windt, Demertzi (in prep).

$

MB is a default mental state during
ongoing thinking
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“Rich” connectivity in communicating states

Pattern 1 Pattern 2 Pattern 3 Pattern 4
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Simple connectivity in “unconsciousness”
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N Higher dynamism in
— - conscious states
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\ Fernandez-Espejo, Rohaut, Voss, Schiff, Owen, Laureys, Naccache, Sitt.
Rho=-0.56 Science Advances 2019



Non-reportable Awareness?

Challenges for Theories of Consciousness

Global
workspace

— Posterior

//'// & cortical

Neurons ‘hot zone’
Local outside main
complex
Local ~ processors
processors (mobilized)

Global Neuronal Workspace Theory Integrated information theory



Somatosensory, proprioceptive, vascular and olfactory pathways Core interoceptive pathways
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The mind is embodied and embedded

Organism

Predictive ability

Top-down
expectations

Perturbations Minimization of
> prediction error

to induce Ascending process

prediction sensory adaption of
errors | n put bOdy states

Physiological arousal
and adaptation

Seth & Friston. Phil Trans R Soc London B 2016



Cardiac reactions to oddballs in MCS

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 reactions to oddballs in sleep

Cardiac deceleration for global deviants only in REM
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Cardiac responses to word-induced relaxation during sleep

Cardiac decelaration after

relaxing words
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Consciousness is multidimensional

1
, _ Inter-state dynamism
Cross-modal interactions 5 (metastability)
(multi-sensory integration) 8 .
“Rich” inter-regional
7

@ ' 3 communication
g (arousal)
o
Functional Anticorrelations ¢ Q’ 4
Embodied responsiveness

(neural inhibition)
> (active inference)
Bayne, Hohwy, Owen Trends Cogn Sci 2016



