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Colin McGinn

“We will never know how the water of the physical brain is turned 
into the wine of consciousness”
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Coma Vegetative State CommunicationMinimally Conscious State



Coma Vegetative State CommunicationMinimally Conscious State

40% error!

Majerus et al., 2005
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Locked-in Syndrome
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Locked-in Syndrome



INPUT OUTPUT

Total Locked-in Syndrome



INPUT OUTPUT

Owen et al., 2016
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left



INPUT OUTPUT

In the US:

50,000 unresponsive patients (VS) 
300,000 minimally responsive (MCS)

All at risk of misdiagnosis!

Majerus et al., 2005
Laureys and Schiff 2012

 ISLANDS of AWERENESS?
Bayne, Seth, Massimini  Trends in Neuroscience 2020



Modified from S. D’Alì “The dream”

INPUT OUTPUT



A brain-based index independent of sensory processing, executive and motor functions



Douncan McDougall, American Medicine 1907



Laureys et al., Neurology 2002



Laureys et al., Neurology 2002



awake asleep

The level of consciousness does not depend 
critically
on the levels of neural activity

Bai et al., J Neurosci 2010; Blumenfeld et al., Neuroimage 2003; 

absence seizure



awake asleep

The level of consciousness does not depend 
critically
on the levels of neural activity

BCILab



The Blue Brain Project



awake asleep

The Blue Brain Project

https://docs.google.com/file/d/1uH4kCGrPZRa1m0OJF3zvj9zQ8t5nXLzF/preview


The Blue Brain Project



awake asleep

The level of consciousness does not depend 
critically
on the levels of neural activity

The Blue Brain Project



Fundamental paradoxes, still unsolved:



awake asleep

The level of consciousness does not depend 
critically
on the levels of neural activity

wakefulness sleep

Steriade et al., J. Neurophysiol. 2001

Fundamental paradoxes, still unsolved: wake vs sleep



Thalamocortical System = 20 billion 
neurons

Cerebellum = 80 billion neurons 
!!!!!!!!

Fundamental paradoxes, still unsolved: cerebral cortex vs cerebellum



Fundamental paradoxes, still 
unsolved

Life without a 
cerebellum

Yu et al., Brain 2015

Fundamental paradoxes, still unsolved: cerebral cortex vs cerebellum



Francis Crick (1916-2004)

A  theoretical approach to measuring consciousness



The Information Integration Theory of Consciousness (IITC)



A physical system is consciosus to the exent
that it integrates information

G. Tononi,  G. Edelman,  Science, 1998. 

G. Tononi,  M. Boly,  M Massimini, C Koch,  Nature Review Neuroscience 2016 



A thought experiment…
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log2(2) = 1 bit
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log2(2
1.000.000.000) = 1.000.000.000 bit

light
dark

























= 1 bit



Try….





Split Brain: due coscienze nello stesso cranio



complexityDiversity Unity
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https://docs.google.com/file/d/15FnbhB2Kr903aZLSDL0XrmdsXnrXMC5P/preview


Wakefulness

Massimini et al Science, 2005
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Massimini et al Science, 2005
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SleepWakefulness

Massimini et al Science, 2005

https://docs.google.com/file/d/1EdgrFF6CbQNM5wRhIJXZh6wRNkiv0pQt/preview
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Massimini et al Science, 2005; Massimini et al., PNAS 2007
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Massimini et al Science, 2005; Massimini et al., PNAS 2007
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SleepWakefulness
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TMS

Conscious (Report) Uncoscious (Report)

Rosanova et al., J Neurosci 2009; Ferrarelli et al., PNAS 2010; Rosanova et a., Brain, 2012; Casali et al., 
Science Transl Med 2013; Sarasso et al., Current Biology 2015; 

Unknown
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Bedside application: detecting Consciousness through Complexity

Casali et al., Science Transl Med 2013
Casarotto et al, Ann Neurology 2016
Comolatti et al, Brain Stim 2019

MCS
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Bedside application: detecting Consciousness through Complexity

https://docs.google.com/file/d/1QgqRSlk7AacpbffMvxO4Ex2e8UV2wkG4/preview
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MCS

Safety Coffin

Bedside application: detecting Consciousness through Complexity
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Brain Islands

Function (intelligent behavior)
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Schiff et al, 1999

Ava 



With the kind patient’s family permission

Patient Sofia

https://docs.google.com/file/d/12IyEzWM96sJuM9vMeLrkTpZYkfcO3-6d/preview
https://docs.google.com/file/d/1a6aOYELVdg9sVliIRgs71lASB0Ot5ip7/preview


Injured Brains Other Brains Brain IslandsDeveloping Brains

Bayne, Seth, Massimini TINS, in press

Edelman, Baars, Seth Consc Cogn 2005 



PCI = 0.26 PCI = 0.53

Vegetative State Recovery

TMS

0

Structurally intact, metabolically active,…

…but stuck in low-complexity

Bodart et al., Neuroimage Clin 2018 Rosanova et al., Brain 2013



Vegetative

Neuronal OFF-period

Recovery

structural 
lesion
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ll Cervello è più esteso del Cielo Emily Dickinson

https://docs.google.com/file/d/1GpNbiEoWdLz0y4vPnFMqT93xzTsrGyrZ/preview


https://docs.google.com/file/d/1yHNE5fnIMlhZ6UayMiNBvfiev6y9zKbj/preview


“The brain is wider than the sky…”

Emily Dickinson (1830-1896)



Thank you! 

UNIVERSITY OF 
WISCONSIN:

Fabio Ferrarelli
Brady Riedner
Michael Peterson
Reto Huber
Michael Murphy
Harpreet Singh
Giulio Tononi 

UNIVERSITY OF 
MILAN:

Silvia Casarotto
Simone Sarasso
Andrea Pigorini
Mario Rosanova
Adenauer Casali
Matteo Fecchio
Martino Napolitani

UNIVERSITY OF 
LIEGE:

Melanie Boly
Olivia Gosserie
Marie-Aurelie 
Bruno
Didier Ledoux
Steven Laureys

NIGUARDA 
HOSPITAL:

Lino Nobili
Annalisa Rubino
Paola Proserpio
Laura Tassi 
Ivana Sartori
Roberto Mai
Giorgio Lorusso

SINERGI
A

FONDAZIONE DON 
GNOCCHI:

Angela Comanducci
Guya Devalle
Davide Trimarchi
Jorge Navarro




