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Transcranial Direct Current Stimulation (tDCS) is a new, non-invasive neuromodulation approach for treating de-
pression that has shown promising efficacy. The aim of this trial was to conduct the first international,
multicentre randomised controlled trial of tDCS as a treatment for unipolar and bipolar depression. The study re-
cruited 120 participants across 6 sites in theUSA andAustralia. Participants received active or sham tDCS (2.5mA,
20 sessions of 30 min duration over 4 weeks), followed by a 4-week open label active treatment phase and a 4-
week taper phase. Mood and neuropsychological outcomes were assessed with the primary antidepressant out-
come measure being the Montgomery-Asberg Depression Rating Scale (MADRS). A neuropsychological battery
was administered to assess safety and examine cognitive effects. The study also investigated the possible influ-
ence of genetic polymorphisms on outcomes. The trial was triple-blinded. Participants, tDCS treaters and study
raters were blinded to each participant's tDCS group allocation in the sham-controlled phase. Specific aspects
of tDCS administration, device operation and group allocationwere designed to optimise the integrity of blinding.
Outcome measures will be tested using a mixed effects repeated measures analysis with the primary factors
being Time as a repeated measure, tDCS condition (sham or active) and Diagnosis (unipolar or bipolar). A re-
stricted number of random and fixed factors will be included as required to account for extraneous differences.
As a promising treatment, tDCS has excellent potential for translation into widespread clinical use, being cost ef-
fective, portable, easy to operate and well tolerated.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Despite improvements in quality of health worldwide, the burden
frommental health disorders is rising alongwith a shift in burden of dis-
ease from premature death to years lived with disability (YLDs) [34].
Major depressive disorder is the second leading cause of YLDs and de-
spite treatment advancements, prevalence has not declined in the past
two decades [55].

The development of non-convulsive brain stimulation therapies
such as transcranial Direct Current Stimulation (tDCS) holds great
Black Dog Institute, Hospital
promise in offering an alternative, new class of treatments that are
non-invasive and well tolerated [40,42]. tDCS involves applying a low
intensity, sustained electrical current between anodal and cathodal
electrodes placed on the scalp, which passes through to underlying
brain regions and modulates brain activity. tDCS results in shifts in the
resting membrane potential with anodal stimulation resulting in in-
creased neuronal excitability and cathodal stimulation resulting in
hyperpolarisation and decreased excitability [6].

Clinical trials of tDCS for depression have typically applied anodal
stimulation to the left dorsolateral prefrontal cortex (DLPFC) with the
cathode placed over the contralateral cortex (usually F4 or F8 on the
10-20 EEG system). The majority of meta-analyses of randomised, con-
trolled trials (RCTs) of tDCS have found that tDCS is superior to sham
stimulation [9,25,30,50] with the effect size (B coefficient = 0.35) of
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tDCS being comparable to that of repetitive transcranial magnetic stim-
ulation (rTMS) and antidepressant medication in primary care [9].
However, the proportion of responders remains suboptimal and while
higher tDCS parameters appear to be positively associatedwith tDCS ef-
ficacy [9], optimal stimulation parameters have yet to be sufficiently
defined.

In addition, there has been no RCT specifically examining tDCS in bi-
polar patients. Published evidence in bipolar participants consists of
only 15 participants from RCTs (N = 8 [27]; N = 2 [37]; N = 5 [38])
but notably, a recent meta-analysis of RCTs found bipolar depression
to be a significant predictor of improvement in depressive symptoms
after a course of tDCS [9] although the percentage of bipolar participants
was low (3.8%) and half of the RCTs included did not recruit bipolar
participants.

Thus, while there is growing evidence that tDCSmay have acute and
sustained efficacy in both unipolar and bipolar depression, further re-
search is needed to: 1) examine and optimise stimulation parameters;
2) providemore substantive evidence of efficacy and safety by compar-
ing active versus sham tDCS over a longer treatment period and in a
larger cohort recruited acrossmultiple study sites to improve generaliz-
ability; 3) explore the efficacy of tDCS in a larger bipolar sample and ex-
amine any potential differences in outcome measures compared to
unipolar depression; 4) examine potential cognitive benefits of tDCS
using a targeted neuropsychological battery; and 5) to explore potential
genetic predictors of response to tDCS.

2. Design and methods

2.1. Participants

The sample includes participants recruited at 1 study site in Australia
(University of New South Wales) and 5 in the USA (Duke University
School of Medicine, Durham, NC; Emory University, Atlanta, GA;
Rowan University, Cherry Hill, NJ; Sheppard Pratt Health System, Balti-
more, MD; and University of Texas Southwestern Medical Center, Dal-
las, TX.)

At study entry, participants were at least 18 years old, were in a
current major depressive episode of minimum 4-week duration and
defined according to Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-IV-TR) criteria [2], and had a score of at least 20 on theMont-
gomery-Asberg Depression Rating Scale (MADRS; [32]). The DSM-IV-TR
diagnoseswere established using theMini International Neuropsychiat-
ric Interview (MINI; Version 5.0.0 [49]). Exclusion criteria included: a
currentmajor depressive episode of N3 years duration; failure of N3 ad-
equate antidepressant trials in the current episode;DSM-IV-TRpsychot-
ic disorder; drug or alcohol abuse or dependence in the preceding
3months before study entry; inadequate response to ECT in the current
major depressive episode; rapid clinical response required (e.g., due to
high suicide risk); clinically defined neurological disorder or insult;
metal in the cranium, skull defects, or skin lesions on the scalp (e.g.,
cuts, abrasions, rash) at proposed tDCS electrode sites; and pregnancy.

Participants were free of antidepressant medications or continued
on stable doses of antidepressant medications to which they had failed
to respond after an adequate course of treatment, with dosage un-
changed for at least four weeks prior to study entry. Bipolar participants
were on amood stabilisermedication as prophylaxis against treatment-
emergent mania [8,20]. Long acting benzodiazepines were not permit-
ted during the study, though participants were permitted to take loraz-
epam (up to 2 mg daily but not within 8 h prior to tDCS stimulation).

Based on an effect size of 0.74 derived from a meta-analysis of all
available RCTs of tDCS up to 2012 [25], and assuming that 1) tDCS at
the higher stimulation parameters used in this study would be at least
as effective as the stimulation parameters used in these earlier RCTs
and 2) the efficacy in bipolar depression would be at least comparable
to that in unipolar depression, a sample of 30 participants per group
would be required to demonstrate a significant difference between
active and sham tDCS (at 80% power and α = 0.05). Thus, the planned
study sample was 60 unipolar and 60 bipolar participants with alloca-
tion to the active and sham conditions equally divided for each diagnos-
tic group. Assuming an attrition rate of 5%, up to 126participants in total
could be recruited in order to attain a sample of 120 participants with at
least one post baseline rating.

2.2. Design

Themain study phase of 4weeks duration used a triple-blinded, par-
allel, randomised, sham-controlled design. Blinding was maintained
until the study was completed and the dataset locked. Participants
were required to attend a total of 20 tDCS sessions conducted on con-
secutiveweekdays over this 4-week period. Participantswere randomly
assigned by a computer-generated random number sequence to one of
2 groups: active tDCS or shamtDCS. Permuted-block randomisationwas
used to assign participants to the treatment group such that equal num-
bers were assigned to active and sham treatment within each block.
Randomization was stratified according to whether participants were
diagnosed with unipolar or bipolar depression.

After the initial blinded, sham-controlled phase, participants who
did not meet the criterion for remission (MADRS score b 10) were of-
fered further treatment in an open label phase that consisted of 20 ac-
tive tDCS sessions also conducted on consecutive weekdays over
4 weeks.

Participants who completed 4 or more weeks of daily tDCS treat-
ments were eligible to enter a taper phase. The taper phase consisted
of 4 additional tDCS treatments provided on a weekly basis with the
final taper session coinciding with a 1 month follow-up visit. Partici-
pants, who experienced a remission in depressive symptoms by the
end of the sham-controlled phase, directly entered the taper phase
without undergoing the open label phase. These participants received
the same treatment allocation as during the sham-controlled phase.
Participants completed a final follow-up visit 3 months after trial com-
pletion. Participants remained blinded to their tDCS group allocation
in the sham-controlled phase for the duration of the study, including
the taper phase. Mood and neuropsychological function were assessed
at the intervals shown in the Study Design Diagram (see Table 1).

A participant could be withdrawn from the study if: a serious ad-
verse event occurred; a site investigator believed that for safety reasons,
it was in the best interest of the participant to bewithdrawn; the partic-
ipant missed ≥3 consecutive tDCS sessions in the sham-controlled or
open label phase; the participantmissed a total of ≥6 out of 20 tDCS ses-
sions in the sham-controlled or open label phase; the participant be-
came hypomanic or manic; pregnancy occurred.

2.3. Materials and procedures

2.3.1. tDCS
tDCSwas applied via two7 cm×5 cmsaline-soaked sponge-covered

electrodes held in position by a headband customised for the electrode
montage used. The headbandwas designed to evenly secure the sponge
surface to the scalp at the required coordinates, maintain electrode ori-
entation, and allow inspection of sponge-skin contact quality and ad-
justment if indicated (see below). Stimulation parameters for active
tDCS were 30 min per session at 2.5 mA with 30 s ramp up and 30 s
ramp down. The anode was centred over the left dorsolateral prefrontal
cortex at F3 (10/20 EEG system) and the cathode over the lateral right
frontal area at F8 (see Fig. 1).

For sham stimulation, the current was rapidly ramped up to 1 mA
over the first 10 s and slowly ramped down over the next minute to
allow participants to feel typical initial sensations of active tDCS (e.g.,
tingling, itching at the electrode sites) while minimising any potential
neuromodulatory effects. To further enhance participant and investiga-
tor blinding, tDCS devices were programmed such that participants in
the sham group were randomly allocated to experience a steady ramp



Table 1
Schedule of outcome measures.

Phase 4-Week sham controlled phase 4-Week open label (active)
treatment

Taper phase Follow-up

Week Wk 0 Wk 1 Wk 2 Wk 3 Wk 4 Wk 1 Wk 2 Wk 3 Wk 4 Wk 1 Wk 2 Wk 3 Wk 4 / 1 M 3 M
(Baseline)

Session Pre 1 1–5 6–10 11–15 16–20 21–25 26–30 31–35 36–40 41 42 43 44

Mood/quality of life assessments
MADRS X X X X X X X
CGI-S X
CGI-I X X X X X X
QIDS-SR X X X X X X X X X X X X X X
YMRS X X X X X X X
Altman X X X X X X X X X X X X X X
QoL X X X X X
Neuropsychological assessments
MoCA X X X
CVLT-II X X X
Ruff 2 & 7 X X X
WAIS-IV Digit Span X X X
SDMT X X X
D-KEFS Verbal Fluency X X X
WTAR X
Cognitive Failures Questionnaire X X X

Fig. 1. tDCSmontage used in themulticentre, randomised controlled trial of tDCS for the treatment of unipolar and bipolar Depression. A) After identifying 10/10 electrode locations (F3,
F8), 5 × 7 cm sponge-encased electrodeswere secured to the participant's head using a customised headgear. B) AMRI-derived headmodel of the headwas adapted [14], and anode (red)
and cathode (black) electrodepositioning reproduced. C) Following established computationalmodellingworkflow[5,54],finite-element-method (FEM) stimulations predict currentflow
across the head (black flux lines) during tDCS and resulting electric fields at the cortex (false colour). D) Detailed view of cortical electric fields with inset around DLPFC target.
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up and down to 0.5 mA over 1 min at either 10 min or 20 min into the
session to elicit faint scalp sensations during the session that would
nonetheless still be unlikely to produce lasting changes in cortical excit-
ability [36]. tDCS operators across all sites underwent initial training
(via in-person demonstration at the initial study investigator meeting
followed by study-site in-person demonstration and televideo presen-
tations) conducted by the co-ordinating site (UNSW)with a staff mem-
ber from the co-ordinating site observing via video link the first three
tDCS sessions conducted by each operator at each study site as part of
the credentialing process.

2.3.2. Assessments and measures
The primary outcomemeasure for comparing active and sham tDCS

over the sham-controlled phase was the MADRS [32] administered by
trained raters with established inter-rater reliability (intraclass correla-
tion coefficient N 0.7). Secondary measures were the Clinician Global
Impression – Severity of Illness and Clinician Global Impression – Im-
provement (CGI; Guy, 1976), self-report Quick Inventory of Depressive
Symptomatology (QIDS-SR; [45]) and Quality of Life Enjoyment and
Satisfaction Questionnaire – Short Form (QLESQ-SF; [18]). The Young
Mania Rating Scale (YMRS; [59]) and Altman Self Rating Mania Scale
[1] were used to assess for hypomanic and manic symptoms.

The following neuropsychological battery was administered by re-
search staff trained by two clinical neuropsychologists (S.M.M. and
D.M.), and was selected to comprehensively assess cognitive function.
The neuropsychological battery included the following instruments:
Montreal Cognitive Assessment (MoCA; [35]) – global cognitive func-
tion; California Verbal Learning Test-II (CVLT-II; [16]) – verbal learning
and memory; Ruff 2 & 7 [43] – attention processes; Wechsler Adult In-
telligence Scale-IV edition (WAIS-IV) Digit Span subtest; [58]) – simple
auditory attention and working memory; Symbol Digit Modality Test
(SDMT; [51]) – psychomotor processing speed; Delis-Kaplan Executive
Function System (D-KEFS) Verbal Fluency test; [15]–phonemicfluency,
semantic fluency, cognitive flexibility; Cognitive Failures Questionnaire
[7] – subjective cognitive functioning; andWechsler Test of Adult Read-
ing (WTAR; [57]) – premorbid intellectual ability. Rating scales and the
neuropsychological battery were administered at specified time points
(see Table 1). A saliva sample was collected from participants to allow
later isolation of DNA for genetic analysis of possible predictors of re-
sponse to tDCS. Samples were collected through a spit tube and
stabilised via solution at room temperature until processing at the end
of the study.

2.3.3. Blinding and tDCS device design
The trial is “triple-blinded”; that is, all participants, tDCS treaters and

study raters were blinded to each participant's tDCS group allocation in
the sham-controlled phase. Specific aspects of tDCS administration, de-
vice operation and group allocation were designed to optimise the in-
tegrity of blinding. Raters did not administer any tDCS sessions nor
were they present in the room during the tDCS sessions. Participants
were instructed at the outset of the trial to not discuss any perceived
side effects of tDCS with the study rater. To maintain blinding for tDCS
treaters, each participant who entered the study was assigned a unique
6-digit ID before the first tDCS session from a predetermined list issued
to each study site. A customised tDCS device was developed specifically
for the trial whereby ID numbers were pre-programmed into each tDCS
device to administer either active or sham tDCS when the number was
entered by the tDCS treater. A master list identifying ID numbers with
the corresponding tDCS condition was kept only by a study statistician
and the tDCS device manufacturers with the coding not to be disclosed
to study investigators until the end of the trial or unless required in a
medical emergency. The research staff member analysing the final
study data was to also be blinded to the tDCS condition when
conducting the planned statistical analyses.

In addition to the pre-programmed coding, other aspects of the tDCS
device design have been customised to preserve blinding. As outlined
above, tDCS devices were programmed to administer two short, ramp
up/down periods of relatively low current intensity during sham stimu-
lation to allow participants to feel typical tDCS scalp sensations. During
the tDCS session, the device never displayed the current intensity being
administered, but only time remaining and a categorical indication of
impedance between the electrodes and scalp through a “contact quali-
ty” readout of either “optimal”, “moderate” or “poor”. Indication of
just a categorical contact quality, as opposed to dynamic impedance
during stimulation, reduces risk of unblinding due to characteristic
changes in impedance only during the active arm [24]. Categorical “con-
tact quality” also allows for sham-specific quality scores (see below).
Moreover, the contact quality was calibrated to specific impedance
changes expected for this trial protocol (electrode design, electrode
position, stimulus waveform) and categorical feedback facilitates a
clear study protocol decision in response to impedance changes (e.g.,
as opposed to ambiguity about what impedance is not ideal and action-
able before or during a session). tDCS treaters were trained tomake ad-
justments to improve electrode contact quality during the session (e.g.,
adding saline, tightening the headband) if such quality wasmoderate or
poor, which can sometimes occur during active tDCS. However, tDCS
treaters were unaware that the tDCS devices were programmed to pro-
vide a readout of moderate or poor contact quality for some sham tDCS
sessions so as to make the device readouts indistinguishable between
active and sham tDCS.

tDCS devices included a feature that allows stimulation to continue
when stimulator output approaches the voltage limit (e.g., due to high
impedance) by automatically lowering the current intensity to 2 mA.
This unique feature has since been explicitly integrated into other
tDCS trial designs [10]. tDCS devices without this function cut off
abruptly when the voltage limit is exceeded, potentially unblinding
both treaters, who can see stimulation has stopped, and participants,
who typically experience transient lightheadedness/dizziness and/or
see a phosphene flash when the current is not gradually ramped
down. tDCS devices also included a “pause” feature, which could be ac-
tivated by the treater to transiently decrease the current to zero (or for
the shamarm to simulate a rampdown). After any needed adjustments,
the stimulation could be reinitiated by the treater. The activation of au-
tomatic voltage-limiting features or manual pause events were record-
ed by the device using a blinded code.

Adequacy of blinding was assessed at the end of the sham-con-
trolled and open label phases by asking participants and raters to
guess the tDCS condition administered during the sham-controlled
phase. In addition, participants were asked to guess their tDCS condi-
tion after the first tDCS session to examine the accuracy of their ini-
tial impression and whether this may predict the degree of any
subsequent improvement.

2.3.4. Statistical analyses
Active and sham treatment groups will be tested for any differences

at baseline in participant demographics as well as depression and treat-
ment indices using chi-square tests for categorical variables or analysis
of variance (ANOVA) for continuous variables. Statistical tests will be
two-tailed.

Depression ratings and neuropsychological test scores will be
analysed for change over the sham-controlled phase using a mixed ef-
fects repeated measures (MERM) analysis with Time (assessment
time points) as a repeated factor and two between-subjects factors –
tDCS condition (active or sham) and Diagnostic Group (bipolar or uni-
polar). MERM models have been previously recommended for clinical
trials as they can better account for individual participant variability in
repeated measurements over time and more appropriately handle
missing data relative to more traditional repeated measures analytical
methods [23]. In addition to testing these three main effects, interac-
tions between tDCS condition and Time, and tDCS condition, Time and
Diagnostic Group will also be tested to investigate whether any differ-
ences in improvement between active and sham groups will differ



69A. Alonzo et al. / Contemporary Clinical Trials 51 (2016) 65–71
between unipolar and bipolar participants. Study site and participants
will be entered as random effects. A restricted number of covariates
will be entered if required to correct for baseline imbalances or to better
model outcome. Analyses of neuropsychological outcomes will control
for change in mood, demographic factors (e.g., age, education) and
premorbid intellectual ability (based on the WTAR).

The number of responders (defined as a reduction inMADRS score of
≥50% from baseline) and remitters (defined as a final MADRS
score b 10) after 4 weeks of treatment will be compared between
groups using a chi-square test. The association between participant or
rater guesses (active or sham) and the participant's assigned tDCS con-
dition (active or sham) will also be tested with a chi-square test.

2.3.5. Status of the study
The study was registered with the ClinicalTrials.govwebsite (Identi-

fier: NCT01562184) onMarch 21, 2012. The study was approved by the
relevant Human Research Ethics Committee/Institutional Review Board
for each study site. Recruitment was conducted between July 2012 and
August 2015with the last participant completing the last follow-up visit
in November 2015. Due to slow recruitment of bipolar participants, the
target sample sizewas adapted such that recruitment of unipolar partic-
ipants was permitted to resume following a 4-month stoppage in re-
cruitment after the original target of 60 had been reached while
recruitment of bipolar participants remained ongoing throughout the
course of the study.

3. Discussion

This trial is the first international, multicentre, sham-controlled RCT
of tDCS in depressed patients and the first to formally compare the effi-
cacy of tDCS in unipolar and bipolar depression in a RCT. In administer-
ing tDCS on consecutive weekdays from 4 to 8 weeks at 2.5 mA and
30min per session, tDCSwas applied at doses greater than any previous
trial. This dosewas adapted fromprior RCTs [27] but this trial did not in-
clude a dose response component. Although there are currently no de-
finitive optimal parameters for tDCS nor any conclusive findings that
applying higher doses will have greater therapeutic effects, there is pre-
liminary evidence nonetheless that increasing the frequency, duration
and/or current intensity of tDCS may confer greater efficacy. For exam-
ple, Loo and colleagues increased tDCS parameters of 1 mA given for
20 min every second day for 5 sessions in one study [28] to 2 mA tDCS
for 20 min for 15 sessions on consecutive weekdays [27] and found sig-
nificantly greater improvement in depressive symptoms in participants
who received active tDCS compared to thosewho received sham only in
the latter study. In addition, results from a recent meta-analysis
suggested that higher tDCS dosesmay result in improved efficacy [9], al-
though the investigators were unable to specify whether a combination
of parameters (e.g., session duration, number of sessions, current inten-
sity, current density) or only a subset of parameters were the primary
determinants of efficacy.

Being the first comprehensive trial of tDCS for bipolar depression,
this study will also provide the strongest evidence to date as to the effi-
cacy and safety of tDCS in treating bipolar depression. As noted earlier,
there is preliminary evidence from a meta-analysis of RCTs that tDCS
may be more effective for bipolar depression compared to unipolar de-
pression [9]. In addition, available data from an open label study also
suggests that tDCS may be at least as effective in bipolar depression as
it is in unipolar depression [8]. Brunoni et al. [8] analysed the results
of 14 participants with bipolar depression compared to 17 participants
with unipolar depression in an open-label trial that comprised 10
tDCS sessions (2 mA for 20 min) administered twice daily over 5 con-
secutive days. Both groups improved significantly over the 5 days of
treatment but the bipolar cohort showed greater durability of treatment
response at 1 month follow-up with mean reduction in depression
scores from baseline being 5% for the unipolar group and 50% for the bi-
polar group. Similarly, though not formally analysed due to a small
sample size, Loo et al. [27] found that 4 of 6 bipolar participants, who
completed 3–6 weeks of active tDCS, met the criterion for antidepres-
sant response. In participants, who received 6 weeks of active tDCS,
the mean improvement in depression scores was 60% for the bipolar
group (N=4) and 48% for the unipolar group (N=23). At 1month fol-
low-up of the same participants, 50% (2 of 4) of bipolar and 39% (9 of
23) of unipolar participants were responders.

If such results were to be confirmed in the current study, tDCS may
offer a major development in treating a patient population that suffers
higher rates of psychomotor retardation, greater cognitive difficulties,
stronger melancholic symptoms (specifically, greater early morning
awakening, greater diurnal variation with morning worsening of
mood) and higher frequency of psychotic symptoms compared to uni-
polar depression [31]. Though considered a safe and well tolerated pro-
cedure given all current available data, firmer evidence is warranted to
assess the risk of inducingmanic/hypomanic symptomswith tDCS. Case
reports of participants in tDCS studies becoming hypomanic despite
being on mood stabiliser medication have been reported [20]. While
the hypomanic symptoms resolvedwithin a few days of tDCS cessation,
further research is needed as to what extra precautions are needed for
bipolar patients and whether any unanticipated safety risks may arise.

In terms of safety considerations, the inclusion of a targeted neuro-
psychological battery has allowed for evaluation of safety at the higher
tDCS ‘dose’ used in the trial and also enabled investigation of potential
cumulative cognitive benefits (e.g., enhanced processing speed) from
treatment. No studies to date have reported any major adverse cogni-
tive effects with tDCS. In fact, there is increasing research interest in
the potential for cognitive enhancement using tDCS [4,21,53]. Transient
cognitive enhancing effects of a single session of tDCS have been shown
in multiple studies conducted in healthy participants [13], with similar
cognitive enhancing effects on frontal ‘executive’ functions observed
in depressed patients [27,33] and in euthymic patients with bipolar dis-
order [29]. Cumulative cognitive enhancement effects following repeat-
ed treatments in executive functions have also been reported in smaller
studies conducted in depressed patients [19] and patients with schizo-
phrenia [52]. However, such findings of improved performance have
yet to be replicated in larger controlled trials in depressed samples
[11,27].

A secondary but potentially significant issue with regard to any
therapeutic application is the determination of individual predictors of
response. There is preliminary evidence for a possible influence of
brain-derived neurotrophic factor (BDNF) – a nerve growth factor that
promotes the growth and survival of neurons – on the effectiveness of
tDCS [3,17]. Although the exact mechanisms of action are yet to be
completely understood, current evidence suggests that BDNF release as-
sociated with the Val66Met polymorphism results in better response to
tDCS compared to other brain stimulation techniques such as rTMS,
with Val66Met carriers showingmotor cortical excitability changes con-
gruent with anodal [3,17] and cathodal tDCS [3]. Moreover, Val66Met
carriers tended to showmore prolonged excitation responses following
anodal tDCS, lasting at least 60 min compared to 20 min for Val homo-
zygotes, and suppression after cathodal tDCS lasting 30 min compared
to 20 min for Val homozygotes [3]. However, these studies were con-
ducted with healthy samples and it remains to be seen whether such
an effect would translate to clinical response to tDCS.

To our knowledge, this study is one of the most methodologically
rigorous tDCS clinical trials and has the potential to provide definitive
data on tDCS as an antidepressant treatment. The triple-blinded design
with raters, participants and tDCS administrators all blinded to tDCS
condition in addition to blinding of the research staff member
conducting the primary statistical analysis will minimise the potential
for any bias or compromising of data. The sample size will equal that
of the largest tDCS trial conducted to date [11] but being an internation-
al 6-site multicentre study, will further test the efficacy of tDCS across a
broader sampling of participants thereby enhancing generalizability. If
found to be effective, results from this study will provide further

http://ClinicalTrials.gov
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impetus to the translation of tDCS into more widespread clinical use for
both unipolar and bipolar patients. tDCS offers a cost effective, well tol-
erated and relatively easy-to-operate non-invasive brain stimulation
treatment. Although there are established treatments for depression,
the large scale Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) trial conducted in a real-world setting found one-third of uni-
polar depressed patients remained depressed even after four trials of
antidepressantmedications [44,56]. Similarly, in the large scale System-
atic Treatment Enhancement Program for Bipolar Disorder (STEP-BD)
trial of bipolar depression, treatmentwith amood stabiliser led to treat-
ment response in approximately one-third of patients, with one quarter
attaining a durable recovery, but without additional benefit from ad-
junctive antidepressantmedication [46].While electroconvulsive thera-
py (ECT) stands as the most effective treatment for depression with
response rates of approximately 60–70% in depressed patients [22,39,
41,47], treatment uptake and adherence are constrained by concerns
over cognitive side effects, need for hospital visits, and a specialised
treatment unit for general anaesthesia and ECT. Further, seminal studies
show relapse rates of 84% after initial improvement with acute ECT
treatment although this was reduced to 60% relapse with continuation
medication [48] or continuation-ECT [26].

Thus, more treatment options are needed for both unipolar and
bipolar depression. Indeed, there is now rapidly growing interest in
developing self-operated, home-based tDCS devices that can further fa-
cilitate accessibility to tDCS treatment [12]. Such home-based treatment
provision is currently infeasiblewith other brain stimulation treatments
(e.g., rTMS). tDCS could therefore prove to be a useful antidepressant
neurostimulation addition to the neuropsychiatric armamentarium.
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