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Disorders of consciousness

Clinical entities



Permanent
Minimally 
Conscious

State

?
1972
Jennett (Glasgow) 
& Plum (NY)

1966 
Plum & Posner (NY)

2002, 
Aspen Workgroup

1994, Multi-Society Task Force on PVS
>1 year (traumatic)
>3 months (non-traumatic; anoxic)

1952, artificial respirator (Ibsen, Copenhagen)
Redefinition of death based on neurological criteria

Laureys, Scientific American, 2007 

Clinical entities



Laureys et al, Lancet Neurol, 2004; the European Task Force on Disorders of Consciousness, BMC Med, 2010
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Clinical entities



Coma

 No eyes opening

 No sign of consciousness

 Lasting min 1 hour
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Posner et al, 2007



Vegetative/unresponsive 

wakefulness syndrome

 No sign of consciousness

 No environment interaction

 No voluntary behavior in response to visual, 

auditive, tactile and painful stimuli

 No language comprehension – no language 

expression

 Wake-sleep cycle
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Multi-Society Task Force on Persistent Vegetative State guidelines, 1994

Laureys et al., 2010



Vegetative/unresponsive 

wakefulness syndrome

Laureys et al, BMC Medicine 2011

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



Minimally conscious state

Aspen Workgroup, 2002; Bruno & Vanhaudenhuyse et al., 2011

 Limited but clearly discernible evidence of self or 

environmental awareness - one or more of the 

following behaviors:

• Following simple commands

• Gestural or verbal yes/no responses (regardless of 

accuracy)

• Intelligible verbalization

• Purposeful behavior, including movements or affective 

behaviors that occur in contingent relation to relevant  

environmental stimuli:

• appropriate smiling/vocalizations or gestures 

• reaching for objects

• touching or holding objects

• visual pursuit or fixation
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MCS: new terminology

Bruno & Vanhaudenhuyse et al., 2011; Bruno et al., 2011

Minimally
Conscious

state

MCS +
Following simple command

MCS -
Pain localisation
Visual pursuit

Accurate smiling or crying

MCS+ > MCS-



Minimally conscious state

Aspen Workgroup, 2002; Bruno & Vanhaudenhuyse et al., 2011

 MCS plus

• reproducible command following

• intelligible verbalizations 

• intentional communication

 MCS minus
• Purposeful behavior, including movements or affective 

behaviors that occur in contingent relation to relevant  

environmental stimuli:

• appropriate smiling/vocalizations or gestures 

• reaching for objects

• touching or holding objects

• visual pursuit or fixation
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Minimally conscious state

Aspen Workgroup, 2002; Bruno & Vanhaudenhuyse et al., 2011

Emergence from MCS:

 Functional interactive communication

 Functional use of two different objects



Disorders of consciousness

Consciousness and the brain



Consciousness # whole brain

Laureys et al, Lancet Neurology, 2004



Consciousness ≈ frontoparietal 

Laureys et al, Neuroimage 1999

areas that are systematically dysfunctional in 

the vegetative state

areas that recover metabolism after recovery 

from the vegetative state

Laureys et al, J Neurol Neurosurg Psychiatry, 1999



Precuneus ≈ hub in the network

Laureys et al, Lancet Neurology, 2004

Axonal re-growth in Terry Wallis

Voss et al, J Clin Invest, 2006



Two awareness networks

Boly… Laureys, Human Brain Mapping 2008

INTERNAL 

AWARENESS
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WORKSPACE



External vs internal awareness

Vanhaudenhuyse et al, J Cogn Neurosci, 2010

Subjects’ ratings

Anti-correlated

Switching 0.05 Hz 

(range 0.01-0.1Hz) 

/20 s 

(range 10-100 s)



Disorders of consciousness

Brain processing in DOC



Can they feel pain?

Laureys et al., Neuroimage, 2002 , Boly et al, Lancet Neurology, 2008

Schnakers, Chatelle, Majerus, Gosseries, Deval and Laureys, Experts Rev in Neurother, 2010



Can they hear us?

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



Emotion

Laureys et al., Neurology, 2004



Conclusion

 DOC: different clinical entities associated with various level 

of consciousness : coma, VS/UWS, MCS (plus and minus)

 Neural correlates of conscious awareness

• ≈ emergent property of widespread fronto-parietal connectivity

 Non communicative patients with DOC may be able to 

perceive external world 

• Audition

• Pain/emotion



Diagnosis

Consciousness



Clinical entities

NORMAL

CONSCIOUSNESS

A
R

O
U

S
A

L

C
O

N
S

C
IO

U
S

N
E

S
S

COMA

A
R

O
U

S
A

L

C
O

N
S

C
IO

U
S

N
E

S
S

VEGETATIVE

UNRESPONSIVE

WAKEFULNESS

A
R

O
U

S
A

L

C
O

N
S

C
IO

U
S

N
E

S
S

MINIMALLY 

CONSCIOUS

STATE

A
R

O
U

S
A

L

C
O

N
S

C
IO

U
S

N
E

S
S

Laureys et al, Lancet Neurol, 2004



“Reflex” versus “Voluntary”



Prognosis

Bruno et al, Coma and disorders of consciousness, Eds Schnakers and Laureys, 2012
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Glasgow Coma Scale

Teasdale et al., 1974



Glasgow Coma Scale

Teasdale et al., 1974



Glasgow Coma Scale

Teasdale et al., 1974



Full Outline of Unresponsiveness 

Wijdicks et al., 2005



Full Outline of Unresponsiveness 

Wijdicks et al., 2005



Full Outline of Unresponsiveness 

Wijdicks et al., 2005



Full Outline of Unresponsiveness 

Wijdicks et al., 2005



GCS or FOUR?

GCS FOUR

VS/UWS 71 63

MCS 75 83

Bruno et al., 2011

n= 146 



Coma Recovery Scale-Revised (CRS-R)

Giacino et al, 2004; Schnakers, et al, Brain Inj, 2008



Misdiagnosis

n=103 post-comatose patients

 44  clinical consensus diagnosis ‘vegetative state’ 

• 18  signs of awareness

• (Coma Recovery Scale-Revised)

41% potential misdiagnosis

 41  clinical consensus diagnosis ‘minimally conscious state’ 

• 4 (10%) had emerged from the MCS

Schnakers, Vanhaudenhuyse, Giacino, Ventura, Boly, Majerus et al., BMC Neurol, 2009



Diagnosis

Nociception and pain



Pain and nociception

Pain

“Unpleasant sensory and emotional experience associated with 

real or potential tissue damage”

“The inability to communicate verbally does not negate the possibility 

that an individual is experiencing pain and is in need of appropriate 

pain-relieving treatment.”

International association for the study of pain (IASP) Pain 1994 
and 2012
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Pain and nociception

Pain

“Unpleasant sensory and emotional experience associated with 

real or potential tissue damage”

“The inability to communicate verbally does not negate the possibility 

that an individual is experiencing pain and is in need of appropriate 

pain-relieving treatment.”

Nociception

“The neural process of encoding noxious stimuli”

(transduced and encoded by nociceptors). 

“Pain sensation is not necessarily implied”.

➔ « Pain is always subjective »

International association for the study of pain (IASP) Pain 1994 and 2012
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Behavioral scales

Schnakers, Chatelle et al. AAPS 2012



Nociception Coma Scale 

Schnakers, Chatelle et al. Pain 2010

Total score : 12



Nociception Coma Scale 

 Concurrent validity: good

 Interrater reliability: good to excellent

 Effect of clinical diagnosis: yes

Schnakers, Chatelle et al. Pain 2010
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Nociception Coma Scale revised
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Baseline
Non-noxious

Noxious

Mean, 
SD

Chatelle, Majerus, Whyte, Laureys and Schnakers. JNNP 2012

* P <.0001



NCS-R and brain metabolism

NCS-R total scores correlate with posterior part of the
anterior cingulate cortex
➔cognitive-affective dimension of pain (Rainville, 1997)

n = 42

Chatelle et al. Neurorehabilitation and Neural Repair 2014



NCS-R and clinic

21 yo, MCS, Polytrauma 8 days post injury
Treatment: 1mg perfuzalgan before cares (mobilisation)
Revised

1mg/h morphine (continuous)



Spasticity in chronic DOC

Prevalence: 88% (n=59) suffered from spasticity (MAS≥1) and 

60% (n=39) suffered from severe spasticity (MAS≥3)

3

4

Thibaut, Chatelle,  et al., Eur J of Rehab & Phys Med, 2014 
n=65



Conclusion: guidelines on clinical 

management 

 High rate of misdiagnosis if non sensitive scales are 
used

• Acute stage/ICU: FOUR

• Chronic stage : CRS-R

 Useful for monitoring recovery/medical 
complications 

 Caveats

• Language dependent

• Relying strongly on motor abilities



Conclusion: guidelines on clinical 

management 

❑ Need to improve management of potential pain: 76% 
documented potential pain, 59% not treated with analgesics

❑ NCS-R: useful tool for clinical management of 
nociception/pain:

• Sudden increase in NCS-R scores can alert clinicians of a 
potential pain/medical complications, further 
investigation is needed

❑ Caveats

• Motor/verbal dependent



BREAK (~15 min)



Paraclinical diagnosis

Active paradigms 



Active paradigm – fMRI 

Owen, Coleman, Boly, Davis, Laureys & Pickard, Science, 2006

“He’s not in coma…
he’s playing tennis!”



Active paradigm – fMRI 

Monti & Vanhaudenhuyse, Coleman, Boly, Pickard, Tshibanda, Owen, Laureys, New England J Med 2010



Active paradigm – fMRI 

VS/UWS MCS

Di, Yu, Weng, Laureys et al, Neurology, 2007; Di & Laureys, Clin Med, 2008

Atypical 
cortical 
activity



Activation studies predict outcome

n=48 patients

6 fMRI studies (n=17) and 8 PET (n=32)

32 non-traumatic

38% “high level” activation (n=18)
• 7 traumatic

• 82% (9/11) recovered consciousness (6 traumatic) 

62% absent or primary “low level” cortical activation (n=30) 
• typical activation pattern (n=25; 52%; 8 traumatic)

• 84% (21/25) failed to recover (7 traumatic)

• no cortical activation (n=5; 10%; 1 traumatic)

• 100% (4/4) failed to recover (1 traumatic)

Di et al, Clinical Medicine, 2008



Active paradigm – EEG
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Active paradigm – EEG

Schnakers et al, Neurocase, 2009
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Active paradigm – EEG

SCIENCE GROUP

COMA

Cruse, Chennu, Chatelle et al., Lancet 2011; Neurology 2012

3/16 UWS 
patients 
successfully 
completed task



Active paradigm – EMG

« Move your right hand » - 1/8 UWS & 2/2 MCS increased EMG

Bekinschtein et al JNNP 2008



Paraclinical diagnosis

Passive paradigms 



Default mode network

Vanhaudenhuyse et al, Brain, 2010
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PET scan

 126 patients (81 MCS, 41 VS/UWS, 4 locked-in syndrome)

 Traumatic (n=48) and non-traumatic (n=78) etiology 

 Chronic (>1 month, n=110) and subacute (n=16) setting

 Coma Recovery Scale – Revised

 Fluorodeoxyglucose positron emission tomography (FDG-PET) 

 Functional magnetic resonance imaging during mental 

activation tasks (fMRI)

Thibaut et al, J Rehabil Med, 2012; Stender and Gosseries et al, The Lancet, 2014



PET scan

Thibaut et al, J Rehabil Med, 2012; Stender and Gosseries et al, The Lancet, 2014



PET scan

Clinical 

consensus 

diagnosis

FDG-PET Mental imagery

fMRI

Completed examinations (out of 122) 122 (100%) 112 (91%) 72 (59%)

Number of interpretable examinations (out of 

all completed)
89 (73%) 112 (100%) 70 (97%)

Overall congruence with CRS-R (95% CI) 78% 85% 63%

Congruence with CRS-R diagnoses of 

VS/UWS
95% 67% 89%

Sensitivity to MCS 67% 93% 45%

Overall outcome prediction - 74% 56%

Positive outcome prediction - 67% 63%

Negative outcome prediction - 92% 52% 

Stender and Gosseries and al, The Lancet 2014
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Transcranial Magnetic 

Stimulation/Electroencephalography (TMS/EEG)

Napolitani and Bodart et al, Brain Inj , 2017



TMS/EEG

TMS TMS

Massimini et al, Science, 2005

Wakefulness Deep sleep

Massimini et al, Science, 2005



Passive paradigm – TMS/EEG

Massimini et al, Science, 2005
Rosanova and Gosseries et al, Brain, 2012



Passive paradigm – TMS/EEG

Massimini et al, Science, 2005
Rosanova and Gosseries et al, Brain, 2012



Passive paradigm – TMS/EEG

Massimini et al, Science, 2005
Rosanova and Gosseries et al, Brain, 2012



Passive paradigm – TMS/EEG

Massimini et al, Science, 2005
Rosanova and Gosseries et al, Brain, 2012



Perturbational complexity index (PCI)

Massimini et al, Science, 2005Casali and Gosseries et al, Sci Trans Med, 2013



Casarotto et al, Ann Neurol, 2016

Perturbational complexity index 

in comatose patients



Paraclinical diagnosis

Case reports



Case reports

Behavioral assessment MRI

PET scan

EEG

BCI

TMS-EEG



Case reports

- 35 years old

- 6 years and 10 months 

post ischemic stroke  

- Diagnosis : 

vegetative/unresponsive 

state 

- 41 years old

- 4 years et 9 months post 

anoxia

- Diagnosis : 

vegetative/unresponsive 

state 

Gosseries, Zasler and Laureys, Brain Inj, 2014



Case reports

CRS-R

FONCTION AUDITIVE

4–Mouvement systématique sur demande*

3–Mouvement reproductible sur demande*

2 – Localisation de sons

1 – Réflexe de sursaut au bruit

0 – Néant X X X X X

FONCTION VISUELLE

5 – Reconnaissance des objets*

4 – Localisation des objets : atteinte*

3 – Poursuite visuelle*

2 – Fixation*

1 – Réflexe de clignement à la menace

0 – Néant X X X X X

FONCTION MOTRICE

6 – Utilisation fonctionnelle des objets+

5 – Réaction motrice automatique*

4 – Manipulation d’objets*

3–Localisation des stimulations nociceptives*

2 – Flexion en retrait X X X X

1 – Posture anormale stéréotypée X

0 – Néant / Flaccidité

FONCTION OROMOTRICE/VERBALE

3 – Production verbale intelligible*

2 – Production vocale / Mouvements oraux

1 – Réflexes oraux X X X X X

0 – Néant

COMMUNICATION

2 – Fonctionnelle : exacte+

1 – Non fonctionnelle : intentionnelle*

0 – Néant X X X X X

ÉVEIL

3 – Attention

2 – Ouverture des yeux sans stimulation

1 – Ouverture des yeux avec stimulation X X X X X

0 – Aucun éveil

Score total 4 3 4 4 4

CRS-R
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0 – Néant
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4 – Localisation des objets : atteinte*

3 – Poursuite visuelle*

2 – Fixation*

1 – Réflexe de clignement à la menace

0 – Néant X X X X X X

FONCTION MOTRICE

6 – Utilisation fonctionnelle des objets+

5 – Réaction motrice automatique*

4 – Manipulation d’objets*

3–Localisation des stimulations nociceptives*

2 – Flexion en retrait

1 – Posture anormale stéréotypée
X X X X X X

0 – Néant / Flaccidité

FONCTION OROMOTRICE/VERBALE

3 – Production verbale intelligible*

2 – Production vocale / Mouvements oraux

1 – Réflexes oraux X X X X X X

0 – Néant

COMMUNICATION

2 – Fonctionnelle : exacte+

1 – Non fonctionnelle : intentionnelle*

0 – Néant X X X X X X

ÉVEIL

3 – Attention

2 – Ouverture des yeux sans stimulation
X X

1 – Ouverture des yeux avec stimulation
X X X

0 – Aucun éveil X

Score total 4 4 5 5 4 3



Case reports

Gosseries, Zasler and Laureys, Brain Inj, 2014



Conclusion

 Behavioral assessment ≈ 40% misdiagnosis

 FDG-PET complement beside examinations and can 

predict long-term recovery of patients in chronic VS/UWS

 Active fMRI/EEG/EMG paradigms are  less suited for 

differential diagnosis, but may provide a strong 

complementary tool

 TMS-EEG may provide for the first time a passive measure 

of consciousness at the single subject level

 Encourage to use multimodal assessment of the level of 

consciousness!



Treatment

Pharmacological



Amantadine

Giacino et al, N Engl J Med, 2012

n=184

Dopaminergic agent (Parkinson)



Amantadine

Schnakers et al, J Neurol Neurosurg Psychiatry 2008

Dopaminergic agent (Parkinson) 



Zolpidem

Whyte and Meyers, Am J Phys Med Rehabil, 2009

1/15 responders  = 6.7% 

4/84 responders  =5%
Whyte et al, Am J Phys Med Rehabil, 2014

4/60 responders 

= 6.7%

Without change of diagnosis
Thonnard and Gosseries et al, Funct Neurol 2014

short-acting nonbenzodiazepine GABA-A agonist hypnotic



Zolpidem

Chatelle et al, Front. Hum. Neurosci., 2014

short-acting nonbenzodiazepine GABA-A agonist hypnotic

n=3 MCS responders



Zolpidem

Chatelle et al, Front Hum Neurosci, 2014
Williams et al, Elife, 2013

Zolpidem inhibits

GPi



Treatment

Brain stimulation



Recent RCTs on NIBS in DOC 

Past 5 years:

tDCS ➔ 6 RCTs (170 pts) – 5 DLPFC & 1 M1 - 1 to 20 sessions – ES:  0.38 – 2.22 

tRNS ➔ 1 RCT (9 pts) – DLPFC – no clincial/neurophysiological effects

rTMS ➔ 3 RCTs (27 pts) – M1 – 20 Hz – no clinical/neurophysiological effects

Thibaut et al, Lancet Neurol



Transcranial direct current stimulation  

❑ Transcranial direct current stimulation = tDCS

❑ Constant, weak direct current through electrodes 

 The current induces intracerebral current flow that either 
increases or decreases the neuronal excitability in the 
specific area being stimulated



tDCS mechanisms

Short term effects Long term



Transcranial direct current stimulation  

Stimulation Population Effects Authors

Motor cortex Healthy subjects Dexterity Boggio et al. Neurosci Lett, 
2006

Hemiplegic patients Dexterity and 
strength

Hummel et al. Lancet, 
2006

Spastic patients Spasticity & ADL 
(activity of daily life)

Wu et al.,  Arch Phys Med 
Rehabil 2012

Prefrontal 
cortex

Healthy subjects Memory Marshall et al. J Neurosci, 
2004

Alzheimer’s patients Memory Ferrucci et al. Neurology, 
2008

Stroke patients Attention Jo et al. Am J Phys Med 
Rehabil, 2009

Aphasic patients Language Baker et al. Stroke, 2010

Thibaut et al, Rev Neurol, 2013



tDCS – single session

• Randomized, double blind, sham controlled, cross-over 

study

• Direct current: 2 mA; 20 min

• 55 patients included    (25 

VS/UWS; 30 MCS; 35 chronic; 25 

TBI; 43±18y)

Left DLPF

Thibaut et al., Neurology, 2014

CRS-R CRS-R CRS-R CRS-R

tDCS tDCS
20’ 20’48h

session 1              session 2

Right 
supraorbicular



Transcranial direct current stimulation  

Thibaut et al., Neurology, 2014

MCS (n=30) VS/UWS (n=25)
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tDCS – single session

Thibaut et al., Neurology, 2014

15/55 responders

Patient who showed new signs of consciousness

after tDCS and not before tDCS or before and after

sham

• 2 VS/UWS; subacute (<3m)

• 13 MCS (6 >1y post insult)

Diagnostic change

• 2 VS/UWS➔ MCS

• 2 MCS ➔ EXIT (subacute)



tDCS – single session

Thibaut et al., Neurology, 2014



tDCS to 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



tDCS – repeated sessions

Single stimulation: effects ± 60 min1

➔ short-lasting improvements, back to initial state 

1. Increase the duration of the effects

2. Increase the number of responders

1Nitsche et al., 2001; Thibaut et al., 2017

Randomized sham controlled double blind cross-over

S1: real or sham S2: sham or real 



tDCS – repeated sessions

Thibaut et al., 2016

16 patients in MCS (> 3months; 12 TBI; 47±16 y)

Treatment effect: delta CRS-R day 5 & day 12 (follow-up)
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tDCS – repeated sessions

Thibaut et al., 2016

6

7

8

9

10

11

12

BL     d1     d2     d3     d4     d5                                                          d12
real 
sham

Longitudinal analysis:

o Real session: significant + time evolution (p<0.001)

o Sham session: no evolution across time (p=0.64)

Some patients responded after 1, 2 or 3 days of tDCS

responders (9/16 – 56%) 

Single stim: 43% responders – effect size : 0.38 (versus 0.57)



Predicting clinical response

tDCS responders ≠ non-responders

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



tDCS – Precuneus

RCT crossover – 5 sessions

33 MCS >3 months post-insult

(57±11y; 20 TBI) 

9 responders (27%)

Sub-acute > chronic

No effect at follow-up 

Effect size : 0.31
tDCS

sham



Motor cortex: common & efficient 

tDCS target 

For patients with DOC?

→Immobilization, paresis…

→Improve behavioral responsiveness

→Covert consciousness

tDCS – motor cortex

Group level (n=10): no significant 

improvement (p=0.55; ES=0.10)

Single-subject level: 2 responders 

Single stimulation & small sample size

Martens et al., Brain Injury 2019



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



Clinical translation

• Feasibility of tDCS for daily use
• By relatives/caregivers (20 sessions)

• 27 MCS patients – compliance: 93±14%

• No clinical effects 

• 22 MCS patients received ≥80% tDCS sessions

• Significant effects & trend at 8-week follow-up – no AE

Martens et al, Brain Stimulation 2018
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Deep Brain Stimulation

Schiff et al, Nature, 2007

Intralaminar nuclei stimulation

induces “recovery” from 

minimally responsive state 



Deep Brain Stimulation

Intralaminar nuclei “reconnections” in spontaneous 

recovery from “vegetative” unresponsive state

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

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

No RCT & side-effects



Combined treatment: potential 

solution?

Deep brain stimulation

transcranial
Direct
Current
Stimulation

Amantadine

Giacino, Fins, Laureys, Schiff, Nature Rev Neurol 2014

Zolpidem



Conclusion

❑ Potential interest of pharmacological…

• Zolpidem 

• Amantadine

 and non pharmacological treatments

• tDCS

• DBS

❑ More validation studies are needed

❑ Assessment of the daily use in clinical setting



Locked-In Syndrome



LIS - Definition

Bauer et al. (1989) :

❑ Classical LIS 
• Complete immobility except for vertical eye movements and blinks.

❑ Incomplete LIS
• Some preserved voluntary motricity (head, superior or inferior limbs).

❑ Complete LIS 
• Total immobility including ocular motricity

Laureys, Pellas, Van Eeckhout, Ghorbel, Schnakers, Perrin et al., Prog Brain Res, 2005



LIS - Diagnosis

Laureys, Pellas et al., Progress in Brain Research, 2005

Person who gave the LIS diagnosis Number of 
patients (n=84)

(% )

Medical doctor 52 (62%)

Family member 28 (33%)

Other 4 (5%)

Questionnaire ALIS 2007 ; Bruno, et al., 2010



LIS – Cognitive functions

Schnakers, Majerus, Goldman, Boly, Van Eeckhout, Gay et al, J Neurol, 2008



Ethical issues

Demertzi et al, J Neurology 2011

2,475 medical 
professionals



Ethical issues: what about LIS?

Bruno et al, BMJ Open, 2011



Ethical issues

Bruno et al, BMJ Open, 2011



Conclusion

❑ LIS # DOC in terms of brain lesions and level of 
consciousness

 Preserved cognitive abilities

 Happy majority?
• Pain

• Communication

• Don’t forget the minority!



Near-death experiences



Near-death experiences: definition

 Near-Death Experience (NDE): “Profound psychological 

events with transcendental & mystical elements typically 

occurring to individuals close to death or in situations of 

intense physical or emotional danger”.

• a set of mental events with highly emotional, self-related, 

mystical & spiritual aspects

• recurrent “features” (e.g., feeling of peacefulness, out-of-

body experiences, …)

• classically occurring in an altered state of consciousness

Greyson, 2000



1975

Platon’s Republic

315 B.C.

Jerome 

Hieronymus

Bosch

1516

Amiral Beaufort

1795

Pierre Jean du 
Monchaux

1740

Albert Heim

1892

Near-death experiences: historical 

background
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Near-death experiences

 Main explanatory models

- Spiritual theories ► ►“dualistic” approach toward the mind–

brain relationship

- Neurobiological theories ► ► brain mechanisms might underlie 

NDEs

- Psychological theories ► ► psychological reaction to 

impending death
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Greyson NDE scale: Scores ≥7 = NDE experiencer

Greyson, 1983

Cognitive

Affective

Near-death experiences: 

Identification
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Greyson NDE scale: Scores ≥7 = NDE experiencer

Greyson, 1983

Transcendental

Paranormal

Near-death experiences: 

Identification
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Peacefulness 

Out-of-Body experience 
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Altered time perception 

Unearthly environment 
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Harmony/unity 

Border 

Heightened senses 

Understanding 

Presence 

Speeded thoughts 

Encounters 

Extrasensory perception 

Precognitive visions 

Life review 

Greyson NDE scale features frequencies (%) 

Life-threatening events ("Real NDEs" n=140) 

◼ Life-threatening “Real 

NDEs” n=140
Total score 16 ± 6 

(7-30/32)

Near-death experiences: features
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Out-of-Body experience 

Bright light 

Altered time perception 

Unearthly environment 

Happiness/joy 
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Border 

Heightened senses 

Understanding 

Presence 

Speeded thoughts 

Encounters 

Extrasensory perception 

Precognitive visions 

Life review 

Greyson NDE scale features frequencies (%) 

Life-threatening events ("Real NDEs" n=140) Non-life-threatening events ("NDEs-like" n=50) 

◼ Life-threatening “Real NDEs” n=140

Total score 16 ± 6 (7-30/32)
Anoxia 15 ± 6 (7-29)
Trauma 16 ± 6 (7-26)
Other 16 ± 6 (7-30)

◼ Non-life-threatening “NDE-like” n=50

Total score 17 ± 7 (7-30/32)

Charland-Verville et al., 2015

Near-death experiences: features



Right temporo-parietal 

stimulation
Hypercarbia (Meduna, 1950)

- Bright light

- Recollection of memories

- OBEs 

- Mystical insights

132

Blanke et al Stimulating illusory own-body perceptions. 
Nature, 2002 
De Ridder et al Visualizing out-of-body experience in the 
brain. N Engl J Med, 2007

Near-death experiences: neural 

correlates



Presence ∼ left 

temporoparietal

Arzy, S., et al. (2006) Nature 443:287 
Induction of an illusory shadow person. 

Near-death experiences: neural 

correlates
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Aim: Reproduce NDEs in controlled laboratory setting

Hypothesis: Induced hypoxic loss of consciousness 
produces NDE like memories (Lempert, 1994)

Charland-Verville et al., (in prep)

Near-death experiences: laboratory 

setting
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33 heathy volunteers aged 25 ± 5 y (range 20-46); 19 women (58%)

Induction of vasovagal syncope: 

45 s hyperventilation while squatting, fast rising, 10 s Valsalva maneuver 

Simultaneous high-density video-EEG recordings

Greyson NDE scale & semi-structured recorded audio interviews

Induced loss of consciousness : 26/33 (79%) 

Duration of loss of consciousness : 24 ± 7 s (range 14-45)

NDE total scores: 6 ± 4 (range 0-17)

Identified NDErs:  9/26 (35%)

1 subject excluded because of bad quality EEG recording

Charland-Verville et al., (in prep)

Near-death experiences: laboratory 

setting
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Greyson NDE scale features frequencies (%) 

Life-threatening events ("Real NDEs" n=140) Syncope ("NDEs-like" n=26) 

◼ Life-threatening “Real NDEs” n=140

Total score 16 ± 6 (7-30/32)
Anoxia 15 ± 6 (7-29)

◼ Syncope “NDE-like” n=26

Total score 6 ± 5 (0-17/32)

Charland-Verville et al., (in prep)

Near-death experiences: laboratory 

setting
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Charland-Verville et al., 
(in prep)

Near-death experiences: laboratory 

setting



That’s it folks!



THANK YOU!

Geraldine.martens@uliege.be


