Imaging In
Disorders of Self-Consciousness




Reducing consciousness to 2D
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Content of Consciousness: Awareness

Level of Consciousness: Wakefulness = necessary but not sufficient Sciences
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Consciousness + global brain function
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Consciousness = network functioning

Areas systematically dysfunctional in
“vegetative” state & recovering activity
after recovery of consciousness

Precuneus seems a critical hub

Conscious controls (n=110) Vegetative state (n=33)

Z value

F100g . min

Locked in syndrome (n=5) Minimally conscious state (n=7)

Laureys et al, Neuroimage 1999

Laureys et al, J Neurol Neurosurg Psychiatry, 1999 .
Laureys et al, Lancet Neurology, 2004 WWW.COomascience. Org4



Two awareness networks

INTERNAL or
SELF
AWARENESS

- Default Mode Network
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EXTERNAL or
SENSORY
AWARENESS
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Diagnostic error after coma

103 post-comatose patients

— 45 clinical consensus diagnosis ‘vegetative state’ oo

Patient: Date: | | ‘ | ‘
AUDITORY FUNCTION SCALE

— 18 showed signs of awareness S it o o

0 - Hore
VISUAL FUNCTION SCALE

Q> 40% potential misdiagnosis

Solution: Coma Recovery Scale Revised (CRS-R)

6- Functicnal Object Use '

5- Automatic Motor Response *

4 - Object Manipulation ™

3 - Localization to Noxious Stimulation *

2 - Flexion Withdrawal

Limitations of the CRS-R: 1 Asromal Posumg

0 - None/Flaceid
OROMOTORI/VERBAL FUNCTION SCALE
3 - Intelligible Verbalization *

— Patients suffering from aphasia or lack of 2 Vo Ve

1 - Oral Reflexive Movement

motivation on of the patient CommunicATON soALE

2 - Functional: Accurate |

e . 1 - Mon-Functional. Intentional *
— Motor abilities

AROUSAL SCALE

3 - Attention

2 - Eye Opening wio Stimulation
1- Eye Opening with Stimulation
aaaaaaaaaaa




Resting connectivity: fMRI

Precuneus connectivity
was found to be
significantly stronger in
MCS as compared with
VS/UWS

MCS > VS/UWS

locked-in
il syndrome
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Controls Minimally Vegetative Coma
conscious state state

Vanhaudenhuyse et al, Brain 2010 :
Demertzi et al, Brain, in press WWWw.comascience.org




Resting state metabolism: FDG-PET

Thibaut et al, J Rehabil Med 2012

www.comascience.org



CRS-R vs FDG-PET vs fMRI

Coma Recovery Scale-Revised results

UwWSs MCS Total
Clinical consensus diagnosis 35% clinical misdia gnosis
VS/UWS 33 (37%) (18)20%) 51 (57%)
MCS 2(2%) 36 (40%) 38 (43%)
Total 35(39%) 54 (61%) 89 (100%)
18F-FDG PET P 32% CRS-R misdiagnosis
VS/UWS yir 4%
MCS 71(63%) 83 (74%)
Total 36 (32%) 76 (68%) 112 (100%)
Mental imagery fMRI
V5/UWS 23 (33%) 48 (69%)
MCS 19 (27%) 22 (31%)
Total 28 (40%) 42 (60%) 70 (100%)

UWS=unresponsive wakefulness syndrome. MCS5=minimally conscious state.

Table 2: Diagnostic results by modality




fMRI-based communication

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

Is your father's name Alexander ?

L25 TBI
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EEG-based communication

“MOVE YOUR FOOT” “MOVE Y 4
OUR FOO MOVE YOUR HAND COMA
»”
. - Bram and SCIENCE GROUP
HEATHY \
CONTROL B UNIVERSITY OF deue /
SUBJECT ®
T -
o -
“ ” Cruse et al, Lancet 2012
j VEGETATIVE ,
% UNRESPONSIVE 3/16 VS/UWS (19%)
' PATIENT I3

Cruse et al, Neurology 2012
7/23 MCS (30%)
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www.thelancet.com P,



Prognosis: MRI - DTI

i ~— Clinical score
| —— GM-ADC score

——— FA selacted white matter score
| FAglobal white matter score
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Pain in UWS and MCS

a Healthy control € Vegetative state

el 2 NEab MCS patients activate the same areas as
N ' 7 healthy controls, meaning that the stimulus
can be integrated and processed



Stimulation: Frontal cortex (tDCS)

Transcranial Direct Current Stimulation

the left dorsolateral prefrontal

Electric field

VS/UWS - CRS-R
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MCS - CRS-R

Sham Sham
12.5+4.6 AN

\//
10.742.6 / N
Anodal tDCS

————

8.7+2.7

Period 1 Period 2

13.7+5.2
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Conclusion

INTERNAL or
SELF
AWARENESS

Human conscious awareness

~ emergent property of collective
critical neural network dynamics

Awareness can be subdivided into

internal and external awareness g
supported by different networks .

Diagnosis
CRS-R as gold standard
Neuroimaging
Neurophysiology
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