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Specificities of therapeutic
I BBAR interventions for DOC patients [seccuor]

Absence of communication

Lack of interaction with their environment

Severe motor disability (e.g., spasticity)

Constantly bedridden

Fatigability

Aphasia, blindness, deaf, etc.

= No active rehabilitative interventions « Hable con Ella »

Pedro Almododvar



Pharmacological
interventions
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Pharmacological interventions Siasa
HEEREE 9

Study Number of Diagnosis Placebo Reported
(first author, year) patients and control functional
etiology outcome
Amantadine Giacino (2012) 184 TBI MCS/VS Yes
Schnakers (2008) 1 anoxic MCS Mo Positive
Patrick (2006) 10 TRBI Low responsive No No effect
level
Hughes (2005) 123 TBI Coma NA No effect
Saniova (2004) 41 TBI 'Persistent MNA Positive
uncensciousness’
Meythaler (2002) 35 TBI MCS Yes Positive
Bromocriptine Brahmi (2004) 4 intoxication Coma No Positive
Levodopa Matsuda (2003) 3 TBI VS No Positive
Zolpidem Cohen (2008) 1 anoxic Lethargic No Positive
Shames (2008) 1 anoxic MCS Mo Positive
Singh (2008) 1 TBI MCS No No effect
Brefel-Courbon (2007) 1 hypoxic Akinetic mutism Yes Positive
Clauss (2006) 2 TBI, 1 anoxic VS Mo Positive
Clauss (2000} 1 TBI Semi-comatose Mo Positive

GABA agonist
Baclofen Sara (2007) 1 non-TBI VS No Positive

Adapted from Demertzi et al, Expert Rev Neurotherapeutics, 2008



T Amantadine

- Dopaminergic agent (Parkinson)

- Enteral administration, 6 weeks treatment (200mg/2*day)

- Side effects (seizure)
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Giacino & Whyte et al, N Engl J Med, 2012 Schnakers et al, J Neurol Neurosurg Psychiatry 2008



HONEER Zolpidem

- GABAergic agent

- Enteral/oral administration (10mg)

- No side effects (sleep)

12 4

10 4

* 5% responders
dramatic effects!

Meadian of CRS-R tolal scores
m

RCT .

« 20% (12/60) improved N
behaviors after zolpidem but 0 :
in only 1 patient changed of T T
diagnOSiS (regained Figure 1 - Significant decrease of CRS-R total scores (ranging
functional communication) By 7% 1
Open-label

Whyte et al, Am J Phys Med Rehabil, 2009 & 2014
Thonnard & Gosseries et al, Funct Neurol, 2013



HERERE Zolpidem

A. Brain metabolism in zolpidem responders

Zolpidem
> Placebo

Parietal/
occipital/
temporal
cortex

Striatum

Globus

pallidus interna Central

thalamus

— Weak excitation
— Excess inhibition
-¢-| Loss of inhibition

Zolpidem inhibits GPi

Pedunculopontine
nucleus

Chatelle et al, Front Hum Neurosci, 2014
Williams et al, Elife, 2013



Pharmacological treatments

BN conclusion

* Only a few pharmacological treatments

 Side effects / habituation

* Next:
Apomorphine multimodal trial
Zolpidem responders phenotype

L frontiers CLINICAL STUDY PROTOCOL
- : published: 19 March 2019
In Neurology doi: 10.3389/fneur.2019.00248

Treating Disorders of Consciousnhess
With Apomorphine: Protocol for a
Double-Blind Randomized Controlled
Trial Using Multimodal Assessments

Leandro R. D. Sanz'?, Nicolas Lejeune *?34, Séverine Blandiaux'?, Estelle Bonin'?,
Aurore Thibaut 256, Johan Stender’”, Neal M. Farber?, Ross D. Zafonte55,
Nicholas D. Schiff?, Steven Laureys'? and Olivia Gosseries "*



Non-invasive brain stimulation
iDCS



T T tDCS single session

tDCS in patients with disorders of

consciousness
Sham-controlled randomized double-blind study

Crossover RCT (n=55)
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= No adverse events
=» Clinical improvement in MCS only
Thibaut et al., Neurology, 2014 = 13/30 responders (5 >1y post-insult)



{DCS to unveil covert
YRR conscioushess

« 67yo0 woman in UWS for 4 years after a subarachnoid hemorrhage

« Out of 7 standardized CRS-R she showed 1 localization to pain

« She demonstrated consistent response to command only after tDCS
 Neuroimaging exams were consistent with the diagnosis of MCS*

Typical UWS Patient Healthy subject

T 06

MRI - DTI

' A

fMRI - mental imagery task

Tennis ( \ 7 Navigation Tennis ( "\ { Navigation Tennis /W @\ Navigation
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CRS-R at admission

Auditory:1—Visual: 0 —Motor: 1 Auditory: 0 - Visual: 1 — Motor: 2
Oromotor:1—Communication: 0 — Arousal:2 Oromotor:1—Communication: 0— Arousal:1

= tDCS may facilitate motor execution of the command

when cognitive functions are preserved Thibaut et al., Brain Stimulation, 2018



Nevural correlates of
BN responsiveness

Brain Stimulation 8 (2015) 1116—1123

BRAIN
STIMULATION

Contents lists available at ScienceDirect X

Brain Stimulation

journal homepage: www.brainstimjrnl.com

. | | 8 tDCS responders versus
Clinical Response to tDCS Depends on Residual Brain -
Metabolism and Grey Matter Integrity in Patients With @Cmsmk 1 3 t D CS non-res po N d ers

Minimally Conscious State

Aurore Thibaut **', Carol Di Perri*', Camille Chatelle ™, Marie-Aurélie Bruno ?, Mohamed Ali Bahri
Sarah Wannez ®, Andrea Piarulli *¢, Claire Bernard , Charlotte Martial *, Lizette Heine ®, Roland Hustinx ',
Steven Laureys®

Regional brain metabolism

B '~* wrefrontal cortex Left thalamus Left precuneus
- -30,24,57) (-13,6,15) (5,-76,51)

£ " 100 + 100 +

2 1$ % %0 T

8 e I * I = I

E 70 70

s 70

“ &0 60 J. 60

£ =0 S0 S0

E 40 40 40

‘g 30 30 30

c 20 20 20

E 10 10 10

z : . || Responders

Thibaut et al., Brain Stimulation 2015 . Non-responders



Nevural correlates of
HERRRE responsiveness

Brain connectivity - theta band

8 tDCS responders 14 tDCS non-responders

Thibaut et al., Brain Stimulation 2018



Repeated tDCS COMA
T

Double-blind crossover RCT (16 chronic minimally conscious pts)
5 sessions — 20 min prefrontal tDCS

= Active session: significant time evolution (p<0.001)
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Some patients responded after 1, 2 or 3 days of tDCS
/ responders (9/16 — 56%) & / duration of the effects (1 week)

Single stim: 43% responders - effect size : 0.38 versus 0.57

Thibaut et al., Brain Injury 2017



Repeated tDCS
HEEREE

ACRM Archives of Physical Medicine and Rehabilitation

el Paicine
aed Rshasbiarn

AMERICAN CONGRESS OF

oo T 5 sessions over M1 or DFPLC
7 VS and 3 MCS - chronic
ORIGINAL ARTICLE = All MCS showed clinical

Transcranial Direct Current Stimulation Effects in (!)Cromk improvement immediately after
Disorders of Consciousness treatment

Efthymios Angelakis, PhD,*® Evangelia Liouta, MSc,*” Nikos Andreadis, PhD,?
Stephanos Korfias, MD,?® Periklis Ktonas, PhD,? George Stranjalis, MD, PhD,*"
Damianos E. Sakas, MD, PhD*"

From the “Hellenic Center for Neurosurgical Research “Prof. Petros Kokkalis,” Athens; and “Evangelismos Hospital, Department of
Neurosurgery, Medical School, National and Kapodistrian University of Athens, Athens, Greece.

Joumal of the Neurological Sciences 375 (2017) 464-470

Contents lists available at ScienceDirect

5 sessions over DFPLC
7 VS and 6 MCS - chronic

Journal of the Neurological Sciences

= Moderate clinical effects
= Changes of EEG background
in patl entS WhO improved Repeated transcranial direct current stimulation in prolonged disorders @Cmmﬂ(

of consciousness: A double-blind cross-over study

CI INi Ca I I y Anna Estraneo **, Angelo Pascarella ¢, Pasquale Moretta ®, Orsola Masotta ¢, Salvatore Fiorenza®,
Grazia Chirico # Emanuela Crispino 2, Vincenzo Loreto?, Luigi Trojano *°

* Neurorehabilitation Unit and Research Lab. for Disorder of Consciousness, Maugeri ICS, Telese Terme, ltaly
b Neuropsychology Lab, Dept of Psychology, Second University of Noples, Caserta, Itoly



Stimulating different brain regions[eoi'Iy

SCIENCE GROUP

Multichannel frontoparietal =
Group level: Prefrontal

tDCS best area to target

Single-subject level:
Patient’s tailored montage

Thibaut et al, 2014, 2017
Huang et al, 2017
Martens et al, 2019




Clinical translation T /
HERERE ——

L

S EFALY
TECHNOLOGY

« Feasibility of tDCS for daily use
« By relatives/caregivers (20 sessions)

« 27 MCS patients completed the study — compliance: 93+14%
* No clinical effects

« 22 MCS patients received =80% tDCS sessions
« Significant effects & trend at 8-week follow-up — no AE

Post tDCS 8 weeks follow-up

o % p < 0.05 p=0.059
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active sham ; active sham

Martens et al, Brain Stim 2018



Conclusions
.I.III SCIENCE GROUP .

COMA

Pharmacological treatments

Amantadine in TBI = other etiologies?
Zolpidem - 5% =» phenotype of responders
Apomorphine = randomized clinical trials

NIBS

tDCS is safe in severely brain-injured patients

Prefrontal tDCS = consistent clinical improvement

Repeated tDCS = increase duration of the effects
=» increase number of responders

Need patients’ tailored montage based on individual brain
lesions
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EEEEEE OCS - diagnostic tool?
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/! LIS, EMCS & MCS & 4 VS/UWS

Naro et al, Restor Neurol Neurosci 2015
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Mesocircuit model
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transcranial

Direct Ei?r’léi' Egg?)ﬁg{f
Current e
Stimulation

Amantadine

Deep brain stimulation

Central
thalamus

pallidus interna

—= Weak excitation
— Excess inhibition
-&-| Loss of inhibition

Zolpidem
Pedunculopontine

nature
RIS NEUROLOGY
nucleus

Giacino, Fins, Laureys, Schiff, Nature Rev Neurol 2014




COMA
HERRRE Repeated tDCS

16 patients in MCS (> 3months; 12 TBI; 4716 vy)

Treatment effect: delta CRS-R day 5 & day 12 (follow-up)

After tDCS 1 week follow-up
X X
7 - 7
6 6 -
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x XX o : 0 !
(/I) Q -1 - 1 1
c. © -3 -3 :
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8E s 5
N—r _6 -6
-7 1 -7
real sham real sham
Effect size: 0.43 Effect size: 0.57 * p<0.05

Thibaut et al., Brain Injury, 2017



Targeting other areas?
LT T bbb

SCIENCE GROUP

Precuneus: critical hub for consciousness

Conscious controls (n=110) Vegetative state (n=33)

Anode: posterior parietal cortex
Cathode: right SOR
2ZmMA; 20min

Locked in syndrome (n=5) Minimally conscious state (n=7)

sa 5 tDCS sessions

@ Active and sham - 5d washout

Laureys et al, Lancet Neurology, 2004

Huang et al, Bain Stimulation, 2017



Contents lists available at ScienceDirect = e
Brain Stimulation
journal homepage: http://www.journals.elsevier.com/brain-stimulation
Repeated stimulation of the posterior parietal cortex in patients in
minimally conscious state: A sham-controlled randomized clinical trial
* ns

33 MCS >3 months post-insult § * l i
(57x11y; 20 TBI) ég | ' . .
9 responders (27%) 5 i : ,
Sub-acute > chronic - i
&

No effect at 5day follow-up 4 0

tDCS sham tDCS sham
Effect size : 0.31 day 5 follow-up

[] tbcs

Huang, ... Thibaut, Bain Stimulation, 2017 [ sham
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T tDCS - motor cortex

Motor cortex: common JFK COMA RECOVERY SCALE - REVISED cun:

Record Form

& efficient tDCS target I S i 0

AUDITORY FUNCTION SCALE
4 - Consistent Movement to Command *

- Reproducible Movement to Command *
- Localization to Sound
- Auditory Startle

For patients with DOC?

- Object Localization; Reaching *
- Visual Pursuit *

- Fixation *

-Vis

- Improve behavioral responsiveness MOTOR FUNCTION SCALE N\,

- Functional Object Use '
- Automatic Motor Response ™
- Object Manipulation *
- Localization to Noxious Stimulation *
- Flexion Withdrawal
- Abnormal Posturing
- None/Flaccid
MOTOR/VERBAL FUNCTI LE
- Intelli i

- Immobilization, paresis...

—> Covert consciousness

O = MW R 3

3
2 - Vocalization/Oral Movement
1 - Oral Reflexive Movement

0 - None
COMMUNICATION SCALE
2 - Functional: Accurate '

1 - Non-Functional: Intentional *
0 - None

AROUSAL SCALE

3 - Attention

2 - Eye Opening wlo Stimulation
1 - Eye Opening with Stimulation
0 - Unarousable

TOTAL SCORE

Denotes emargence from MCS &

Denotes MCS *

Martens et al., submitted Kalmar & Giacino, 2004



T tDCS - motor cortex

SCIENCE GROUP

Motor cortex: common
& efficient tDCS target

For patients with DOC?

- Immobilization, paresis...

- Improve behavioral responsiveness
- Covert consciousness

Group level (n=10): no significant
Improvement (p=0.55; ES=0.10)

Single-subject level: 2 responders

Single stimulation & small sample size

Martens et al., submitted

JFK COMA RECOVERY SCALE - REVISED ezo0:

Record Form

Patient: Date:

i ) T

AUDITORY FUNCTION SCALE

4 - Consistent Movemen! t to Command *

3 - Reproducible Movement to Command *
2 - Localization to Sound

1 - Auditory Startle

0 - None

VISUAL FUNCTION SCALE

5 - Object Recognition *
4 - Object Localization: Reaching *
3 - Visual Pursuit *
2 - Fixation *
1-Vis
one

MOTOR FUNCTION SCALE N

6 - Functional Object Use '

5 - Automatic Motor Response ™

4 - Object Manipulation *

3 - Localization to Noxious Stimulation *
2 - Flexion Withdrawal

1 - Abnormal Posturing

0 - None/Flaccid

MOTOR/VERBAL FUNCTI

LE

3 - Intell

2 - Vocalization/Oral Movement
1 - Oral Reflexive Movement

0 - None

COMMUNICATION SCALE

2 - Functional: Accural te'
1 - Non-Functional: Intentional *
0 - None

AROUSAL SCALE

3 - Attention

2 - Eye Opening wlo Stimulation
1 - Eye Opening with Stimulation
0 - Unarousable

TOTAL SCORE

Denotes emargence from MCS &

Denotes MCS *

Kalmar & Giacino, 2004



.lllll Fronto-parietal multichannel tDCS

Starlab

SCIENCE GROUP

Frontoparietal network
External awareness network
Critical for consciousness

recovery

- QL W LF Unconscious
, ‘; ‘*'
- ’ B4

>

- Conscious

LEN “LF :
D
- ' R 4

@ Hypometabolic areas

@ Preserved areas

Thibaut et al., J Rehab Med, 2011

=» Stimulation of the external awareness

network bilaterally

Multichannel frontoparietal tDCS
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COMA
I BBR R Fronto-parietal multichannel tDCS !

46 patients with prolonged DOC. VS and MCS, TBI and non-TBI
4 anodes and 4 cathodes - 1mA; 20min
Single stimulation — active & sham - | | | -
Behavioral & EEG assessments _ ' — ey

L.

« Group level: no improvement
1 mA not enough?
1 session not enough?

Percentage of change %

* 6 responders (13%) mostly TBI

Delta Theta Alpha Beta1 Beta2

 EEG in responders: increase in theta complexity after active
tDCS - no changes after sham tDCS

Martens et al., in prep



] Prognostic

Vegetative state (n=116) Minimally conscious state (n=84)

%100+ % 100
90 - 90
80 - 80
O 70- 70
o
T 60- 60
E  s0- 50
= 40
E 40 B EMERGENCE
= % BMCS
20 - 20
10- 10 W Dead
0- 0 mVvS
% 100 % 100
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&)
% 80 80
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T 5 50
T 40 40
c
O 30 30
Z 20
10 10

Bruno et al, Coma and disorders of consciousness, Eds Schnakers and Laureys, 2012



.IIIII tDCS SCIENCE GROUPI

transcranial Direct Current Stimulation - tDCS

Prefrontal stimulation

2 electrodes (or more)
Weak electrical current (1-2mA)

= Membrane polarization
Anode: / excitability
Cathode: \ excitability

= Long term effects

Neural excitability & plasticity (LTP-LTD)
Ion channels (Na*+, Ca2*)

NMDA receptors

Nitsche et al., J Physiol 2000
Nitsche et al., Neuroscientist 2010




SCIENCE GROUP

HEEEER Neural correlates

CS responders < controls

@® hypometabolic

o)
@ preservred e
p<0.05 \ ‘
B. tDCS non-responders < controls
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C. tDCS responders # non-responders
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D. Electric field/current density

| o
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Anode @ Cathode

Thibaut et al., Brain Stimulation 2015 04/01/717



COMA

SCIENCE GROUP

T Neural correlates

fMRI 16 chronic MCS - 6 tDCS responders

2=40 z=30 z=20 z=0 z2=-10 z2=-20
.r". r' f &
0 @] &/

DL3

Cavaliere et al. 2016 Frontiers Cell Neurosci



I BRR B Fronto-parietal multichannels tDCS Sapie Growr]

Measure of complexity: LZW estimation per band and electrode
Percentage of change = (Post_LZW — Pre_LZW)/Pre_LZW*100 %)

Delta Alpha B Sham
* * B Active

-
o
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Percentage of change %
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CP5 CP8 F3 F4 Fp2 Fpz o1 0z CPs  CPe F3 F4 Fp2 Fpz 01 0z

\ J \ J \ J \ J
[ Y Y Y

anodes cathodes anodes cathodes

LZW significantly decreases with tDCS under anodes, indicating that
complexity decreases with tDCS in these bands
=>» more structure in the data following tDCS?

Starlab



Introduction| Single tDCS | Neural correlates | rtDCS | | Conclusions | R
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tDCS & TMS

25 chronic DOC (12 VS/UWS; 10 MCS; 2 EMCS;1 LIS)
Anode: OFC (Fpz) & cathode: Cz
TMS: MEP, RMT, ICI, ICF

Naro et al, Restor Neurol Neurosci 2015



What Is consciousness?
HEREEE
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A
TEiNgnlﬁ;ive Conscious
Sciences Wakefulness
Lucid 5....0000000000...,‘..
Dreaming i, Locked-in syndrome ;.

o9 [ ]
0000000000070 ?®

Drowsiness

REM
Sleep St I-II Sleep
inimally Responsive
- command following MCS+
St III-1IV Sleep - non-reflex movements MCS-

Bruno & Vanhaudenhuyse et al., 2011

General
Anesthesia
Vegetative State

Coma Epilepsy
Sleepwalking

Content of Consciousness: Awareness

;
Level of Consciousness: Wakefulness = necessary but not sufficient

Laureys, Trends in Cognitive Sciences, 2005

Unresponsive

Wakefulness Syndrome
Laureys et al., 2010

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



BEBEER  Why tDCSin DOC? COMA

= No severe adverse effects

= Modulates spontaneous neuronal activity
= [nexpensive

= Reliable sham condition (for research)

= Easy to administer (= clinical translation)



] Neural correlates

SCIENCE GROUP

Grey matter
atrophy - VBM

@® More atrophic in responders

@® Nore atrophic in non-responders

® Overlapping

Brain metabolism
— PET-scan

A, tDCS responders < controls

\,

B. tDCS non-re p nders < controls

u&\
\

C. tDCS responders # non-responders

@® hypometabolic

@® preservred

Thibaut et al., Brain Stimulation 2015



