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

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

No publication




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

1. Acute Change or Fluctuating Course of Mental Status:

e o o o8 Lo— € against using the CAM-

+ Has the pati NO DELIRIUM

Yres ICU in DoC patients in
2. Inattention:
« “Squoezo my hand when | say the ftter ‘A’ 0.2
AT Tt anen o posoosonsy  [ona > the ICU (very low
EREORS Nosoere i & e o kot A X
. »un.m.wm.lm-wim; . ev,dence’ weak
> 2Emors
H n”
3 Altered Lovl of Consclousness rass m recommendat'on) .
Current RASS level than zero DELIRIUM Present
| RASS = 2010
4. Disorganized Thinking: /

1. Will a stone float on water? >1Emor

Hctharbyuioteer No publication

3. Does one pound weigh more than two?
4.Can you use a hammer to pound a nail? -1

Command: “H fingers” (Hold up 2 f Error.
2Hold up this manyfingers (Hold up 2 fingers) R CAM-CU negative
OR “Add one more finger” (If patient unable to move both arms) NO DELIRIUM

Copyran ©.2002, . Wesley Ey. MO, MPH and Vst Unnarsty, s esarvnd

Richmond Agitation-Sedation Scale (RASS) ( 1 very agitated -5 no interaction
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Conscious
Wakefulness
Lucid ,aissssssscsscssae,,,
Dreaming ¢, Locked-in syndrome o

EIEJ:,, ot o 1. 32% misdiagnosis
=) Stender J et al. Lancet
2014
Deep Slecp 2. No predictive scale

DOC Task Force

General .
Anesthesia Arch Phys MedRehabil
2010
Coma

Content of Consciousness: Awareness

»
>

Level of Consciousness: Wakefulness

Laureys S et al. Trends in cognitive Science, 2005 5 v
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Why misdiagnosis ?

Diagnosis

Definition

REVIEWS

brain injury: g of the science

Joseph T. Giacino, Joseph




Same
diagnosis |
By CRS
co r gL 1‘0 2‘0 3‘0 4‘0 5‘0 SIU 7‘0 8‘0 9‘0 1(‘10
Titne (day)
=
$  Pignat JM et al PLOS ONE 2016 7 v

A

J Neurol (2011) 258:1373-1384
DOI 10.1007/s00415-011-6114-x

MEDICAL PROGRESS IN THE JOURNAL OF NEUROLOGY

From unresponsive wakefulness to minimally conscious PLUS

and {unctional locked-in syndromes: Tecent advances in our

understanding of disorders of consciousness

Marie-Aurélie Bruno - Audrey Vanhaudenhuyse *
Aurore Thibaut + Gustave Moonen -
Steven Laureys




EDITORIAL

Cognitive Motor Dissociation Following Severe Brain Injuries

Nicholas D. Schiff, MD

JAMA Neurology Published online October 18, 2015
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A JOURNAL OF NEUROLOGY

Brain networks predict metabolism, diagnosis
and prognosis at the bedside in disorders of
consciousness

Srivas Chennu,'? Jitka Annen,® Sarah Wannez,> Aurore Thibaut,>* Camille Chatelle,>**

Helena Casscpl,3 Géraldine Martens,’ Caroline Schnakers,””® Olivia Gosseries,’
David Menon’ and Steven Laureys®

doi:10.1093/brain/awx 176 BRAIN 2017: 140; 2399-2414 | 2399

/A JOURNAL OF NEUROLOGY

Early detection of consciousness in patients
with acute severe traumatic brain injury
Brian L. Edlow,"u'* Camille Chatelle,"z"'* Camille A. Spencer,2 Catherine ). Chu,2

Yelena G. Bodien,"z’s Kathryn L. O'Connor,z Ronald E. Hirschberg,s“’
Leigh R. Hochberg,'?7 Joseph T. Giacino,™® Eric S. Rosenthal®* and Ona Wu**




Motor function
(CRS-R)

None

CMD: cognitive motor dissociation
HMD: Higher-order cortex motor

Overt cognition
(CRS-R)

)

Passive i /

Covert cognition

Edlow et al Brain 2017

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
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Pitfalls of the validated Coma scales

GLASGOW COMA SCORE

Eye(s) Opening

Spontaneous
To speech

To pain

No response

Verbal Response

Oriented to time, place, person
Confused/disorientated
Inappropriate words
Incomprehensible sounds

No response

Best Motor Response

Obeys commands

Moves to localised pain
Flexion withdraws from pain
Abnormal flexion

Abnormal extension

No response

Best response

HNWS

HNWAWN

HNWAUOLO

15

Comatose patient 8 or less

Totally unresponsive

3




DOC evaluation

for the of the
e
FOUR Scor . Individual Categories of the FOUR Score
B Retworie s Eye Response (E) MAX
4 Eyelids open or opened, Grade the best possible response after at least 3 trials in an attempt
tracking or biinking to 10 elict the best level of alertness. A score of E4 indicates at Jeast
command 3 vokintary excursions. If eyes are closed, the examiner should open 16
3 Eyolids open but not tracking » B them and examine tracking of a finger or object. Tracking with the open-
5 i clowed bk opama s ) - Ing of 1 eyelid wil suffice i cases of eyeld edema or facial rauma. If .
ey Gl tracking is absent horizontally, examine vertical tracking. Atematively, Points
2 tiinks on command should be documented. This will recognize a
1 Eyelids closed but opens to lockedin syndrome (patient is fully aware). A score of E3 indicates the
pain absence of voluntary tracking with open eyes, A score of E2 indicates
0 Eyolids remain closed ayelids opening 1o loud voice. A score of E1 indicates eyeiids open to
with pain pain stimulus. A score of EO indicates o eyelids opening to pain
Motor response (M
Motor Response Grade the bost Dl()ss‘mle response of the ams. A score of MA indicates
4 Thumbs up, fist, or peace that the patient demonstrated at least 1 of 3 hand positions {thumbs-
slgn to command up, fist, o peace sign) with either hand. A score of M3 indicates that
3 Localking to pain the patient touched the examiner's hand after a painful stimulus com-
pressing the temporomandibular joint or supracrbital nerve (localiza.
2 Plexion response to pain tion). A score of M2 indicates any flexion movement of the upper
1 Extensor posturing limbs. A score of M indicates extensor postuning, A score of MO
SR B .Qo ) indicates no motor respanse or myoclonus status epilepticus.
gonerakzed myoclonus status | & Sor | arainstom retones (8)
epilepticus : Grade the best possible response. Examine pupiliary and comeal
2 reflexes. Preferably, corneal reflexes are tested by instiing 23 drops
Brainstem Reflexes B4 B3 of sterile saline on the comea from a distance of 46 inches (this
4 Pupil and comeal reflexes T B “®. & | minimizes comeal trauma from repeated examinations). Cotton swabs.
present [ R can also be used. The cough refiex to tracheal suctioning is tested
3 One pupil wide and fixed ) only when both of these reflexes are absent. A score of B4 indicates
B2 pupil and comea refiexes are present. A score of B3 ndicates one
2 Pupil or comeal reflexes. 2 pupil wide and fixed. A score of B2 indicates either pupil or cornea
absent X D X ] reflexes are absent, B1 indicates both pupil and cornea reflexes are
3 Pupit o oompel refieses. Aor " absent and a scare of BO indicates pupil, comea and cough reflex
ot ¥ &3 (using tracheal suctioning) are absent.
0 Absent pupil, comeal, and Bl BO Respiration (R)
X ® ® & & 0l | Determine spontanecus breathing pattem in a nonintubated patient,
A and grade simply as reguler R4, iregular R2, or Cheyne Stokes R3
Respiration breathing, In ventilatad patients, assess the pressure
4 Not intubated, regular waveform of respratory pattem of the patent Iriggering
breathing pattem of the ventilator R1. The ventilator monitor displaying respiratory
pattems is used to identfy the patient generated breaths on the
FHSIAMORE ClupweStonis ventilator. No adjustments are made to the ventilator while the
breathing pattem patient is graded. but grading is done preferably with PaCO2 within
2 Not intubated, inogular normal limits. A standard apnea (oxygendiffusion) test may be
breathing pattem needed when patient breathes at ventiator rate RO.
1 Breathes above ventilator rate
0 Breathes at ventilator rate
W MAYO CLINIC
e et it S W ey
PR e o P, 08, 250 20 Pl s .
wwwmayoclinicors
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DOC evaluation
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PAIN® xxx (2009) XXX-XXX l)AIN

www.elsevier.com/locate/pain
—

IASP,

The nociception coma scale: A new tool to assess nociception in disorders
of consciousness
Caroline Schnakers**, Camille Chatelle?, Audrey Vanhaudenhuyse?, Steve Majerus ®*, Didier Ledoux,

Melanie Boly *%*, Marie-Aurélie Bruno *¢, Pierre Boveroux*', Athena Demertzi?, Gustave Moonen ¢,
Steven Laureys *4¢

*Coma Science Group, Cyclotron Research Centre, University of Liége. Sart Tilman, 530, 4000 Lidge, Belgium

Table 1
Protocol of the Nociception Coma Scale (detailed administration guidelines in

Complewnlme material).
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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.

Table 2: DOC Scales: Standardizagi of[groudum, pretive Guidelines, and of Item Content Based on Aspen
Workgroup Criteria
Dx Aspen WC Aspen WC Aspen WC
Guide Diff Dx VS-MCS MCS-+Emerg
Y Y 4 2
Rader (1994) N N 4 1
Ansell (1989) N N 4 1
SMART Gill-Thwaites (1999) N 4 1
WHIM Shiel (2000) N N 4 1
DOCS Pape (2005) Y N 3 0
CNC Rappaport (1992) Y 3 0
1 CLOCS Stanczak (1984) Y 3 0
LOEW Borer-Alafi (2002) ¥ N 3 0
RLS85 Stalhammar (1988) Y N 3 0
FOUR Wijdicks (2005) Y N 2 0
GLS Born (1985) Y N 2 0
< INNS Banzer (1991) Y N N N 1 0
% Cv
Adapted examination by Coma Recovery Scale
| Repetive stimulation (4) | | Stimulation of 5 senses |

A

Slowed reaction
(15 seconds)
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Normal Coma Vegetative Minimally Locked-in

consciousness state conscious. syndrome
state

- 8 " ] . 8 N 2 il 8

3 2 3 H 3 2 g ] g 2

3 g H 8 H g 3 $ H g

< g < g < g < g < g

H 2z z 2 H

-
— S G

Figure 2 Graphical f the of arousal (red arrow) and awareness (green arrow) and their

alterations in coma, the vegetative state, the minimally conscious state, and the locked-in syndrome. Adapted from Laureys S, Owen AM,
and Schiff ND (2004) Brain function in coma, vegetative state, and related disorders. Lancet Neurology 3: 537-546.

Laureys S. ,Encyclopedia of Neuroscience (2009), vol. 2, pp. 1133-1142
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Trap: definition

Coma

Closed eyes
No sign of perception of

self and environment
* Minlh

EVEIL
CONSCIENCE

=

Multi-Society Task Force on Persistent Vegetative State guidelines, 1994, the European

Task Force on Disorders of Consciousness, BMC Medicine 2010, 8:68

v
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Trap: definition

Locked -in

Table4 Criteria for the locked-in syndrome (American Congress
of Rehabilitation Medicine)

o Sustained eye opening (bilateral ptosis should be ruled out as

o Aphonia or hypophonia ;

o A primary mode of communication that uses vertical or lateral
eye movement or blinking of the upper eyelid to signal yes/no
responses

o Preserved awareness of the environment

American Congress of Rehabilitation Medicine, 1995

EVEIL

w
o
z
]
%)
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z
o
o
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Laureys et al. BMC Medicine 2010, 8:68

http:/fweww.biomedcentral.com/1741-7015/8/68 i

@Z Medicine

DEBATE Open Access

Unresponsive wakefulness syndrome: a new name

for the vegetative state or apallic syndrome

Steven Laureys", Gastone G Celesia’, Francois Cohadon®, Jan Lavrusen", José Ledn-Carrion”, Walter G Sannita™,

Leon Sazbon®, Erich Schmutzhard®, Klaus R von Wild'®"!, Adam Zeman'?, Giuliano Dolce'* N\

the European Task Force on Disorders of Consciousness'

-> Unresponsive wakefulness syndrome (UWS)

*'E 'The good news is that he's in a permanent
EE ive state.” —
% v
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Trap definition of UWS

( unresponsive wakefulness syndrome)
Before: « vegetative state »

Table 2 Criteria for the vegetative state (US Multi-Society Task
Force on Persistent Vegetative State guidelines)

o No evidence of awareness of self or environment and an —|
inability to interact with others

o No evidence of sustained, reproducible, purposeful, or voluntary
behavioral responses to visual, auditory, tactile, or noxious
stimuli

e No evidence of language comprehension or expression

o Intermittent wakefulness manifested by the presence of
sleep—wake cycles

o Sufficiently preserved hypothalamic and brain stem autonomic
functions to permit survival with medical and nursing care

o Bowel and bladder incontinence

e Variably preserved cranial nerve and spinal reflexes

EVEIL

CONSCIENCE

B

£

$

p<0.001
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

=

g

b4

12



Trap: definiton

Minimal conscioushess s

Table 3 Criteria for the minimally conscious state (Aspen
Neurobehavioral Conference Workgroup)

Clearly discernible evidence of awareness of self or environment,

on a reproducible or sustained basis, by at least one of the

following behaviors:

Purposeful behavior (including movements or affective behavior

that occurs in contingent relation to relevant environment stimuli

and are not due to reflexive activity), such as:

e Pursuit eye movement or sustained fixation occurring in direct
response to moving or salient stimuli =N

e Smiling or crying in response to verbal or visual emotional (but
not neutral) stimuli

e Reaching for objects demonstrating a relationship between
object location and direction of reach

e Touching or holding objects in a manner that accommodates
the size and shape of the object

o Vocalizations or gestures occurring in direct response to the
linguistic content of questions
e Following simple commands

EVEIL

Intelligible verbalization

mergence from the minimally conscious state requires reliable
and consistent demonstration of at least one of the following
behaviors:

Functional interactive communication: accurate yes/no
responses to six of six basic situational orientation questions
(including items as. “Are you sitting down?” and “Am | pointing
to the ceiling?”) on two consecutive evaluations

e Functional use of two different objects (such as bringing a comb

to the head or a pencil to a sheet of paper) on two consecutive

evaluations

ﬁ* CONSCIENCE

Subtle
clinical neurological examination
+ observation of motor behaviour
in the very acute phase
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B'PLOS |one

Outcome Prediction of Consciousness Disorders in the Acute Stage
Based on a Complementary Motor Behavioural Tool

Jean-Miche| Pignat , Etienne Mauron , Jane Johr, Charlotte Gilart de Keranflec'n, Dimitri Van De Ville, Maria Giulia Preti,

Djalel E. Meskaldji, Volker Homberg, Steven Laureys, Bogdan Draganski, Richard Frackowiak, Karin Diserens

Published: June 30, 2016 « http://dx.doi.org/10,1371/joumnal.pone.0156882

474l

Methodology
Definition of NRA-MBT (Motor Behaviour Tool)

MOTOR BEHAVIOUR TOOL - revised MBT-R
Record Form
Patient : ‘Da!e : Time ... (AM)/(PM] |Exa'mfner.
Validated scale
1 | Spontaneaus non-reflexive movements YES | NO
Coma recovery scale s
precise
CRS' R 2 ‘ Response to command ‘ YES ‘ NG
+ M BT 7 . 3 ‘ Visual fixation or visual pursuit ‘ YES ‘ NO
.
° Ite ms 4 ‘ Respanses in a mativational context ‘ YES ‘ NO
o b s e rva ti o n of m oto r Responses to @ noxious stimulation
. 5 5.0 Defensive response - Nipple YES | NO
be h aviour an d of 5b Defensive response - Nailbed YES | NO
. . 5c Grimace YES | NO
communication -
Negative signs
Abnormal posturing (i.e,, decerebration/decortications, primitive reflexes) or
6 | neurovegetative responses (i.e., tachycardia, hypo/hyper-ventilation, hypertension, | YES | NO
excessive sweating) to stimulation
7 Signs of roving eyes or, absence of oculocephalic reflex ves | wo
=
= )
£

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




Differentiation of 2 groups using MBT

CMD MCS/UWS (=DOC)
Cognitivo- Motor Dissociation

- akinetic or
hypokinetic movements -stereotypical abnormal posture
- amimetism - reflex movements

- perseveration
- oculomotor deficit

- grimacing and localisation of -absence of grimacing
pain on stimulation - reflex reaction to pain with
- no response to verbal typical movements of
stimulation decortication

=
¥ Pignat JM, Johr J,C Keranflech, Homberg V, Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016
Mr G, 43 old Mr D, 26 old
TBI TBI
coma
<
- v

15



GLASGOW COMA SCORE

Eye(s) Opening
Spontaneous
To speech
To pain
No response

Verbal Response
Oriented to time, place, person
Confused/disorientated
Inappropriate words
Incomprehensible sounds
No response

Best Motor Response
Obeys commands
Moves to localised pain
Flexion withdraws from pain
Abnormal flexion
Abnormal extension
No response

) @whvn @wwh

Best response. is
Comatose patient 8 or less | 5
Totally unresponsive 3

s

A

ECHELLE DE RECUPERATION DU COMA
VERSION REVUE FRANCAISE e2008
Formulaire de rapport

Patient :

Date atteinte cérébrale :

Etiologle :

Date admission :

Diagnostic initial : Date:

T
|
1
|

Coma

4—Mouvement systématique sur demande”
3 — Mouvement roductible sur demande”

Recovery

2~ Localisation de sons
1 Réflexe de sursaut au bruit
0 - Néant

Scale —R

FONCTION VISUELLE

CRS-R

§ — Reconnaissance des objets”

4 — Locafisation des objets : atteinte™
3 Poursuite visuelle*

2 Fixaton®

1 - Réflexe Ge clignement 4 la menace
0~ Néant

FONCTION MOTRICE

6 - Utlisation fonctionnelle des objets

Emergence of MCD

4—Manipulation d'objets”
3 — Localisstion des

= n on T
1~ Posture anormale stéréotypée
0~ Néant/ Flaccidité

FONCTION OROMOTRICE/VERBALE

Minimal

3~ Production varbale inteligibie”

2~ Production vocale / Mouvements oraux
1 — Réflaxes oraux

0~ Neant

| L

consciousness

COMMUNICATION

T~ Non foncbonnelle : imentionnalle”

[ 2 Fonctionnelle : exacte”

EVEI

| 3— Attention
|

2 Ouverture des yeux sans stimuiation
1 - Ouverture des yeux avec stimuiation
0 Aucun éveil
SCORE TOTAL

16



Disorders of consciousness (DOC) or
CMD (Cognitivo-motor dissociation)

?

cCMD
MG

Binary

evaluation !

DOC
M D.

MOTOR BEHAVIOUR TOOL - revised MBT-R MOTOR BEHAVIOUR TOOL - revised MBT-R
Record Form Record Form
Patient : ‘Da!e : Time ...... [AM]/[PM] ‘Examine! Patient ‘Darc Time ...... {AM)/[PM)] | Examiner :
1 [Spontaneous non-reflexive movements VEs N | 1 nor-reflexi YES /N
[F¥ES ‘ 1F¥ES
precise precise
2 [Response to command vesf[ wo | 2 [ Response to command E I
3 ‘ Visual fixation or visual pursuit ves § wo )l 3 ‘ Visual fixation or visual pursuit ‘ YE ‘ NO
4 | Responses in o motivational context ves \ nojf|_4 [Responsesing | context [ vy [ no
\ w4
Responses to a noxious sti p e Responses to @ noxious stimulation
5 5a Defensive response - Nipple {1 ves N wo 5 50| Defensive response - Nipple VEsy| NO
Sb | Defensive respanse - Nailbed ‘ ¥es | no 5b | Defensive response - Nailbed ves\ no
5c Grimace N\ s/ wo 5¢ | Grimace YES \ NO
. \v4
Abnormal posturing (i.e, decerebration/decortications, primitive reflexes) or L Abnormal pus_tun'ng (i, decerebration/decortications, primitive reflexes) or L
& |neurovegetative responses (ie., tachycardia, hypo/hyper-ventilation, hypertension, | YES ‘ NO > neurovegetative responses (L. tachycardia, hypohyper-ventitation, hypertensi ’0”( YES )“U
excessive sweating) to I N—t excessive sweating) to stimulation |
Signs of roving eyes or, absence of oculocephalic reflex Signs of roving eyes or, absence of oculocephalic reflex fP = Nio
7 YES N0

§ Pignat JM, Johr J,C Keranflech, Hémberg V,

Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016




M. G

Nipple sign

M.D

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

Gialia

MBTr — nipple sign

Responses to a noxious stimulation applied to the nipple :

Non reflexive intentional responses vs. reflexive
stereotypical motor reaction

S?éreotypical

Stereotypical
pattern in extension

pattern in flexion

Defensive response
(intentional)

g

v

18



Gialia

M. G
CRS-R  7,UWS
GCS: 8
MBT  CMD

4 weeks pos TBl later M.D

CRS-R 7, UWS
GCS: 8
MBT UWS

g

M. G 6 weeks post TBI

CRS-R 18, MCS
GCSs: 11
MBT CMD

M.D

CRS-R 15, MCS
GCS: 11
MBT MCS

19



MRI MG
Focal lesion

MD
Diffuse axonal lesion

s v
Pitfalls of clinical evaluation
Epilepsy
Bithalamic
lesion
Myopathy
Bicerebellar
lesion
Neuropathy
5 v

20



9 weeksposthnaimuinjury

5 monthsppaestbriaiminjury

21



Gialia

Results

Coma Recovery

scale
70

60} =

CMD i

CRSR

L L
10 20 30 40 50 60 70 80 90 100
Tine (day)

P<<0.05*
MBT CRS

NRAH

n=33/65
Disorders of
consciousness
(DOC)

MCS /UWS n=8
CMD=25

By generalized linear modelling

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

GaEla

DOC
Gender male/female 5(63%) /3 (38%)
Age (mean) 26.6+/-13.3
Cens) Number (Total = 33) 8 (24%)
Ischemic Stroke 0
Traumatic brain injury 5(63%)
Aneurysm 1(13%)
. Anoxia 1(13%)
Etiology Infection 0
Hemorrhage 0
Others 1(13%)
Right/Left Frontal lobe 5(63%) /5 (63%)

Right/Left Temporal lobe

3(38%) /3 (38%)

CMD
16 (64%3%) / 9 (36%)
56.3+/-18.2
25 (76%)

14 (56%)

11 (44%)

2(0.08)
0

0

1(4%)
0

10 (40%) / 9 (36%)
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%)
Poqto»mesencephalic 1(13%) 5 (25%)
region
Diffuse axonal lesion 2 (25%) 2(25%)
Outcome Return home 2 (25%) 19 (76%)
Walk 0 18 (72%)
.

Pignat JM, Johr J,C Keranflech, Homberg V, Laureys S, Frackowiak R, Diserens K. Et al PLOS ONE 2016
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Motor Behavior Unmasks
Residual Cognition in Disorders
of Consciousness

Alessandro Pincherle, MD,"?
Jane J&hr, PhD,'?
Camille Chatelle, PhD,?
Jean-Michel Pignat, MD, "2
Renaud Du Pasquier, MD,'?
Philippe Ryvlin, MD, PhD,"?
Mauro Oddo, MD, PhD,* and
Karin Diserens, MD"?

Validation of MBT-r,
N=30 DOC patients

Gialia

Ann Neurol 2019;00:1-5 Chv

Disorders of consciousness (DOC) are a common conse-
quence of severe brain injuries, and clinical evaluation is
critical to provide a correct diagnosis and prognosis.

The revised Motor Behavior Tool (MBT-r) is a clinical
complementary tool aiming to identify subtle motor

pehaviors that might retflect residual cognition in DOC.
In this prospective study including 30 DOC patients in

revised MBT-r has an excellent inter-rater agreement

and has the ability to identity a subgroup of patients,
underestimated by the Coma Recovery Scale-Revised,
showing residual cognition and a subsequent recovery

of consciousness.
ANN NEUROL 2019;00:1-5

A

v
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Oligodendrogliome anaplasique stade lll,
(CT 15.12.12)

Gialia

g

24 after stop of sedation :intensive care

24



| 2 day 23 NRA unit

Gialia

A
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Trap I: frontal lesion: akinetic mutism

Or / and lid apraxia

Akinetic mutism,
abulia, catatonia

Cerebral cortex

Diencephalon-
upper brainstem

arousal
Brainstem reflex

and motor
> —— Spinal cord

Suzuki Y et al. Graefe’s Arch. Clin. Exp. Ophthalmol, 2003
Ishikawa T, Mov Disord, 1995

e

s

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

g

Trap ll: trunk lesion with oculomotor paresis
and Bilateral Ptosis

(B) / ;
Edinger-Westphal nucleus / i \ f
[pmsympmhnlics)\ Rostral

(A)

Edinger-Westphal nucleus
(parasympathetics)

Superior Dorsal nuclei

(inferior rectus)

Rostral Caudal Medial nuclei

Dorsal nucleus (superior rectus)

inferior rec ~( .

(inferior rectus) ;s?]r::{((? ::d;&r i

Intermediate nucleus R nucleus (levator

20 ; alpebrae superior) Ipebrae

(inferior oblique) PEp P palpebrae supen%/@
Med s Inferor [ Tmchlgar nudel Caudal

edial nuclei | (superior oblique)
|

Ventral nucleus Trochlear nucleus

(medial rectus) (super]orobliquu)

Warwick R. J Comp Neurol 1953;98:449-504
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Lesion of Ill: nuclear or nerf lesion

=
: v
Pitfalls of clinical evaluation
Temporal
lesion
Aphasia
Epilepsy -
Bithalamic
lesion
Myopathy
Bicerebellar
lesion
Neuropathy
=
% v
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Trap lll: ?

Admdission unité NRA

Gialia

3 weeks later outdoor therapie

g
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Gialia

A

Trap lll: trunk lesion with bithalamic lesion:

Fluctuation of vigilance
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Temporal lesion
Aphasia

Myopathy

Neuropathy

Bifrontal lesion
with akinetic
mutism

Bicerebellar
lesion

=

z v
=]
&
s v
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Admission NRA in NRA unit
6 weekspastop
. o

Gialia

A

IRM 15.10.13 post op 05.12.13

Pos :7.01 mm

85 mm %
1300172481 r— [15.10.2013 [ Nedem. : 1300200669
s
y ) Ecl
i 4 N\

>
D] SN

c
Pos. patient : HFS

Desc. examen : V Neurog
Desc. série : t2_tsgfftra

32



IRM
post op
05.12.13
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4 alia

Trap IV: Brain stem lesion
+ Bithalamic lesion + Myopathy

4 months,

post op, post acuterehab center

Neuropathy

g

= 0 inical eva 2t
Temporal lesion
Aphasia Bifrontal lesion
with akinetic

mutism

Bicerebellar
lesion
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Large neuronal
networlk hilateral

Vlotor
efference

' Vigilance regulation

CQCOUW&HW@ 5@@[?&]1[@

Ic Eeatie’s;

=
ST

= v

it

Supporting features (SF)  CMD (MBT) DOC (CRS-R/MBT)  p-value
(n=56) (n=40) (n=16)

Cortical blindness 2(5)

Polyneuromyopathy 5(8)

Akinetic mutism 33(82.5) 0
Status epilepticus 6(15) 0
Aphasia 9(22.5) 4(25)
Severe sensorial input 0 0

Bilateral paramedian 2(5) 1(6.3)

thalamic lesion

Locked-in plus 1(2.5) 0

Not found 2(5) 11 (68.8)

= Pincherle A, Rossi F, Johr J, Diserens K, in progress 2019

=

ot
val

¥
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Evaluationclinique despatients enéveildecoma
(exclu les patients sédatés et mort cérébrale)
Coma/UWS|(VS) CRS-R MCSCRS-R/MBT-R positivesigns
Absenceof MR diffuse MR isolatedand Absence of negative signe MRI:Diffuse cortico- MRlisolated and exclusive
negativesign > cottico-subcortico- b+ excluse ntemupton of motor oy » »
MET-R thalamic(8G) esions outflow pathways lesions pathways
Coma/UWs (V) CRS-R. l MCSCRS-Rand
Positifsign MBT-R oppain Locked:in plus METR Lockedin plus
MRI: Multi-focal
i deaflrenationacross ————— QWD
corticothalamicsystem
aFestures Supporting
>

! ! Biateral Severe

Cortca blindness PNM Akinetic Mutism Status Epilepticus paramedian sensorial

Thalamiclesions || input defect

aFeatures Supporting
avDy VP ENMG trucural maging EEG Strucural Imaging Stp
I
¢ ! Bilateral
Cortical onn Ainetic Jats. paramedan seae et
bindness Mutism plpt Thalanic lesions -
strucural
= Ve MG aghg EEG Strucural maging sep
=

& Pincherle A, Rossi F, Johr J, Diserens K, in progress 2019

N PNM

«Features supporting CMD»

N Cortical Blindness

Imaging

ENMG

A 4

A -

) Imaging

4

EEG

Severe sensorial input defect SEP

D Bilateral paramedian thalamiclesions

Imaging

Imaging

y v vy

A
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Condition to move: Connectivity

Associated tractq——— x .
/ Frontal
lobe

4 alia
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Gialia

A

Lé)"be fronta

Tk

Godt et odorat Lobe tempOI’a|

A

occipital

Berney L ,Diserens K et al. NeuroRehabilitation 2014
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Role of'the limbic system forrmotricity

Cortex cingulaire
antérieur

Organes sensoriels

Cortex
préfrontal

Amygdale

Hypothalamus

Cortex

Tronc cérébral orbitofrontal

Cortex cingulaire
Cortex orbitofrontal

Cortex préfrontal

pe

5 oW
Importance of the input of the Default Mode
Network (DMN) ( limbic sytem) for motivation

i Basales / ’
Vorderhim /
Thalamus ’ v
Mesenzephalon ’
| Aufsteigendes refikuldres v ‘
I— Akiivierungssystem (ARAS) |
5 o
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Gialia

79 Chv

A

Original Manuscript — Effects of neurosensory approach outdoors _ 20181108

Effect of neurosensory stimulation outdoors on

acute patients with covert cognition

Caroline Attwell*’, Jane Jéhr®, Alessandro Pincherle®, Jean-Michel Pignat®, Krystel
Bruyére®, Nina Kaufmann® Jean-Francois Knebel°®, Loric Berney?, Renaud Du

Pasquier?, Philippe Ryvlin®, Karin Diserens?

NeuroRehabilitation 2019
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International Classification of Functioning, Disability
and Health (ICF) : Individual goal assessment

o e e~

Patient
Juge (initiales) CA  CA CA  CA
Date 15.02.2016 15.02.2016 20.02.2016 20.02.2018
Indoor =1 ; Quidoor=0 0 | I 0

Séquences Cotation 1=non {

Faire rouler un ballon, la main droite toujours en contact 2 1
1 tendre bras vers partie du ballon 1 1
2 entrer en contact 1 1
3 faire rouler Iz ballon 3 1
4 relicher contact 1 1
Prendre: un objet designé 2 2
1 tendre bras vers ['objet 2 3
2 Saisir [objet 2 2
3 gardermin 5 4 4
= T 4 relacher [objet 3 3
£
% Cv
TOTAL INDOOR HTOTAL OUTDOOR
*
! Réponse 3 Poursuite Réalisationd'un  Réalisation d'un ﬂ:pense suivant Expression Expression sur Expression sur
simple spontanée des dun objet sur spontanée des  des personnes sur  spontanée d'une mouvemem mouvement sur spontanéede  demande de mots d:mandede
objets demande personnes demande  personne oud'un demande o ples (ou
objet en lien avec un établl complexes) :omp\exesr
mouvement objet/une
tichefune
personne
=
==
£ G
% 2 v
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Indoor
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Outdoor
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B DOC based on CRS-R + MBT (N=19)
M Clinical CMD based on MBT (N=105)

80

Percentage %

COMA

Recovery of Consciousness based on CRS-R criteria at NRA discharge

Outcome

UWSs MCS

EMCS

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

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

b=

=

& Jane J, Halimi F, Pasquier J, Pincherle A, Ryvlin P,in progress 2019 v
Table 1 — Means (and SD) or distribution of demographic, anamnestic, and clinical outcomes of patients |

—— |
CMD (N=105) DOC (N=19) NON-DOC (N=21)
Age (y) 54.4(16.2) 40.6(17.8) 54.1(18.8) GOOd OutCome
Sex, F/M 39/66 11/8 6/15 L
Aetiology T8I 40 11 3 =
Hemorrhagic 37 4 6
Ischemic 10 - 5
Anoxic 9 3 1
Toxic/Tumoral/Other 4/5/- 1/+/- 1/-/5
Clinical diagnosis ~ Coma 21 6 na
per CRS-R uws 40 1 na
Mcs 44 2 na
Recovery of consciousness
(per CRS-R), Yes/No 75/30 1/18 na
Outcomes at GOS
discharge (range 1-5) 33(07) 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 16) 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(17)
FAC
(range 0-5) 13(13) 0.1(0.2) 15(1.3)
JaneJ, Pincherle A, Rossi F, Diserens K submitted 2018
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Ecmp
@ Mpoc
HNON DOC
€ w0
3
o
o
20
0
1 2 3 4 5
GOS at discharge
1=Death
2 =Persistent vegetative state
3 = Severe disability
4 = Moderate disability Glasgow Outcome Scale,
5 =Good recovery Jennett & Bond, Lancet 1975
GLASGOW Patient Name.
OUTCOME Rater Name:
SCALE Date:
Note: The scale presented here is based on the origiral article by Jenaett and Bond. It has become common practice
n chmcal tnal admmistration. however. to use 3 modified version that places the scores w reverse crder (e “good
secovery” = 1. “moderae disability” =2. etc.).
Seore Description
1 DEATH
2 PERSISTENT VEGETATIVE STATE
C ut-off Patient exhibits no obvious cortical function
3 SEVERE DISABILITY
(Conscious but disabled). Patieat depends upon others for daily support due to meatal or physical
disabality ot both.
4 MODERATE DISABILITY
(Disabled but independent). Patieat 1s independent a5 far s daily life 15 concerned. The
disablities found inclide varying degrees of dysphasia. bemiparesss. or ataxia, 3s well a3
ud memory deficats and personality chang
s GOOD RECOVERY
Resumption of normal activities even though there may be minos nevsological or psychological
deficits
TOTAL (1-8): Glasgow Outcome Scale,
Jennett & Bond, Lancet 1975

A




Count

0=Non

0 1 2

Ecvp
Hpoc
HNON DOC

3 4 5

FAC at discharge

functional ambulation
-for physical

level I

for physical

level sur,

mbulator dependent for supervision

level |

The Functional Ambulation Categories

2=
3=
4=
5=

Ambulator independent

Mehrholz et al., 2007

=
B
¥
A mal Ambulation Category (FAC
FAC | Ambulation Definition
Description
0 Nonfunctional Subject cannot ambulate, ambulates in parallel bars only, or
ambulation requires supervision or physical assistance from more than
one person to ambulate safely outside of parallel bars
1 Ambulator- Subject requires manual contacts of no more than one
Dependent for person during ambulation on level surfaces to prevent
Physical falling. Manual contacts are continuous and necessary to
Assistance Level 11 | support body weight as well as maintain balance and/or
I assist coordination
cut-off 2 Ambulator- Subject requires manual contact of no more than one person
Dependent for during ambulation on level surfaces to prevent falling.
Physical Manual contact consists of continuous or intermittent light
Assistance Level I | touch to assist balance or coordination
3 Ambulator- Subject can physically ambulate on level surfaces without
Dependent for manual contact of another person but for safety requires
Supervision standby guarding on no more than one person because of
poor judgment, questionable cardiac status, or the need for
verbal cuing to complete the task.
4 Ambulator- Subject can ambulate independently on level surfaces but
Independent Level | requires supervision or physical assistance to negotiate any
Surfaces only of the following: stairs, inclines, or non-level surfaces.
Mehrholz pt al. (2007) Arch Phys Med Rehapil
5 Ambulator- Subject can ambulate independently on nonlevel and level
Independent surfaces, stairs, and inclines.
5=
B
5
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«JE SUIS CONTENT
D’ETRE VIVANT.
MAIS RIEN N’EST
PLUS EVIDENT»

Iy a deux ans, Ofivier Grandjen a subi un
traumatisme crinien. Aprésdes semaines de coma,
tadiiréapprendre @ parler lire et crire. Pris en
charge au CHUV, puis ka clinique de la SUVA,
il émaigne de son retour  la vie grice d la i

g

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

b=}
$
I Perspective: multimodial evaluation
EEG
Neuroimaging Brain Computer Interface
Attention ; Ring the bell
4s 8s
Attention Don’tring the bell
OGP + Peri Personal Space (PPS)
<
5
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