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INPUT OUTPUT

detecting consciousness currently relies on	probing sensory processing	and	motor ouputs



INPUT OUTPUT

Locked-in	Syndrome

executive	functions and	motor outputs can	be	impaired in	conscious patients…



INPUT OUTPUT

left

…as well as sensory processing



Modified from S. D’Alì “The dream”

INPUT OUTPUT

consciousness can	be	entirely generated within the	brain…



INPUT OUTPUT

…and	we are	saving many patients who retain large	islands of	cortex

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



A	brain-based	index	independent	of	sensory	processing,	executive	and	motor	functions
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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;	Engel	et	al.,	Science 1982
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spectral	features,	entropy?



Kaskinoro	et	al.	British	Journal	of	Anesthesia,	2010
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Alpha	Coma

Bremer	et	al	2005
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INTEGRATED	INFORMATION	THEORY	OF	CONSCIOUSNESS

IIT



PHENOMENOLOGY:	CONSCIOUS	EXPERIENCE	IS,	AT	ONCE,	DIFFERENTIATED and INTEGRATED

IIT

Tononi,	2004;	2005;	Tononi	and	Koch,	2008;	Oizumi	et	al.,	2014	

integration	&	differentiation	=	complexity
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integration	&	differentiation	=	complexity

King	et	al,	2013
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integration	&	differentiation	=	complexity

differentiation

Kaskinoro	et	al.	British	Journal	of	Anesthesia,	2010
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A	Perturbational	Approach
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complexity
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…and measure
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Causal	Interactions	vs.	Temporal	Correlations

Integration	+	differentiation

Independent	of	inputs	&	outputs

X X
IN OUT

≠
Levels	of	activity
Synchrony
Spread	of	activity
Entropy
ERPs
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Causal	Interactions	vs.	Temporal	Correlations

Integration	+	differentiation

Independent	of	inputs	&	outputs

X X
IN OUT

the	amount	of	information	
that	is	generated	by	causal	interactions	
within	an	integrated	system		

A	Perturbational	Approach

Φ≅=



TMS/EEG:	A	set-up	for	non-invasive	cortical	stimulation	and	recording
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A	quantification:	the	Perturbational	Complexity	Index	(PCI)
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PCI = 0.26 PCI = 0.53

Vegetative	State Recovery

TMS

0

Structurally	intact,	metabolically	active,…

…but stuck in	low-complexity
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Mukowsky et	al.,	Cereb Cortex,	2007	
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Understanding the	mechanismsm of	loss and	recovery of	complexity:	a	multi-scale	approach
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Neuronal Downstate

Recovery

Rosanova et	al,	in	preparation
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LOSS

1. activity dependent K+ currents

2. ADP dependent K+ currents

3. Shift to bursting mode

4. Inhibition/excitation

brainstem lesion

hypoxia axonal Injury

multifocal Injury

McCormick	1992
Steriade et	al.,	1993
Compte et	al.,	2003
Sanchez-Vives et	al	2000
Timofeev	et	al.,	2000
Destexhe et	al,		2007
Funck et	al,	2017
Zucca et	al.,	2017



RECOVERY LOSS

X

1. activity dependent K+ currents

2. ADP dependent K+ currents

3. Shift to bursting mode

4. Inhibition/excitation

brainstem lesion

hypoxia axonal Injury

multifocal Injury



While	structural	lesions	and	disconnections	cannot	be	
reversed,	it	may	still	be	possible	to	restore	complexity	by	

acting	pharmacologically	on	neuronal	bistability
Ne+CCh
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Mechanisms of	Loss and	Recovery of	Brain	Complexity:	across scales,	species and	models
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