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Laureys, Trends in Cognitive Sciences, 2005 

Reducing consciousness to 2D
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= necessary but not sufficient
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Reducing awareness to 2D

Boly et al, Ann NY Acad Sci, 2009
Vanhaudenhuyse & Demertzi et al, J Cogn Neursoci, 2011
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Laureys et al., Lancet Neurology, 2004

disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Consciousness ≠ global brain function
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Consciousness ≈ frontoparietal 

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

Precuneus is critical hub in 
fronto-parietal connectivity

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

Laureys et al, Neuroimage 1999
Laureys et al, J Neurol Neurosurg Psychiatry, 1999
Laureys et al, Lancet Neurology, 2004
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Vogt and Laureys, Prog Brain Res, 2005
Vogt, Vogt and Laureys, NeuroImage, 2006
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Precuneus ≈ hub in the network
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Consciousness ≠ primary cortex

Laureys et al, Brain, 2000
Boly et al, Archives of Neurology, 2004

DISCONNECTED
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Consciousness ≠ primary cortex

Laureys et al, Brain, 2000
Boly et al, Archives of Neurology, 2004
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Consciousness ≈ top-down

Boly, Garrido, Gosseries, Bruno, Schnakers, Massimini, Litvak, 
Laureys, Friston, Science, 2011
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A new name for « vegetative »

Laureys et al, BMC Medicine 2011

“There’s nothing we can do… 
he’ll always be a vegetable.”
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Diagnostic error 

n=103 post-comatose patients
– 45  clinical consensus diagnosis ‘vegetative state’

– 18  signs of awareness (Coma Recovery Scale)

 40% potential misdiagnosis

Schnakers et al, BMC Neurology 2009
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Monti & Vanhaudenhuyse et al. New England J Med, 2010

Yes-No communication with fMRI 
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

EEG-based Brain Computer Interfaces

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

SCIENCE GROUP

COMA

Cruse et al, Lancet 2012

3/16 VS/UWS (19%)
- 2/5 traumatic (40%)
- 1/11 non-traumatic (9%)

Cruse et al, Neurology 2012

7/23 MCS (30%)
- 7/15 traumatic (49%)
- 0/8 non-traumatic (0%)

HEALTHY
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Consciousness ≈ connectivity

EEG-TMS

Rosanova and Gosseries et al, Brain 2012
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“Resting” default mode connectivity 

Vanhaudenhuyse et al, Brain 2010

F
u
n
c
ti
o
n
a
l 
c
o
n
n
e
c
ti
v
it
y

in
 "

d
e
fa

u
lt
 n

e
tw

o
rk

"

locked-in
syndrome

MCS > VS/UWS 

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

Precuneus
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Landness and Bruno et al, Brain, 2011

Understanding plasticity

Homeostatic decline SWA
≈ plasticity (Tononi)

256 HD video sleep EEG

Consciousness | Neural correlates | Diagnosis | Prognosis | Treatment | Ethics | Conclusion
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POST-ANOXIC COMA

MMN on 

auditory EPs
N20 present

exclude confounding factors 

including hypothermia, drugs, electrolyte disturbances…

brainstem reflexes

(pupillary, cornea, oculocephalic, cough)

apnea testing

absent and 

GCS 3/15

BRAIN DEATH

positive

GOOD

OUTCOME
FP 0%

(95% IC NA)

N20 absent 

POOR

OUTCOME

FP 0.7% 

(95% IC 0-3.7%)

or

generalized suppression (<20 µV) 

or ‘burst supression’ EEG
FP 3% 

(95% IC 0.9-11%)

D1: myoclonus 

status epilepticus

or

FP 0% 

(95% IC 0-8.8%)

D3: M1 or M2 or 

no pupillary or cornea reflex

or FP 0% 

(95% IC 0-3%)

D1-3: serum NSE > 33 µg/l

or

FP 0% 

(95% IC 0-3%)

D1-3: somatosensory EPs

present

negative

Adapted from Wijdicks et al, Neurology, 2006
Boveroux et al, Réanimation, 2008

confirmatory tests:

isoelectrical EEG or

transcranial Doppler or

angiography or

SPECT

ACUTE SETTING 
Majority of deaths related to physicians’ 
decision to withhold or withdraw treatment 
(Laureys, Nature Reviews Neurosci 2005)
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Pronostic (Projet fédéral Belge, données 2004-07)
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vegetative state

ATYPICAL 
‘HIGH LEVEL’
CORTICAL 
ACTIVATION

Di et al, Neurology, 2007

ACTIVATION
TO THE OWN
NAME

Predicting outcome in chronic DOC 

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

Di et al, Clinical Medicine, 2008

Perrin et al
Arch Neurol
2006

Qin et al, 
Neurosci Lett
2008
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Tshibanda et al, Prog Brain Res, 2009
Tshibanda et al, Neuroradiology, 2010

disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

MRI: DTI & spectroscopy
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Nociception and pain

Demertzi et al, Prog Brain Res, 2009; Neuroethics, 2012
Chatelle et al, JNNP, 2012

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

Nociception Coma Scale - R

Total score >3 / 9
= analgesic treatment
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Laureys et al, Neuroimage, 2002 
Laureys, Nature Reviews Neuroscience, 2005

Do they feel pain ?

Low level 
disconnected 
cortical activation

Noxious electrical stimulation
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Boly et al, Lancet Neurology, 2008

disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Pain in minimally conscious state
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Consciousness ≈ thalamo-cortical

Intralaminar nuclei “reconnections”
in spontaneous recovery from 

“vegetative” unresponsive  state

Laureys et al, Lancet, 2000
Schiff et al, Nature, 2007

Intralaminar nuclei stimulation
induces “recovery” from 

minimally responsive state 
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Curative treatment: Drugs?

Demertzi et al, Expert Rev Neurotherapeutics, 2008
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Amantadine Giacino (2012)                    184 TBI MCS/VS                    Yes            Positive
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End-of-life issues

Demertzi et al, J Neurology 2011 

2,475 medical professionals

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

66%
82%

28%

67%

N o r t h

S o u t h

C e n t r a l
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Quality of life

Bruno et al, BMJ Open, 2011
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Bruno et al, Prog Brain Res, 2011

Erik Ziegler, Cyclotron Art Committee

Conclusion

Consciousness | Neural correlates | Diagnosis | Prognosis | Treatment | Ethics | Conclusion 
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AWARENESS COMMUNICATION

Conclusion

Laureys & Boly, Nature Clinical Practice, 2008
Laureys & Schiff, NeuroImage, 2012
Sanders et al, Anesthesiology, 2012 

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

Human conscious awareness
≈ emergent property of collective 

critical neural network dynamics, 
involving a frontoparietal global workspace 

Diagnostic use 
≈ 40% misdiagnosis

Prognostic use
multimodal imaging

Therapeutic use
pain treatment / deep brain stimulation thalamus

 Ethical issues
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Burnout in caregivers

31

568 health care workers (Maslach Burnout Inventory)

Gosseries, Demertzi et al, Brain Injury 2012

Consciousness | Neural correlates | Diagnosis | Prognosis | Treatment | Ethics | Conclusion
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disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Frontoparietal “global workspace”

Thibaut et al, J Rehabil Med 2012
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Disorders of consciousness

Bruno et al, J Neurology, 2011

VEGETATIVE/UNRESPONSIVE

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



www.comascience.org
34

disorders of consciousness | behavioural evaluation | electrophysiology | neuroimaging | methods, ethics & quality of life | perspectives

Aphasia as a confound

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

Bruno et al, J Neurology, 2012
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Default connectivity in anesthesia

Boveroux et al, Anesthesiology 2010

WAKE       ANESTHESIA
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Two awareness networks

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

EXTERNAL or
SENSORY

AWARENESS

INTERNAL or
SELF 

AWARENESS

0.05 Hz ≈ 20s

Laureys, Scientific American, 2007
Vanhaudenhuyse, Demertzi et al, J Cogn Neursoci, 2011


