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Clinical representation of consciousness
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*: Without subjective experience
t: Without isolated forearm technique (IFT) response
Martial et al, TICS, 2020

* Three axis

e \Wakefulness
e Awareness
* Connectedness

* Mostly correlated...
unless brain damage!



Disorder of consciousness

CLINICAL EXAMINATION

Coma ——— Unresponsive Wakefulness Syndrome

No eye opening
Reflex behavior

Eye opening
Reflex behavior

—_—

Minimally Conscious State -
Lower level behavior
No language comprehension

Minimally Conscious State
Eye opening
Non reflex behavior

Minimally Conscious State +
Higher level behavior
Language comprehension

—_—

Emergence

from Minimally Conscious State
Functional communication
Functional use of objects




Problem with behavioural assessment

« Deafness or blindness

« Paralysis
« Aphasia
. - Extensive training . - Agnosia
« Repeated assessments ‘. + « Fluctuating awareness
Clinician °* Individual biases « Pain

Patient
« Medical complication

 Sedation

« Lack of cooperation
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The case of complexity

Unconscious  Awake * Graph theory representation
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Modified by Sarasso et al, Clin EEG Neurosci., 2014



How to measure it in humans?

* Transcranial magnetic
stimulation coupled with

electroencephalography
(TMS-EEG)

* Neuronavigation

* Online modelling to know
where we target

Rosanova et al, Neuronal Network Analysis. Neuromethods vol 67, 2011
Cardone et al. Sleep, 2021




Brain responses and consciousness

cConscious Unconscious

s TMS

Massimini et al, Science, 2005; Rosanova & Gosseries et al, Brain, 2012
Casali & Gosseries et al, Sci Trans Med, 2013; Gosseries et al, Brain Stim, 2015
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Perturbational Complexity Index (PCl)
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Casali & Gosseries et al, Sci Trans Med, 2013



Complexity and DoC

BEHAVIORAL RESPONSIVENESS BEHAVIORAL UNRESPONSIVENESS
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Casarotto et al, Ann Neurol, 2016



Post-drug: O

Post-placebo: @
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Could we increase complexity?
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* In healthy participants
psychedelics increase
complexity

* Results replicate through
different modalities and
studies

Schartner et al. ,Sci. Rep., 2017
Luppi et al.. BioRxiv, 2020



Aims of the project

*Psychedelics as treatment

e Can ketamine ameliorate conscious state in DoC
patients?

ook for baseline biomarkers of efficacy
* Future predictions on responsiveness?

10



otemporal LZC

psychedelic state -=
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Extra NOrmal consciousness --

l : . gamma-burst
Intra | pattern

anesthetic state
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subanesthetic anesthetic ketamine
(0.5 mg-kg') (1.5mgkg')

Kokane et al.. Behavioural Brain Research, 2020
Li et Mashour.. Neurolmage, 2019

* Anesthetic agent
* NMDA antagonist

* Psychedelic effects in
subanesthetic doses

e Ketamine is widely
used in clinical
settings



Protocol — Visual representation R

Ketamine in patients with DoC

Observational phase Experimental phase Follow-up phase
EEG  fMRI  Behassess.=| aa id
e B cam Y3 e 90 | 0 60 %0 | pistant
ol | l - l l l . l O l l l | 15Stan
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| 200 &, 90 i 200 u. 90 |
—ell KETAMINE PLACEBO
Behaviour PET (PLACEBO) (KETAMINE)
Day 1 Day 6

e Additional info:
30 patients stratified by diagnosis (UWS/MCS)
» Ketamine given through a targeted-controlled infusion (TCl)
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. Complexity proportional to Ket concentration

New signs of consciousness

Baseline differences between responders and
non-responders



Increased complexity

Same complexity

New signs of
consciousness

New treatments

Independent
phenomena

No novel signs of
consciousness

Independent
phenomena or
disconnected
consciousness

Psychedelics need an
already complex
system?




* Approved by the local and national ethical
committee
* EudraCT number: 2021-002321-23

*First pilot in May!



summary

Patients with DOC
and low brain
complexity

High brain Novel signs of
consciousness

/" Ketamine

Glutamatergic
pathway
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* Complexity and consciousness are intertwined
* Complexity is low in DoC patients

* Psychedelics increase complexity in healthy
participants

* Ketamine might be used as a treatment for DoC



@ LIEGE université

GIGA institute de L,ege fan AstraZeneca PS B E

# LIEGE université Thank you for your attention !
GIGA
Doctoral School 3 Centre du Cerveau’ &y
' CcH
vy &
Fogdationrrzr_" de Liege
Leon Fredericg
Patients & families &[]
The Neurology :
Of Consciousness James S. McDonnell Foundation @ E
5y
p.cardone@uliege.be

www.coma.uliege.be



	Slide 0: Complexity-enhancing drugs to treat disorders of consciousness (DoC): a ketamine study
	Slide 1: Clinical representation of consciousness
	Slide 2: Disorder of consciousness
	Slide 3: Problem with behavioural assessment
	Slide 4: The case of complexity
	Slide 5: How to measure it in humans?
	Slide 6: Brain responses and consciousness 
	Slide 7: Perturbational Complexity Index (PCI)
	Slide 8: Complexity and DoC
	Slide 9: Could we increase complexity?
	Slide 10: Aims of the project
	Slide 11: Why ketamine?
	Slide 12: Protocol – Visual representation
	Slide 13: Hypothesis
	Slide 14: Our expectations
	Slide 15: Where are we at
	Slide 16: Summary
	Slide 17: Take home messages
	Slide 18

