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Objective: Transcranial direct-current stimulation (tDCS), a relatively new neuromodulation
approach, provides some evidence of an antidepressant effect. This randomized, 4-week, double-
blind study with 8-week, open-label, follow-up compared the efficacy and tolerability of left anodal
tDCS with venlafaxine ER (VNF) in the treatment of depression and prevention of early relapse.
Methods: Subjects (n = 57) received tDCS (2 mA, 20 sessions, 30 mins) plus placebo (n =29)
or VNF plus sham tDCS (n = 28). Responders to both interventions entered the open-label
follow-up. The primary outcome was score change in the Montgomery—Asberg Depression
Rating Scale (MADRS) at week 4 of the study. Secondary outcomes were response, remission,
dropout rates and relapse rates within the follow-up.

The mean change in the MADRS score from baseline to week for patients treated with tDCS
was 7.69 (95% CI, 5.09-10.29) points and 9.64 (95% CI, 6.20-13.09) points for patients
from the VNF group, a nonsignificant difference (1.95, 95% CI —2.25-6.16; ¢ (55) = 0.93,
p= 0.36, Cohen’s d = 0.24). There were no significant between-group differences in the
MADRS scores from baseline to endpoint (intention-to-treat analysis). The response/remis-
sion rate for tDCS (24%/17%) and VNF (43%/32%) as well as the dropout rate (tDCS/VNF;
6/6) did not differ significantly between groups. In the follow-up, relapse (tDCS/VNF; 1/2)
and dropout (tDCS/VNF; 2/3) rates were low and comparable.

Limitations: A relatively small sample size and short duration of the antidepressant treatment;
no placebo arm.

Conclusion: Overall, this study found a similar efficacy of tDCS and VNF in the acute
treatment of depression and prevention of early relapse. The real clinical usefulness of tDCS
and its optimal parameters in the treatment of depression should be further validated.
Keywords: transcranial direct-current stimulation, tDCS, depression, venlafaxine ER,

treatment

Background

Major depressive disorder (MDD) is a common, prevalent, recurrent and frequent
chronic disorder associated with a high risk of mortality, morbidity and disease burden.'~
Despite adequate treatment, a large proportion of patients (>30%) have not achieved a
significant clinical benefit.® Noninvasive brain stimulation techniques (repetitive tran-
scranial magnetic stimulation [rTMS], theta-burst stimulation and transcranial direct-
current stimulation [tDCS]) emerged as alternative strategies based on knowledge about
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specific brain areas engaged in the pathophysiology of MDD.
tDCS involves the application of a low-amplitude electrical
direct current (1-2.5 mA) through two surface scalp electrodes
(anode and cathode) to superficial areas of the brain.* The
putative therapeutic effect of tDCS in MDD is hypothesized to
be based on the modulation of dysregulated cortical activity
(hypoactivity of the left dorsolateral prefrontal cortex (DLPC),
hyperactivity of right DLPC), connectivity and excitability
that has been linked with amelioration of negatively biased
information processing.” The area under the anode is depolar-
ized and the region under the cathode is hyperpolarized, lead-
ing to polarity-dependent changes on cortical excitability.®
Compared to rTMS, TDCS provides less focal stimulation of
larger regions between the anode and the cathode; tDCS with
the anode positioned over the left DLPC (placed on the F3
electrode in 1020 International System) leads to the modula-
tion of large-scale resting-state network connectivity.>’

The antidepressant efficacy of tDCS has been assessed
in various meta-analyses since 2011. More recent meta-
analyses detected the superiority of active tDCS compared
to the sham stimulation.®'°

Several studies have focused on evaluating the efficacy
of active and sham tDCS, whereas only a few trials have
addressed the efficacy of tDCS compared to antidepres-
sants (ADs); however, all of the studies used a selective
serotonin reuptake inhibitor (SSRI; fluoxetine, sertraline,
escitalopram) as a comparator.''

The antidepressive effect of both fluoxetine and sertraline
was comparable to the antidepressive effect of tDCS, while
escitalopram was associated with a better outcome.''

To date, there are only few open-label, uncontrolled
studies examining the efficacy of tDCS for the continua-
tion treatment of MDD.'*">

This double-blind, randomized study with open-label
follow-up was designed to compare the efficacy and toler-
ability of tDCS and venlafaxine ER (VNF) in the acute
treatment and prevention of early relapse. The primary out-
come was changes in the conventional rating scale at the end
of the double-blind phase. We also investigated the effects of
tDCS versus VNF over time, assessed tolerability of both
interventions and evaluated the relapse rate in the follow-up.

Materials And Methods

Study Design

The trial was conducted at the National Institute of Mental
Health Czech Republic (NIMH-CZ) in Klecany, with a
recruitment period from October 2015 through March

2019. The NIMH-CZ Institutional Review Board reviewed
and approved the study, and a written informed consent to
participate in the research was obtained from all subjects.
This clinical trial (EudraCT number 2015-001639-19;
Database
Medicines Agency) was regulated by the State Institute
for Drug Control of Czech Republic (SUKL), and the
study was also registered in the International Standard
Randomized Controlled Trials Number (ISRCTN;
ISRCTN93220632) registry. The design adhered to the
latest version of the Declaration of Helsinki and ICH/

European Clinical Trials of  European

Good Clinical Practice guidelines. This single-center
study comprised two phases: the first was a 4-week, two-
arm double-blind, randomized trial. Following an initial
washout period (2—7 days), recruited subjects were ran-
domly allocated, according to a permuted block design
with a fixed block size 4, in a 1:1 ratio (no stratification)
to either tDCS + placebo group or VNF + sham tDCS. The
second phase was an 8-week, open-label, follow-up in
which responders to both interventions from the double-
blind study continued to receive VNF or tDCS (performed
once a week).

Subjects

We recruited patients with the diagnosis of MDD (recur-
rent or single episode) without psychotic symptoms
according to DSM IV TR criteria, confirmed using The
Mini — International Neuropsychiatric Interview — M.L.N.
I., Czech version 5.0.0.'%!” All patients were hospitalized
in the open ward of NIMH-CZ during the double-blind
period of the study. They were admitted by referral from a
number of outpatient clinics and psychiatric hospitals in
the Czech Republic due to an unsatisfactory response to
previous treatment. The study was advertised on the web-
site of NIMH-CZ. Subjects fulfilled at least Stage I criteria
for resistant depression (>1 adequate antidepressant treat-
ment in the current episode) according to Thase and
Rush.'® The evaluation of the adequacy of the previous
medication in the index episode was based on the
Antidepressant Treatment History Form (ATHF) with a
score of at least 3."

We included right-handed subjects, 18 to 64 years old,
who reached a total score of at least 25 in the Montgomery—
Asberg Depression Rating Scale (MADRS)*” and >4 points
in the Clinical Global Impression (CGI).?! The exclusion
criteria were psychiatric comorbidity on axis I (including
anxiety disorders) and II (DSM IV TR), history of psychotic
and bipolar disorders, pregnancy or breastfeeding, serious
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unstable medical illness, unsuccessful treatment with VNF
or tDCS in the current episode, contraindications of tDCS
(e.g., metal in cranium, skull defects and skin lesions on the
scalp) and neurologic disorders (epilepsy, brain injury and
risk of seizure). The standard physical examination, medical
history evaluation, psychiatric examination and biochemis-
try were performed to exclude risks and somatic or psy-
chiatric comorbidities. Finally, previous fluoxetine
treatment before the enrollment was the last exclusion cri-

terion due to its long biological half-life.

Study Treatment

TDCS Group (TDCS + Placebo Capsules)
Stimulation was performed using an HDCkit (Newronika s.r.1.,
Italy distributed by Magstim) that is a modular tDCS Kkit,
consisting of a stimulator (HDCstim), a programmer
(HDCprog) and a set of electrodes (HDCel). The anode and
the cathode electrodes (5x5 cm) were placed over the left and
right DLPC (corresponding to F3 and F4 areas according to
International 10-20 electroencephalographic system). tDCS
was administered for 30 mins per session at 2.0 mA. The first
20 sessions (4-week, double-blind phase) were applied for 20
consecutive workdays (double-blind phase of the study), and
the remaining 8 sessions (open-label, follow-up for respon-
ders), with unchanged parameters, were applied once a week
until week 12. Placebo capsules were administered using the
same schedule as VNF (see below).

VNF Group (Venlafaxine ER + Placebo Stimulation)
Patients assigned to the VNF group took a dose of at least
150 mg per day of VNF from the second week of the
study. The dose could be increased by 75 mg, every 5
days, to a maximal dose of 375 mg per day according to
the clinical judgment of the attending physician. The dose
could be decreased to 150 mg per day for safety and
tolerability reasons. Patients who did not tolerate at least
150 mg of VNF per day were excluded from the study.
The drug was dispensed in capsules identical to the pla-
cebo. For sham (placebo) tDCS, the same protocol was
used as that used for active stimulation, but the device was
automatically turned off after 60 s to mimic the typical
initial sensation of tDCS.?* Responders were maintained
on the efficient dose of VNF in a non-blind manner for an
additional 8 weeks of follow-up.

Concomitant Treatment
The only concomitant treatments allowed were hydroxyzine
(up to 100 mg per day) for anxiety and zolpidem (up to 10

mg) for insomnia. The continuation of benzodiazepine was
allowed in an unchanged dosage in patients who used this
medication before the study.

Clinical Assessment

Assessments were performed by experienced clinical psy-
chiatrists (M.B., T.N. and M.H.) before the washout per-
iod, at baseline, and at weekly intervals to week 4 and then
at the 2-week interval up to week 12 (the end of open-
label, follow-up). Raters were trained in the criterion of
intraclass correlation >0.80 for each clinician prior to
conducting ratings.>

The depressive symptoms and overall clinical status
were evaluated using MADRS, CGI, Beck Depression
Inventory—Short Form (BDI-SF)** and Quick Inventory
of Depressive Symptoms—Self-Rated (QIDS-SR).*> To
assess the safety and side effects of both interventions,
we questioned patients about adverse events and applied
the tDCS Adverse Effects Questionnaire proposed by
Brunoni in both treatment groups in the double-blind
study.'>** This questionnaire evaluates the intensity of
the potential of side effects of tDCS and their relationship
to the treatment. We reported all data from the question-
naire that were considered by the patients to be at least
moderate intensive, regardless of group assignment.

At the completion of the double-blind phase of the
study or at a time of premature discontinuation, patients
were asked whether they thought they had received tDCS
or VNF to assess the integrity of trial-group blinding.

The primary endpoint was a change in the MADRS
score from baseline to week 4. Secondary outcomes were
response to treatment (>50% reduction of MADRS total
score at week four), remission (MADRS total score <10
points), the scores on the BDI-SF, CGI, QIDS-SR and
dropout rates for any reason as well as relapse rates
(MADRS total score >20 points in combination with a
score of 4 or more points in the CGI at the time of
follow-up visits or a change of antidepressant treatment
due to substantial worsening of clinical status) within the
follow-up.

Efficacy analyses of the double-blind phase of the
study were performed in the intention-to-treat (ITT) (all
randomized patients who received at least one dose or
stimulation of allocated treatment) and per-protocol (PP)
(subset of patients who completed the treatment originally
allocated) populations. Safety analyses were carried-out on
the ITT dataset.

Neuropsychiatric Disease and Treatment 2019:15
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Statistical Analysis

To compare responders and nonresponders in baseline
demographic and clinical data, we used the unpaired
t-test, Mann—Whitney U-test and Fisher's exact test, as
appropriate.

The primary efficacy measure (change of total
MADRS score at week 4) analysis was based on ITT
data, with the last observation carried forward (LOCF)
method using the unpaired #-test with Welch correction.
The relative efficacy of both treatment groups was calcu-
lated as an effect size (Cohen’s d) from the difference in
reduction in rating scale scores (initial minus final mean
score) divided by the pooled final standard deviation.

MADRS, BDI-SF and QIDS-SR scores in both groups
were tested using a repeated measure of ANOVA with the
Greenhouse-Geisser adjustment and Fisher's LSD post hoc
tests. The frequency of responders (>50% reduction in
MADRS score), remitters (MADRS score<10 points),
adverse effects, dropouts and relapses (in open-label
phase of the study) in both groups were compared using
Fisher's exact test.

In addition, the number needed to treat (NNT) to obtain
one responder to VNF was calculated for VNF versus
tDCS groups over the 4-week treatment (ITT, completers).

An exact significance level of 0.05 was adopted. The
analyses were performed using SPSS version 23, MedCalc
Software version 17.8.6 and Statistica version 9.1.

The sample size was based on the primary outcome in
the double-blind phase of the study (change of MADRS
total score over week 4). A power analysis indicated that a
total sample size of 52 subjects would be sufficient to
detect an effect size of 0.8 (unpaired t-test), with 81%
power at a 5% level of statistical significance.

Results

Patient Characteristics

Double-Blind Phase

Altogether, 323 subjects that were hospitalized at the 2™
Inpatient Ward: Mood Disorders of NIMH-CZ, from
October 2015 to March 2019, were assessed for eligibility
and 57 were randomly assigned to the treatment with tDCS
(n =29) or VNF (n = 28) — see Figure 1. The discontinua-
tion rate was not statistically different between the treatment
groups (tDCS 6/29 (21%), VNF 6/28 (21%), p = 1.0) and
45 patients (79% ITT sample) completed the entire double-
blind protocol. The ITT groups were similar in baseline
clinical and demographic characteristics — see Table 1.

The average number of previous unsuccessful antidepres-
sant treatments of index episode was 1.5 (min-max range,
1-4) in the entire sample. The average final dose of VNF
was 220 mg per day (min-max range, 150-300 mg).

Open-Label, Follow-Up Phase

Nineteen patients (responders to both interventions, tDCS:
n = 7, 24%; VNF: n = 12, 43%) entered the open-label
phase of the study. Five of them dropped out (tDCS: n = 2;
VNF: n = 3). Two subjects from the tDCS group dropped
out; the first of them relapsed and the second one switched
to hypomania. Two patients from the VNF group were
excluded from the study due to relapse and the third one
withdrew consent due to personal reasons. Fourteen sub-
jects (25% of randomized subjects) completed the entire
trial (double-blind and open-label phases) — see Figure 1.

Efficacy And Safety Measures

Double-Blind Phase

Fifty-seven subjects (36 females and 21 males, mean age
45.6 £ 12.3) were included in the efficacy analyses (ITT)
(VNF: n = 28; tDCS: n = 29). The mean change in the total
MADRS score from baseline to week 4 for patients treated
with tDCS was 7.69 (95% CI, 5.09-10.29) points and 9.64
(95% CI, 6.20-13.09) points for patients from the VNF
group, with nonsignificant difference between groups
(1.95, 95% CI —2.25-6.16; t (55) = 0.93, p = 0.36,
Cohen’s d = 0.24). There was no significant difference
between treatment groups in the MADRS scores (time x
group interaction, F(4,220) = 2.23, p = 0.07) during the
study — see Figure 2 and Table 2. Post hoc tests revealed
differences in the MADRS score comparing baseline in
both groups from week 1 to the end of the study. The PP
analyses revealed effect of time (F(4,172) = 47.15,
p<0.001) and time x group interaction (F (4,172) = 3.76,
p = 0.006), but the post hoc test did not prove intergroup
differences in any visit.

We also did not find any between-group differences in
the other rating scales (CGI: F(4,220) = 1.43, p = 0.23;
QIDS-SR: F(4,220) = 0.99, p = 0.41; BDI-SF: F(4,220) =
1.11, p = 0.35). Both treatment groups experienced a
significant reduction in CGI, QIDS SR and BDI-SF scores
(for numerical details see Table 2).

The clinical response and remission rates between
tDCS and VNF groups were not different in the ITT or
PP analyses. The numerical details and NNT for response
to VNF compared to tDCS are displayed in Table 3.
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[ Enroliment J

Assessed for eligibility (n=323)

Excluded (n=266)

L 5 + Not meeting inclusion criteria (n=260)
+ Declined to participate (n=62)

+ Other reasons (n=4)

Randomized (n=57)

l [ AIIo:ation ) l

Allocated to tDCS (n=29) Allocated to VNF (n=28)
+ Received allocated intervention (n=29) + Received allocated intervention (n=28)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)

( Follow-Up ]

+ Lost to follow-up (n=0) + Lost to follow-up (n=0)
+ Discontinued intervention (n=6): switch + Discontinued intervention (n=6): symptoms
to hypomania (n=1); symptoms worsened (n=4), worsened (n=4); patient's decision (n=2)

decline to participate (n=1)
Entered open-label phase (n=12)

Entered open-label phase (n=7) + Lost to follow-up (n=0)
+ Lost to follow-up (n=0) + Discontinued open-label phase (n=3):
+ Discontinued open-label phase (n=2): switch relapsed (n=2); patient’s decision (n=1)

to hypomania (n=1); relapsed (n=1)

l [ anaysis l

Analysed ITT (n=29) Analysed ITT (n=28)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure | CONSORT flowchart.
Abbreviations: DB, double-blind; ITT, intention-to-treat; tDCS, transcranial direct-current stimulation; VNF; venlafaxine.

The final doses of venlafaxine (ITT) in responders (200  were not significantly different (t (26) = 1.47, p = 0.17).
+ 48.85 mg) and nonresponders (234.38.4 + 71.81 mg) The number of subjects who took benzodiazepines
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Table | Baseline Demographic And Clinical Characteristics Of Patients (Intention-To-Treat Sample)

tDCS (n = 29) VNF (n = 28) p Value
Age (years) 46.6 £ 13.0 446 £ 11.7 0.41°
Sex (F:M) 17:12 19:9 0.59°
lliness duration (month) 82.9 + 90.9 983 + 834 0.517
Number of previous episodes 1.6 £ 1.8 2118 0.47¢
Duration of index episode before enroliment (weeks) 29.5 + 238 324 +274 0.68°
Number of previous adequate treatment trials of index episode 1.+0.7 1.6 £ 0.8 0.7¢
Baseline MADRS score 277 +28 283 +33 0.49°
Baseline BDI-SF score 18.6 + 6.4 192 £ 6.9 0.72*
Baseline CGl score 43104 43 %05 0.57%
Baseline QIDS-SR score 17.1 £ 8.0 164 £ 5.0 0.67%
Last treatment before AD+AP2: 5 AD+AP2: 5 NA
the enrollment CAD: 10 CAD: 9

NDRI: 2 NaSSA: |

RIMA: | RIMA: |

SARI: | SARI: |

SSRI: 9 SSRI:1 |

vortioxetine: |
Treatment resistance® I I 1.00°
Number of subjects taking benzodiazepines at baseline® 7 5 0.53°

Notes: Values are mean  SD or number of subjects. *unpaired t-test, *Fisher’s exact test, ‘Mann-Whitney U-test,"22 adequate antidepressant trials, *unchanged dose during the study.
Abbreviations: AD+AP2, combination of antidepressant and antipsychotic of the second generation; BDI-SF, Beck Depression Inventory-Short Form; CAD, combination of
antidepressants; CGl, Clinical Global Impression; MADRS, Montgomery and Asberg Depression Rating Scale; NA, not applicable; NaSSA, noradrenergic and specific
serotonergic antidepressant; NDRI, norepinephrine and dopamine reuptake inhibitor; QIDS-SR, Quick Inventory of Depressive Symptomatology Self-Report; RIMA,
reversible inhibitor of monoaminoxidase; SARI, serotonin antagonist and reuptake inhibitor; SSRI, serotonin reuptake inhibitors; tDCS, transcranial direct-current

stimulation; VNF, venlafaxine.

30

28

26

24

22

Mean MADRS score

20

BAS W1 W2 w3 W4
Week of treatment

Figure 2 Change in mean MADRS scores between subjects treated with tDCS and
VNF (intention-to-treat sample, n=57).

Notes: Values are mean * SD.

Abbreviations: BAS, baseline; MADRS, Montgomery and Asberg Depression Rating
Scale; tDCS, transcranial direct-current stimulation; VNF, venlafaxine; W, week.

(unchanged dose in the study; see Table 1) or hydroxyzine
and zolpidem (at the end of the study), in both groups, also
did not differ.

Generally, both treatments were well tolerated. There was
only one serious adverse event (switch to mania) that led to
readmission into the psychiatric department (first week of
tDCS treatment). Other reasons for treatment discontinuation
were worsening of clinical status and the patient’s decision to
not continue in the study. The discontinuation rate was not
different between groups (randomized sample: tDCS: n = 6
(21%); VNF: n = 6 (21%), p = 1.00) — see Figure 1.

The adverse event rate based on the tDCS Adverse
Effects Questionnaire (item 1-10) and clinical interview
is described in Table 4. The rate of individual adverse
events did not differ between groups, except neck pain
that was observed more frequently in the tDCS group (see
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Table 3 Response And Remission Rate In tDCS And Venlafaxine Groups In The Double-Blind Phase Of The Study (Intention-To-Treat

And Per Protocol Analyses)

Analysis tDCS VNF p Value® NNT®
Response rate (%) ITT 24 43 0.17 5

PP 30 55 0.14
Remission rate (%) ITT 17 32 0.23 6

PP 22 41 0.21

Notes: “Fisher's exact test, °For response/remission to VNF compared to tDCS.

Abbreviations: ITT, intention-to-treat; NNT, number needed to treat; PP, per protocol; tDCS, transcranial direct-current stimulation; VNF, venlafaxine.

Table 4 Summary Of Adverse Events In Double-Blind Phase Of
The Study

Adverse Events tDCS VNF p Value®
(n=29) | (n=28)
tDCS questionnaire®
Headache 10 (34%) | Il (39%) | 0.78
Neck pain 7 (24%) | (4%) 0.06
Scalp pain 5 (17%) 2 (7%) 0.42
Tingling 3 (10%) 3 (11%) 1.00
Itching 7 (24%) 3 (11%) 0.30
Burning sensations 5 (17%) 3 (11%) 1.00
Skin redness 9 31%) 5 (18%) 0.71
Sleepiness 19 (66%) | 17 (61%) | 0.79
Trouble concentrating 16 (55%) | 16 (27%) | 1.00
Acute mood change 16 (55%) | 13 (46%) | 0.60
Clinical interview
Anxiety® 15 (52%) | 15 (54%) | 1.00
Diarrhea 0 (0%) | (4%) 0.49
High systolic blood pressure 0 (0%) | (4%) 0.49
Hypomania (mania) I (3%) 0 (0%) 1.00
Insomnia? 12 (41%) | 12 (43%) | 1.00
Irritability I (3%) 0 (0%) 1.00
Skin lesion under stimulation I 3%) 0 (0%) 1.00
electrode
Sweating 0 (0%) | (4%) 0.49

Notes: Values are number of events (%). *Fisher's exact test, “adverse events with
more than mild intensity, “required concomitant treatment with hydroxyzine,
9required concomitant treatment with zolpidem.

Abbreviations: tDCS, transcranial direct-current stimulation; VNF, venlafaxine.

Table 4). The most frequent events in both groups were
sleepiness, trouble concentrating, headache, acute mood
change, anxiety and insomnia (the latter two items from
clinical interviews).

Follow-Up Phase Of The Study

Nineteen responders (tDCS: n=7, VNF: n = 12) entered the
follow-up, open-label study. There was no difference
between groups in the number of dropout patients (tDCS:

n=2,29%, VNF: n =3, 25%, p =1.00) or relapses (tDCS:
n=1; VNF: n=2, p = 1.00).

Integrity Of Blinding

The proportions of patients in each group that guessed the
type of treatment (tDCS 55%, VNF 46%) when they were
asked at the end of the study or at the time of premature
discontinuation were not significantly different (p = 0.60).
The Fisher's exact test and unpaired #-test, which were
used to assess differences between the response rates and
changes in the MADRS score and guesses of treatment
allocation, did not find significant differences between the
groups (ITT sample, p = 1.0 and 0.79, respectively).

Discussion

Overall, in this single-center, randomized, double-blind
that
patients suffering from MDD, anodal tDCS over left
DPLC did not differ from VNF in terms of efficacy,
safety, tolerability or ability to prevent early relapse.

study with an open-label follow-up involved

The ITT and PP analyses provided the same pattern of
results. Both treatment modalities achieved statistically
significant changes (reduction) in depressive symptoms
at the endpoint. Although statistical differences between
the tDCS group and the VNF group in terms of
response/remission rate were not demonstrated, the
VNF group achieved a numerically higher proportion
of positive outcomes. Both interventions were generally
well tolerated and acceptable to patients. Except for the
two patients who were excluded from the study due to
treatment-related hypomania (tDCS group; one in the
double-blind phase and a second one in the follow-up),
no patient dropped due to side effects of the applied
interventions. The treatment-emergent hypomania/mania
during the tDCS treatment is considered a possible,
infrequent side effect (3.5%).**° According to our
knowledge, the present study is the first one to compare
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tDCS in the treatment of MDD to another antidepressant
other than SSRI. Moreover, the inpatient status of parti-
cipants in this acute, double-blind phase of the project
allowed precise control of the treatment regimen.

The different stimulation parameters (duration of ses-
sions, the cathode placement and number of stimulations)
make the comparison of our findings with other studies
evaluating the efficacy and safety of ADs and tDCS
difficult.'""

Rigonatti’s study (n = 42) compared tDCS (2 mA of
intensity for 20 mins for 10 days, anodal electrode on the
left DLPC and cathode electrode on the contralateral
supraorbital area) to sham tDCS and fluoxetine (20 mg
per day)."® After 6 weeks, depression reduction (BDI) was
in both of the
Interestingly, no boosted sessions were used after 2

similar active treatment groups.
weeks of treatment, and only a minor fluctuation of
depressive symptoms was detected in the tDCS group
between the second and sixth weeks of the study.

Brunoni’s 6-week, double-blind study (n = 120)
assessed the efficacy of tDCS (2 mA of intensity for 30
mins, 12 applications (10 stimulations in 2 weeks + 2
additional (boosted) sessions every other week, the anode
positioned on left DLPC and the cathode on right DLPC) +
placebo, sertraline (50 mg per day) + shame stimulation,
placebo + sham stimulation, and sertraline + tDCS
(SELECT TDCS)."? The combined treatment differed sig-
nificantly from placebo, tDCS and sertraline. No differ-
ence was observed between tDCS and sertraline (mean
difference 2.6 points) and sertraline did not reach statisti-
cal significance compared to placebo. Also, the response
rate did not differ between sertraline and tDCS.

The recent double-blind, placebo-controlled study
(n = 245) comparing tDCS (2 mA, 15 sessions applied on
workdays, subsequent 7 sessions took place weekly) + placebo
to escitalopram (up to 20 mg per day) + sham stimulation, and
placebo + sham stimulation failed to show noninferiority of
tDCS to escitalopram over a 10-week period (ELECT-
TDCS)."" Escitalopram was superior to tDCS (mean differ-
ence of 2.3 points in Hamilton depressive rating scale’’).
However, the rates of response/remission to tDCS and escita-
lopram were not significantly different.

All three studies considered tDCS as a safe and well-
tolerated method.

Similar to the studies with fluoxetine and sertraline,'>">
we did not find differences in the reduction of depressive
symptoms between tDCS and ADs at the end of the study.

The mean difference of change in the MADRS score between

treatment groups in our study was numerically lower than in
Brunoni’s studies (sertraline, escitalopram).'’*'

None of the studies demonstrated differences between
tDCS and ADs in the secondary outcome measures
(response/remission rate). Scrutinizing their results, we
found a lower response/remission rate of tDCS in our
study compared to Brunoni’s study (there was no mention
study). VNF

achieved results similar to sertraline and escitalopram.

of qualitative outcome in Rigonatti’s

As the position and optimal protocol for tDCS-treat-
ment of MDD were not clearly established at the time of
the designing the study, we used identical stimulation
parameters (electrode size and placement and current
strength) as SELECT-TDCS'? —
number of stimulations that were in line with the recom-

with a higher overall

mendation that the European expert group has proposed
for tDCS use in patients without treatment resistance (>10
sessions, 20-30 mins, the anode over left DLPC and the
cathode over right supraorbital region).”® There are only
limited data on continuation treatment with tDCS or ADs
after the series of stimulations.'*'> There is no study that
compares the efficacy of AD and tDCS in the continuation
or maintenance treatment of MDD after successful tDCS
intervention in the acute phase of MDD.

There are several caveats to our findings. First, the
4-week treatment period might be too short to assess the
clinical response to VNF, as well as tDCS. We cannot
exclude the possibility of a further clinical response to
VNF emerging during longer treatment. However, a
4-week period is repeatedly used as the cutoff for an
adequate antidepressant trial (ATHF).?” The recent treat-
ment guidelines for MDD proposed a 4-week period as a
point of decision on treatment changes.***' Results from
older trials suggest that VNF may have an early onset of
action and demonstrate substantial improvement in depres-
sive symptomatology after 4 weeks of treatment.>>* It is
assumed that the longer and more intensive tDCS trial
(number of stimulations, current intensity, etc.) would
lead to a better antidepressant effect.’*> The most recent
projects have been designed for a 6- or 10-week active
treatment period (including a 2- or 7-week extension, with
tDCS applied once a week).>*%7

Nevertheless, 22 stimulations applied in the ELECT-
TDCS study achieved a similar response rate or reduction
of depressive symptoms as 12 stimulations in a previous
study (SELECT-TDCS)."""!?

The second limitation of this study is a relatively small
sample size that was calculated for continuous variables
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and clinically meaningful interest. However, we only
found a small-sized between-group difference in the
MADRS score change (Cohen’s d = 0.24) at the end of
the study and only approaching the minimal clinically
important difference of MADRS (2 points).*® There was
a high numerical difference between tDCS and VNF in the
response/remission rate, and the NNT for response to VNF
compared to tDCS achieved a range of clinical signifi-
cance; therefore, we cannot exclude type Il error. The
analyses of categorical outcomes might have been
underpowered.

A third possible limit is the lack of the placebo control
arm, as both treatments have been previously reported to
+89 and the Institutional

Review Board of NIMH-CZ would not have approved a

be more effective than placebo,

placebo-controlled project in the treatment of resistant
patients.

Fourth, due to the double-blind assignment of the
study, we applied a tool for assessment of adverse events
that is more appropriate for tDCS. It only partially covered
the side effects of AD.

Finally, the inpatient status allowed us to control the
treatment regimen, decrease the potential risk of self-
injury and facilitate the smooth running of the double-
blind phase of the study but might influence the treatment
outcome because of higher expectation bias. Hence, the
generalizability of our findings to the outpatient population
should be interpreted with caution.

The most important and lasting task for future research will
be to get unequivocal data and evidence for the acute and long-
term efficacy of tDCS in larger studies.® Above all, it is
necessary to compare different types of treatment protocols
in acute and continuation treatments (e.g., number of sessions,
electrode size, influence of antidepressant co-medication etc.),
to evaluate the efficacy of tDCS in the augmentation of various
ADs, as well as to find a way to optimize treatment outcomes
in resistant patients. The promising step might be the applica-
tion of the high-definition tDCS (HD-tDCS), using an array of
small electrodes (as small as those for electroencephalogram),
which has been investigated in the context of better spatial
resolution, increasing the focality.*

Similar to other antidepressant methods, there is also a
clear clinical need to identify subjects that could have
maximal benefit from tDCS — find predictors of treatment
outcome.*® We hope that subsequent analyses of the study
results focused on biomarkers of response (QEEG,
rsfMRI) might be a part of this effort.

Based on our results, with the foregoing limitations, we
presume that antidepressant treatments would be preferred
over tDCS.

Conclusion

Overall, this study found similar efficacy and tolerability
of both treatment modalities. The real clinical usefulness
of tDCS monotherapy and its optimal parameters in the
treatment of depression should be further validated.
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