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Brain activity in coma & 
related states



Laureys, Trends in Cognitive Sciences, 2005
Laureys et al, Nature Clinical Medicine, 2008
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= necessary but not sufficient

Arousal & awareness



Demertzi, Soddu, Laureys, Curr Opin Neurobiol 2013
Boly et al, Ann NY Acad Sci, 2009

Measuring awareness
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Measuring consciousness

EEG high density

FDG-PET

EEG-TMS
MRI                
fMRI

Measuring brain activity
Altered states of consciousness
- Pathological : coma
- Pharmacological: anesthesia
- Physiological: hypnosis
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Stender et al, Current Biology, 2016 
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Consciousness and global brain function



Stender et al, J Cereb Blood Flow & Metab, 2015
Thibaut et al, J Rehabil Med, 2012
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“Global workspace” of consciousness

UNRESPONSIVE WAKEFULNESS / VEGETATIVE STATE

MINIMALLY CONSCIOUS STATE



Vanhaudenhuyse & Demertzi et al, J Cogn Neursoci 2010

External & internal awareness (1)- typical
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External-internal: r=-0.44, p<.02
Mean switch: 0.05Hz (range: 0.01-0.1)
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FDR p<0.05 SVC  p<0.05



External & internal awareness (2)-hypnosis
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Demertzi, Soddu, Faymonville et al, Progress in Brain Research 2011
Demertzi, Vanhaudenhuyse, Noirhomme, Faymonville, Laureys, J Physiol Paris 2015

Normal consciousness
Autobiographical mental imagery
Hypnosis 

p<0.05 corrected for multiple comparisons

*p<.05

Normal consciousness

Autobiographical mental imagery

Hypnosis



External & internal awareness (3)- DOC
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Di Perri et al, Lancet Neurol 2017



Boly, Garrido, Gosseries, Bruno, Schnakers, Massimini, Litvak, Laureys, Friston, Science, 2011

Consciousness ≈ top-down
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Behavrioral evaluation
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Awareness ? = response to command or non-reflex movements

Laureys et al, Curr Opin Neurol 2005 



Diagnostic error after coma 

n=103 post-comatose patients
– 45  clinical consensus diagnosis ‘vegetative state’ 
– 18  signs of awareness (Coma Recovery Scale)

Ä 30-40% potential misdiagnosis

Schnakers et al, BMC Neurology, 2009
Stender et al, Lancet, 2014

coma@ulg.ac.be

Diagnostic error after coma 
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fMRI-based

Monti & Vanhaudenhuyse et al, New Eng J Med, 2010
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EEG-based

Noirhomme et al NeuroImage 2015
Lesenfants, Habbal et al J Neural Engineering 2014 
Cruse et al Lancet, 2011, also see Goldfine et al, Lancet, 2013
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Einhauser, Chatelle et al, Current Biology, 2013

Pupil-based
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Individualized automated assessment
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Classification MCS                                 Classification VS/UWS

Distance from decision plane

Demertzi & Antonopoulos et al, Brain 2015



EEG-TMS perturbational complexity index
in sleep, anesthesia & coma

Casali and Gosseries et al, Science Transl Med, 2013

Individual thresholds (1)
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Perturbational Complexity Index



Individual thresholds (2)
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No report
Non-REM sleep
Medazolam
Xenon
Propofol

Delayed report
REM sleep
Ketamine

Imemdiate report
Wakefulness
LIS patients
Control stroke 
EMCS

Casarotto et al, Annals Neurol 2016



CRS-R vs FDG-PET vs fMRI

Stender & Gosseries et al, Lancet, 2014

PET

fMRI

130 patients (29/y)
4 excluded (3%)
81 MCS 
41 VS/UWS 
4 LIS
110 chronic (87%) 
78 non-trauma (62%) 

35% clinical misdiagnosis

32% CRS-R misdiagnosis

Multi-modal imaging 
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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
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Intralaminar nuclei “reconnections” 
in spontaneous recovery from 

“vegetative” unresponsive  state

Laureys et al, Lancet 2000

Transcranial direct current stimulation 
(tDCS)

Thibaut et al, Neurology 2014

Consciousness ≈ thalamo-cortical
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Ethical framework

Fins et al, Am J BioEthics, 2008

Ethical framework
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Boly et al, Lancet Neurol, 2008 Demertzi et al, Progr Brain Res 2009 
Demertzi & Racine et al, Neuroethics 2012

Pain in minimally conscious state
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Do you think patients in a ... 
can feel pain? 

VS MCS

**

(n=2059) **p<.001



2,475 medical professionals

66%

82%N o r t h

S o u t h

C e n t r a l

• VS worse than death for the patient: 55%
• VS worse than death for their families: 80%

• MCS worse than VS for the patient: 54% 
• MCS worse than VS for their families: 42%

Demertzi et al,  J Neurol 2011
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End of life options



Quality of life

Bruno et al, BMJ Open, 2011

Quality of life
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Medico-ethical issues in DOC

Biomarkers

Diagnostic & prognostic use (multimodal imaging)

Confident diagnosis can be based on:
• probabilistic predictions 
• multiple assessments with different technologies

Need of a framework which will regulate the application order of techniques 
by balancing their:
• availability 
• sensitivity
• specificity
based on underlying clinical assumptions about patients’ conscious state

Demertzi, Sitt, Sarasso, Pinxten Neurosci Consciousness 2017

Conclusion



Contact: coma@ulg.ac.be; 
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Coma Science Group
The deparments of Neurology and 
Radiology
…and mostly patients and their 
families!

Thank you!


