COMA e{

ScIENCE GROUP

Finding words in the silence:
Detecting consciousness after severe brain injury

07/10/2025

Charlene AUBINET

FNRS postdoctoral researcher

> Maastricht
< University



(o] A

SCIENCE GROUP




Brain injury inducing coma...
what’s next?



Various states/levels of consciousness

Coma

Eyes
closed



Unresponsive Wakefulness Syndrome (UWS)

»

Coma VS/UWS
Eyes
closed Arousal

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

PERSISTENT VEGETATIVE STATE

Laureys et al. (2010), BMC Med



Minimally Conscious State (MCS)
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Coma VS/UWS MCS-

Eyes Oriented
closed Arousal behaviors

Giacino et al. (2002), Neurology



Minimally Conscious State (MCS)
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Close the  Reproducible language

&YeS  signs of consciousness
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Coma VS/UWS MCS- MCS+
Eyes Oriented Language
closed Arousal behaviors function

Command-following
Intelligible verbalization

Intentional communication Bruno et al. (2011), J Neurol
Thibaut et al. (2020), J Neurol



Emergence from the MCS

Close the
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VS/UWS MCS- MCS+ Emergence

Oriented Language
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Giacino et al. (2002), Neurology



Why is DoC diagnosis important?

Prognosis
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Cassol et al, unpublished data
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Schiff et al (2007), Nature

Thibaut et al (2020), Lancet Neurol
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Ethical aspects

It is acceptable to | would like to be kept alive
stop treatment in a chronic... if | were in a chronic...

Demertzi et al (2011), J Neurology



Misdiagnosis rates

2-9-

Close the

S =

Qﬁ

Coma VS/UWS MCS- MCS+ Emergence
Eyes Oriented Language .
Closed Arousal behaviors function CeluluViezIel

Disorders of Consciousness (DoC)

- 30-40% risk based on clinical consensus

Schnakers et al., BMC Neurol, 2009



JFK COMA RECOVERY SCALE ©2004
Record Form

This form should only be used in association with the "CRS-R ADMINISTRATION AND SCORING
GUIDELIMES" which provide instructions for standardized administration of the scale.

Patient: Diagnosis:

Coma Recovery Scale-Revised
| Assess:::: 1 2 | 3 4 5 (C RS_ R)

AUDITORY FUNCTION SCALE # |[TCC| # |TCC| # |TCC| # |TCC| # |TCC
4 — Consistent Movement to Command®
3 — Reproducible Movement to Command® AN NALS OfNeuTOIOgy
2 — Localization to Sound

1 — Auditory Startle
0 - Mone

VISUAL FUNCTION SCALE # [TCC| # |TCC| # |TCC| # |TCC| # |TCC
5 — Object Recognition®

4 — Object localization: Reaching*
3 = Visual Pursuit*

B Unresponsive Wakefulness Syndrome/Vegetative State
@ Minimally Conscious State MINUS

2 — Fixation® O Minimally Conscious State PLUS
1 - Visual Startle

0 - Mone 42

MOTOR FUNCTION SCALE # |TCC| # [TCC| # |TCC| # [TCC| # |TCC i

6 — Functional Object Uset
5 — Automatic Motor Response*
4 — Object Manipulation®

24
3 — Localisation to Noxious Stimulation* ! |
2 — Flexion Withdrawal 13 15
1 — Abnormal Posturing ‘ 10 11
0 — Mone ; | 7 | s [ :
OROMOTOR/VERBAL FUNCTION SCALE # |TCC| # (TCC| # |TCC| # |TCC| # |TCC H l ‘ [—I . -
3 — Intelligible Verbalization®
2 — Vocalization/Oral Movement 2 3 4 5
1— Oral Reflexive Movement
0 - Mone
COMMUNICATION SCALE # |TCC| # |TCC| # |TCC| # |TCC| # |TCC FIGURE 1: Misdiagnosis rates (%) of patients after n CRS-R

2 Functional: Accuratet assessments according to the diagnosis. CRS-R = Coma
1 — Non-functional: Intentional®

0 — None Recovery Scale-Revised.
AROUSAL SCALE # [TCC| # |TCC| # |TCC| # |TCC| # |TCC
3 — Attention

2 — Eye Opening wio Stimulation
1 — Eye Opening with Stimulation
0 - Unarousable

TOTAL SCORE

reference diagnosis (six CRS-R)
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Number of CRS-R assessments

5% misdiagnosis after 5 assessments

* Denotes Minimally Conscious State Minus (MCS-)

* Denotes Minimally Conscious State Plus (MCS+)

t Denotes emergence from Minimally Conscious State (eMCS)
TCC Test Completion Code

Giacino et al. (2004), APMR
Wannez et al. (2017), Ann Neurol




PatIENt Cceccecceecreceeee. EXBMIAEE et serecsece e Date TIME Ceecece e

Simplified Evaluation of CONsciousness Disorders (SECONDs)

A. Observation

Development of a novel fast tool e

Command 1:
N 3 x 3 spoken commands
1 terval between commands

.
Written comman 11 3 "'i"'"ft'?" mmm.anf if 0/3) ((l
I t l d . - The patient responds at least twice for one of the Stop if 2 commands 3/3
O e I I l S I n C u I n go commands (= score )
Communication
O ArO U S a l. Functional (score 8)
Autobiographical questions
Mame | i ] : (yes), birth date

oV o Autobiographical
o Written o Situational
1in

- 5 mostfrequent signs of MCS

if command following

C Commu nication . . Visual pursuit (score 4)

Persan/mirror, 30 cm from face
0 Spontaneous = Manual eye-opening Each movement on horizontal
—The patien s at le ual pursuits of at least 2 or vertical axes = 4

L

- Total score ~ DoC diagnosis, index score /100

. Visual fixation (score 3)

Person/mirror, 30 cm from face A
o Spontaneou: Present stimulus in each L‘

—The patien / ) quadrant

o . Pain localization (score 2)
Localization:  L:

Anticipation:  L: 1 Inform patient

5" pressure on nail bed
—The patie_nt touc th_E point of stimulation at _Ieast once 1 trial on each hand
with the non-stimulated hand re 2)

__following___

If no command-

i. Oriented behaviors (score 5)

Video-illustrated
guidelines :

E.g., scratching, grabbing sheets,

one oriented behavior holding bed, laughing or crying
re5 contextually, ..

"‘\

QY
] _ H. Arousal F <
[ 25-50% [ 50-75% / 75-100% Eye-opening (score 1) <

Spontaneously / Auditory / Tactile / Pain stimulations No arousal {score 0] e

- The patient ws at least one eye-opening during the Report the percentage of eye-
whole assessment (= score 1) opening time and administered
stimulations

Aubinet et al (2021), APMR : Coma (0) / UWS (1) / MCS- | C5+ (6-7) / EMCS (8)
Sanz*, Aubinet* et al (2021), JoVE Additional index p




Validation of the 57 chronic DoC patients
3 examiners “blind” to clinical info
SECONDs

« Randomized order

> Ann Phys Rehabil Med. 2020 Sep 26;5S1877-0657(20)30160-3. doi: 10.1016/j.rehab.2020.09.001. Du ratio n S ECO N DS :
Online ahead of print.
7/ min (CRS-R: 17 min)

Simplified Evaluation of CONsciousness Disorders
(SECONDs) in individuals with severe brain injury: a
validation study

Charléne Aubinet ', Helena Cassol 2, Olivier Bodart 2, Leandro R D Sanz 2, Sarah Wannez 2, Q 119 .
Charlotte Martial 2, Aurore Thibaut 2, Géraldine Martens 2, Manon Carriére 2, Olivia Gosseries 2, * Concu rrent va lll d]ty’
CRS-R vs. SECONDs same day : kK = 0.78 (substantial)

CRS-R vs. SECONDs best: k = 0.85 (almost perfect)

Steven Laureys 2, Camille Chatelle 2

1st assessment 3'Y assessment
SECONDs SECONDs

E ' 1 - E [ 1 C 3G
xaminer Intra-rater xammer  Intra-rater reliability: k = 0.85 (almost perfect)
Concurrent validity Y Inter-rater reliability

2nd assessment 4th assessment * Inter-rater rellablllty K = 0.85 (almost perfect)

CRS-R SECONDs
Examiner 2 Examiner 3

Aubinet et al (2021), APMR
Sanz*, Aubinet* et al (2021), JoVE



Covert consciousnhess

Unresponsiveness does not equate unconsciousness

Aubinet et al (2025), Brain
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Coma VS/UWS MCS- MCS+ Emergence

Eyes Oriented Language

: ) Communication
closed Arousal behaviors function
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Coma VS/UWS MCS- MCS+ Emergence
Eyes Oriented Language s
closed Arousal behaviors function Communicalion

Resting >
‘ paradigms
. /

' N Non behavioral
< ) » MCS (MCS¥)

Thibaut et al. (2021),
Ann Neurol
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Prediction of recovery

Bedside behavioral
assessment

Positron emission

tomography (PET)

Control

Minimally conscious state

Electroencephalography
(EEG)

Prognosis after 1 year

*=  Dead
= Unresponsive
wakefulness syndrome
e Minimally
conscious state
== Emergence

M

Minimally conscious state *

7> 25,5%
/ 8,5"’
59*
9% N\
22* 43%

265
Y

Unresponsive

wakefulness syndrome

Brain metabolism

Brain functional
connectivity

50%
50*

Thibaut et al. (2021),
Ann Neurol



Close the

.§-

-8

Q@

Coma VS/UWS MCS- MCS+ Emergence
Eyes Oriented Language s
closed Arousal behaviors function Communicalion

Non behavioral

Resting MCS (MCS™)

: —=—=Jp=
/ paradigms

Passive
. paradigms —»

Thibaut et al. (2021),
Ann Neurol

Covert cortical
processing Edlow et al. (2021),

Nat Rev Neurol
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fMRI/EEG-
Informed

Diagnosis Diagnosis

Healthy Healthy
subject subject

Language

fMRI

Music

Language

EEG

Music

P
7 B

Detection of residual
cortical processing

A. Stimuli with
emotional valence

Infant cries

Own name

B. High minus C. Activation to

low intelligibility forward speech

Laureys et al. (2004), Neurology

Owen et al. (2005), Neuropsychol Rehabil
Schiff et al. (2005), Neurology

Edlow et al. (2017), Brain
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Coma VS/UWS MCS- MCS+ Emergence
Eyes Oriented Language s
closed Arousal behaviors function Communicalion

' N Non behavioral

( MCS (MCS¥) Thibaut et al. (2021),

Ann Neurol

Resting

. / paradlgms
Passive Covert cortical

paradlgms —> processing Edlow et al. (2021),

\ Nat Rev Neurol
\ Tennls Nawgatlon
AGIvE Cognitive-motor
aradiams - == Monti et al. (2010),
P 9 —> | B ) dissociation NEJM




fMRI/EEG-
Informed

Diagnosis Motor Imagery MotorAlmagery Detect.lon Of Vol.lt.lonal
- ¢ 4 1 cognitive processing

Diagnosis

subject
Tennis Imagery Spatial Navigation Imagery
Patient - & SMA 'PMC M

’ ,

L
4 e
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~ \,;xu . Pl
- p

X=-2 X=-24

Cognitive-motor dissociation
~ 25% of unresponsive patients!

Owen et al. (2005), Neuropsychol Rehabil
Edlow et al. (2017), Brain
Bodien et al. (2024), NEJM




Detection of residual language
In.disorders of eonscrousness



Language is a crucial factor in
CONSCIOUSNESS recovery
Close the

9-9-9-9-9°

Coma VS/UWS MCS- MCS+ Emergence

Eyes Oriented Language

: . Communication
closed Arousal behaviors function

Aubinet et al. (2025), Psychol Belg



Close the
eyes 25

MCS+ as an example <
(3'?(5\
D) 2
< Metabolic connectivity of left angular ?\\
(5’&’\ Functional connectivity between the left
DLPFC and left TOFC

MCS- < MCS+ gyrusin MCS-<MCS+

w
~
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MCS plus > MCS minus

sonjeA |

- Recovery of language function more than consciousness

Aubinet et al. (2020), NNR
Aubinet et al. (2018), HBM



Aphasia as a crucial factor of misdiagnosis

Compxensmn >

24 conscious aphasic patients
- CRS-R assessment

- 54% of patients with global
Consmousness.', aphasia: diagnosis = MCS!

A { |"'-—
e ? N t
-
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Crucial need to better characterize language
impairments in post-comatose DoC patients

Schnakers et al. (2015), NNR
Majerus et al. (2009), PBR
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Coma VS/UWS MCS- MCS+ Emergence

Eyes Oriented Language
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closed Arousal behaviors function

Resting r N Non behavio:al
Il paradigms = ( MCS (MCS¥)
o /
Passive

Covert cortical
processing

. paradigms —»

Cognitive-motor

di - .
paradigms | dissociation

\ Tennis Navigation
Active \

Aubinet et al. (2025), Psychol Belg




Aphasia as a crucial factor of misdiagnosis

50 conscious aphasic patients

Compxensmn « Comprehensive aphasia
< > assessment
« EEG-based motor command
Q *% < task
Consmousness.', —>Appropriate EEG responses 4x

less likely in patients with
receptive or global aphasia

Crucial need to better characterize language
impairments in post-comatose DoC patients

Jacobson et al. (2024), Neurocrit Care



Behavioral scales including command-following

Look at
me

DoC diagnosis

BUT no language assessment... Look at N | M
the two | v o U HE| P2
o= images 4~ |- Look at +
- Language domains? B | ] “TARGET

- Psycholinguistic variables? Qe = WORD OR

SENTENCE’
L Elaboration of the




2 different versions of 30 items

Phonology Semantics Morphosyntax

Subscales 10 items 10 items 10 items

Unrelated
Items

Related
items

Controlled
psycholinguistic
variables

Phonological similarity Semantic category and Length and complexity
effect word frequency effects effects

Aubinet et al. (in prep)



Validation of the BERA tool

« BERAtotal scoresvs. SECONDs index: p =0.816**
Pay 1 « BERAtotal scoresvs. SECONDs language subindex: p =0.776**

SECONDs Day 2
Examiner A

Concurrent BERA - version 1
validity Examiner B

BERA - version 1

Examiner B Internal

fntra- - g
validit
Scorer C rater ¥

inter-rater  reliabifity
reliability BERA - version 2
Examiner B

o
—_
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Q
w
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BERA total score

Yes

Residual language

[
EMCS MCS+
Consciousness levels

BERA - version 2
Examiner B * Intra-rater reliability: /ICC = 0.890

Scorer CK'S
* |nter-rater reliability: /ICC = 0.997

* Internal consistency between versions: /CC = 0.904

Aubinet et al. (in prep)



Computerized BERA using an eye-tracker

- Delphi study: opinion of 16 experts

1st round = validation of 5 criteria:
- limitation of distractors

- consideration of comorbidities

- objectivity and consideration of the human factor

- repeatability of measurements

- consistency with the theoretical framework and characteristics of the target population
2"9 round - validation of 2 remaining criteria:

- temporal accessibility

- ease of use and handling

Aubinet et al. (in prep)



Computerized BERA using an eye-tracker

2 patients with a locked-
In syndrome

- Impact of oculomotor
Impairments

Patient 1

DoC - Calibration procedure

Aubinet et al. (in prep)



Neuroscience and Biobehavioral Reviews 132 (2022) 391-409
Contents lists available at ScienceDirect feurossie
Neuroscience and Biobehavioral Reviews o I m p l ICI t

journal homepage: www.elsevier.com/locate/neubiorev VS
°

Residual implicit and explicit language abilities in patients with disorders &= exp ll C It

of consciousness: A systematic review
language

b
»

Charléne Aubinet ™" *, Camille Chatelle ", Olivia Gosseries ™", Manon Carriere
Steven Laureys ", Steve Majerus ¢

& Coma Science Group, GIGA Consciousness, University of Liege, Belgium
nital of Liege, Belgium

€ Fund for Scientifi
4 pPsychology and Neurosci 1 arch Unit, University of Liege, Belgium

- Explicit: controlled volitional processing in command-
following during behavioral or brain-based active tasks

- Implicit: automatic brain processing in response to stimuli,
Involving reduced controllabitlity or lack of intention

Aubinet et al. (2022), NBR



Active tasks and explicit language processing

Covert command-following

Mental tasks

[MOtOI‘ lmagel‘y ] E.g.: Coleman et al.,

2009; Braiman et al.,
° Tenn-lS, nav'lgat]on, 2018, E.leW et al., 2017;

. - . Bodien et al., 2017

swimming, hand moving,...
[ Count] ng J E.g.: Hauger et al., 2015;
- - Naci & Owen, 2013; Haug
e Subject’s own name, etal., 2018

targeted sound or word

Rodriguez-Moreno et al.,

[Silent picture naming ] 2010

Aubinet et al. (2022), NBR



Passive tasks and implicit language processing

Distinction of various language components

Verbal stimuli

Contrasting:

Low level Speech vs. noise

Intelligible vs. unintelligible speech

Mid level Words vs. pseudowords

E.g.: Formisano et al., 2019;
Kotchoubey et al., 2013; Balconi

Semantically related vs. unrelated words & Arangio, 2015; Kempny et al.,

. S 2018; Lechinger et al., 2016,
High level Sentences of lqw vs. high ambiguity Risatti etaltl 2013, Rohautiet
Congruous vs. incongruous sentences al.., 2015; Tomaiuolo et al.,
Factually correct vs. incorrect sentences 2016; ...

Patterson & Shewell (1987) Aubinet et al. (2022), NBR; Aubinet et al. (2022), SIN



Proportion of patients

Comparison in the various consciousness levels

EMCS

Brain location

Implicit Explicit

37

Aubinet et al. (2022), NBR



Language recovery // consciousness recovery

Close the

Aubinet et al. (2022), NBR



Interdependence of
language and
CONnsScliousnhness




Language vs. consciousness: the circularity issue
_ ...assessment
Consciousness requires... -

- How to disentangle language and
consciousness processes?

Consciousness

—> Bilateral functional interactions
between them?

Aubinet et al. (2025), Psychol Belg; Aubinet et al. (under review)



Interactions between language and consciousness

Verbal stimuli

Patterson & Shewell (1987) Developmental’ neu rOi maging’
% cognitive, and neuropsychological
Auditory studies
Low level 'phonological |
analysis Different aspects of language and

levels vs. contents of consciousness

Unconscious
processing

Phonetic, phonological or Llexico-
semantic processing: in absence of
conscioushess

Mid level Phonological
input lexicon

R - Semantic and sentence integration:

Semantic § consciousness is heeded
system T c
High level 2 EX 9:3’ = Parallel developmental and recovery
O . .
Sentence g3 trajectories
. o (=
lntegl'atlon 8 Aubinet et al. (under review)



Associated and dissociated components of
language and consciousness

Recovery course

Higher-order

Metacognition
Self-reflexion

Healthy wakefulness \r

>

Aubinet et al. Developmental course
(under review)
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Interactions between language and consciousness

Experimental and clinical evidence: language processing may precede
consciousness

- Language may not only report but also help structure conscious experience

- Theoretical and methodological challenges

Aubinet et al. (under review)
Skipper (2022), NBR
Fedotov & Baidyuk (2023), Integr Psych Behav



Future research directions

More precisely define the interacting aspects of language and
dimensions of consciousness

- Investigate the potential causality of these interactions

Consciousness tests not requiring language / language tests not
requiring consciousness:

- ‘No report’ conditions in cognitive studies

- Stimulus-free resting state paradigms or tasks based non-linguistic
stimuli

- Complexity-related measures of neural processing (perturbational
complexity index)

- Validated in healthy subjects and gradually extended to more challenging
groups

Aubinet et al. (under review)



Conclusion

Language serves as a
privileged window into residual
(c)overt consciousness

Important methodological
challenges

Emerging theoretical questions

Clinical and ethical
conseguences
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Future research directions

Objectives Methods

Characterize language processing fNIRS dual paradigm:

impairments to better disentangle 1) Implicit: '\
language and consciousness disorders || Passive =S @ 2) Explicit:
listening  (EREETE Active inner

D speech

' 3 groups:

..'.

1) Healthy

o DZ:eigfor .
Language stimuli from low- 2)3'6)‘%h§CS'C

to high-levels

Develop and validate a novel fNIRS Innovation: for the 1st time
 Brain-based bedside language-

assessment tool:
assessment tool

e Examining a e Detecting covert o Contrasting implicit vs. explicit language
broad range of = consciousness based processing in the same individual
language on implicit vs. explicit || « Assessing different language aspects in
aspects language tasks DoC patients
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