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2 What Is consciousness?

bt o/~ tensinky/flicker /download/)

he internet (see wwiw.psych

Can yoﬁ spot the diHeren;e? These flicker images work bettef on ¢

100K at the grey panel, then flick your eyes between the two pictines?

www.newscientist.com

10 | NewScientist | 22 September 2007



consciousness

«State of consciousness - Being awake/alert/attentive/responsive

Contents of consciousness (‘consciousness of

(reportable) experience at a certain level of consciousness

Content of consciousnass (awareness)

-

wakefulness
Drowsiness

REM

Deep sleep

General
anesthesia Sleepwalking
Complex partal
and absence seizures
Vegetative state

Y

Level of consciousness (wakefulness)

TRENDS in Cognitive Sciences
Laureys (2005) Trends in Cogn. Sci. 9:556-559

) — particular



Does consciousness matter to you?

1)Yes, very much! Consciousness is central to my life!

2) No, | can’t see what difference consciousness makes to my life!



5 Great public interest in the brain substrates of
consciousness . ..

... reflected by an abundance of popular-science books on the topic.
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http://www.amazon.com/gp/reader/0974707708/ref=sib_dp_pt#reader-link
http://www.amazon.com/gp/reader/0684801582/ref=sib_dp_pt#reader-link
http://www.amazon.com/gp/reader/0465013775/ref=sib_dp_pt#reader-link
http://www.amazon.com/gp/reader/0300107617/ref=sib_dp_pt#reader-link
http://www.amazon.com/gp/reader/0198520913/ref=sib_dp_pt#reader-link

s Problems of consciousness —what is to explain?

*Difference between wakefulness and sleep )
*Difference between being responsive and unresponsive

*Reportability of our mental states

sIntegration of information >
*Ability to access own internal states

Focus of attention

«Deliberate control of behaviour (as opposed to automatic behaviour) /

*Subjective experience (‘phenomenal consciousness’, ‘qualia’)

Chalmers (1995) “Facing up to the problem of consciousness” Journal of Consciousness Studies 2:200-219



Today

eStates of consciousness and
neural correlates

*Neurological disorders of (the
states of) consciousness

Next week

Contents of consciousness
and neural correlates

Neurological disorders
affecting contents of
consciousness

What’s left to explain?
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States of consciousness

Table 1. Major properties of four types of unconscious state compared with conscious rest

Behavioral signs

Regional
metabolism

EEG voltages

Underlying
neuronal
mechanism (in
cortical and
thalamic neurons)

Functional
connectivity

instructions to avoid
deliberate tasks [26]

Accurate reportability of
attended stimuli;
orientation to space, time,
and self; visual images,
inner speech, abstract
thoughts; control of
voluntary muscles

High in frontoparietal
cortex

Low-amplitude, irregular
high-frequency waves
(8-100 Hz), or low-
amplitude, regular alpha
waves (8-12 Hz)

Firing irregularly at an
average base rate of
~10 Hz

High and variable

the forebrain by the
brainstem

No reportability

Low in
frontoparietal
cortex [27]

High-amplitude,
regular, low-
frequency waves
(<4 Hz)

Slow, synchronized
pausing of base-rate
firing [22]

Low between
cortical regions, and
between thalamus
and cortex [22]

agents

MNo reportability

Low in
frontoparietal
cortex [28]

High-amplitude,
regular, low-
frequency waves

Slow, synchronous
pausing of base-rate
firing?

Low between
cortical regions, and
between thalamus
and cortex

intoxication, anoxia,
hypoglycemia

No reportability.
Lower brainstem
reflexes retained
intact [25]

Low in
frontoparietal
cortex

High-amplitude,
regular, low-
frequency waves

Slow, synchronous
pausing of base-rate
firing?

Low or absent
between cortical
regions, and
between thalamus
and cortex [29,30]

State Conscious resting state Deep sleep [22] General anesthesia Vegetative state or Epileptic loss of
[19,20] [24] coma [25] consciousness [23]

Cause Neuromodulation of the Physiological: Pharmacological: a Pathological: Pathological: slow,
cortex by the brainstem, neuromodulation of variety of chemical trauma, synchronized

neuronal firing
driven by brain
foci [23]

No reportability

Low in
frontoparietal
cortex

High-amplitude,
spike-wave form,
regular, low-
frequency waves

Slow, synchronous
pausing of base-
rate firing?

Low between
cortical regions,
and between
thalamus and
cortex [23]

Abbreviations: EEG, electroencephalogram.

Baars et al. (2003) Trends Neurosci. 26:671-675




Key brain substrates of consciousness

Occipital
Cortex

Medial Septal
Mucleus

Hypothalamus

Basal Muclews
of Meynert

Mormann & Koch (2007) Scholarpedia 2(12):1740
http://www.scholarpedia.org/article/Neural _correlates_of _consciousness



Wakefulness and sleep - the cardinal states of consciousness

Sleep
Behavioural state Wake NREM REM
Cognitive Acquisition lteration Integration
consequences of information of informatiion of information
Conscious Sensation and Vivid, externally Dull or absent Vivid, internally
experience perception generated generated
Thought Logical Logical llogical
progressive perseverative bizarre
Movement Continuous Episodic Commanded but
voluntary involuntary inhibited

d- _';_‘"*-v—_""“-- v A e P
recordings rrc W S e ~ —
EOG X SRRk, S

Hobson & Pace-Schott (2002) Nature Rev Neurosci 3:679-693
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Neurochemistry of wakefulness and sleep

Fast EEG (W, PS): whismioisins
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Jones (2005) Trends Pharmacol. Sci. 26:578-586



JCortico-thalamic mechanisms in wakefulness and sleep

Falling asleep: Reticular thalamic nucleus
neurons fire rhythmic bursts - reflected by EEG
spindles - which inhibits thalamo-cortical neurons,
thereby blocking information transfer to cortex.

Wake EEG Sleap spindles bowaves ,'

| 1
Awake: Cortical J -. Mgt | g ohn fA A AL
and thalamic M'MWNMW‘W 'M'! "*m?f? WMW LW’ 'ﬂmldh‘ y I Mf‘ 1} Ws
neurons show ;
tonic single- /
spike firing and Burst frng = Sleep (non- |
afferent l—i—l- REM/slow-wave):

cortical and
thalamic neurons

information is
transferred to

cortex. | [ Rromeen R show rhythmic slow
EEG is largely o I- = —}J"’ changes between
desynchronised, down and up states
but fast L l | - reflected by slow
oscillations - EEG oscillations.
occur. Afferent Input wousalinput Afferent input arusal input

LLLLAL LLLL LR

Waking up: Cholinergic neurons inhibit neurons in
reticular thalamic nucleus and activate thalamo-
cortical neurons — reflected by the replacement of
slow oscillations by faster EEG oscillations —,
thereby facilitating information transfer to cortex.

Figure from Franks (2008) Nature Rev. Neurosci. 9:370-386;
for detailed explanation see: Steriade (2003) Front. Biosci. 8:d878-899



Comparison of wakefulness and dreams:
40-Hz oscillations characterise conscious states
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Spontaneous 40-Hz oscillations during Re-set of 40-Hz oscillations by sensory
wakefulness and REM sleep, but not stimulus (tone) during wakefulness
slow-wave sleep
SUBJECT JV SUBJECT ER

awake AVERAGE SINGLE EPOCH
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0— sleep I
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Similar to the awake state, REM sleep — the main dream phase of sleep — is characterised by 40
Hz oscillations as measured by surface MEG or EEG.

*Thus, 40-Hz oscillations are a correlate of conscious processing and have been hypothesised to
play a key role in such processing.

*Depth recordings in animal models suggest 40-Hz oscillations are generated by thalamo-cortical
circuits.

*Only during wakefulness, but not REM sleep, 40-Hz oscillations are re-set by sensory stimulus
(tone), in line with fast oscillations being critical for conscious perception of sensory information.

Llinas & Ribary (1993) Proc. Natl. Acad. Sci. USA 90:2078-2081



];halamo-cortical circuitry hypothesised to underlie 40-Hz
oscillations and consciousness

A B
LAYER | [
40Hz
BURSTING
v
LAYER V|
Vi
Widespread cortical projections
of intra-laminar thalamus
Reticular
Mucleus

Sensory SPECIFIC INTRALAMINAR
information NUCLE! NON-SPECIFIC NUCLE]

Llinas & Ribary (1993) Proc. Natl. Acad. Sci. USA 90:2078-2081



Anaesthesia and consciousness
-L0o&Ss of consciousness is the objective of anaesthesia. Loss of consciousness is not trivial
to determine, as unresponsiveness and amnesia are no proof.

Neuropharmacological targets of current anaesthetics

Potassium channels

GABA, NMDA pora rectiying ‘gated Giycine  Aeh'® Mo serotonin AMPA Kainate . . )
intavenaus eInhibitory neuro-transmission is enhanced,
 — 2 D o | @ excitatory transmission decreased.
Proqul Q Q
e 8 8® o | & «Note: this can lead to excitation of certain brain
Inhalational regions due to network effects (e.g., ketamine).
anesthestics
Nmowoide@ | O | @ @ Q|9 Q Q
Isofurane ) Q D Q Q D Q
Sevoflurane @ | L | © Q *) .
Desflurane @ | (0 | @ » Q ¢
@ Major p ati @ Minor potentiati > Major inhibition Minor inhibition © Biphasic No effect

*Brain sites associated with anaesthetic effects
Anterior PoSIBrion o cio) paristal *Thalamus: Activity is decreased by many, but not
cngulats mgg}tuf cortex, precunsus : . . i
/ P?IW all, anaesthetics (e.g., ketamine); may be

iﬂﬂil.'l:

\ \. /  Frontal obe _ o
' d -.1_‘; lobe gt secondary to cortical deactivation.
b thalemue — *Neocortical areas: Deactivation of, especially
P’ @ posterior, ‘mesial cortical areas’ and of a lateral
Bm, ‘temporo-parieto-occipital complex’. Note: Primary
Tm .
i ;muf: sensory cortices can often show unchanged
occipra

uncion  F€SpPONSiveness under anaesthesia!

*Anaesthesia may not necessarily involve cortical deactivation, but disruption of
cortical integration, i.e. of the interaction of several cortical areas.

Alkire et al. (2008) Science 322:876-880



Anaesthesia disrupts cortico-cortical interactions organised
by fast oscillations

Anesthetized
1.1% Isoflurane

= Frontal (Fr) mm= Occlpital (Oc) == Parietal (Par)

Gamma power (uV?)

--200 -100 0 100 200 300 -200 -100 0 100 200 300
f Time (ms) *

Alkire et al. (2008) Science 322:876-880, based on Imas et al. (2005) Neurosci. Letters 387:145-150
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Similarities between sleep and anaesthesia

Regional decreases in brain metabolic activity during sleep and anaesthesia

by MREM sleep

cPropofol LOC d Sevoflurane LOC

Franks (2008) Nature Rev. Neurosci. 9:370-386;



. (Abnormal) Dissociated states of consciousness

There are several abnormal conditions in which wakefulness is relatively preserved whereas
consciousness (of anything) appears to be largely absent.

Deactivated brain areas (in comparison to
conscious wakefulness)

Conscious
Y wakefulness
§
= Drowsiness
=
m.
- REM ‘
1 sleep Light sleep
&
5]
2 Deep sleep
8
o General
= anesthesia Sleepwalking
L Complex partial
o Coma and absence seizures
o Vegetative state

Level of consciousness (wakefulness)

TRENDS in Cognitive Sciences

Laureys (2005) Trends in Cogn. Sci. 9:556-559



1o Loss of consciousness in epilepsy
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Figure 1. Network inhibition hypothesis for loss of consciousness in complex partial
seizures. [A) Under noermal conditions, the upper brain stem—diencephalic activating systems
interact with the cerebral cortex te maintain nermal consciousness [yellow represents normal
actlivity). (B] A focol seizure (red) invah'inﬁ; the mesial temporal lobe unl‘imemllr'. [C) Prop-

agation of seizure activity from the mesial temporal lobe to midline subcortica

structuras.

(D) Disruption of the nermal activating functions of the midline subcortical structures leads to
depressed activity [blue) in bilateral regions of the fronto—parietal association cortex, leading
to loss of consciousness. Reproduced with permission from Ref. 6. {In celer in Annals online )

Yu & Blumenfeld (2009) Ann. N.Y. Acad. Sci. 1157:48-60



wotates of reduced consciousness following brain injury

Resting brain metabolism in patients

Acute brain injury following brain injury and in healthy control
| onschous contro Vegetative state
Coma
Locked-in syndrome Vegetative state  Chronic coma Brain death
Normal (very rare)
consciousness!
‘ Locked-in syndrome
Minimally conscious state Permanent
vegetative state
(=3 months if non-traumatic,
Confusional state >1 year if traumatic)
Increasing independence Death

Laureys et al. (2004) Lancet Neurol. 3:537-546

Brain injury associated with
vegetative state

Cortical laminar
necrosis ™

Diffuse axonal —
injury or
leucoencephalopathy

[\
Thalamic w_f(

necrosis

Zeman (1997) Lancet 350:795-799



, In anut shell — states of consciousness and brain

substrates
Neocortical areas

Thalamus _

Ascending
activating systems

*Global states of consciousness depend on a distributed brain network, comprising ascending
activating systems, thalamus and neocortex.

sConsciousness seems to involve the temporal coordination of distributed activity in thalamic
and neocortical areas as reflected by ‘fast’ oscillations.

Neuronal correlates of specific contents of consciousness (e.g., specific percepts, specific plans,
specific memories) . . .??? Next week!



- Neuroscience of consciousness | — Selected Reading

General overviews:

Chalmers D (1995) Facing up to the problem of consciousness. Journal of Consciousness
Studies 2:200-219 (http://consc.net/papers/facing.pdf)

Zeman A (2001) Consciousness. Brain 124:1263-1289.

Tononi G & Koch C (2008) The neural correlates of consciousness: and update. Ann. N. Y.
Acad. Sci. 1124:239-261.

Sleep & anaesthesia:
Alkire MT, Hudetz AG, Tononi G (2008) Consciousness and anaesthesia. Science 322:876-880.

Franks NP (2008) General anaesthesia: from molecular targets to neuronal pathways of sleep
and arousal. Nature Rev. Neurosci. 9:370-386.

Dissociated states of consciousness:

Laureys S (2005) The neural correlates of (un)awareness. Trends Cogn. Sci. 9:556-559.


http://consc.net/papers/facing.pdf

Neuroscience of consciousness | — Some questions to guide your revision
23

*\What is consciousness, what are the problems of consciousness?

*\What strategies can neuroscientists pursue to study the brain substrates of
consciousness?

*|n terms of brain substrates, what seem conscious states to have in common?

*What happens in your brain, so you wake up (‘regain consciousness’) after a night’s
sleep?

*How do anaesthetics act in our brains to (hopefully!) result in loss of consciousness?

*\WWhat goes wrong in the brains of patients that suffer from disorders of
consciousness?
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