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BEBERR Arousal & awareness e

TRENDS_in_
A Cognitive
Level of Consciousness: Wakefulness = necessary but not sufficient Sciences

Content of Consciousness: Awareness

Laureys, Trends in Cognitive Sciences, 2005
Laureys et al, Nature Clinical Medicine, 2008
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Measuring awareness S0
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INTERNAL or
SELF
AWARENESS

EXTERNAL or
SENSORY
AWARENESS

Content of consciousness : AWARENESS

Boly et al, Ann NY Acad Sci, 2009
Vanhaudenhuyse & Demertzi et al, J Cogn Neursoci, 2011



Consciousness | Neural correlates | Diagnosis | Prognosis | Treatment | Ethics

Measuring brain activity S5
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Altered states of consciousness
- Pathological : coma

- Pharmacological: anesthesia
- Physiological: hypnosis
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Consciousness and global brain function
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Stender et al, Current Biology, 2016



Neural correlates

“Global workspace” of consciousness

UNRESPONSIVE WAKEFULNESS / VEGETATIVE STATE
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MINIMALLY CONSCIOUS STATE

Thibaut et al, J Rehabil Med, 2012
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External & infernal awareness

Prognosis | Treatment

| Ethics

INTERNAL or
i SELF /
AWARENESS

EXTERNAL or
SENSORY
AWARENESS
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Consciousness = fop-down

Treatment | Ethics

“VEGETATIVE”
UNRESPONSIVE

Boly, Garrido, Gosseries, Bruno, Schnakers, Massimini, Litvak,
Laureys, Friston, Science, 2011

MINIMALLY
RESPONSIVE

Science



Consciousness | Neural correlates

J Neurol
DOI 10.1007/s00415-016-8196-y

ORIGINAL COMMUNICATION

EEG ultradian rhythmicity differences in disorders

| Diagnosis | Prognosis | Treatment | Ethics
Temporal dynamics of EEG measures <5
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Diognos’ric error after coma )
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Nn=103 post-comatose patients

— 45 clinical consensus diagnosis ‘vegetative state’
— 18 signs of awareness (Coma Recovery Scale)

Q{) 30-40% potential misdiagnosis
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Schnakers et al, BMC Neurology, 2009
Stender et al, Lancet, 2014
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fMRI-based communication

Treatment

Ethics

<&

Imagine Tennis to answer 'YES'
Imagine Navigating to answer 'NO’

Is your father's name Alexander ?
\‘“ : ~"

Standardized Regression Coeff.

LOC LOC 1 2

Monti & Vanhaudenhuyse et al, New Eng J Med, 2010
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Brain Computer Interfaces <>
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“MOVE YOUR FOOT” “MOVE YOUR HAND”
. y - COMA
CONTROL
SUBJECT
. C-!;l,_iége
Brain and

llVEG ETATI VE” The University of Western Ontario

% UNRESPONSIVE B UNIVERSITY OF
’ PATIENT v

Noirhomme et al Neurolmage 2015
Lesenfants, Habbal et al J Neural Engineering 2014
Cruse et al Lancet, 2011, also see Goldfine et al, Lancet, 2013




Diagnosis

Measuring consciousness S5

1 1 | . c 7

EMERGENCE

)

functional communication| and object use

command following

MINIMALLY CONSCIOUS STATE -

A appropriate smiling/crying
localization to noxious stimulation
visual pursuit

VEGETATIVE/UNRESPONSIVE

)

reflex movements
eye opening

COMA

Bruno et al, J Neurology, 2012
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Classitying “resting” MR S0
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Demertzi et al, Brain, 2015




Diagnosis

Pathological hyper-connectivity
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a) DMN positive b) DMN negative ¢) Brain metabolism  d) Grey matter
connectivity connectivity volume

. DMN positive connectivity
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EEG-TMS Perturbational Complexity Index <
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EEG-TMS Perturbational Complexity Index <
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Sarasso et al, Curr Biol, 2015
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Multi-modal imaging

Ethics

<&
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130 patients (29/y)

4 excluded (3%)

81 MCS

41 VS/UWS

4 LIS

110 chronic (87%)

78 non-trauma (62%)

Coma Recovery Scale-Revised results

UWsS MCS Total

Clinical consensus diagnosis

35% clinical misdiagnosis

VS/UWS 33 (37%) (18)20%) 51 (57%)
MC5 2 (2%) 36 (40%) 38 (43%)
Total 35(39%) 54 (61%) 89 (100%)
15F-FDG PET 32% CRS-R misdiagnosis
VS/UWS 24 (21% 11% A
MCS 71(63%) 83 (74%)
Total 36 (32%) 76 (68%) 112 (100%)
Mental imagery fMRI

VS/UWS 23 (33%) 48 (69%)
MCS 19 (27%) 22 (31%)
Total 28 (40%) 42 (60%) 70 (100%)

UWS=unresponsive wakefulness syndrome. MCS=minimally conscious state.

Table 2: Diagnostic results by modality

THE
LANCET

Stender & Gosseries et al, Lancet, 2014



Treatment

Consciousness = thalamo-cortical <)
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Intralaminar nuclei “reconnections” Intralaminar nuclei stimulation
in spontaneous recovery from induces “recovery” from
“vegetative” unresponsive state minimally responsive state

Laureys et al, Lancet 2000 Schiff et al, Nature 2007
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Consciousness = thalamo-cortical )
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Intralaminar nuclei “reconnections”
in spontaneous recovery from
“vegetative” unresponsive state

Transcranial direct current stimulation
(tDCS)

Electric field

Laureys et al, Lancet 2000 Thibaut et al, Neurology 2014
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Ethical framework 3,

i1 1 0 I | c e
.

The American Journal of Bioethics, 8(9): 3-12, 2008

The American Journal of

BIOETHICS Neuroimaging and Disorders of
Qi rURoscIEer Consciousness: Envisioning an Ethical
: Research Agenda

Joseph J. Fins, Weill Medical College of Cornell University*
Judy llles, University of British Columbia*
James L. Bernat, Dartmouth Medical School**
Joy Hirsch, Columbia University**
Steven Laureys, University of Liege**
Emily Murphy, Stanford Law School**

NEUROIMAGING AND DISORDENS OF CONSCION *To-lead authors.

*Equal authors in alphabetical order.

Fins et al, Am J BioEthics, 2008
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Pain in minimally conscious state 35
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Boly et al, Lancet Neurology, 2008
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Open Access Research

A survey on self-assessed well-being in A |_ | S
open a cohort of chronic locked-in syndrome \550(1 ation du Locked-in Syndrome
patients: happy majority, miserable °
minority - —

Marie-Aurélie Bruno,! Jan L Bernheim,? Didier Ledoux,’ Frédéric Pellas,®
Athena Demertzi, Steven Laureys'
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N of locked-in syndrome patien
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Worst period in my life Best period in my life

Bruno et al, BMJ Open, 2011
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Porodigms (re)framed by neuroimaging <>
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mesocircuit fronto-parietal model

transcranial amantadine

Direct ones Parietalf
Current ool
Stimulation
Deep brain stimulation
zoIpidem Scientific
pallidus interna Central - Neural correlates

thalamus Medical
- Diagnosis

- Prognosis
- Treatment
Ethical

m_ Pedunculopontine
RIBAIeT ] NEUROLOGY hucleus

Laureys & Schiff, Neuroimage, 2012
Giacino, Fins, Laureys, Schiff, Nature Rev Neurol, 2014
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