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Brain injury inducing coma… 
what’s next?



Various states/levels of consciousness



Unresponsive Wakefulness Syndrome (UWS)

Laureys et al. (2010), BMC Med

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

vegetable.”



Minimally Conscious State (MCS)

Giacino et al. (2002), Neurology



Minimally Conscious State (MCS)

Reproducible language

signs of consciousness

Command-following

Intelligible verbalization

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

Thibaut et al. (2020), J Neurol



Emergence from the MCS

Giacino et al. (2002), Neurology



Demertzi et al (2011), J Neurology

Prognosis
Ethical aspects

Therapeutic

Schiff et al (2007), Nature

Cassol et al, unpublished data

MCS

UWS

Death

Emergence

Death

MCS
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Why is DoC diagnosis important?

Thibaut et al (2020), Lancet Neurol



Misdiagnosis rates

Schnakers et al., BMC Neurol, 2009

→ 30-40% risk based on clinical consensus

Disorders of Consciousness (DoC)



Coma Recovery Scale-Revised
(CRS-R)

5% misdiagnosis after 5 assessments
Giacino et al. (2004), APMR

Wannez et al. (2017), Ann Neurol



Development of a novel fast tool
Items including:

Arousal

5 most frequent signs of MCS 

Communication

Total score ~ DoC diagnosis, index score /100

Video-illustrated 

guidelines :  

Aubinet et al (2021), APMR

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



• 57 chronic DoC patients

• 3 examiners “blind” to clinical info

• Randomized order

• Concurrent validity:

• CRS-R vs. SECONDs same day : κ = 0.78 (substantial)

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

• Intra-rater reliability: κ = 0.85 (almost perfect)

• Inter-rater reliability: κ = 0.85 (almost perfect)

Duration SECONDs: 

7 min (CRS-R: 17 min)

Aubinet et al (2021), APMR

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

Validation of the
SECONDs



Covert consciousness

Aubinet et al (2025), Brain

Unresponsiveness does not equate unconsciousness







Thibaut et al. (2021),

Ann Neurol
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Thibaut et al. (2021),

Ann Neurol



Edlow et al. (2021),

Nat Rev Neurol

Thibaut et al. (2021),

Ann Neurol



Detection of residual 

cortical processing

Thibaut et al. Ann Neurol, 2021

Laureys et al. (2004), Neurology

Owen et al. (2005), Neuropsychol Rehabil

Schiff et al. (2005), Neurology

Edlow et al. (2017), Brain

Covert cortical processing



Monti et al. (2010), 

NEJM

Edlow et al. (2021), 

Nat Rev Neurol

Thibaut et al. (2021),

Ann Neurol



Owen et al. (2005), Neuropsychol Rehabil

Edlow et al. (2017), Brain

Cognitive-motor dissociation

Detection of volitional 

cognitive processing

Bodien et al. (2024), NEJM

~ 25% of unresponsive patients!



Detection of residual language 
in disorders of consciousness



Language is a crucial factor in 
consciousness recovery

Aubinet et al. (2025), Psychol Belg
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Aubinet et al. (2020), NNR

Aubinet et al. (2018), HBM

MCS+ as an example

Functional connectivity between the left
DLPFC and left TOFC

<

→ Recovery of language function more than consciousness



Schnakers et al. (2015), NNR

Majerus et al. (2009), PBR

24 conscious aphasic patients

→ CRS-R assessment

→ 54% of patients with global

aphasia: diagnosis = MCS!

Aphasia as a crucial factor of misdiagnosis

Crucial need to better characterize language

impairments in post-comatose DoC patients



Detection of covert consciousness

Reliance on language processing
Aubinet et al. (2025), Psychol Belg



Jacobson et al. (2024), Neurocrit Care

Crucial need to better characterize language

impairments in post-comatose DoC patients

50 conscious aphasic patients

• Comprehensive aphasia

assessment

• EEG-based motor command 

task

→Appropriate EEG responses 4x 

less likely in patients with

receptive or global aphasia

Aphasia as a crucial factor of misdiagnosis



Aubinet et al. (2021), Brain Inj

Aubinet et al. (in prep)

DoC diagnosis

BUT no language assessment…

→ Language domains?

→ Psycholinguistic variables?

Look at 

the two

images

Look at 

me

Look at + 

‘TARGET 

WORD OR 

SENTENCE’

Elaboration of the 

Brief Evaluation of Receptive Aphasia

Towards a language-specific assessment

Behavioral scales including command-following



2 different versions of 30 items

Aubinet et al. (in prep)



Validation of the BERA tool

• BERA total scores vs. SECONDs index: ρ = 0.816**

• BERA total scores vs. SECONDs language subindex: ρ = 0.776**

• Intra-rater reliability: ICC = 0.890

• Inter-rater reliability: ICC = 0.997

• Internal consistency between versions: ICC = 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

2nd 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

DoC→Calibration procedure
Aubinet et al. (in prep)



Implicit
vs. 

explicit 
language

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



Mental tasks

Motor imagery

• Tennis, navigation, 
swimming, hand moving,…

Counting

• Subject’s own name, 
targeted sound or word

Silent picture naming
Rodriguez-Moreno et al., 

2010

E.g.: Hauger et al., 2015; 

Naci & Owen, 2013; Haug 

et al., 2018 

E.g.: Coleman et al., 

2009; Braiman et al., 

2018, Edlow et al., 2017; 

Bodien et al., 2017

Potential residual

brain response in 

all DoC categories

→~20% UWS and 

~33% MCS-

= CMD!

Active tasks and explicit language processing

Covert command-following

Aubinet et al. (2022), NBR



Verbal stimuli

Auditory

phonological

analysis

Phonological

input lexicon

Semantic

system

Low level

Mid level

High level

Speech vs. noise

Intelligible vs. unintelligible speech

Words vs. pseudowords

Semantically related vs. unrelated words

Sentences of low vs. high ambiguity

Congruous vs. incongruous sentences

Factually correct vs. incorrect sentences

Contrasting: All language levels

in all DoC

→ High level also

in UWS!

Brain response: 

UWS < MCS < EMCS

E.g.: Formisano et al., 2019; 

Kotchoubey et al., 2013; Balconi

& Arangio, 2015; Kempny et al., 

2018; Lechinger et al., 2016, 

Risetti et al., 2013, Rohaut et 

al.., 2015; Tomaiuolo et al., 

2016; …

Patterson & Shewell (1987)

Passive tasks and implicit language processing

Distinction of various language components 

Aubinet et al. (2022), NBR; Aubinet et al. (2022), SIN
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Comparison in the various consciousness levels
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Brain location

Aubinet et al. (2022), NBR



EMCSMCS+

Cognitive-motor dissociation

MCS-UWS

COMA

Language recovery // consciousness recovery

Implicit language

processing

Explicit language processing

Aubinet et al. (2022), NBR



Interdependence of 
language and 

consciousness



Language vs. consciousness: the circularity issue

Consciousness

Language

Commu-
nication

Consciousness Language
…assessment

requires…

→ How to disentangle language and 

consciousness processes?

→ Bilateral functional interactions 

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



Interactions between language and consciousness

Developmental, neuroimaging,
cognitive, and neuropsychological
studies

Different aspects of language and
levels vs. contents of consciousness

Phonetic, phonological or lexico-
semantic processing: in absence of
consciousness

Semantic and sentence integration:
consciousness is needed

Parallel developmental and recovery
trajectories

Aubinet et al. (under review)

Verbal stimuli

Auditory

phonological

analysis

Phonological

input lexicon

Semantic

system

Low level

Mid level

High level

Patterson & Shewell (1987)

Sentence 

integration
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Associated and dissociated components of 
language and consciousness

Aubinet et al. 

(under review)



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 
consequences



Thank you



Future research directions


	Diapositive 1 Finding words in the silence:  Detecting consciousness after severe brain injury  07/10/2025
	Diapositive 2 Coma Science Group (ULiège)
	Diapositive 3 Brain injury inducing coma… what’s next?
	Diapositive 4 Various states/levels of consciousness
	Diapositive 5 Unresponsive Wakefulness Syndrome (UWS)
	Diapositive 6 Minimally Conscious State (MCS)
	Diapositive 7 Minimally Conscious State (MCS)
	Diapositive 8 Emergence from the MCS
	Diapositive 9
	Diapositive 10 Misdiagnosis rates
	Diapositive 11 Coma Recovery Scale-Revised (CRS-R)
	Diapositive 12 Development of a novel fast tool
	Diapositive 13
	Diapositive 14 Covert consciousness
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18 Prediction of recovery
	Diapositive 19
	Diapositive 20 Detection of residual cortical processing
	Diapositive 21
	Diapositive 22
	Diapositive 23 Detection of residual language  in disorders of consciousness
	Diapositive 24 Language is a crucial factor in  consciousness recovery
	Diapositive 25 MCS+ as an example
	Diapositive 26 Aphasia as a crucial factor of misdiagnosis
	Diapositive 27 Detection of covert consciousness
	Diapositive 28 Aphasia as a crucial factor of misdiagnosis
	Diapositive 29 Behavioral scales including command-following
	Diapositive 30 2 different versions of 30 items
	Diapositive 31 Validation of the BERA tool
	Diapositive 32 Computerized BERA using an eye-tracker
	Diapositive 33 Computerized BERA using an eye-tracker
	Diapositive 34 Implicit  vs.  explicit  language
	Diapositive 35
	Diapositive 36 Passive tasks and implicit language processing
	Diapositive 37
	Diapositive 38
	Diapositive 39 Interdependence of language and consciousness
	Diapositive 40 Language vs. consciousness: the circularity issue
	Diapositive 41 Interactions between language and consciousness
	Diapositive 42 Associated and dissociated components of language and consciousness
	Diapositive 43 Interactions between language and consciousness
	Diapositive 44
	Diapositive 45 Conclusion
	Diapositive 46 Thank you
	Diapositive 47

