
O R I G I N A L  R E S E A R C H

Neurostimulation Methods in the Treatment of 
Depression: A Comparison of rTMS, tDCS, and 
Venlafaxine Using a Pooled Analysis of Two Studies

Martin Hejzlar 1,2 

Tomas Novak 1,2 

Martin Bares 1,2

1NIMH Clinical Center, National Institute 
of Mental Health Czech Republic, 
Klecany, Czech Republic; 2Department of 
Psychiatry and Medical Psychology, Third 
Medical Faculty, Charles University, 
Prague, Czech Republic 

Background: There are no head-to-head studies comparing the antidepressant effect of 
transcranial direct current stimulation (tDCS) with repetitive transcranial magnetic stimula-
tion (rTMS). This pooled analysis compared indirectly the antidepressant efficacy and 
acceptability of rTMS, tDCS, and the antidepressant venlafaxine (VNF) extended-release.
Methods: The analysis (n=117, both patients with treatment-resistant depression (TRD) and 
non-TRD were included) examined pooled data from two 4-week, single-centered, two- 
armed, double-blind, randomized studies (EUDRACT n. 2005-000826-22 and EUDRACT 
n. 2015-001639-19). The antidepressant efficacy of right-sided low-frequency rTMS (n=29) 
vs VNF (n=31) and left-sided anodal tDCS (n=29) vs VNF (n=28) was evaluated. The 
primary outcome was a change in the Montgomery–Åsberg Depression Rating Scale 
(MADRS) score from baseline to the treatment endpoint at week 4. The response was 
defined as a ≥50% reduction in the MADRS score and remission as the MADRS score 
≤10 points, both were calculated for the primary treatment endpoint at week 4.
Results: Mean change in total MADRS scores from baseline to week 4 was 7.0 (95% CI, 
4.8–9.1) points in the rTMS group, 7.6 (95% CI, 5.5–9.8) in the tDCS group, and 8.9 (95% 
CI, 7.4–10.4) among patients in the VNF group, a non-significant difference (F(2111)=0.62, 
p=0.54). Similarly, neither the response rates nor remission rates for rTMS (response 31%; 
remission 17%), tDCS (24%, 17%), or VNF (41%; 27%) significantly differed among 
treatment groups (χ2=2.59, p=0.28; χ2=1.66, p=0.44). Twenty patients (17%) dropped out 
of the studies in a similar proportion across groups (rTMS 3/29, tDCS 6/29, VNF 11/59, 
χ2=1.41, p=0.52).
Conclusion: Our current analysis found a comparable efficacy and acceptability in all three 
treatment modalities (rTMS, tDCS, and VNF) and clinical relevance for the acute treatment 
of major depressive disorder.
Keywords: repetitive transcranial magnetic stimulation, rTMS, transcranial direct-current 
stimulation, tDCS, venlafaxine, major depressive disorder, MDD, treatment, efficacy

Introduction
Major depressive disorder (MDD) is a severe mood disorder often associated with 
a poor response and recurrent course. Available treatments – pharmacological and 
non-pharmacological – are continually under investigation, because MDD is one of 
the leading causes of disability. It also presents a significant economic burden 
globally.1 According to a recent meta-analysis of the efficacy of antidepressants 
(ADs), all the ADs analyzed (k=21) were more efficacious than placebo.2 The 
effectiveness of ADs in MDD treatment – shown by the number needed to treat 
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(NNT) compared to placebo – reached NNT=5.4 for 
response and NNT=7.3 for remission.3 A new meta- 
analysis of various ADs used in primary care resulted in 
comparison via NNT of tricyclics (TCAs)=8.5, serotonin 
reuptake inhibitors (SSRIs) NNT=6.5, and venlafaxine 
(VNF) NNT=6.4 However, one-third of patients does not 
respond to the first AD treatment5 and potential undesired 
effects of ADs occur frequently.6 There is a clear clinical 
need for developing other AD treatments and strategies.7

During the past decades, non-invasive brain stimula-
tion (NIBS) methods such as repetitive transcranial mag-
netic stimulation (rTMS) and transcranial direct current 
stimulation (tDCS) have been increasingly used and exam-
ined. The efficacy of rTMS in the treatment of MDD has 
been supported by several meta-analyses.8,9 Low- 
frequency rTMS (LF rTMS, ≤1 Hz) over the right dorso-
lateral prefrontal cortex (DLPC) and high-frequency rTMS 
protocols (HF rTMS, ≥5 Hz) over the left DLPC are 
considered to be of similar effectiveness in the acute 
treatment of MDD.10,11 LF rTMS reached for both 
response and remission NNT=5.12 According to the 
updated Canadian Network for Mood and Anxiety 
Treatments (CANMAT 2016) clinical guidelines, rTMS 
was set as a first line neurostimulation treatment for 
patients after at least one AD had failed.13 The use of 
tDCS is a relatively new approach in the treatment of 
MDD. Older meta-analyses have demonstrated mixed 
results.14–16 The newer ones have shown the superiority 
of tDCS over sham stimulation, but the clinical usefulness 
of tDCS in the treatment of MDD remains 
questionable.17,18 A recent meta-analysis based on indivi-
dual patient data also confirmed that active tDCS was 
superior to sham stimulation both in response (NNT=9) 
and remission rates (NNT=13). The clinical effects of 
tDCS were described as moderate.19 According to the 
CANMAT guidelines, tDCS is recommended as a third 
line treatment for MDD.13

Research on the efficacy of rTMS and tDCS in the 
treatment of MDD is still in progress. No head-to-head 
study has compared the antidepressant effect of tDCS and 
rTMS. There is still a relative paucity of data on the 
comparison of rTMS and tDCS with each other. In our 
study, we display an analysis of our original data from two 
randomized controlled trials (RCTs) with almost identical 
designs comparing efficacy and tolerability of rTMS, 
tDCS, and venlafaxine.20,21 Both studies were carried out 
in one center, on the same department, and by almost the 
same research team.

Methods
Study Design
The analysis examined pooled data from the two trials 
mentioned above. Briefly, two 4-week, single-centered, 
two-armed, double-blind, randomized studies (EUDRACT 
n. 2005-000826-22 and EUDRACT n. 2015-001639-19) 
were conducted in Prague Psychiatric Centre (PCP)/ 
National Institute of Mental Health (NIMH-CZ), Czech 
Republic, between 2005–2009 and 2015–2019.20,21 The 
design of both studies adhered to the latest version of the 
Declaration of Helsinki and ICH/Good Clinical Practice 
guidelines, both trials were regulated by the State Institute 
for Drug Control of Czech Republic (SUKL). PCP 
Independent Ethics Committee (IEC) (for the first trial) 
and NIMH-CZ IEC (for the second trial) reviewed and 
approved the study and written consent to participate in 
the research was obtained from all subjects.

Subjects
The current pooled analysis comprised data from the 117 
patients who participated in both studies; 84 (72% of the 
sample) were women. The main inclusion criterion was 
the diagnosis of MDD (recurrent or single episodes) 
according to the Diagnostic and Statistical Manual of 
the American Psychiatric Association, 4th edition22 and 
the Mini-international neuropsychiatric interview 
(MINI), Czech version 5.0.0.23 Enrolled patients needed 
to have the baseline MADRS score >20 points in the 
rTMS study and >25 points in the tDCS study. As chosen 
MADRS scores respond to moderate depression (usual 
cutoff points are 20–34), the slightly higher score in 
the second trial could ensure more precise enrollment of 
moderately depressed patients to the study. Other inclu-
sion criteria were age (18-65 years), right-handedness, 
and no contraindications for tDCS/rTMS treatment. We 
recruited inpatients from the open ward of PCP/NIMH- 
CZ. Patients who had not responded to VNF in current or 
previous episodes were not enrolled in the trials. We 
excluded patients with suicidal risk, patients who suf-
fered from psychiatric comorbidity on axis I (including 
anxiety disorders), serious medical unstable illnesses, or 
neurological disorders (eg, epilepsy, brain injury, and risk 
of seizures). Pregnant and breastfeeding women were 
excluded from the study. The complete details on the 
inclusion and exclusion criteria are available in the ori-
ginal articles.
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Treatment Used in the Studies
The first trial evaluated the AD efficacy and acceptability 
of right-sided LF rTMS vs VNF. The second trial com-
pared left anodal tDCS vs VNF. Following the wash-out 
period (5–9 days in the rTMS study; 2–7 days in the tDCS 
study), inpatient participants were randomized either to the 
active rTMS/tDCS+placebo group or the VNF+sham 
rTMS/tDCS group. The subjects then received a 4-week 
treatment. In the first trial, we applied 20 sessions of rTMS 
(1Hz over the right DLPC, 600 pulses per session, 100% 
of motor threshold, once a day, n=29). In the second trial, 
the patients received 20 tDCS stimulation (2 mA, anodal 
stimulation over the left DLPC, cathode was placed over 
the right DLPC, 30 minutes, once a day, n=29). The 
locations of the anode and cathode placement corre-
sponded to F3 and F4 areas according to the 10–20 EEG 
coordinate system. Patients assigned to the VNF groups 
(n=59; rTMS study n=31; tDCS study n=28) started the 
study treatment with 75 mg of venlafaxine per day and 
took a dose of at least 150 mg per day of VNF from 
the second week of the treatment. Further dosage titration 
was scheduled according to the clinical decision of the 
attending physician. The daily dose of VNF could be 
increased by 75mg every 5 days to a maximum of 
375 mg of VNF per day. The dose could be decreased to 
150 mg per day due to safety and tolerability reasons. 
Patients who did not tolerate at least 150 mg of VNF 
per day were excluded from the study. The average final 
doses of VNF in both studies was 246 mg per day (min- 
max range, 150–375 mg). The application of sham stimu-
lations (tDCS, rTMS) and placebo capsules is described in 
detail in the original articles.20,21

Clinical Assessment
Assessments were performed by clinical psychiatrists 
before the wash-out period, at baseline, and weekly up to 
week 4. The raters were trained according to the criterion 
of intraclass correlation >0.80 for each clinician before 
conducting ratings. The primary endpoint was a change 
in the MADRS score from baseline to week 4.24 The 
secondary outcomes were as follows: a change in 
MADRS score on a visit-by-visit basis; response to treat-
ment (≥50% reduction of MADRS total score at week 
four); remission (MADRS total score ≤10 points); 
a change in Clinical Global Impressions Scale (CGI) 
scores; and a change in Beck Depression Inventory– 
Short Form (BDI-SF) scores at the end of the 

studies.25,26 Dropout rates for any reason were observed 
so that acceptability of the treatment approaches could be 
compared.

Statistical Analysis
All analyses were based on the intent-to-treat (ITT) popu-
lation, which consisted of all randomized patients. The 
VNF treatment arms from both trials were merged prior 
to analysis. For comparisons of baseline demographic and 
clinical variables between treatment groups, one-way ana-
lysis of variance, a Kruskal–Wallis test, or a chi-square test 
was used, as appropriate. The primary efficacy outcome 
measure (a MADRS score change from baseline to week 4 
with the last observation carried forward missing data 
imputation method) was assessed using an analysis of 
covariance (ANCOVA; type III sum of squares) with the 
treatment as a factor, and the baseline MADRS score as 
a covariate. Additional clinical characteristics (duration of 
MDD, number of episodes, duration of current episode, 
and number of adequate treatments in current episodes) 
were tested for collinearity before they were entered into 
the analysis. The least-squares means were used to com-
pare treatment groups, multiple comparisons were cor-
rected by Tukey–Kramer’s post hoc test, and Hedges’ 
g effect size with 95% confidence intervals was calculated. 
The continuous secondary outcomes (CGI, BDI) were 
compared in similar analyses of covariance, while visit- 
wise between-group differences were assessed by 
repeated-measures analysis of variance (RM ANOVA) 
with the Greenhouse–Geisser procedure to correct the 
degrees of freedom, followed by Tukey–Kramer’s pair-
wise post hoc testing if needed. Categorical secondary 
outcomes (response, remission, and drop-outs) were ana-
lyzed by the chi-square test. All statistical analyses were 
performed with Stata version 15.1 (StataCorp, 
Texas, USA).

Results
Patient Characteristics
A total of 117 participants (33 males and 84 females, mean 
age ± standard deviation (SD) was 45.3 ± 11.7 years) with 
MDD were included in the analysis (tDCS n=29, rTMS 
n=29, and VNF n=59). Patient flow and the reasons for 
discontinuation are presented by treatment group 
(CONSORT diagram) in Figure 1. Baseline demographic 
and clinical parameters of the studied population did not 
differ among groups (Table 1).
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Efficacy and Safety Measures
Primary Outcomes
The least squares (LS) mean reduction from baseline to 
week 4 in the MADRS total scores was 7.67 (95% CI 4.87 
to 10.47), 7.02 (4.22 to 9.82), and 8.85 (6.90 to 10.81) for 
tDCS, rTMS, and VNF (Table 2), respectively, resulting in 
non-significant differences between treatment groups 
(ANCOVA; F(2,111)=0.63, p=0.54; LS mean difference: 
tDCS vs rTMS: 0.65, 95% CI −3.27 to 4.57, p=0.94, 
Hedges’ g=0.09; tDCS vs VNF: −1.18, −4.57 to 2.21, 

p=0.77, g=−0.16; rTMS vs VNF: −1.83, −5.22 to 1.56, 
p=0.54, g=−0.24) (Table 3).

Secondary Outcomes
When analyzing the visit-by-visit change in MADRS 
scores, a nonsignificant between-group difference was 
revealed (RM ANOVA; visit: F(2.5,279.8)=27.3, 
p˂0.001; treatment: F(2,112)=0.08, p=0.93; treatment-by- 
visit interaction: F(5,279.8)=1.80, p=0.11) (Table 2). 
However, it is worth mentioning that while the MADRS 
score reduction in the VNF group was gradual across the 

Figure 1 CONSORT flowchart. 
Note: *Lost to follow-up – number of patients without full data set, eg, situation, when subject cannot be observed. 
Abbreviations: rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct current stimulation.
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study period, the majority of improvements in the rTMS 
and especially in the tDCS groups appeared within the first 
2 weeks (Figure 2).

Similarly, neither CGI score changes nor improve-
ments in self-assessment (BDI) indicated difference 
among groups (ANCOVA; CGI: F(2,111)=2.11, p=0.13; 
LS mean difference: tDCS vs rTMS: 1.1, 95% CI −0.6 to 
2.8, p=0.37; tDCS vs VNF: −0.1, −1.5 to 1.3, p>0.99; 
rTMS vs VNF: −1.2, −2.6 to 0.3, p=0.15; BDI: F(2,111) 
=2.33, p=0.10; tDCS vs rTMS: 3.0, 95% CI −1.0 to 7.0; 
p=0.23; tDCS vs VNF: 0.1, −3.4 to 3.6, p>0.99; rTMS vs 
VNF: −3.0, −6.5 to 0.5, p=0.14).

Response and remission rates did not differ significantly 
among treatment groups. In terms of response rates, tDCS 
reached 24%, rTMS 31%, and VNF 41% (χ2 =2.59, df=2, 
p=0.28), and remission was found in 17% patients with 
tDCS, 17% with rTMS, and 27% on VNF (χ2 =1.66, df=2, 
p=0.44) (Table 4). A total of 20 patients (17%) dropped out 
of the studies. The proportion of dropouts was not signifi-
cantly different between treatment groups (tDCS 21%, rTMS 
10%, and VNF 19%, χ2 =1.41, df=2, p=0.52).

There were only three serious adverse events in both 
studies (rTMS n=1 (hypertension crisis), VNF n=1 (bro-
ken leg and hypotension), tDCS n=1 (switch to 

Table 1 Baseline Demographic and Clinical Characteristics of Treatment Groups

Venlafaxine (n=59) rTMS (n=29) tDCS (n=29) p value

Age (years) 44.4 ± 11.5 45.2 ± 11.5 46.6 ± 13.0 0.72a

Female : Male 43 : 16 24 : 5 17 : 12 0.12b

Duration of depressive illness (months) 92 ± 92 95 ± 106 83 ± 91 0.93c

Single: Recurrent MDD episode 13: 46 6: 23 7: 22 0.95b

Number of previous episodes 2.2 ± 2.0 2.0 ± 2.4 1.6 ± 1.4 0.59c

Number of previous AT of index episode 1.7 ± 1.0 1.6 ± 0.9 1.5 ± 0.7 0.50c

Non-resistant MDD : TRD 33 : 26 20 : 9 18 : 11 0.49b

Duration of index episode (weeks) 32 ± 27 33 ± 47 30 ± 24 0.81c

MADRS baseline score 27.5 ± 3.7 27.7 ± 4.1 27.7 ± 2.8 0.94a

BDI baseline score 18.8 ± 7.2 20.3 ± 7.2 18.6 ± 6.4 0.35a

CGI baseline score 4.3 ± 0.5 4.3 ± 0.6 4.2 ± 0.4 0.51c

Notes: Values are presented as means ± standard deviation (SD) or number of subjects. aOne-way ANOVA, bChi-square test, cKruskal–Wallis test. 
Abbreviations: AT, adequate treatment (more than 4 weeks of use of antidepressant in adequate dosage); BDI, Beck Depression Inventory; CGI, Clinical Global 
Impression; MADRS, Montgomery and Åsberg Depression Rating Scale; MDD, major depressive disorder; rTMS, repetitive transcranial magnetic stimulation; tDCS, 
transcranial direct current stimulation; TRD, treatment resistant depression (number of adequate treatments of index episode ≥2).

Table 2 Visit-Wise Change in MADRS Scores in the Venlafaxine, rTMS and tDCS Groups

Treatment Change in MADRS Score from Baseline to

Week 1 Week 2 Week 3 Week 4

Venlafaxine 2.77 (0.90 to 4.64) 4.82 (2.95 to 6.69) 7.18 (5.31 to 9.05) 8.85 (6.90 to 10.81)

rTMS 3.68 (1.46 to 5.90) 5.37 (3.14 to 7.59) 7.06 (4.33 to 9.79) 7.02 (4.22 to 9.82)
tDCS 5.75 (3.53 to 7.97) 6.20 (3.97 to 8.42) 7.05 (4.62 to 9.48) 7.67 (4.87 to 10.47)

Notes: Data are presented as a least-square mean and its (95% confidence interval). RM ANOVA with Tukey–Kramer´s post hoc test revealed significant changes in MADRS 
score from week 1 onward compared to baseline for all treatment groups. No significant between-group difference was found at any treatment weeks. 
Abbreviations: MADRS, Montgomery and Åsberg Depression Rating Scale; rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct current 
stimulation.

Table 3 Between-Group Differences in Change of MADRS Score at Week 4

Groups Mean Between-Group Difference in Change of Score (95% CI) p valuea Hedges’ g (95% CI)

Venlafaxine vs rTMS 1.83 (−1.56 to 5.22) 0.54 0.24 (−0.21 to 0.69)

Venlafaxine vs tDCS 1.18 (−2.21 to 4.57) 0.77 0.16 (−0.30 to 0.61)
rTMS vs tDCS −0.65 (−4.57 to 3.27) 0.94 −0.09 (−0.61 to 0.44)

Abbreviations: CI, confidence interval; MADRS, Montgomery and Åsberg Depression Rating Scale; rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial 
direct current stimulation; aANCOVA, post hoc between-group comparison with Tukey–Kramer´s post hoc test.
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hypomania)). Adverse events observed in the studies were 
in line with the previously described side effects for each 
treatment modality. In addition, the percentages of patients 
who guessed their treatment in the studies were similar 
(44–55%).

Discussion
This pooled analysis built on previous findings on the 
usefulness of rTMS and tDCS, and compared them with 
VNF, in the treatment of MDD. The results of our study 
showed comparable efficacy and acceptability across all 
three. Every analyzed intervention achieved a significant 
reduction in depressive symptoms by the end of the study. 
In terms of response, remission, and dropout rates, the 

intergroup comparison did not reveal any statistical 
significance.

Generally, there is a lack of head-to-head studies com-
paring the clinical usefulness of the neurostimulation meth-
ods with each other and with ADs. While rTMS seems to be 
well established in the treatment of MDD,27 the literature on 
tDCS has shown equivocal results.28,29 Nevertheless, 
a recent meta-analysis of 23 randomized controlled trials 
confirmed the efficacy of tDCS, though the effect was 
considered modest.30 One large multicenter French RCT 
investigated the efficacy difference of low-frequency 
rTMS vs VNF in patients with treatment-resistant depres-
sion. One-hundred-and-seventy subjects were randomized 
to active LF rTMS with placebo VNF, active VNF with 
sham rTMS, and active rTMS with active VNF subgroups. 
At the endpoint, similar antidepressant effects were 
reported in all three groups, thus supporting the use of LF 
rTMS in the treatment of treatment-resistant depression.31 

With the exception of our study,21 tDCS has not been 
compared with VNF in any other RCT. The efficacy and 
acceptability of tDCS compared with ADs (fluoxetine 
20mg, sertraline 50mg, and escitalopram 20mg) were eval-
uated in three studies.32–34 Mixed results were reported, eg, 

Figure 2 Changes in mean MADRS in the treatment groups (rTMS, tDCS and venlafaxine). 
Note: Values are presented as means ± 95% confidence intervals. 
Abbreviations: B, baseline; MADRS, Montgomery and Åsberg Depression Rating Scale; rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct 
current stimulation; VNF, venlafaxine.

Table 4 Response and Remission Rates in Treatment Groups

Venlafaxine 
(n=59)

rTMS 
(n=29)

tDCS 
(n=29)

p valuea

Response rate % (N) 41% (24) 31% (9) 24% (7) 0.28

Remission rate % (N) 27% (16) 17% (5) 17% (5) 0.44

Note: aChi-square test. 
Abbreviations: rTMS, repetitive transcranial magnetic stimulation; tDCS, tran-
scranial direct current stimulation.
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the older studies found that fluoxetine, sertraline, and tDCS 
had similar effects. The more recent trial showed the super-
iority of escitalopram over tDCS. A recently published 
network meta-analysis indirectly comparing tDCS and LF 
rTMS did not find significant differences in terms of 
response and discontinuation rates.29 It is in accordance 
with our results. The finding that the majority of improve-
ments in both neurostimulation arms (especially in the 
tDCS group) appeared within the first 2 weeks corresponds 
well with a recent work that examined different trajectories 
of response to tDCS in MDD.35 They found that 44% of 
patients receiving tDCS showed a pattern of rapid improve-
ment, being evident as early as week 1, whereas previous 
analyses suggested that tDCS would present effects only 
after the acute treatment phase.

The results of our analysis indicated that all three treat-
ment strategies are safe and well tolerated. Only a few 
serious adverse effects were reported. We experienced one 
case of switch to hypomania that may have resulted from 
the active tDCS treatment. The other cases of adverse 
effects did not have a clear connection with active treat-
ment. One patient suffered from an episode of hypotension 
on venlafaxine. One case of hypertension crisis, in a patient 
previously treated for hypertension, was reported during the 
first week of active rTMS treatment. Other dropouts were 
reported due to the patient’s decision or worsening of the 
symptoms. All approaches confirmed high levels of safety, 
as was noted earlier. What is worth mentioning in connec-
tion with our results is that pharmacotherapy is often asso-
ciated with side effects such as sexual dysfunction, nausea, 
weight gain, and insomnia.6 Neurostimulation methods 
could be considered as an option when there is a need to 
avoid drug-induced side effects or if the patient has an 
intolerance to medication. Our findings support the use of 
tDCS and right LF rTMS stimulation as an effective alter-
native treatment for MDD patients. Another benefit is the 
relatively low cost of these neurostimulation treatments; 
tDCS tends to be less expensive than rTMS. Moreover, 
patients may be offered the possibility of self- 
administered home application of tDCS, as this treatment 
approach has recently shown promising results.36

According to our literature review, no studies have 
directly compared the efficacy and tolerability of rTMS 
and tDCS. We analyzed databases from two studies with 
almost identical protocols. Even though we could not 
provide a direct comparison, the analogical designs of 
our studies and the same research center provided more 
reliable information on the NIBS comparison. However, 

our results should be treated with caution because the 
study has several limitations. The main one was the use 
of a post hoc analysis – the data from the two previous 
RCTs using VNF and neurostimulation methods (tDCS 
and rTMS) were pooled. We could therefore only assess 
the indirect comparison of the neurostimulation methods. 
(One strength of the study may be that, even though the 
pooled VNF subgroup comprised almost twice as many 
patients as the rTMS and tDCS subgroups, the neurosti-
mulation methods were not disadvantaged in terms of the 
final results.) We compared two neurostimulation treat-
ments, but other protocols are being applied in clinical 
practice or research trials in MDD treatment. Right LF 
rTMS is considered an efficacious approach. Level 
A evidence is also confirmed for left HF rTMS and deep 
HF-rTMS over the left DLPC. Bilateral rTMS of DLPC is 
supported with level B evidence. Some novel rTMS pro-
tocols for MDD treatment are being investigated, eg, theta- 
burst stimulation (TBS) with intermittent (level B) and 
continuous protocols (level C).37 Because there is consid-
erable heterogeneity in rTMS stimulation settings, no clear 
recommendations for optimal rTMS parameters have been 
established. The optimal protocol for tDCS treatment has 
also not been clearly determined; different stimulation 
parameters, eg duration (20–30 minutes/day), current 
intensity (1–2 mA), number of treatments (5–20), and 
cathode placements, have been used in clinical trials.30,38 

Most rTMS studies to date primarily recruited patients 
with high degrees of treatment resistance. It could unfa-
vorably bias the reputation of rTMS.39 On the contrary, 
tDCS trials were conducted either in non-TRD or included 
both TRD and non-TRD.30 The proportion of resistant and 
non-resistant subjects among treatment groups in our study 
was comparable. So that we could offer the comparison on 
the effectiveness of rTMS compared to tDCS without 
mentioned bias of rTMS. The next limitation of our 
study is, that our analyzed RCTs did not involve 
a placebo arm in the comparison of antidepressant 
approaches. As the placebo response in antidepressant 
trials response range from 35% to 40%40 and regarding 
recent meta-analysis, also placebo response to rTMS in 
MDD is large,41 we can assume, that the placebo response 
may be a component of the therapeutic response to rTMS, 
tDCS, and VNF in MDD. All subjects in our studies were 
aware that they will receive an active intervention. It could 
increase the placebo response.42 It is important to note that 
all analyzed interventions are considered effective in the 
MDD treatment. Our ethics committee does not approve 
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a placebo treatment for depressed inpatients from the 
psychiatry ward. Finally, our analysis evaluates the results 
from 4-week trials, so we can only comment on the acute 
treatment of MDD. The 4-week treatment period for effect 
evaluation in our study was set following the recent afore-
mentioned Canadian guidelines for MDD treatment.43 In 
clinical practice, the effect of ADs tends to be felt after 
4–8 weeks.44 The onset of action of VNF may be delayed 
in some cases. RTMS treatment in the study was in accord 
with current recommendations, but a higher number of 
stimulations are recommended for patients with partial 
response.37,45 The same applies to tDCS. Therefore, 
extending the treatment period may be useful to observe 
the full antidepressant effect.30

Despite these limitations, our findings complement the 
growing body of evidence for the usefulness of non- 
invasive neurostimulation methods in clinical practice. 
There is a need for further clarification on the AD efficacy 
of different neurostimulation therapies, but our results 
suggest that patients with MDD could benefit from right 
low-frequency rTMS, left anodal tDCS, and VNF treat-
ment. A head-to-head, long-term, adequately powered 
comparison of neurostimulation methods and ADs that 
identified not only the efficacy of the treatments but also 
predictors associated with positive outcomes would pro-
vide more information about clinical benefits and the pos-
sible superiority of one AD approach.

Conclusion
This pooled analysis comprised data from 117 patients who 
participated in two RCTs comparing rTMS, tDCS, and VNF 
in the acute treatment of depression. We have found compar-
able efficacy of all three treatment modalities. The results 
also indicated that all three treatment strategies are safe and 
well tolerated, only a few serious adverse effects were 
reported. In terms of response, remission, and dropout 
rates, the intergroup comparison did not reveal any statisti-
cally significant difference. Based on our results, the patients 
with MDD may similarly benefit from right low-frequency 
rTMS, left anodal tDCS, and VNF treatment.
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