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1. Definition of « disorders of consciousness » 

(DOC)

2. NIBS as therapeutic tools   

(tDCS, rTMS)

3. NIBS as diagnostic tool        

(TMS-EEG)

Overview



Un si brillant cerveau – Steven Laureys, Editions Odile Jacob, 2015

What’s consciousness?



Laureys, Trends in Cognitive Sciences, 2005

Laureys et al, Nature Clinical Medicine, 2008
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Clinical entities of DOC

UWS/VS

Brainstem reflexes

BUT no sign of
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MCS 

Fluctuant signs of consciousness

(e.g., command following) – no communication



Laureys et al, Neuroimage, 1999 Laureys et al, Lancet Neurology, 2004

Consciousness 

Fronto-parietal network

Brain regions & networks for consciousness recovery

Fronto-parietal network Precuneus



What are the therapeutic options 

for patients with disorders of 

consciousness?

Thibaut et al, Lancet Neurol, in press



Drugs

• Amantadine – RCT – 184 TBI (Giacino et al, NEJM, 2012)

Schnakers et al, 2008  



Drugs

• Amantadine – RCT – 184 TBI (Giacino et al, NEJM, 2012)

Schnakers et al, 2008  

• Zolpidem 

5-7% responders 

Chatelle et al, 2014, Thonnard et al, 2014  



Drugs

• Amantadine – RCT – 184 TBI (Giacino et al, NEJM, 2012)

Schnakers et al, 2008  

• Apomorphine

• Zolpidem 

5-7% responders 

Chatelle et al, 2014, Thonnard et al, 2014  



Drugs

• Amantadine – RCT – 184 TBI (Giacino et al, NEJM, 2012)

Schnakers et al, 2008  

Sara et al, 2009; Pistoia et al, 2014

• Apomorphine

• Zolpidem 

5-7% responders 

• Baclofen

Chatelle et al, 2014, Thonnard et al, 2014  



Deep Brain Stimulation

Intralaminar nuclei “reconnections” in spontaneous 

recovery from “vegetative” unresponsive state

Laureys et al, Lancet 2000 Schiff et al, Nature 2007

MCS ➔ emerged – prolonged effects
sustained attention, intelligible words, functional objects use

No RCT & side-effects



Non-invasive brain 

stimulation



Recent RCTs on NIBS in DOC 

Past 5 years:

tDCS ➔ 6 RCTs (170 pts) – 5 DLPFC & 1 M1 - 1 to 20 sessions – ES:  0.38 – 2.22 

tRNS ➔ 1 RCT (9 pts) – DLPFC – no clincial/neurophysiological effects

rTMS ➔ 3 RCTs (27 pts) – M1 – 20 Hz – no clinical/neurophysiological effects

Thibaut et al, Lancet Neurol, in press



Transcranial Direct Current 

Stimulation (tDCS)



Crossover RCT (n=55)

Left DLPFC

Right SOR

Thibaut et al, Neurology, 2014

Stimulating 

electrode

➔ No adverse events

➔ Clinical improvement in MCS only

➔ 13/30 responders (5 >1y post-insult)

MCS
n=30

tDCS single session



Thibaut et al, Neurology, 2014

Before tDCS After tDCS

29 years old male, 12 years post-TBI

Functional use of objects

tDCS single session



Thibaut et al, Brain Stimulation, 2018

Unveil covert consciousness

• 67yo woman in UWS for 4y after subarachnoid hemorrhage

• Out of 7 CRS-R, 1 localization to pain

• Consistent response to command only after tDCS 

• Neuroimaging consistent with MCS* 

➔ tDCS may facilitate motor execution of command                       

when cognitive functions are preserved



Predicting clinical response

tDCS responders ≠ non-responders
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Predicting clinical response

Thibaut et al, Brain Stimulation, 2015, 2018

tDCS responders ≠ non-responders

VBM

Brain connectivity (hd-EEG)

theta centrality 

Brain metabolism (PET-scan)

≠ responders & non-responders 

EEG

Grey matter atrophy 

in responders

in non-responders    

Grey matter atrophy (MRI)

responders                    non-responders



Severe brain-injured patients ≠ stroke or moderate TBI

Schaulg, Renga, Nair, JAMA Neurology, 2008

Stroke: stimulate affected hemisphere / inhibit unaffected

TBI: stimulate affected brain region

DOC: extensive brain lesion ➔ tDCS (partially) preserved area

Predicting clinical response



Double-blind crossover RCT (16 chronic MCS)

5 sessions – 20 min prefrontal tDCS

Thibaut et al, Brain Injury 2017

Repeated tDCS
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Some patients responded after 1, 2 or 3 days of tDCS

Thibaut et al, Brain Injury 2017

responders (9/16 – 56%) &    duration of the effects (1 week)

Repeated tDCS



5 sessions over M1 or DLPFC

7 UWS and 3 MCS - chronic

➔ All MCS showed clinical 

improvement immediately after 

treatment

5 sessions over DLPFC

7 UWS and 6 MCS - chronic

➔ Moderate clinical effects

➔ Changes of EEG 

background in patients who 

improved clinically

Repeated tDCS



tDCS – Precuneus

RCT crossover – 5 sessions

33 MCS >3 months post-insult

(57±11y; 20 TBI) 

9 responders (27%)

Sub-acute > chronic

No effect at follow-up 

Effect size : 0.31
tDCS

shamHuang et al, Brain Stimulation, 2017



Stimulating different brain areas

+

-

Moteur & 

PFDL
F4 F3

CP5CP6

Fp1Fpz O1Oz

Multichannel frontoparietal 

Prefrontal Precuneus Motor

Group level: Prefrontal 

tDCS best area to target

Single-subject level:

Patient’s tailored montage

Thibaut et al, Neurology 2014, Brain Injury 2017; Huang et al, Brain Stimulation 2017; 

Martens et al, Brain Stimulation, 2018; Martens et al, submitted (motor), Martens et al, in prep (frontoparietal)



Prefrontal tDCS better than targeting other areas?

Schiff, JAMA, 2010; Giacino, Fins, Laureys, Schiff, Nature Rev Neurol 2014

tDCS - mesocircuit



Clinical translation

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

• 27 MCS patients – compliance: 93±14%

• No clinical effects 

• 22 MCS patients received ≥80% tDCS sessions

• Significant effects & trend at 8-week follow-up – no AE

Martens et al, Brain Stimulation 2018
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Post tDCS 8 weeks follow-up

p=0.043 p=0.059



Repeated Transcranial Magnetic 

Stimulation (rTMS)



• Single session of 20Hz rTMS on 
M1 in 5 UWS & 5 MCS

No behavioral changes 

in CBF in MCS

rTMS

• 5 days of 20Hz M1-rTMS in 11 UWS patients

No behavioral & neurophysiological changes

Cincotta et al, Cortex, 2015; Liu et al, Eur Neurol, 2016; He et al, Neural Plasticity, 2018

• DLPFC rTMS – case-reports – promising behavioral 
improvements

• 5 sessions of 20Hz rTMS
on M1 in 3 UWS & 3 MCS

One patient improved (EEG)



Stimulating the thalamus



LIFUP

Low Intensity Focal Ultrasound Pulses

• Non-invasive (safe) as tDCS

• Capable of stimulating thalamus as DBS

Case report

25 yo male, 19 days post-TBI

100Hz (pulse width 0.5s) – 10 sonications of 30s

➔ CRS-R 15 to 17 (motor related behavior)

➔ 3 days later emergence 
Monti et al, Brain Stimulation, 2016



VNS

• Transcutaneous auricular vagus nerve stimulation - taVNS 

(4-6mA, 20Hz) – case-report (73 yo, 50 days post-ARCA) 

UWS ➔ MCS

Yu et al, Brain Stimulation, 2017; Corazzol et al, Curr Biology, 2017

• Invasive VNS (max 1.5mA) 

Case-report – 15 years post-TBI

1 month of stimulation

UWS ➔ MCS
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TMS-EEG  



Massimini et al, Science, 2005

Wakefulness Deep sleep

TMS-EEG in healthy subjects



Unresponsive state

Rosanova & Gosseries et al, Brain, 2012

TMS-EEG in comatose patients



Unresponsive state Minimally conscious
state

TMS-EEG in comatose patients

Rosanova & Gosseries et al, Brain, 2012



Unresponsive state Minimally conscious
state

TMS-EEG in comatose patients

Rosanova & Gosseries et al, Brain, 2012



Casali & Gosseries et al, Sci Trans Med, 2013

PCI ➔ measures the ability of thalamo-cortical circuits to integrate information 
(no motor or sensitive processing or subjects’ participation)

Perturbational complexity index



Casali & Gosseries et al, Sci Trans Med, 2013

Perturbational complexity index 

in comatose patients



Casarotto et al, Ann Neurol, 2016

Perturbational complexity index 

in comatose patients



Casarotto et al, Ann Neurol, 2016

Perturbational complexity index 

in comatose patients



Conclusions

NIBS

► tDCS is safe in severely brain-injured patients

► Prefrontal tDCS & repeated sessions

► Need patients’ tailored montage based on individual lesions

► DLPFC rTMS, LIFUP, VNS & taVNS ➔ to be tested in RCT

TMS-EEG

►TMS-EEG & PCI are reliable diagnostic tools for conscious/unconscious

post-coma patients at the single subject level 



THANK YOU
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