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tDCS A methodology on the move

tDCS Manuscripts in the Last 10 Years
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tDCS What ' s treno

A Cognitive Neuroscience
I Frontal lobe functions
I Language
I Motor learning
I Cognitive enhanceme

A Clinical Applications
I Stroke rehabilitation
I Depression
I Pain




Frontal lobe functions

Working memory
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Frontal lobe functions

Inhibition, Impulse Control, Behavioral Control

Activation of Inhibition: Diminishing Impulsive
Behavior by Direct Current Stimulation
over the Inferior Frontal Gyrus

Liron Jacobson®', Daniel C. Javitt®, and Michal Lavidor'?

JOCN,
2011
Contents lists available at ScienceDirect
Neurolmage
journal homeapage: www .alsaviar.com/flocata/ynimg 2011

Modulating inhibitory control with direct current stimulation of the superior medial
frontal cortex

Tzu-Yu Hsu *®¢, Lin-Yuan Tsen g ABE g Xin Yu*P©, Wen-Jui Kuo ahe Daisy L. Hung aBe Ovid J.L. Tzeng abed
Vincent Walsh ¢, Neil G. Muggleton "¢, Chi-Hung Juan ®<*




Frontal lobe functions

Inhibition, Impulse Control, Behavioral Control

Contents lists available at ScienceDirect

‘ | Goldman et al., 2011

Te b Appetite s A 19 subjects with cravings
VAS of food craving and

ability to resist

Anode right; cathode left PFC

2.0mAXx 20 min or Sham

journal ho mepage: www.elsevier.com/l ocate/app st

Research report A
Prefrontal cortex transcranial direct current stimulation (tDCS) temporarily

reduces food cravings and increases the self-reported ability to resist food

in adults with frequent food craving™ A

Rachel L. Goldman®*, Jeffrey |. Borckardt®®, Heather A Frohman®, Patrick M. O'Neil %,
Alok Madan®, Laura K. Campbell®, Amanda Budak *, Mark S. George ™
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A tDCS: Faster naming stumuisson

(e.g. Sparing et al.,2007)

A tDCS: Improved
acquisition of novel names

(FlGel et al., 2009)

A tDCS: Increased verbal o
fluency = ]
(lyer et al 2005) g .

§ i 3 O Cs

ISiti g B Sham
A tDCS: Better acquisition of £
grammar 2=
(de Vries et al, 2009) 101
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Grammatical items Nongrammatical items

DeVrieset al., JOCN, 2009



Language

Trials

Motor Cortex In / N
ACtlon Word Learn”’]g correct couplings incorrect couplings

A I_| UZZEt al N 201 1 "_pi; “yes” — hit “no"“ — correct rejection
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Motor learning

Noninvasive cortical stimulation enhances motor skill
acquisition over multiple days through an effect
on consolidation

Janine Reis®?, Heidi M. Schambra®, Leonardo G. Cohen®', Ethan R. Buch?, Brita Fritsch®®, Eric Zarahn®,

Pablo A. Celnik®'-2, and John W. Krakauer®?

“Human Cortical Physiology Section and Streke Neurerehabilitation Clinic, Mational Institute of Neurclagical Disorders and Stroke, Mational Institutes
of Health, Bethesda, MD 20892; *Department of Neurology, Albert-Ludwigs-University, Freiburg 79106, Germany, “Motor Performance Laboratory,

Department of Meurology, Columbia University College of Physicians and Surgeons, New York, NY 10032; and “Department of Physical Medicine
and Rehabilitation, Johns Hopkins University, Baltimore, MD 21287

Edited by Emilio Bizzi, Massachusetts Institute of Technology, Cambridge, MA, and approved November 25, 2008 {received for review June 5, 2008)
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Cognitive enhancement

Faci |l i tati on of

CohenKodoshet al. Current Bial 2011)
I 6 Days training with artificial number symbols
I Biparietalstimulation (RALCvsRGLA)vssham
I NumericStroop& Numberto-space tasks
I Enhanced acquisition of numbspace
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Temporal lobes and cognitive

. BRAIN
“2¢ ScienceDirect RESEARCH

enhancement g e ——

Manipulation of semantic
processing withtDCShas been
linked to multiple enhancements
associated with stimulation of Richard 3. Chis®, Felpe Fregni®, Allan W, Snyder®
the anterior temporal lobes. o Jr e i N Gl 19 Loty f ey o 206 ol

:‘Lubur!icr)r of Neuremodulation, Spaulding Rehabilitation Hespital, Harvard Medical Schoel, Bostor, MA, USA

www. elsaviar.com/lecate/brainres

Research Report

Visual memory improved by non-invasive brain stimulation

OPEN a ACCESS Freely available online 3 Pl « }S one

Facilitate Insight by Non-Invasive Brain Stimulation

Richard P. Chi, Allan W. Snyder*

Centre for the Mind, University of Sydney, Sydney, Australia

Meuropsychology 0 2011 Amercan Psycholopreal Associabion
2011, Vol 25, No. 2, 185-192 (-4 LOS11A512.00 DO 1000370021102

Noninvasive Brain Stimulation Reduces Prejudice Scores on an Implicit
Association Test

Jason Gallate, Cara Wong, Sophie Ellwood, Richard Chi, and Allan Snyder

University of Sydney




Stroke rehabilitation: aphasia

Immediate Posttreatment >Baseline 1 Week Posttreatment >Baseline

A-tDCS S-DCS A-tDCS S-DCS A-tDCS S-iDCS A-tDCS S-iDCS

Treated Treated Untreated Untreated Treated Treated Untreated Untreated
Patient ltems ltems ltems ltems ltems ltems ltems ltems
1 5 0 17 -2 8 —2 10 1
2 5 4 6 1 3 2 9 -1
3 10 10 3 -1 5 5 5 0
4 1 0 1 2 1 0 1 2
5 6 0 6 -1 6 -2 2 0
6 0 0 0 0 0 0 0 0
7 1 1 1 1 1 0 1 -1
8 2 2 2 -1 3 0 3 -1
9 3 -3 -1 2 5 2 1 6

AnodaltDCH1mA, 20 minutes for 5 days) to the left frontal lobe resulted in improvements
in naming accuracy among 10 patients with left hemisphere strokes and chronic aphasia

Baker et al., 2010



Stroke rehabilitation: aphasia

Short-Term Anomia Training and Electrical Brain Stimulation
Agnes Floel, Marcus Meinzer, Robert Kirstein, Sarah Nijhof, Michael Deppe, Stefan
Knecht and Caterina Breitenstein

Stroke published online Jun 2, 2011; Stmke AA:Tko
12 chronigpoststrokefluent aphasia patients
Randomized, doubtelind, shamcontrolled crossover trial
Anodalvscathodalvs shamtDCSof temporo-parietal cortex
Paired with shorterm highfrequencyanomiatraining.
Naming outcome assessed after training and 2 weeks later
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Stroke rehabilitation: paresis

Paresis

Lindenbercet al.
(Neurology 2010)

20 chronic stroke patients

5 consecutive sessions
anodat
Ipsilesional/cathodal
contralesionatDCSover
M1 or sham

Proportional change (%)

Simultaneous PT/OT

Outcome measures:
changes in Upper
ExtremityFugiMeyer &
Wolf Motor Function Test

fMRIlused to identify
neural correlates of
motor improvement

W Dual
Sham

UE-FM
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Depression

Journal of European Psychigt011

Original article

Transcranial direct current stimulation for the outpatient treatment of poor-
responder depressed patients

B. Dell'Osso **, S. Zanoni ?, R. Ferrucci <, M. Vergari °<, F. Castellano?, N. D’Urso?, C. Dobrea?,
B. Benatti?, C. Arici?, A. Priori ®¢, A.C. Altamura?

* Dipartimento di Newroscienze, Universitd degli Studi di Milano, Dipartimento di Salute Mentale Fondazione IRCCS Ca' Granda, Ospedale Maggiore Policlinico, Via Francesco Sforza 35,
20122 Milarno, ltaly

b Cantro Clinfco per le Newronanotecrologie ¢ la Neurostimolazione, Universitd degli Studi di Milaro, Fondazione IRCCS Ca' Granda, Ospedals Maggiore Policlinice, Milane, Italy
“ 0. Neurofisiopatologia, Fondazione IRCCS Ca' Grandyg, Ospedale Maggiore Policlinico, Milono, Italy

A 23 patients with major depressive
30

disorder or bipolar disorder

—4— HAMD

A tDCSor 5days, two sessions/day 25 1mﬁgsme|anchmy—
A 2.0mAx20 min per session
.

A Anodal EDLPFQCathodaR: 20

DLPFC .
A Measured HAMD and MADRS

scores 10 $\\§-
A Three timepoints: TO (baseline), —

T1 (endpointDC$ and T2 (end >

of the first week of followup). 0

TO T1 T2



D e p reSS I O n Contemporary Clinical Trial®011

Sertraline vs. ELectrical Current Therapy for Treating Depression Clinical
Trial - SELECT TDCS: Design, rationale and objectives

Andre Russowsky Brunoni *®*, Leandro Valiengo ¢, Alessandra Baccaro?,
Tamires Araujo Zanao®P, Janaina Farias de Oliveira®®, Giselly Pereira Vieira?,
Viviane Freire Bueno®P, Alessandra C. Goulart *¢, Paulo Sérgio Boggio ¢, Paulo Andrade Lotufo *¢,

Isabela Martins Bensenor *¢, Felipe Fregni >*

A Enrolling 120 subjects

Schedule of SELECT TDCS.

Visit Screening visit Baseline wisit Daily stimulation D2 D4 Endpoint visit
Trial week Pre-trial Day O 0-2 weeks Week 2 Week 4 Week 6
Eligibility criteria X

Mon-structured interview X

Drug washout X

Informed consent X

Dingnostics

ML.LM.L X

HORS/MADRS X X X X
BDI/IDS X x X X
CClL - P/CGI - C X X X X
YMRS X x X X
Safety

SAFTEE X x X X
tDCS questionnaire X X X X
Neurgpsychological evaluation

MEEM/MOCA X X
Stroop test X X
Digit span X X
Trail making X X
Biological markers

BONF polymorphism X

BOMF serum levels X X x
HEW X X

Procedures
Stimulation session X X X X



Pain

Numerous recent
small studies:
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A Refractoryorofacial pain
Antal & Paulus 2010

w
o
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20

A Neuropathic pain in SCI
Soleret al., 2010

Cumulative Dilaudid PCA Usage (mg)

A Fibromyalgia

Hydromorphoneuse after Endoscopic Retrograde
Cholangiopancreatograph{ERCP) antiDCS

== Sham tDCS —#— Real tDCS [
l ’ .

Mendoncaet al., 2011 ’

1 2 3 4 5 6 7 8 9 10 1012 13 14 15 16 17 18 19 20 21 22 23 24

A Migraine
Antalet al., 2011

A PostProcedural Pain
Borckardtet al., 2011

A
A

Hour Post-ERCP

21 patients hospitalized overnight for ERCP for
unexplained right upper quadrant pain.
CathodakDCSover sensorimotorcortex, 20

min x 2.0mA, immediately after ERCP.

22% reduction in narcotic use in first 24 hours
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Converging methodologles
fMRI

Block design: 20 CSn/20stDC Soff
1 mA anodal andcathodalstim over the left M1
at rest and during finger tapping (FT).

Decreased BOLD in SMA only during Anédal
Results may reflect difference betwedlEPs ,
and BOLD as indicators of neural activity 3.06

4.00 -
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1(12)
p < 0.009991

DC Stimulator

The results of the statistical analysis with regard to the M1 stimulation.

One-way repeated measures ANOVA

MRI resporse (% BOLD sigral)

VOIs Stimulation only ft + stimulation

F-value(1,12) p-value F-value(2,24) p-value

SMA 1.6 0.21 6.77 0.005
Left M1 2.1 0.16 1.14 0.33
Left basal ganglia 1.7 0.22 14 0.26

Right basal ganglia ~ 1.13 0.35 2.1 0.15 Antalet al. Q\Ieurolmage 201])




Converging methodologles

EEG/ERP

A Zaehleet al., 2011
I 16 subjects
i Left DLPFC/thAX 15 min
I 2-back task

I Eventrelated spectral .-

pertubation

A Anodal:¢ d&U
A CathodalD d&U

WM wmMm

Sham tDCS
(Pre-measure)

active tDCS

Task Javct-meastisy Task

Anodal

0.07 [
0.06 ]
0.05 l ]

anodal tDCS

cathodal tDCS

Control-group
Cathodal Control

Cathodal

Anodal - Cathodal




Converging methodologies

fNIRS

Prefrontal hemodynamic changes produced
by anodal direct current stimulation
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TDCS electrodes position
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Real IDCS NIRS probe NIRS data sampling
Anodal Left positioning

Cathodal Right (1-2 min)

Sram tDCS NIRS probe NIRS data sampling
Anodal Left positioning

Cathodal Right (1-2 min)

Intervention Start NIRS recording End NIRS recording

10 min 0 min 21 min

Mertzagoraet al.(Neurolmage 2010)

Change ir©Oxyhemoglobin

reE— THIN T,
R3 . §
R2 1 1
R1 1
L1 0.5
0
5 10 15 20
Time (min)
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1A0
Time (min)

5 20

10
Time (min)

15 20



Conclusions

A Despite limited spatial resolution,
tDCSstudies are increasingly being
used for investigations of structure
function relationships in the brain.

Owing to its ease of use and safety
profile tDC3s being investigated
Increasingly for diseases across

various disciplines that are thought
have a cortical component.

Future studies will combine
technologiedovalidatetDCSeffects,
elucidate mechanisms of brain
stimulation & provideconverging
methodologies to strengthen
Investigations.







