
Aurore THIBAUT, PhD

Coma Science Group
University of Liege, Belgium

Neuromodulation Center

Spaulding Rehabiliation Hospital
Harvard Medical School, Boston, USA

www.giga.ulg.ac.be

www.comascience.org
neuromodulationcenter.org

tDCS in patients with DOC
What have been done so far?             

What should be done next?

12th World Congress on Brain Injury

http://www.giga.ulg.ac.be/
http://www.comascience.org/
http://neuromodulationcenter.org/


Disclosures

I have no interest to disclose.

PESG and IBIA staff have no interest to disclose.

This continuing education activity is managed and 

accredited by Professional Education Services Group in 

cooperation with IBIA. PESG, IBIA, and all accrediting 

organization do not support or endorse any product or 

service mentioned in this activity. 



What’s tDCS? 

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 

Prefrontal stimulation

Motor stimulation

transcranial Direct Current Stimulation - tDCS

Nitsche et al., J Physiol 2000
Nitsche et al., Neuroscientist 2010
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Why tDCS? 

Thibaut et al, Rev Neurol, 2013

▪ Modulates spontaneous neuronal activity

▪ Non-expensive

▪ Reliable sham condition (for research)

▪ Easy to administer (➔ clinical translation)

▪ No severe adverse effects



tDCS single session

• Randomized, double blind, sham controlled, cross-over study

• Single stimulation – 2 mA; 20 min

• Prefrontal stimulation

• Coma Recovery Scale-R (CRS-R) 

• 55 patients included (43±18y)   
25 VS/UWS & 30 MCS
35 chronic (>3m) & 20 acute
25 TBI & 30 nTBI

Left DLPF

Right 
supraorbicular

Thibaut et al., Neurology, 2014

Stimulating 

electrode



MCS (n=30) UWS (n=25)

Treatment effect in MCS – no improvement in UWS/VS

* p<0.05

Thibaut et al., Neurology, 2014

tDCS single session

real          sham
-2

-1

0

1

2

3

4

real          sham

D
e

lt
a
 C

R
S

-R
 t

o
ta

l 
s
c
o

re
  

  
  

(m
e

d
ia

n
–

IQ
R

 –
m

in
-m

a
x
)

-2

-1

0

1

2

3

4

* ns

Effect size: 0.38



• No side effects

• Change of diagnosis
3 MCS ➔ EMCS – acute 
2 UWS ➔ MCS – acute 

• 15/55 responders

• 13/30 MCS – 5 patients >1y post injury

• 2/25 UWS – 2 acute

• VS/UWS – limited effects but 1 session only!

Thibaut et al., Neurology, 2014

tDCS single session



How to improve tDCS effects?

<50% showed clinical improvement & effect did not last

➔Responders versus non-responders

Comparing brain metabolism and gray matter atrophy in responders versus 
non-responders

➔Duration of the effects

Increasing the number of sessions 

➔Targeting other brain regions critical for consciousness

Precuneus

Fronto-parietal network

➔Can tDCS be used in clinical setting?

Translational study 



Difference between tDCS 
responders versus                
non-responders?



Neural correlates

8 tDCS responders versus 
13 tDCS non-responders 

Thibaut et al., Brain Stimulation 2015

Responders

Non-responders

Regional brain metabolism



Neural correlates

8 tDCS responders versus 
13 tDCS non-responders 

Thibaut et al., Brain Stimulation 2015

More atrophic in responders

More atrophic in non-responders

Overlapping

Grey matter 
atrophy – VBM



Severe brain injured patients ≠ stroke or moderate TBI

Schaulg, Renga, Nair 2008, JAMA Neurology

Stroke: stimulate affected hemisphere / inhibit unaffected

TBI: stimulate affected brain region

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

Neural correlates



How to increase the duration 
of the effects?



Repeated tDCS

session 1: real or sham session 1: sham or real 

Thibaut et al., Brain Injury 2017

➔ Increase the duration of the effects
➔ Improve the benefits & the number of responders
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After tDCS 1 week follow-up

*

* p<0.05

Thibaut et al., Brain Injury, 2017

16 patients in MCS (> 3months; 12 TBI; 47±16 y)

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

Repeated tDCS



Longitudinal analysis:
o Real session: significant + time evolution (p<0.001)
o Sham session: no evolution across time (p=0.64)
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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%) 

Single stim: 43% responders – effect size : 0.38 (versus 0.57)

Repeated tDCS



5 sessions over M1 or DFPLC
7 UWS and 3 MCS - chronic
➔ All MCS showed clinical 

improvement immediately after 
treatment

5 sessions over DFPLC
7 UWS and 6 MCS - chronic
➔ Moderate clinical effects
➔ Changes of EEG background 

in patients who improved 
clinically

Repeated tDCS



Targeting other brain regions 
critical for consciousness 

recovery?



Targeting other areas? 

Precuneus: critical hub for consciousness

Laureys et al, Lancet Neurology, 2004

Anode: posterior parietal cortex 
Cathode: right SOR

2mA; 20min

5 tDCS sessions 

Active and sham – 1w washout

Huang et al, Bain Stimulation, 2017



Targeting other areas? 

Precuneus: critical hub for consciousness

Anode: posterior parietal cortex 
Cathode: right SOR

2mA; 20min

5 tDCS sessions 

Active and sham – 5d washout

+

+

-

-

Huang et al, Bain Stimulation, 2017



tDCS – Precuneus

33 MCS >3 months post-insult
(57±11y; 20 TBI) 

9 responders (27%)
Sub-acute > chronic

No effect at 5d follow-up 

Effect size : 0.31

tDCS

shamHuang, … Thibaut, Bain Stimulation, 2017



Prefrontal tDCS better than posterior parietal tDCS?

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

tDCS – Precuneus

PPC

DLPFC

Huang, … Thibaut, Bain Stimulation, 2017

+

-



Fronto-parietal multichannel tDCS

Thibaut et al., J Rehab Med, 2011

Frontoparietal network 

External consciousness network

Critical for consciousness 

recovery

Moteur & 

PFDL
F4 F3

CP5CP6

Fp1Fpz O1Oz

Multichannel frontoparietal tDCS

➔ Stimulation of the external 

consciousness network bilaterally

LP

LP

LF

LF LF LP

LF LP

Unconscious

Conscious

Hypometabolic areas

Preserved areas



20 MCS & 11 VS/UWS; 13 TBI & 18 NTBI; > 1m post injury
4 anodes and 4 cathodes – 1mA; 20min
Single stimulation – real & sham
CRS-R & EEG
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• Treatment effect : TBI MCS

• No effect in VS/UWS 

• No effect in MCS nTBI

• 5 responders all MCS TBI

• No side-effects

*

Thibaut et al., in prep

Fronto-parietal multichannel tDCS



Can tDCS be used in daily 
clinical practice?



Clinical translation

• Feasibility of tDCS for daily use

• By relatives/caregivers

• Repeated tDCS – 20 sessions

Real/sham 
tDCS 4 w

Washout
8 weeks

0                     4                           12                   16                            24     weeks            

CRS-R

Washout
8 weeks

CRS-R CRS-R CRS-R CRS-R

Sham/real 
tDCS 4 w

Martens, … Thibaut, in prep



27 MCS patients completed the study (43±13y, 9TBI, TSO 9±7y) 

Compliance: 93±14%

Clinical translation

Martens, … Thibaut, in prep
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Post tDCS 8 weeks follow-up



22 patients received at least 80% of tDCS sessions

Clinical translation

➔ Relevant clinical improvement: >80% tDCS sessions

Martens, … Thibaut, in prep
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Post tDCS 8 weeks follow-up



Conclusions

▪ Prefrontal tDCS ➔ consistent clinical improvement

▪ Repeated tDCS ➔ increase duration of the effects 

➔ increase number of responders

▪ tDCS is safe and can be used in clinical practice

Next?

• Neurophysiological correlates of tDCS

• Patients’ tailored montage – based on patients’ brain lesion

• Deeper brain structures – multichannel tDCS / tPCS

• Large sample – multicentric study (DOC-SIG study)



THANK YOU

athibaut@ulg.ac.be
athibaut@neuromodulaitonlab.org
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