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No publication 

Answer “Spontaneous 
motor behavior and 
automatic motor 
responses may be 
observed and documented 
(very low evidence, weak 
recommendation).” 

Question “Should 
spontaneous motor 
behaviors be observed 
to diagnose signs of 
consciousness in 
patients with DoC?” 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
EAN Guideline 

on the Classification of 
Coma and other Disorders of Consciousness 

 

- 
Clinical topics 
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Question “Should the Confusion Assessment Method for the ICU 
or the Confusion Assessment Protocol be used to diagnose 
delirium in DoC patients in the ICU?” 

 
Answer “We advise 
against using the CAM- 
ICU in DoC patients in 
the ICU (very low 
evidence, weak 
recommendation).” 

 
No publication 

 

 
Richmond Agitation-Sedation Scale (RASS) ( 1 very agitated -5 no interaction 
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Why misdiagnosis ? 

Definition 

 

 

 

 

 

 

 
William James , 1894: 
“human consciousness consists of serially time - 
ordered , organized, restricted and reflective 
awareness of self and the environment. Moreover, it 
is an experience of graded complexity and quantity.“ 

 
 

 

 

5 Laureys S et al. Trends in cognitive Science, 2005 

Observations 
1. 32% misdiagnosis 

Stender J et al. Lancet 
2014 

 

2. No predictive scale 
DOC Task Force 

Arch Phys MedRehabil 
2010 

t 
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7 Pignat JM et al PLOS ONE 2016 

Same 
diagnosis 

By CRS 
score 

2 groups of 
evolution 
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Pitfalls of the validated Coma scales 

 

 

 

 

 

 
MAX 

15 
Points 

 
 

 

 

 

 

CMD: cognitive motor dissociation 
HMD: Higher-order cortex motor 
dissociation 
VS: vegetative state 
MCS-: minimally conscious state without 
language function 
MCS+: minimally conscious state with 
language function (MCS+ ), 
PTCS: post-traumatic confusional state 
CLIS: complete locked-in syndrome 
LIS: locked-in syndrome with 
preservation of minimal motor function 

 

 

 

 

 

 
 

Edlow et al Brain 2017 
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II DOC evaluation 

 

 

 

 

 

 

 

 

 

 

 

 

MAX 
12 

Points 

 
 

 

 

 
II DOC evaluation 

 

MAX 
16 

Points 
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Adapted examination by Coma Recovery Scale 

Motivation Slowed reaction 
(15 seconds) 

Stimulation of 5 senses Repetive stimulation (4) 

 
 

 

 

Assessment Scales for Disorders of Consciousness: Evidence- 
Based Recommendations for Clinical Practice and Research 

Report of the American Congress of Rehabilitation Medicine, Brain Injury- 
Interdisciplinary Special Interest 

Group, Disorders of Consciousness Task Force 

Arch Phys Med Rehabil 2010;91:1795-1813. 
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Laureys S. ,Encyclopedia of Neuroscience (2009), vol. 2, pp. 1133-1142 

Trap: definition 
Coma 

 
• Closed eyes 

• No sign of perception of 

self and environment 

• Min 1 h 

 

 

 

 

 

 
Multi-Society Task Force on Persistent Vegetative State guidelines, 1994, the European 
Task Force on Disorders of Consciousness, BMC Medicine 2010, 8:68 
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Trap: definition 
Locked -in 

 

 

 

 

 

 

 

 

 

 
American Congress of Rehabilitation Medicine, 1995 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

→ Unresponsive wakefulness syndrome (UWS) 
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Trap definition of UWS 
( unresponsive wakefulness syndrome) 

Before: « vegetative state » 

Vegetative state 
«No endogenous maschinery «(D Muresanu) 
Diffuse disconnection inbetween the cortical network encompassing 
medial and lateral prefrontal , parietal multmodal associative areas, 
Cortico-cortical , Thalamo-cortical Disconnections ( Default Mode Network) 
Preserved brainstem 
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Aspen Workgroup, 2002 

 
 

 

 

Trap: definiton 
MSC ( Minimal consciousness syndrome) 

 

Subtle 

clinical neurological examination 

+ observation of motor behaviour 
in the very acute phase 
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2016 

 
Methodology 

Definition of NRA-MBT (Motor Behaviour Tool) 

 

 
Validated scale 

Coma recovery scale 
CRS-R 

+ MBT: 7 items 

observation of motor 
behaviour and of 
communication 

 

 

 

 
Pignat JM, Johr J,C Keranflech, Hömberg V, Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016 
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Pignat JM, Johr J,C Keranflech, Hömberg V, Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016 

Cognitivo- Motor Dissociation 

Differentiation of 2 groups using MBT 

MCS/UWS (=DOC) CMD 

 
 
-stereotypical abnormal posture 

- reflex movements 

 
 

-absence of grimacing 

- reflex reaction to pain with 

typical movements of 

decortication 

 
- akinetic or 

hypokinetic movements 

- amimetism 

- perseveration 

- oculomotor deficit 

- grimacing and localisation of 

pain on stimulation 

- no response to verbal 

stimulation 

Mr D, 26 old 
TBI 

coma 

Mr G, 43 old 
TBI 

coma 
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Consient 
MCS 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

? 
 

5 

COMA 
CRS-R 3-6 

Minimal 
consciousness 

! 

Emergence of MCD 

Coma 
Recovery 
Scale –R 
CRS-R 
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Disorders of consciousness (DOC) or 
CMD (Cognitivo-motor dissociation) 

? 

 

 

Binary 
evaluation ! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pignat JM, Johr J,C Keranflech, Hömberg V, Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016 

CMD 
M G 

DOC 
M D. 
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M.D M. G 

Nipple sign 

3, coma 
5, coma 
Coma 

CRS-R 
GCS 
MBT: 

CRS-R 3, coma 
GCS: 5, coma 
MBT CMD 

Stereotypical 
pattern in extension 

Stereotypical 
pattern in flexion 

Defensive response 
(intentional) 

MBTr – nipple sign 
Responses to a noxious stimulation applied to the nipple : 

Non reflexive intentional responses vs. reflexive 

stereotypical motor reaction 
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M. G 4 weeks pos TBI later M.D 

CRS-R 7, UWS 
GCS: 8 
MBT UWS 

CRS-R 7, UWS 
GCS: 8 
MBT CMD 

 
M. G 6 weeks post TBI M.D 

CRS-R 15, MCS 
GCS: 11 
MBT MCS 

CRS-R 18, MCS 
GCS: 11 
MBT CMD 
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M D 

Diffuse axonal lesion 

MRI M G 

Focal lesion 

Neuropathy 

Bicerebellar 
lesion 

Myopathy 

Bithalamic 
lesion 

Epilepsy 

Bifrontal lesion 
with akinetic 

mutism 

Brainstem 
lesion 

Peduncular 
lesion 

Temporal 
lesion 

Aphasia 

Pitfalls of clinical evaluation 
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9 weeks post brain injury 

 
5 months post brain injury 

 

 

 

 

 

 

 

 

 

 
40 
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Motor output blocked Disorders of consciousness 

Results 

Pignat JM, Johr J,C Keranflech, Hömberg V, Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016 

 
 

 

 

 

 

 

 
 

  
DOC 

 
CMD 

 Gender male/female 5 (63%) / 3 (38%)  16 (64%%) / 9 (36%) 

General 
Age (mean) 26.6+/-13.3  56.3+/-18.2 

Number (Total = 33) 8 (24%)  25 (76%) 
  

 Ischemic Stroke 0  14 (56%) 
 Traumatic brain injury 5 (63%)  11 (44%) 
 Aneurysm 1 (13%)  2 (0.08) 

Etiology 
Anoxia 1 (13%)  0 

Infection 0  0 
 Hemorrhage 0  1 (4%) 
 Others 1 (13%)  0 
  

 Right/Left Frontal lobe 5 (63%) / 5 (63%)  10 (40%) / 9 (36%) 

 
Right/Left Temporal lobe 3 (38%) / 3 (38%) 

 
10 (40%) / 6 (24%) 

 Right/Left Parietal lobe 1 (13%) / 3 (38%)  5 (20%) / 5 (20%) 

 
Lesions’ Localization 

Right/Left Occipital lobe 0 / 0 
 

2 (8%) / 1 (4%) 

 
Right/Left basal ganglia 2 (25%) / 4 (50%) 

 
3 (12%) / 3 (12%) 

 Ponto-mesencephalic 
region 

1 (13%) 
 

5 (25%) 

 Diffuse axonal lesion 2 (25%)  2 (25%) 
  

Outcome Return home 2 (25%)  19 (76%) 
 Walk 0  18 (72%) 
  

P<<0.05* 
By generalized linear modelling 

 
Pignat JM, Johr J,C Keranflech, Hömberg V, Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016 

NRAH 
n=33/65 
Disorders of 
consciousness 
(DOC) 
MCS /UWS n= 8 
CMD=25 

CMD 
 

 

 

 

 

 

 

 

 

DOC 

Results 
Coma Recovery 

scale 

CRS MBT 
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Validation of MBT-r, 
N=30 DOC patients 

 

 
 

Ann Neurol 2019;00:1-5 
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Trap I: ? 

 

 

 

 

 

 

 

 

Oligodendrogliome anaplasique stade III, 
(CT 15.12.12) 

 

24 after stop of sedation :intensive care 
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day 23 NRA unit UNITE 

NRAH 
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Trap I: frontal lesion: akinetic mutism 

Or / and lid apraxia 
 

 

 

 

 

 

 

 

 

Suzuki Y et al. Graefe’s Arch. Clin. Exp. Ophthalmol, 2003 

Ishikawa T, Mov Disord, 1995 
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UNITE 

NRAH 5 months after acute and post-acute neuro- 
reeducation without adjuvant treatment 

Trap II: trunk lesion with oculomotor paresis 
and Bilateral Ptosis 

 

 

 

 

 

 

 

 

 

Warwick R. J Comp Neurol 1953;98:449-504 



28 

 

 

 
 

 

 

Lesion of III: nuclear or nerf lesion 

Neuropathy 

Bicerebellar 
lesion 

Myopathy 

Bithalamic 
lesion 

Epilepsy 

Bifrontal lesion 
with akinetic 

mutism 

Brainstem 
lesion 

Peduncular 
lesion 

Temporal 
lesion 

Aphasia 

Pitfalls of clinical evaluation 
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Trap III: ? 

Admdission unité NRA 

3 weeks later outdoor therapie 
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Trap III: trunk lesion with bithalamic lesion: 
Fluctuation of vigilance 
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Neuropathy 

Bicerebellar 
lesion 

Myopathy 

Bithalamic lesion 

Epilepsy 

Bifrontal lesion 
with akinetic 

mutism 

Brainstem lesion 

Peduncular 
lesion 

Temporal lesion 

Aphasia 

Pitfalls of clinical evaluation 

 
Trap IV: ? 

Post op, 

intensive care 
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Admission NRA in NRA unit 

6 weeks post op 

 
IRM 15.10.13 post op 05.12.13 
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IRM 
post op 
05.12.13 
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Trap IV: Brain stem lesion 
+ Bithalamic lesion + Myopathy 

  4 months, post op, post acute rehab center  

Neuropathy 

Bicerebellar 
lesion 

Myopathy 

Bithalamic lesion 

Epilepsy 

Bifrontal lesion 
with akinetic 

mutism 

Brainstem lesion 

Peduncular 
lesion 

Temporal lesion 

Aphasia 

Pitfalls of clinical evaluation 
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Pincherle A, Rossi F, Johr J, Diserens K, in progress 2019 

 
 

 

 

 

 
Supporting features (SF) 
(n=56) 

CMD (MBT) 
(n=40) 

DOC (CRS-R/MBT) 
(n=16) 

p-value 

Cortical blindness 2 (5) 0  

Polyneuromyopathy 5 (8) 0  

Akinetic mutism 33 (82.5) 0  

Status epilepticus 6 (15) 0  

Aphasia 9 (22.5) 4 (25)  

Severe sensorial input 0 0  

Bilateral paramedian 
thalamic lesion 

2 (5) 1(6.3)  

Locked-in plus 1 (2.5) 0  

Not found 2 (5) 11 (68.8)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vigilance regulation 
 

 

 

 

 

 

ur 
f E 
t 
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Pincherle A, Rossi F, Johr J, Diserens K, in progress 2019 

Strucural Imaging 
Strucural 
Imaging 

ENMG 

Severe sensorial 
input defect 

Bilateral 
paramedian 

Thalamic lesions 

Status 
Epilepticus 

Akinetic 
Mutism 

PNM 
Cortical 

blindness 

SEP Strucural Imaging Strucural Imaging 

«Features Supporting 
CMD» 

Severe 
sensorial 

input defect 

Bilateral 
paramedian 

Thalamic lesions 
Akinetic Mutism Status Epilepticus Cortical blindness 

«Features Supporting 
CMD» CMD 

MRI: Multi-focal deafferentation 
across cortico-thalamic system ro/      

and focal temporal leasions 

CMD 
MRI: Multi-focal 

deafferentation across 
cortico-thalamic system 

Locked in plus 
MCS CRS-R and 

MBT-R Locked-in plus 
Coma/UWS (VS) CRS-R 

and MBT-R Positif sign MBT-R 

Absence of negative signe MRI: Diffuse cortico- MRI:Isolated and exclusive 

MBT-R subcortico-thalamic (BG) interruption of motor outflow 
lesions pathways 

Absence of  MRI: diffuse  MRI: isolated and 
negative sign cortico-subcortico- exclusive interruption of motor 

MBT-R thalamic (BG) lesions  outflow pathways 

MCS CRS-R/MBT-R positive signs Coma/UWS (VS) CRS-R 

Evaluation clinique des patients en éveil de coma 
(exclu les patients sédatés et mort cérébrale) 

 

SEP 
 

EEG 
 

VEP 

 

EEG 
 

ENMG 

 

VEP 

 

PNM 

Imaging 

ENMG 

Imaging 

EEG 

Imaging 

SEP 

Imaging 

Cortical Blindness 

PNM 

Akinetic Mutism 

Status Epilepticus 

Aphasia 

Severe sensorial input defect 

Bilateral paramedian thalamic lesions 

«Features supporting CMD» 
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occipital 
lobe Temporal 

lobe 

parietal 
lobe 

Frontal 
lobe 

Associated tracts 

Condition to move: Connectivity 
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73 

Berney L ,Diserens K et al. NeuroRehabilitation 2014 

Ouïe 

Lobe temporal Goût et odorat 

Lobe 
Vision 

occipital 

Lobe pariétal 
Lobe frontal 

Toucher 

Neurosensorial Approach 
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Ouïe 

Vision 

Lobe 
occipital Lobe 

temporal Goût et odorat 

Toucher 

 

pariétal 
Lobe 

Lobe 
frontal 
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Cortex préfrontal 

Amygdale 
 

Tronc cérébral 

Cortex orbitofrontal 

Hypothalamus 
Cortex cingulaire 

Hippocampe 

Cortex 
orbitofrontal Tronc cérébral 

Hypothalamus 

Thalamus 
Amygdale 

Cortex 
préfrontal 

Thalamus 

Cortex cingulaire 
antérieur Organes sensoriels 

Role of the limbic system for motricity 

 

Importance of the input of the Default Mode 
Network (DMN) ( limbic sytem) for motivation 
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NeuroRehabilitation 2019 
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International Classification of Functioning, Disability 

and Health (ICF) : Individual goal assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 
2 
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Indoor 

 
Outdoor 
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Table 1 – Means (and SD) or distribution of demographic, anamnestic, and clinical outcomes of patients 

admitted to the Neurorehabilitation Unit between November 2011 and August 2018 (N=145)  

Jane J , Pincherle A, Rossi F, Diserens K submitted 2018 

 
 

 

 

 

 

 

 

 

 
  CMD (N=105) DOC (N=19) NON-DOC (N=21) 

Age (y)  54.4 (16.2) 40.6 (17.8) 54.1 (18.8) 

Sex, F/M  39/66 11/8 6/15 

Aetiology TBI 40 11 3 

 Hemorrhagic 37 4 6 

 Ischemic 10 - 5 

 Anoxic 9 3 1 
 Toxic/Tumoral/Other 4/5/- 1/-/- 1/-/5 

Clinical diagnosis 
per CRS-R 

Coma 21 6 na 

UWS 40 11 na 

 MCS 44 2 na 

Recovery of consciousness 
(per CRS-R), Yes/No 

75/30 1/18 na 

Outcomes at 
discharge 

GOS 
(range 1-5) 

3.3 (0.7) 2.5 (10.9) 3.5 (0.9) 

 ERBI 
(range -325 – +100) 

-19.2 (108.9) -222.6 (92.2) 17.1 (75.2) 

 mRS 
(range 1-6) 

3.8 (1.0) 4.8 (0.5) 3.6 (1.0) 

 DRS 
(range 0-29) 

10.7 (6.7) 22.8 (4.0) 6.6 (3.9) 

 LCF 
(range 1-10) 

6.6 (1.9) 2.6 (1.1) 7.4 (1.7) 

 FAC 
(range 0-5) 1.3 (1.3) 0.1 (0.2) 1.5 (1.3) 

Jane J, Halimi F, Pasquier J, Pincherle A, Ryvlin P, in progress 2019 

75,9,9% 73,1% 45,9% 

Outcome 
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Glasgow Outcome Scale, 
Jennett & Bond, Lancet 1975 

1 = Death 
2 = Persistent vegetative state 
3 = Severe disability 
4 = Moderate disability 
5 = Good recovery 

 

 

 

 

 

 

 

 

 

 

 

 
cut-off 

 

 

 

 

 

 

Glasgow Outcome Scale, 
Jennett & Bond, Lancet 1975 
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The Functional Ambulation Categories 
Mehrholz et al., 2007 

0 = Non functional ambulation 
1 = Ambulator dependent for physical assistance level II 
2 = Ambulator dependent for physical assistance level I 
3 = Ambulator dependent for supervision 
4 = Ambulator independent level surfaces only 
5 = Ambulator independent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mehrholz et al. (2007) Arch Phys Med Rehabil 

cut-off 
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M.D M. G 

2 Y post TBI 

1 y later : cave: brainstem versus cortical lesion 
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10 y post brain 
injury DOC 

1 year post brain injury 
CMD 

+ 

Peri Personal Space (PPS) + 

+ 
Perspective: multimodial evaluation 

Neuroimaging 


