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OUTLINE

• Disorders of consciousness

• Behavioural diagnosis 

• Brain imaging 

• Treatment
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UWS=unresponsive wakefulness syndrome

VS=vegetative state

MCS= minimally conscious state

LIS= locked-in syndrome
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Awareness of environment

Measuring consciousness

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



Bodart, Gosseries & Laureys, Semin Neurol, 2013
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Laureys et al, Prog Brain Res, 2005

Locked-in syndrome



MCS*

Bodart, Gosseries & Laureys, Semin Neurol, 2013, Thibaut et al. Annals of Neurology, 2021

What happens after a coma?

MCS*=non-behavioral minimally conscious state

The absence of proof is not the proof of absence! 



Behaviours



Diagnostic error 

N=126 post-comatose patients

– 51 clinical consensus diagnosis 

‘vegetative state’ 

– 18 signs of awareness

(Coma Recovery Scale – Revised)

 30 - 40% potential           

misdiagnosis

Schnakers et al, BMC Neurology, 2009

Stender & Gosseries et al, Lancet, 2014



99% 

MCS

Wannez et al, Neuropsychol Rehabil, 2017

Signs of consciousness

Coma Recovery Scale Revised (CRS-R)



Neuroimaging

EEG high density

FDG-PET

MRI                    fMRI

TMS-EEG



Tshibanda et al, Prog Brain Res, 2009

Annen et al, Ann Neurol, 2018

AnoxiaTrauma

Chronic

Acute 

Consciousness ≠ structure 

MRI T1



Consciousness ≠ global brain function

Laureys, Owen & Schiff, Lancet Neurology, 2004 

FDG-PET



Low level 

disconnected 

cortical activation

Noxious electrical stimulation

Consciousness ≠ primary cortex 

Laureys et al, Neuroimage, 2002 

Laureys, Nature Reviews Neuroscience, 2005

Boly et al, Lancet Neurology, 2008

FDG-PET



32% CRS-R misdiagnosis

PET

Thibaut et al, J Rehabil Med, 2012
Stender & Gosseries et al, Lancet, 2014

130 patients 

81 MCS 

41 UWS 

4 LIS

Consciousness ≈ fronto-parietal areas 

FDG-PET



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 

Consciousness ≈ thalamo-cortical

FDG-PET



Vanhaudenhuyse et al, Brain, 2010
Demertzi et al, Brain, 2015

Resting state fMRI

Consciousness ≈ connectivity

Resting state EEG

Alpha band

Chennu et al, Brain, 2017



TMS TMS

Conscious Unconscious

Massimini et al, Science, 2005; Rosanova & Gosseries et al, Brain, 2012
Casali & Gosseries et al, Sci Trans Med, 2013; Gosseries et al, Brain Stim, 2015

Consciousness ≈ complexity

TMS

TMS-EEG



Perturbational complexity index

Casali & Gosseries et al, Sci Trans Med, 2013

Casarotto et al, Ann Neurol, 2016



Monti & Vanhaudenhuyse et al, New England J Med, 2010

fMRI active paradigms ≈ communication



EEG active paradigms ≈ communication

Cruse et al, Lancet, 2011
Claassens et al, New England J Med, 2019



Lila Mary

Gosseries et al, Brain Injury, 2014

Consciousness ≠ responsiveness

UWS = unresponsive wakefulness syndrome

MCS* = non-behavioral minimally conscious state

UWS MCS*

StimulationEnd-of-life 

discussion



Covert cognition

Thibaut et al. Annals of Neurology, 2021

EEG                                                   VBM                          PET

UWS < MCS* UWS < MCS*



What are the therapeutic options 

for patients with disorders of 

consciousness?

Thibaut et al, Lancet Neurol, in press



Drugs

• Amantadine – RCT – 184 TBI (Giacino et al, NEJM, 2012)

Schnakers et al, 2008  
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Schnakers et al, 2008  

• Zolpidem 

5-7% responders 

Chatelle et al, 2014, Thonnard et al, 2014  



Drugs

• Amantadine – RCT – 184 TBI (Giacino et al, NEJM, 2012)

Schnakers et al, 2008  

Sara et al, 2009; Pistoia et al, 2014

• Apomorphine

• Zolpidem 

5-7% responders 

• Baclofen

Chatelle et al, 2014, Thonnard et al, 2014  



Deep Brain Stimulation

Intralaminar nuclei “reconnections” in spontaneous 

recovery from “vegetative” unresponsive state

MCS ➔ emerged – prolonged effects
sustained attention, intelligible words, functional objects use

No RCT & side-effects Schiff et al, Nature 2007



Crossover RCT (n=55)

Left DLPFC

Right SOR

Thibaut et al, Neurology, 2014

Stimulating 

electrode

➔ No adverse events

➔ Clinical improvement in MCS only

➔ 13/30 responders (5 >1y post-insult)

MCS
n=30

tDCS single session



Thibaut et al, Brain Stimulation, 2018

Unveil covert consciousness

• 67yo woman in UWS for 4y after subarachnoid hemorrhage

• Out of 7 CRS-R, 1 localization to pain

• Consistent response to command only after tDCS 

• Neuroimaging consistent with MCS* 

➔ tDCS may facilitate motor execution of command                       

when cognitive functions are preserved



Predicting clinical response

Thibaut et al, Brain Stimulation, 2015, 2018

tDCS responders ≠ non-responders

VBM

Brain connectivity (hd-EEG)

theta centrality 

Brain metabolism (PET-scan)

≠ responders & non-responders 

EEG

Grey matter atrophy 

in responders

in non-responders    

Grey matter atrophy (MRI)

responders                    non-responders



Stimulating different brain areas

+

-

Moteur & 

PFDL
F4 F3

CP5CP6

Fp1Fpz O1Oz

Multichannel frontoparietal 

Prefrontal Precuneus Motor

Group level: Prefrontal 

tDCS best area to target

Single-subject level:

Patient’s tailored montage

Thibaut et al, Neurology 2014, Brain Injury 2017; Huang et al, Brain Stimulation 2017; 

Martens et al, Brain Stimulation, 2018; Martens et al, submitted (motor), Martens et al, in prep (frontoparietal)



Conclusion

✓ Consciousness   ≠  behavioral responsiveness

≠  global brain function

≠  primary cortices

≈ emergent property of collective critical neural network 

dynamics, involving a fronto-parietal network & thalamo-

cortical loop (connectivity & complexity)

✓ Diagnostic use 

≈ 40% misdiagnosis → multimodal imaging

✓ Therapeutic use

✓ Ethical challenges → don’t judge a book by its cover!



THANK YOU
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