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Source: Google pictures (Credit: CC-BY-SA; M Appelman)

Mental life is referred from behavior
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Demertzi et al, Prog Brain Res 2009
Demertzi & Racine et al, Neuroethics 2012

Consciousness as an ethical imperative
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Demertzi et al, J Neurol 2011



Schnakers et al, Ann Neurol 2006; BMC Neurol 2009

n=103 post-comatose patients

45 Clinical diagnosis of VS
18 Coma Recovery Scale MCS

40% misdiagnosis

Standardized assessment

Giacino et al, Neurology 2002 Stender & Gosseries et al, Lancet 2014

Standardized assessment & Neuroimaging
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We cannot always trust behavior



Resting state

Brain ~2% body’s weight
Evoked changes <5%

80% for neuronal signaling 

"While conscious awareness is 
[…] energetically inexpensive, it 

is dependent upon a very 
complex, dynamically organize 

state of the brain that is achieved 
at great expense"

Raichle & Snyder, 2009 In: Laureys S, Tononi G The Neurology of Consciousness. Oxford: Elsevier Academic Press

William James (1842-1910)

The stream of thought (Chapter IX)
The Principles of Psychology 1890
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Task deactivations
Task performance - Rest (fixation/eyes closed)

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 brain function
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Fox et al, PNAS 2005
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Functional correlations & anticorrelations



Vanhaudenhuyse*, Demertzi* et al, J Cogn Neurosci 2011
Demertzi, Soddu, Laureys, Curr Opin Neurobiology 2013
Demertzi & Whitfield-Gabrieli, in: Neurology of Consciousness 2nd ed. 2015
Demertzi et al, Front Hum Neurosci 2013
Demertzi, Kucyi, Ponces-Alvarez, Keliris, Whitfield-Gabrieli, Deco. Netw Neurosci in press

External awareness
or anticorrelated network

Internal awareness
or Default mode network

Switch 0.01-0.1Hz

Anticorrelations inform cognitive function?
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Demertzi, Soddu, Faymonville et al, Prog Brain Res 2011
Demertzi, Vanhaudenhuyse, Noirhomme, Faymonville, Laureys, J Physiol Paris 2015

Normal wakefulness
Autobiographical mental imagery
Hypnosis 

*p<.05

p<0.05 corrected for multiple comparisons

Normal wakefulness

Autobiographical mental imagery

Hypnosis

Modified awareness reduces anticorrelations
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Boveroux et al, Anesthesiology 2010

n=20

Propofol-induced

Modified arousal reduces anticorrelations
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No anticorrelations in DOC
DMN ANTICORRELATIONS

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

DMN CORRELATIONS
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Anticorrelations » Consciousness
Anticorrelations reduce in intensity or are undetectable in :
Ø unresponsive patients (Di Perri et al., 2016; Threlkeld et al., 2018)

Ø hypnosis (Demertzi et al., 2011) 

Ø in deep anesthesia (Boveroux et al., 2010)

Ø after sleep deprivation (De Havas et al., 2012; Yeo et al., 2015) 

Ø slow wave sleep and REM (Chow et al., 2013)

Ø deep sedation (Luppi et al., 2019)

Anticorrelations recover:
Ø at post-anesthetic period (Nir et al., 2020)

Ø after DOC (Di Perri et al., 2016; Threlkeld et al., 2018)

Anticorrelations contribute to:
Ø cognitive function (Keller et al., 2015; Vanhaudenhuyse et al., 2011)

Ø greater intensity è better performance (Kucyi et al., 2017)

Ø between-subject performance (Spreng et al., 2010).

Ø life span
Ø start weak in children, strengthen during 

adolescence, end up anticorrelated in young 
adulthood (Chai et al., 2014)

Ø get selectively decreased during healthy aging (Keller 
et al., 2015)

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



More networks during rest

Biswal et al., Magn Reson. 
Med 1995
Smith et al, PNAS 2009
Heine et al, Front Psych 2012
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• Training set: 45 DOC (26 MCS, 19 VS/UWS)
• 14 trauma, 28 non-trauma, 3 mixed
• 34 patients assessed >1m post-insult

• Test set:
• 16 MCS, 6 VS/UWS (15 non-trauma; all chronic)
• 2 different centers  

Demertzi & Antonopoulos et al, Brain 2015

Classification MCS                                 Classification VS/UWS

Distance from decision plane

Demertzi & Antonopoulos et al, Brain 2015

Lower cross-modal interaction in UWS
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Blauwblomme & Demertzi et al, Epilepsia Open 2020

Complete hemispherotomy

Inter-hemispheric connectivity 

Lower cross-modal interaction in the isolated brain
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Lower cross-modal interaction in the isolated brain

Blauwblomme & Demertzi et al, Epilepsia Open 2020
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Typical wakefulness
Performance, emotion and cognition 
Alavash et al, Neuroimage, 2016
Shine et al Neuron, 2016
Friston Neuroimage, 1997
Thompson et al, Hum Brain Mapp, 2013

Unconsciousness
Rigid spatiotemporal organization, less metastable 
dynamics
• sleep (Tagliazucchi et al, PNAS 2013; Wang et al, PNAS 2016; Wilson et al., 

Neuroimage 2015; Chow et al, PNAS 2013)

• anesthesia
o in humans (Tagliazucchi et al, J. R. Soc. Interface 2016; Kafashan et al, 

Front Neural Circuits, 2016; Amico et al, PLoS One 2014)

o in animals (Barttfeld et al, PNAS 2014; Grandjean et al, Neuroimage
2017; Liang et al, Neuroimage 2015)

Barttfeld*, Ulhrig*,  Sitt*, et al, PNAS 2015

The brain cannot map the complexity of the internal and external world
(Dehaene et al, Trends Cog Sci, 2006; Tononi et al, Nat Rev Neurosci. 2016)

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

Complex patterns in higher conscious states
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More chances to transition when conscious

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

Pattern 1                         Pattern 2

Pattern 3                         Pattern 4

Propofol anesthesia
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Wakeful and unconscious? The case of Mind Blanking
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Mortaheb, Van Calster, Raimondo, Klados, Boulakis, Georgoulaa, Majerus, Van De Ville*, Demertzi*. Under review



Wakeful and unconscious? The case of Mind Blanking
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Mortaheb, Van Calster, Raimondo, Klados, Boulakis, Georgoulaa, Majerus, Van De Ville*, Demertzi*. Under review



Features

*

*

Auditory oddball paradigm

Local
Effect

Global
Effect

*

Local
Effect

Global
Effect

*
Post interval 

Cardiac reactions to oddballs in MCS

Cardiac cycle-phase acceleration
only in MCS

Electrocardiographic markers carry 
independent information from EEG
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Bayne, Hohwy, Owen Trends Cogn Sci 2016
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Consciousness is multidimensional

Cross-modal interactions
(multi-sensory integration)

Inter-state dynamism
(metastability)

Embodied responsiveness
(active inference)

Anticorrelations
(neural inhibition)
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Consciousness is 
a construct of collective consensus 

and concerns us all


