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1. Introduction : 'expérience consciente comme objet d’étude scientifique
2. Quelle(s) méthode(s) pour étudier la conscience ?

3. La théorie dela non-unité de la conscience

4. La théorie de l’espace de travail global (global workspace theory)

5. Certaines personnes en état de comas vegetatif sont-ellesconscientes ?

6. Nos décisions conscientes peuvent-elles étre influencées par des stimulinon
percus consciemment ?



1. Introduction : I'expérience consciente
comme objet d’étude scientifique



Le probleme de la conscience

On a longtemps considéré qu’elle étaithors de portée de l’investigation
empirique:
— phénomene privé, subjectif. Comment mesurer objectivement un

phénomeéne subjectif ? (Quel effet cela fait-il d’étre une chauve-souris?
(Thomas Nagel)

Elle a été écartée du domaine de la science empirique, d’abord par le
pouvoir religieux (menace du dogme dualiste d’'une ame immortelle
donnée par Dieu); ensuite par les écoles de pensée scientifiques qui
rejetaient comme « non scientifique » tout usage de termes mentaux.



“Itis impossible to specify what it is, what it does, or why it
evolved. Nothing worth reading has been written on it."

Stuart Sutherland, 1989



When there's . . ]
N0 more room Les zombies philosophiques

in HELL
the dead will walk
the EARTH

Un zombie philosophique ne peut en
rien étre différencié d’'un humain
normal, mise a part qu’il n’a pas
d’expérience consciente

y Siun zombie philosophique est
/7"“ i\\s possiblealors la conscience n’a aucune

DAV OF THE DEAD fonction, c’est un épiphénomene




« Problemes faciles » et « probleme difficile »
de la conscience

Distinction introduite par le philosophe David Chalmers en 1994 (Tucson, Arizona)

* « Problemes faciles » : il fait référence ala compréhension des processus, des
mécanismes, qui rendent possible la conscience.

» « Probleme difficile » : toutes les explications sur la conscience, toutes les
explications sur 'implémentation des états mentaux dans notre systeme
nerveux (problemes faciles) ne nous renseigneront jamais sur la dimension
subjective de la conscience, sur 'effet que cela fait d’étre soi et de ressentir des
qualia.

Notion d’ « explanatory gap » (trou dans l'explication)




Quelles sont les choses qui peuvent étre réalisées par une
créature consciente mais pas par une créature non consciente ?

— La réponse a cette question revient a déterminer la (les)
fonction(s) de la conscience

CHRIS FRITH

COMMENT LE CERVEAU
CREE NOTRE
UNIVERS MENTAL
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Conscience et controle du comportement

Nous avons un sentiment tres fort de controle de nos
actions... Nous pensons que nos actes sont « causeés » par nos
intentions conscientes

De nombreuses expériences de psychologie cognitive et de
neurosciences ont montré que la conscience a un role
minimum dans le controle du comportement immeédiat



-

Box 1 | Measuring conscious intention

1 Chserve clock 2 Mote clock position at tirme
of conscious intertion

jurge to act)

3 Perform acticn 4 Report clock position at time
of conscious intention

Readiness potential {uv)

Tirme (s)



|_e potentiel de préeparation motrice
« readiness potential »
(Libet, 1983)

- 500 - 200 0 ms

IP : intention préalable
RP : readiness potential

CV : consciencede la
volonté d’agir

M : Mouvement

Libet, 1983
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A-t-on besoin d’'une délibération consciente pour
prendre une décision importante ?



Devrais-je acheter cette Mercedes classe B 200 cdi de 2008 ?



On Making the Right Choice: The wisdorn. It ha boen postlated or mvestigated
. . . . by scientists infi by [but : I—-i3]. Tt
Deliberation-Without-Attention EFfect  sion s here i whaber thie view
justified. We hypothesize that it is not.

First, conscious thought does not always
lead to sound choices. For example, participants

Contrary to conventional wisdom, it is not always advantageous to engage in thorough conscious ~ Who chose their favorite poster among a set of
deliberation before choosing. On the basis of recent insights into the characteristics of consdous ~ five after thorough contemplation showed less
and unconscious thought, we tested the hypothesis that simple choices (such as between different ~ posichoice satisfaction than participants who
towels or different sets of oven mitts) indeed produce better results after conscious thought, but ~ only looked at them briefly (/4, /5). Further-
that choices in complex matters (such as between different houses or different cars) should be left —more, conscious deliberation can make multiple
to unconscious thought. Named the “deliberation-without-attention” hypothesis, it was confirmed  evaluations of the same object less consistent
in four studies on consumer choice, both in the laboratory as well as among actual shoppers, that ~ over time (/6). Two reasons why conscious

purchases of complex products were viewed more favorably when decisions had been made in the  deliberation sometimes leads © poor judgments
absence of attentive deliberation. have been identified. First, consciousness has

A lasws mamncd: (7 T cavicime chanoae o falea

Ap Dijksterhuis,* Maarten W. Bos, Loran F. Nordgren, Rick B. van Baaren

SCIENCE VOL 311 17 FEBRUARY 2006



All participants read information about four
hypothetical cars. Depending on the condition, each
car was characterized by 4 attributes (simple) or by
12 attributes (complex). The attributes were either
positive or negative. One car was characterized by
75% positive attributes, two by 50% positive
attributes, and one by 25% positive attributes.

After reading the information about the four cars,
participants were assigned either to a conscious
thought condition or to an unconscious thought
condition. In the conscious thought condition,
participants were asked to think about the cars for 4
min before they chose their favorite car. In the
unconscious thought condition, participants were
distracted for 4 min (they solved anagrams) and
were told that after the period of distraction they
would be asked to choose the best car.

% participants choosing better car

T

I ]
4 aspects 12 aspects

CJConscious B Unconscious

Fig. 1. Percentage of participants who chose the
most desirable car as a function of complexity of
decision and of mode of thought (n = 18 to 22 in
each condition). Error bars represent the stan-
dard error.



* Laconscience nous permet probablement, avant
tout, d’expliquer et de justifier nos décisions (a
posteriori). Chris Frith

— La conscience nous rend capable de discuter nos décisions avec les
autres. Les discussions sur les prises de décision affectent le
comportement des personnes

— Surle long terme, partager nos introspections sur les décisions conduit
a des regles culturelles qui régulent les décisions de l'individu et du
groupe

CHRIS FRITH
COMMENT LE CERVEAU

CREE NOTRE
UNIVERS MENTAL




Eclats de rire induits par SE de la partie
antérieure de ”AMS

Fried et al. (1998). Electrical current stimulates laughter,
Nature, 391, 650.

Rires

Interruption du langage

Interruption de la capacité a
nommer les objets

Interruption des activités
manuelles

Mouvements impliquant les
bras et les avant-bras

Sensations de frolement






Failure to Detect Mismatches
Between Intention and Qutcome
in a Simple Decision Task

Petter Johansson,'* Lars Hall,'*+ Sverker Sikstrom,’
Andreas Olsson®

A fundamental assumption of theories of decision-making is that we detect
mismatches between intention and outcome, adjust our behavior in the face of
error, and adapt to changing circumstances. Is this always the case? We
investigated the relation between intention, choice, and introspection. Partic-
ipants made choices between presented face pairs on the basis of attractiveness,
while we covertly manipulated the relationship between choice and outcome
that they experienced. Participants failed to notice conspicuous mismatches
between their intended choice and the ocutcome they were presented with, while
nevertheless offering introspectively derived reasons for why they chose the way
they did. We call this effect choice blindness.

7 OCTOBER 2005 WOL 310 SCIENCE  wwww.sciencemag.org



Choisir

Expliquerle choix

* Dans 20% des essais I’expérimentateur demande d’expliquer la préférence
pour le visage qui n’a pas était choisi!

* Dans 74% des cas, la tromperie n‘est pas détectée.



Type %
Specific She’s radiant. | would rather have
cp f 13.3 approached her at a bar than the other
e one. | like earrings! [M]
Detailed She looks like an aunt of mine | think,
Cont 17.3 | and she seems nicer than the other
d one. [F]
Emotional Yes, well, [laughter] she looks very
Conf 9.3 hot in this picture. [M]
Simple Just a nice shape of the face, and the
Conf, 10.8 chin. [M]
Relational I thought she had more personality,
Cont. 21.3 in a way. She was the most appealing
to me. [F]
Eh...| 't know.
Uncertalnty 11.6 don ow. [F]
Dynamic 5.2 Oh, [short laughter] Why did | choose
report : her? She locks very masculine! [M]
Original Because she was smiling. [F]
choice 1.2




Le terme conscience est polysémique

— La conscience, dans un usage intransitif ; état d’éveil : « j’ai perdu
conscience » ; fait référence aux niveaux de vigilance : veille,
sommeil, anesthésie, coma, état végétatif

— La conscience d’acces : fait référence au contenu de la conscience
en tant qu’il est immédiatement disponible comme prémisse pour
le raisonnement et peut jouer un réle dans le contréle rationnel de
I’action et de la parole

— La conscience phénoménale : fait référence aux aspects qualitatifs
de notre vie mentale (les qualias) ; « I'effet que cela fait » (le goQt
ou I'odeur du maroilles ; de ressentir une douleur ou de percevoir
une couleur, ...)

— La conscience de soi : nous disposons d’'une représentation de soi
qui confere une certaine unité a notre vie mentale

* Différence soi/non-soi
* |llusions de déplacement du soi



Réduction du métabolisme et niveau de vigilance

Sommeil a ondes lentes Anesthésie Etat végétatif




Le réseau du mode par défaut

Un ensemble de réglons cérébrales qui coopérent forme le réseau du mode par
défaut. |l semble &tre responsable de 'essentlel de I'activité du cerveau quand
Il n'est pas focallsé sur une tdche particullére et jouerait un réle essentlel
dans le fonctlionnement mental.

Centre de commande
Le réseau dumode par défaut implique plusieurs aires cérébrales
éloignées les unes des autres,

Hémisphére droit interne Hémisphére gauche exteme

Cortex
iétal
eral

Cortex préfrontal
médian

[]Réseau du mode par défaut

Un chef d'orchestre du sol

Le réseau du mode par défaut jouerait
le rble d'un chef d'orchestre, Emettant
des signaux temporels qui coordonnent
Factivité de différentes aires cérébrales,
Ces indices — entre |e cortexvisuel —

et le co uditif, par exemple,
garantissent probablement que toutes
les aires cérébrales sont prétes

de fagon coordonnée les différentes
composantes d'un méme stimulus
pour lui donner sa cohérence,

Edgy Rsck ERVCobl




2. Quelle(s) méthode(s) pour étudierla
conscience?



La conscience comme objet d’investigation
scientifique

La conscience est « un phénomene réel, naturel, biologique,
littéralement localisé dans le cerveau » (Revonsuo, 2001)

« Les neurosciences cognitives de |la conscience visent a déterminer
s'il existe une forme systématique de traitement de l'information,
et une classe d’états d’activité du cerveau, qui distinguent
systématiquement les états que les sujets identifient comme
“conscients” des autres états. » (Dehaene & Naccache, 2001)

— Mise en corrélation psycho-neurale similaire a ce qui ce fait dans d’autres
domaines de la vie mentale



La conscience comme objet d’investigation
scientifique

« La premiere étape, cruciale, consiste a prendre au sérieux
ce que les sujets rapportent de leur introspection et de leur
phénoménologie. Ces rapports subjectifs sont les
phénomenes clés qu’une neuroscience cognitive de la
conscience vise a étudier. En tant que tels, ils constituent les
données primaires que l'on doit mesurer et enregistrer en
parallele avec toutes les autres données physiologiques. »

(Dehaene & Naccache, 2001)



“A major part of the programme for studying the neural

correlates of consciousness must be to investigate the
difference between neural activities that are associated with
awareness and those that are not” (Frith et al., 1999).

Nécessité d’identifier des contrastes minimaux entre
traitements neuraux conscients et non conscients



Le masquage

« Réduction de la visibilité d’'un stimulus présenté brievement (la cible) par
un second stimulus, également bref et adjacent dans I'espace et dans le
temps » Définition (Breitmeyer et Ogmen, 2006)

Exemples de masquage:

(a) (b) B (c)
Mask
==

- @ X K

Fig. 2.1 Examples of target and mask stimuli typically used in (a) paracontrast and
metacontrast, (b) pattern masking by noise, and (c) pattern masking by structure.
(Reproduced from Breitmeyer and Ganz 1976.)



La méthode contrastive
Baars, A cognitive theory of consciousness, 1989

* |ls’agit de « contraster des paires d’événements similaires,
mais dont ['un est conscient tandis que l'autre ne 'est pas. »

* La psychologie et la neurologie regorgent de cas ou les sujets
s’accordent pour considérer qu’un stimulus est ou n’est pas
conscient.

Exemples :
— Stimuli présentés au seuil de masquage, ou masqués vs démasqués
— Cécité au changement vs conscience du changement
— Etatsde vigilance : éveil vs sommeil, coma ou anesthésie
— Actionsvolontaires vs actions involontaires ou automatiques
— Vision normale vs vision aveugle chez les patients atteintsde blindsight
— Chezles patients héminégligents, stimuli détectés vs stimuli “éteints”



3. La théorie de la non-unité de la conscience

Les expériences du groupe de Semir Zeki

Welcome Laboratory of Neurobiology, University
College London, UK



Dans les études de Zeki et coll.

Conscience = Conscience visuelle
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Selon Semir Zeki, il existe des consciences multiples qui
constituent une hiérarchie ; l'unité de la conscience est une
illusion.

* Chaque qualia est associé a une région cérébrale qui génére une “micro-
conscience”.

—Couleurdans V4

—Mouvementdans V5, etc

* La microconscience des différents traits d’'un objet peut survenir a des
moments différents. La conscience (les micro-consciences) est donc
distribuée dans I'espace et le temps cérébral

* La macro-conscience résulte du liage de ces différents traits en un seul
percept.

* La conscience unifiée résulte de I'intégration du percept avec la
représentation du sujet en train de percevoir



Les aires visuelles V4 et V5 sont
spécialisées dans le traitement
des couleurs et des mouvements,
respectivement. Chacune recoit
des entrées en provenance du 2\ e /5
cortex visuel primaire (V1) et o — X
enregistre l'activité pertinente
dans’hémichamp contro-latéral | (b) [ ———

)

A

Des lésions de V4 produisent ) k.
une achromatoptie, I'incapacité .’0*
avoir les couleurs ; lavisiondu | | | !

mouvement est préservée.

TRENDS in Cognitive Sciencss

\

Des lésions de V5 produisent une akinetoptie, I'incapacité a
voir le mouvement ; la vision des couleurs n’est pas affectée.



“The perceptual consequences of this anatomical
arrangement have been well studied in patient GY, blinded in
one hemifield in childhood by damage to V1. Our
psychophysical and imaging experiments [16,17],
independently confirmed [18], have shown that, in spite of his
blindness, this direct visual input to V5 [19-21] is sufficient to
give GY a crude but consciousvision for fast moving, high
contrast stimuli, the perception of which is mediated by V5
[17] (Fig. 2). It has also been shown that his consciousness,
when visually stimulated, is visual [22].” (S. Zeki)



(a)

same stimulation Opposite stimulation
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Moutoussis, K. and Zeki, S. (2002) The relationship between cortical activationand
perceptioninvestigated with invisible stimuli. PNAS 99, 9527-9532



{c) SH-SF OH-OF

Parahippocampal gyrus

Gyrus fusiform

Moutoussis, K. and Zeki, S. (2002) The relationship between cortical activationand
perceptioninvestigated with invisible stimuli. PNAS 99, 9527-9532



« Lactivité dans une aire cérébrale spécialisée conduit a la vision consciente
et son absence (ou une activité plus basse) dans la méme aire correle avec
une absence d’expérience consciente. » S. Zeki. TICS, 2003



#4 © 2000 Nature America Inc. * http://neurosci.nature.com

articles

The dynamics of object-selective
activation correlate with
recognition performance in humans

Kalanit Grill-Spectorts, Tammar Kushnir2, Talma Hendler® and Rafael Malach!

To investigate the relationship between perceptual awareness and brain activity, we measured both recogni-
tion performance and fMRI signal from object-related areas in human cortex while images were presented
briefly using a masking protocol. Our results suggest that recognition performance is correlated with selective
activation in object areas. Selective activation was correlated to object naming when exposure duration was
varied from 20 to 500 milliseconds. Subjects’ recognition during identical visual stimulation could be
enhanced by training, which also increased the fMRI signal. Overall, the correlation between recognition per-
formance and MVIRI signal was highest in occipitotemporal object areas (the lateral occipital complex).



120ms 380ms 40ms 460ms 20ms  480ms

Scrambled Epochs
) T SRR

S00ms 120ms  380ms 40ms  460ms 20ms  480ms
Fig. 1. Masking experiment. Subjects were presented with images of objects (top) or of scram-
bled objects (bottom) for 20, 40, 120 or 500 ms, followed by a mask created by randomly scram-
bling the images. Subjects were instructed to covertly name the stimuli. This task becomes very
difficult as the stimulus duration decreases.
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Fig. 3. Sensitivity of recognition and fMRI activation to object duration.
To bring recognition and MRI signal to a common scale, we calculated the
ratio of activation and recognition compared to the maximum, obtained at
an image presentation duration of 500 ms. x-axis, image duration on a log-
arithmic scale; error bars, s.e.m. Graphs indicate average of 13 subjects,
except V1, for which there were b subjects. Solid black line, normalized
recognition performance. LO, lateral occipital; pFs, posterior fusiform;
Co§, collateral sulcus; DF, dorsal foci. V1, primary visual cortex.



4. La théorie de I'espace de travail global
(global workspace theory)

Les expériences du groupe de Semir Zeki

Welcome Laboratory of Neurobiology, University
College London, UK



* Bernard Baars a introduit (début des années
1980) le modele de l'espace de travail global.

— Selon Baars, il existe un espace de travail ou
I"information traitée par les circuits spécialisés est
rendue accessible a I'ensemble de la population
neuronale du cerveau.



Stanislas Dehaene




37 mots visibles, 37 invisibles

-90,2% de mots détectés -99,3% de mots pas détectés
(« vu ») (« non vu »)
- 88,9% correctement nommés - 99,95% pas nommes

Visible word or blank Masked word or blank

Dehaeneet al. Nature Neuroscience, 2001
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Dehaeneet al. Nature Neuroscience, 2001



Neural Correlates of Perceptual Rivalry
in the Human Brain

Erik D. Lumer,* Karl J. Friston, Geraint Rees

When dissimilar images are presented to the two eyes, perception alternates spontane-
ously between each monocular view, a phenomenon called binocular rivalry. Functional
brain imaging in humans was used to study the neural basis of these subjective perceptual
changes. Cortical regions whose activity reflected perceptual fransitions included extra-
striate areas of the ventral visual pathway, and parietal and frontal regions that have besn
implicated in spatial attention; whareas the extrastriate areas were also engaged by
nonrivalrous perceptual changes, activity in the frontoparietal cortex was specifically
associated with perceptual alternation only during rivalry. These results suggest that
frontoparietal areas play a central role in conscious perception, biasing the content of visual
awarenass toward abstract internal representations of visual scenes, rather than simply
toward space.

Lumer et al. SCIENCE VOL. 280



Fig. 2. Bvent-related activity during rivalry and replay conditions. (A) Four views of the medial and lateral
surfaces of a rendering of the T1-welghtad anatomical template image in Talalrach space, on which are
superimposad areas whera evoked activity was specifically relasted to perceptual transitions in elther the
rivalry condition iredl) or the replay condition {green). A statistical threshold of £ = 3.09 (comesponcing to
F = 00001, uncorrectad) was used for display purposes; peaks of activation reaching statistical signifi-
cance after corraction for multiple comparizons (F << 0.05) are listed In Takle 1. The areas modulated by
perception during bath rivalrous and replay viewing, and the bilateral symimestry of the evolked activity are
apparent. (B) llustrative postevent histograms of the modulation of activity produced by transition everts
in rvalry (red) and replay (green) conditions from three different sulbjects. The evoked activity (percent
change in BOLD contrast) is shown as a function of postevent time (in seconds) for each subject, with the
fitted models of hamodyvnamic response function superimposad in solid lines. The modulation of activity
shiown here s taken from a voxel in dght arteror fusiform gyrus (0= 33 mm, ¥ = —45mm, 2 = —21 mm;
£=810, P = 0.001 corrected).
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Distributed and Antagonistic Contributions of Ongoing
Activity Fluctuations to Auditory Stimulus Detection

Sepideh Sadaghiani,'*** Guido Hesselmann,'** and Andreas Kleinschmidt'**

Ynité 362, Cognitive Neuroimaging, Institut National de la Santé et de la Recherche Médicale and *Commissariat i 'Energje Atomique, Direction des
Sciences du Vivant, Institut  Imagerie Biomédicale, MeuroSpin, #1191 Gif-sur-Yvette Cedex, France, *Graduate School of Heural and Behavioural Sciences,
International Max Planck Research School, University of Tabingen, 72074 Tilhingen, Germany, and *Université Paris-Sud, 91405 Orsay, France

Recent studies have shown that ongoing activity fluctuations influence trial-by-trial perception of identical stimuli. Some brain systems
seem to bias toward better perceptual performance and others toward worse. We tested whether these observations generalize to another
as of yet unassessed sensory modality, audition, and a nonspatial but memory-dependent paradigm. In a sparse event-related functional
magnetic resonance imaging design, we investigated detection of auditory near-threshold stimuli as a function of prestimulus baseline
activity in early auditory cortex as well as several distributed networks that were defined on the basis of resting state functional connec-
tivity. In accord with previous studies, hits were associated with higher prestimulus activity in related early sensory cortex as well asina
system comprising anterior insula, anterior cingulate, and thalamus, which other studies have related to processing salience and main-
talning task set. In contrast to previous studies, however, higher prestimulus activity in the so-called dorsal attention system of frontal
and parietal cortex blased toward misses, whereas higher activity in the so-called default mode network that includes posterior cingulate
and precunens biased toward hits. These results contradict a simple dichotomic view on the function of these two latter brain systems
where higher ongoing activity in the dorsal attention network would facilitate perceptual performance, and higher activity in the default
maode networkwould deteriorate perceptual performance. Instead, we show that the way in which ongoing activity fluctuations impact on
perception depends on the specific sensory (Le., nonspatial) and cognitive (1.e., mnemonic) context that is relevant.



Figure2. Spatial distribution of evoked cortical responses during successful stimuus detection Activations evoked in hittrials
wersus basaline are shown in cold colors (for details, compare supplementd Table 1, available at www.jneuresd.ong as supple-
mental matenal). Adirect comparison of greater responses during hitsthan missas (wamn cobors) revealed avery similaractivation
pattem. Threshold hedght p < 0,06 correct=d at the duster level using an audiary (uncomected) vocel threshol of p << 00001,
Group results (2 = 11) are superimposed onto the lateral and medial aspects of an infla ted cortical surface of a canonical average
brain.

bilateral auditory cortex
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0.04 .
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Figure 3.  Prestimubs 4R time courses from bilateral auditory come. Left, Map of activation evoked by the nea-threshiold
stimulus (independentafpencept) asessed ina groupanalysi. This map served & the basisfor subjec-bry-subjadefini tonof the
auditory R (shovwm on the group’s average brain; threshold heighitp < 0007 uncorrecoed; see Materials and Methods for detaiks).
Right, In acoord with cur previows findings, we tested the effect of presirmulis activity at time point 0 5 and found significantly
higher adivity preceding hits than misses iz indicated by an asterick L Error bars indicate + SEM.
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Neural correlate of subjective sensory experience
gradually builds up across cortical areas

Victor de Lafuente and Ranulfo Romo®

Irstituts da Fldologia Celular, Unbersidad Maclonal Auténema de México, 04510 Méexico DUF., Maxloo

This contributlan s part of the special series of Inaugural Artlcles by members of the Matlonal Acadermy of Sclencas elected on May 3, 2005,

Contributed by Ranulfe Romo, July 13, 2006

When a sensory stimulus is presented, many cortical areas are
activated, but how does the representation of a sensory stimulus
evolve in time and across cortical areas during a perceptual judg-
ment? We investigated this gquestion by analyzing the responses
from single neurons, recorded in several cortical areas of parietal
and frontal lobes, while trained monkeys reported the presence or
absence of a mechanical vibration of varying amplitude applied to
the skin of one fingertip. Here we show that the strength of the
covariations betwesn nsuronal activity and perceptual judgments
progresserely increases across cortical arsas as the activity is
transmitted from the primary somatosensory cortex to the premao-
tor areas of the frental lobe. This finding suggests that the
neuronal correlates of subjective sensory experience gradually
build up across somatosensory areas of the parietal lobe and
premotor cortices of the frontal lobe.

detaction | perception | psychophysics | somatosansory

ecent studies combining psychophysical and neurophysio-
logical experiments in behaving monkeys have provided

ineinhit e intm adidck arteibaotae oF tha nooennal sacnomeae aolrad

a mechanical stimulator probe vibrated or not by pressing one of
two push buttons with the free hand (Fig. le). Stimuli were
sinusnidal of varied amplitude across trials, had a fived frequency
of 20 Hz, and were delivered to the glabrous skin of one fingertip
of the restrained hand. Stimulus-present trials were interleaved
with an equal number of stimulus-absent trials in which no
mechanical vibrations were delivered. Because of task design,
the monkeys” responses could be classified into four types: hits
and misses in the stimulus-present condition, and correct rejec-
tions and false alarms in the stimulus-absent condition (Fig. 15).
Detection performance was calculated from the behavioral
responses (Fig. 1c). We recorded from single neurons in several
cortical areas of the parietal and frontal lobes while monkeys
performed the sensory detection task (Fig. 1d).

Meural Responses Across Cortical Areas Dunng the Detection Task.YWe
found that the activity evoked by the vibrotactile stimulus is
distributed from early somatosensory cortices to a largs number
of areas, including association and motor areas. Fig. 2a shows
that the majority of the recorded neurons across cortical areas
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Fig. 1. Detection tazk. (2) Trials beganwhen the stimulator probe indented
the skin of one fingertip of the restrained right hard {proke down, PDY. The
rmonkey then placed its left hand on an immovable key (key down, KD). After
avarable prestirmulus perod (uniformly distributed from 1.5 to 3.5 5, on half
of the randomly sslected trials, a vibratory stimulus (20 Hz, 0.5 s) was pre-
sented. Then, after a fixed delay pericod (3 5), the stimulator probe mowved up
{probe up, PU), indicating to the monkey that it could make the responss
rovernent (MT) 1o one of tewo response push buttons. The button pressed
indicated whether or not the monkey felt the stimulus Myes™ arnd “no’™
responses, respecivelyl. (b) Depending on whether the stimulus was present
or absent and onthe b=havioral responss, the trial outcome was classified as
a hit, miss, correct rejection (CR), or false alam (FA). Trials were pssudoran-
dormly chiossn; 90 trial swere stimulus-absent (amplitude O, and 9 trials were
stimulus-pressnt with varying amplitudes (nine amplitudes with 10 repeti-
tions each; 2.3-3.6 pm). (¢} Psychometric detection curve obtained by plot-
ting the proportion of "yes™ responsss as a function of stimulus amplitude in
legarithrnic abscissa (n = number of rurs; a run consists of 180 trials, 90
stimulus-absert and 990 stimulus-present trials). (d) Recorded cortical areas
include 173k, 2,5, sscondary somatosensory cortex (52), and ventral premotor
cortex (WPc) on the left hemisphere; dorsal premotor cortex (DPC) and MPc
bilaterally; and primary motor cortex (M1) on the right hemisphers.
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Fig. 4. Timing and strength of perceptual decision signals across cortical
aress. (&) Choice-probability indices for individual neurons {meanvalues: hits
ws. misses and corect rejections vs. falss alarms) plotted & a funcion of the
response latency for each cortical area (colors are asin Fig. 1d). Neurons from
each areawers fitted with teso-dimensional Gaussians. Color markings at the
abscissa indicate the mean response latency for each cortical area. (b) Mean
choice-probability index for each area plotted as a function of the mean
response latency. A linear fit shows how the choice-probability index increas-
ingly grones as a function of latency (M1 neurons were excluded from the fit;
red dot and dotted circle). (c) Recorded areas groupsed into five processing
stages by analysis of variance of response latencies. Each rectangle groups the
aress with latencies thatwere statistically indistinguishable from each other.



Bases neurales de la conscience (en IRMf)

Traitement subliminal Traitement conscient
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5. Certaines personnes en éetat de coma veégétatif
sont-elles conscientes ?



Caractéristigues de différents &ats de conscience aliérée

Etat Criteres diagnostique EEG FDG-PET
Mort cérébrale
ahsence d éveil isoélectrique aucune activite
absence de conscience « Aprés avoir exclu une dépression des fonctions cérébrales par des
absence de fonctions respiratoires substances pharmacologiques ou toxiques ou par une hypothermie, un
perte des réflexes du tronc cérébral diagnostic définitif peut étre établi aprés une période de 6 4 24 heures. »
Coma

Etat végétatif

absence d"éveil
absence de conscience
fonction respiratnire variable

présence variable des réflexes du tronc cérébral

ancune production de sons

dvell (ouverture spontande des yeux)
ahsence de consciance

souvent fonction respiratoire préserviée
préservation des réflexes du trone cérébral
parfois verbalisations non significatives

Etat de conscience minimale

Locked-in syndrome

évell (ouveriure spontanée des yeux)
conscience minimale

{réponse inconsistante & un ordre verbal)
fonction respiratoire préservée
préservation des réflexes du trone cérébral
verbalisations possibles mais élémentaires

éveil (ouverture spontanée des yeux)
conscient

{communication par mouvements des yeux)
souvent fonction resparaloare préservie
préservation des réflexes du tronc cérébral
verbalisations impossibles (anarthrie)
Wétraplégie

40 a 50 %

diminution

ralentissement
généralisé important

Lésions = soit 1ésions diffuses et bilatérales du cortex cérébral, soit
lésion de la substance réticulée du tronc cérébral.

504 60 %
diminution
(rones associatives)

ralentissement
généralisé important

Lésions = soit atteinte globale du cortex ou de 1a matiére blanche, soit
léston thalamique bilatérale avec preéservation de la substance réficuleée

20240 %

diminution

ralentissement
généralisé

Lésions = soit atteinte globale du cortex ou de 1a matiére blanche, soit
lesion thalamique bilaterale avec preservation de la substance reficulee

normal activité normale

Lésion du tronc cérébral, le plus souvent au nivean de la protubérance,
avec préservation de la substance réticulée.

Schnakers, Majerus & Laureys. Réanimarion, 2004



Box 3 | Criteria for the vegetative state

The criteria listed here comprise the guidelines of the US Multi-Society Task Force on Persistent
Vegetative State™.
+ No evidence of awareness of self or environment and an inability to interact with others

+ No evidence of sustained, reproducible, purposeful or voluntary behavioural responses to
visual, auditory, tactile or noxious stimuli

+ No evidence of language comprehension or expression
+ Intermittent wakefulness manifested by the presence of the sleep—wale cycle

+ Sufficiently preserved hypothalamic and brainstem autonomic functions to permit survival
with medical and nursing care

+ Bowel and bladder incontinence
« Variably preserved cranial nerve and spinal reflexes



Tennis Imagery Spatial Navigation Imagery

A Patient

- SMA ‘ PMC
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Fig. 1. We observed supplementary motor area (SMA) activity during tennis
imagery in the patient and a group of 12 healthy volunteers (controls). We
detected parahippocampal gyrus (PPA), posterior parietal-lobe (PPC), and
lateral premotor cortex (PMC) activity while the patient and the same group of
volunteers imagined moving around a house. All results are thesholded at P <
0.05 corrected for multiple comparisons. X values refer to distance in mm
from the midline in stereotaxic space (SOM text).

Owen et al., (2006). Detecting Awareness in the Vegetative State, Science, 313, 1402.
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BACKEGROUND

The ditferential diagnosis of disorders of consciousness is challenging. The rate of
misdiagnosis is approximately 409, and new methods are required to complement
bedside testing, particularly if the patient’s capacity to show behaviora! signs of
awareness is diminished.

METHOQDS

At two major referral centers in Cambridge, United Kingdom, and Liege, Belgium,
we performed a study involving 54 patients with disorders of consciousness. We used
tunctiona! magnetic resonance imaging (MRI) to assess each patient’s ability to
venerate willfu!, neuroanatomically specitic, blood-oxygenation-level-dependent
responses during two established mental-imagery tasks. A technigue was then de-
veloped to determine whether such tasks could be used to communicate yes-or-no
Answers to simple questions.

RESWULTS

Of the 54 patients enrolled in the study, 5 were able to willfully modulate their
brain activity. In three of these patients, additional bedside testing revealed some
sign of awareness, but in the other two patients, no voluntary behavior could be
detected by means of clinical assessment. One patientwas able to use our technique
to answer yes or no to guestions during functional MRI; however, it remained im-
possible to establish any form of communication at the bedside.

CONCLUSIOMNS

These results show thata smal! proportion of patients in 4 vegetative or minimally
conscious state have brain activation reflecting some awareness and cognition.
Careful clinical examination wil! result in reclassification of the state of conscious-
ness in some of these patients. This technigue may be usefu! in establishing basic
communication with patients who appear to be unresponsive.






A “Is your father's name Alexander?” “Yes" response with the use
of motor imagery

B *Do you have any brothers?” “Yes" response with the use
of motor imagery

C “Is your father's name Thomas?" *No" response with the use
of spatial imagery

Patient

D “Do you have any sisters?” “No” response with the use
of spatial imagery




