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Electrical and magnetic brain stimulation techniques present distinct mechanisms and efficacy in the
acute treatment of depression. This was an umbrella review of meta-analyses of randomized controlled
trials of brain stimulation techniques for managing acute major depressive episodes. A systematic review
was performed in the PubMed/MEDLINE databases from inception until March 2020. We included the
English language meta-analysis with the most randomized controlled trials on the effects of any brain
stimulation technique vs. control in adults with an acute depressive episode. Continuous and dichotomous
outcomes were assessed. A Measurement Tool to Assess Systematic Reviews-2 was applied and the
credibility of evidence was assessed using the Grading of Recommendations Assessment, Development
and Evaluation framework. Seven meta-analyses were included (5,615 patients), providing evidence for
different modalities of brain stimulation techniques. Three meta-analyses were evaluated as having high
methodological quality, three as moderate, and one as low. The highest quality of evidence was found for
high frequency-repetitive transcranial magnetic stimulation (rTMS), transcranial direct current stimulation,
and bilateral rTMS. There is strong clinical research evidence to guide future clinical use of some
techniques. Our results confirm the heterogeneity of the effects across these techniques, indicating that
different mechanisms of action lead to different efficacy profiles.
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Introduction

Depression is one of the most important global health
problems, affecting at least 264 million people worldwide,
and ranking third in years lived with disability.1 Current
psychiatric guidelines for the treatment of depression
recommend antidepressants and cognitive-behavioral
therapy as first-line interventions.2,3 However, pharma-
cotherapies are associated with modest remission rates
and discontinuation due to side effects,4 while psy-
chotherapy has a modest effect size and is not readily
available for the majority of the world’s population.5

Brain stimulation techniques are non-pharmacological
and non-psychotherapeutic interventions that could fill
the gaps in mainstream treatments.6,7 These techniques
consist of applying electrical current or magnetic fields
to modulate neural networks and affect neural plasticity
in order to restore or enhance brain function.

Brain stimulation techniques are commonly divided
into two main classifications: invasive and non-invasive
brain stimulation (NIBS). Invasive techniques such as
deep brain stimulation (DBS) and vagus nerve stimulation
(VNS) require sedation and surgical procedures.8 How-
ever, NIBS techniques use non-implantable devices,
do not require sedation or anesthesia, and are applied
with intermittent protocols. Hence, the most common form
of NIBS is transcranial electric stimulation, whose most
widespread variants are transcranial direct current stimu-
lation (tDCS),9 and repetitive transcranial magnetic
stimulation (rTMS). rTMS is commonly performed as high
frequency-rTMS (HF-rTMS) over the left dorsolateral
prefrontal cortex (DLPFC) or low frequency-rTMS (LF-
rTMS) over the right DLPFC. Both procedures can be
applied in the same session, and this procedure is
described as bilateral rTMS (BL-rTMS).10 More recently,
other forms of rTMS have been investigated, such as
theta-burst stimulation (TBS),11 which can be applied
intermittently (iTBS) or continuously (cTBS), and both can
be applied either unilaterally or bilaterally (BL-TBS); deep
TMS (dTMS), which may stimulate deeper (sub)cortical
structures; synchronized TMS (sTMS), which uses a low-
field magnetic stimulation synchronized to an individual’s
alpha frequency12; accelerated TMS (aTMS), consisting

of multiple sessions in the same day13; and priming TMS,
employed to ‘‘prime’’ the brain with excitatory (i.e., HF-
rTMS) stimulation over the right DLPFC to enhance the
effects of inhibitory (i.e., LF-rTMS) stimulation over the
same region, according to the principle of homeostatic
neuroplasticity. Finally, convulsive interventions are
neurostimulation techniques that require the use of
anesthesia/sedation during their procedure; these include
electroconvulsive therapy (ECT) and magnetic seizure
therapy (Table 1).

The clinical rationale for neurostimulation techniques in
major depressive disorder is that they modulate neuronal
circuits and networks, which can undergo potentially
reversible alterations in function. For more than two
decades, the DLPFC has been the main cortical target
for NIBS in depression.14-17 This brain area is a key hub
of the frontoparietal network, which has been implicated
in the regulation of a multitude of processes, such as
decision-making, working memory, and attention, and has
been found to be hypoactive in depression.18 Hypoactivity
of the frontoparietal network is associated with hyper-
activity of the default mode network, which may promote
depressive behaviors and cognitions such as negative
bias, self-referential processing, and rumination.19 By
stimulating the DLPFC, neuromodulation techniques can
increase frontoparietal network activity and/or a conco-
mitant down-regulation of default mode network activity,
which could contribute to improvement in depressive
symptoms.20

Meanwhile, invasive techniques like DBS can modulate
cortical regions, mainly by inhibiting hyperactivity in
limbic-cortical connections, which are implicated in the
etiology of major depression,21 while VNS stimulates
vagal afferent fibers in the neck, modulating the neuro-
circuits involved in depression through a ‘‘bottom-up’’
approach.22 Convulsive therapies are based on the
principle of inducing a generalized seizure with therapeu-
tic properties.23

Brain stimulation techniques not only have specific
neurophysiological actions, but present distinct efficacy
profiles for the acute treatment of depression.24 There-
fore, the aim of this study was to summarize evidence on
the therapeutic efficacy of brain stimulation techniques to

Table 1 Summary of the brain stimulation techniques

Intervention Principle of action Sedation

tDCS Low electric current (1-2 mA) applied through two rubber electrodes placed on the scalp.
The current passes through the skin, tissue, and skull to reach the brain and is capable of
modulating cortical excitability and brain networks.

Not necessary

rTMS Technique that delivers electrical stimuli through the scalp using a coil. When in contact with
conductive tissues (such as the brain), the magnetic field that passes through the coil induces
a secondary electric field that can generate action potentials and induce plasticity.

Not necessary

DBS An electrode is stereotactically implanted in a pre-established target in the brain. The electrode is
connected to a pacemaker-like device, which is implanted subcutaneously on the chest wall.
When turned on, the electrode delivers high frequency electrical stimulation.

Necessary

ECT Electrodes placed on the scalp generate a high frequency electrical current that can induce
a seizure with therapeutic properties.

Necessary

DBS = deep brain stimulation; ECT = electroconvulsive therapy; rTMS = repetitive transcranial magnetic stimulation; tDCS = transcranial direct
current stimulation.
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treat depression through an umbrella review. An umbrella
review systematically evaluates the information from mul-
tiple meta-analyses of a particular topic and can provide
a high-level overview. Although previous guidelines25,26

have already addressed evidence on the efficacy of
multiple brain stimulation techniques, none have used the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework27 and an umbrella
review method. GRADE is a well-structured online program
that offers organized and systematic steps for developing
and presenting evidence and recommendations.

Methods

In June 2019, the Brazilian Association of Psychiatry and
the Brazilian Journal of Psychiatry convened a group of
national specialists in the field of neuromodulation to
produce evidence-based guidelines on brain stimulation
techniques for treating depression.

Search strategy

We performed a systematic review based on an electronic
database search according to PRISMA28 and Cochrane
Group29 guidelines. The study was registered in PROS-
PERO, the international prospective register of systema-
tic reviews (reference CRD 42019143090).

Two independent authors (LBR and LAS) searched for
systematic reviews and meta-analyses in the PubMed/
MEDLINE databases from inception until March 2020
(the specific search terms can be found in Appendix 1,
available as online-only supplementary material). The
same investigators screened the titles/abstracts of the
retrieved references for eligibility and examined the full-
text of potentially eligible studies. Any disagreements
were discussed with the co-authors and resolved through
consensus.

Eligibility criteria

We included meta-analyses of pairwise, network, or
individual patient data with the largest number of
randomized controlled trials (RCTs) for each technique.
Only meta-analyses in English that evaluated the effects
of any brain stimulation technique vs. sham for the
treatment of depression were considered. We included
studies enrolling adult patients (X 18 years old) with an
acute depressive episode that was associated with a
diagnosis of major depressive disorder. Meta-analyses
evaluating bipolar disorder were also included when this
sample was less than 10% of the overall sample and it
otherwise consisted of patients diagnosed with unipolar
depression.

We included meta-analyses evaluating the effects of
any invasive, NIBS, or convulsive therapies and sham
techniques of each intervention for the treatment of
depression. The NIBS techniques were: transcranial
electric stimulation (tDCS, transcranial pulsed current
stimulation [tPCS], transcranial random noise stimulation
[tRNS], auricular/transcutaneous VNS [atVNS/tVNS] and
transcranial alternating current stimulation [tACS] and

transcranial magnetic stimulation [TMS – BL-rTMS, LF-
rTMS, HF-rTMS, BL-TBS, cTBS, iTBS, dTMS, aTMS,
sTMS, and priming TMS]). The convulsive therapies were
magnetic seizure therapy and ECT. Finally, the invasive
brain stimulation techniques were DBS and VNS. Only
direct comparisons between the active and sham techni-
ques were included.

We included only the meta-analyses (pairwise, net-
work, or individual patient data) that evaluated two or
more RCTs per technique, and only randomized, double-
blind trials or those that presented the results in a
separate analysis and reported categorical (response
and/or remission rates) and/or continuous (improvement
in pre- and post-test depression scores) outcomes.

The exclusion criteria were other types of study
designs, studies with duplicate data, and those written
in languages other than English. We also excluded the
less recent meta-analyses when two or more meta-
analyses assessed the same number of RCTs.

Data extraction

The extracted data were input into the GRADE system.27

GRADE is available online at www.gradepro.org. The
extracted variables were: 1) number of participants
(active and control groups); 2) number of responders; 3)
number of remitters; 4) relative (odds ratio [OR], risk ratio,
or hazard ratio) or absolute effects.

Four authors were involved in the data extraction
process (LBR, LAS, LB, and ARB) and two (LBR and
LAS) checked the extracted data independently. Data that
could not be determined from the original publications
were requested from the corresponding authors via
e-mail.

Quality assessment

We assessed the quality of the studies using A Measure-
ment Tool to Assess Systematic Reviews (AMSTAR)-2.
Validated for this purpose,30 AMSTAR-2 uses a check-
list of 16 domains to evaluate systematic reviews of
RCTs. The checklist can rate the overall quality of meta-
analyses, categorizing them as high (no weaknesses or
one non-critical weakness), moderate (more than one
non-critical weakness), low (one critical flaw with or
without non-critical weaknesses), and critically low
(more than one critical flaw with or without non-critical
weaknesses). AMSTAR-2 is available online at www.
amstar.ca.

Data analysis

We adopted the GRADE evidence profile and Summary
of Findings tables31 to evaluate the overall quality of
evidence of each brain stimulation technique. We
separately rated the quality of evidence for dichotomous
(response and remission) and/or continuous (improve-
ment in depression scales) outcomes for any direct
comparison between interventions across the included
studies. We created an independent Summary of Find-
ings table per technique.
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The studies’ certainty assessment (study design, risk of
bias, inconsistency, indirectness of evidence, and impre-
cision) rated the risk of individual features as either not
serious, serious, or very serious, and provided Summary
of Findings table information (number of patients for
intervention and control groups, and the relative and
absolute effects). Based on Summary of Findings table
information, the level of evidence by outcome was
automatically determined through certainty assessment,
being graded as high (further research is very unlikely to
change confidence in the estimate of effect), moderate
(further research is likely to have an important impact on
confidence in the estimate of effect and may change the
estimate), low (further research is very likely to have an
important impact on confidence in the estimate of effect
and is likely to change the estimate), or very low (any
estimate of effect is very uncertain).32

Moreover, per GRADE’s recommendation, we evalu-
ated the magnitude of an effect as none, large, or very

large. Large and very large effects are respectively
defined as a relative risk 4 2 or o 0.5 and relative risk
4 5 or o 0.2 if no plausible confounder was identified.
The level of evidence can be increased if the effects are
large or very large. Here, we considered that not only
should the effect size have been large, but that the
confidence interval should have been narrow to increase
the level of evidence.

Results

Out of 2,565 references identified, 2,558 were excluded for
diverse reasons (Figure 1). A total of seven meta-analyses
(two network and five pairwise meta-analyses)10,24,33-37

met our inclusion criteria, providing information on 12
direct comparisons between active brain stimulation
techniques and their respective sham counterparts in a
total of 5,615 patients (Table 2). The quality of evidence
of active vs. sham interventions was evaluated through

Figure 1 Flowchart of the included meta-analyses. MA = meta-analysis; RCTs = randomized controlled trials; SR = systematic-
review.
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the GRADEpro system (see Appendix 2, available as
online-only supplementary material, for further informa-
tion). The AMSTAR-2 scores for high-, moderate-, and
low-quality meta-analyses were 42.9, 42.9, and 14.2%,
respectively. No meta-analysis was considered to have
critically low methodological quality (Appendix 3, avail-
able as online-only supplementary material).

Since our search failed to retrieve eligible meta-analyses
on tPCS, tRNS, atVNS, tVNS, tACS, cTBS, magnetic
seizure therapy, and VNS for depression treatment, no
conclusions have been drawn.

Evidence grading: transcranial electric stimulation

tDCS

The included meta-analysis37 explored continuous (depres-
sion improvement) and dichotomous (response and remis-
sion) effects, showing that active tDCS was superior to
the comparison groups across examined outcomes per
random-effect (k = 25, g = 0.46, 95% confidence interval
[95%CI] 0.22-0.7) and OR calculation for response and
remission (k = 18, OR = 2.28, 95%CI 1.52-3.42, and
k = 18, OR = 2.12, 95%CI 1.42-3.16, respectively).
According to AMSTAR-2, the overall methodological
quality of this meta-analysis was high. Based on these
results, and since the meta-analysis presented no
serious risks in the certainty assessment, the interven-
tion was graded as having high certainty of evidence for
the three evaluated outcomes (Table 3).

Evidence grading: TMS

HF-rTMS to the left DLPFC vs. sham

The included meta-analysis24 on HF-rTMS to the left
DLPFC assessed 40, 31, and 37 RCTs investigating
response, remission, and continuous outcomes, respec-
tively. According to AMSTAR-2, the overall methodologi-
cal quality of the study was moderate. The pooled rate
ratios for response and remission were 3.17 (95%CI 2.29-
4.37) and 2.67 (95%CI 1.79-4.00), respectively, favoring
active HF-rTMS. The standardized mean difference
(SMD) was 0.54 (95%CI 0.33-0.76), which also favored
the real intervention. The technique was graded as high
certainty of evidence compared to sham for the three
outcomes (Table 3), mainly due to the large effect
favoring active intervention.

LF-rTMS to the right DLPFC vs. sham

The meta-analysis evaluating LF-rTMS to the right
DLPFC included eight RCTs in the analyses.33 All eight
RCTs assessed response and six evaluated remission,
showing low overall methodological quality according to
the AMSTAR-2. The intervention group had a 3.35 (95%
CI 1.34-8.02) times greater odds of response than the
sham group, as well as a 4.76 (95%CI 2.13-10.64) times
greater odds of remission than sham. Although two
outcomes showed high effects, we did not grade
response and remission rates as ‘‘very large’’ due to theT
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width of the CI. The study was graded as moderate quality
of evidence for response and remission (Table 3).

BL-rTMS vs. sham

The meta-analysis evaluating BL-rTMS vs. sham included
11 RCTs.10 All 11 RCTs reported response rates and
eight reported remission rates. The AMSTAR-2 score
indicated high overall methodological quality.

The pooled rate ratios for remission and response rates
were 4.22 (95%CI 1.96-9.05) and 3.96 (95%CI 2.37-
6.60), favoring BL-rTMS for both outcomes. The certainty
of evidence for the remission outcome was downgraded
due to the large CI width. Therefore, the remission rate
was graded as moderate quality, while the response rate
was graded as high quality (Table 3).

Intermittent TBS vs. sham

The meta-analysis included in our study evaluated three
RCTs using iTBS.24 The three RCTs evaluated response,
while two evaluated remission and continuous outcome.
The meta-analysis showed moderate overall methodolo-
gical quality.

The iTBS protocol showed significant antidepressant
efficacy for response (k = 3, OR = 3.20, 95%CI 1.45-7.08)
and remission (k = 02, OR = 3.30, 95%CI 1.38-7.90). The
effect of the continuous outcome was SMD = 0.41 (95%CI
0.35-1.17). The intervention was graded as low certainty
of evidence (Table 3) due to the small sample size and
the large CI width for response and remission rates, as
well as the small magnitude for the continuous outcome.

BL-TBS vs. sham

The meta-analysis comparing bilateral TBS vs. sham
stimulation evaluated response, remission, and contin-
uous outcome in its analyses; however, only the response
rate was reported in more than one RCT.24 The
AMSTAR-2 score indicated moderate overall methodolo-
gical quality.

The response rate was k = 2, OR = 4.44, 95%CI 1.47-
13.41, showing superior efficacy than to the sham
intervention (Table 3). Although the effect of the active

intervention was superior to sham, the quality of evidence
was graded as low due to the small sample size and the
large CI width.

dTMS vs. sham

The selected meta-analysis included two RCTs that,
according to the AMSTAR-2 results, presented moderate
overall methodological quality. Both RCTs assessed
continuous and dichotomous outcomes.24 Compared to
the sham intervention, dTMS resulted in no significant
improvements in response or remission rates (k = 2, OR =
1.87, 95%CI 0.78-4.49 and k = 2, OR = 2.21, 95%CI 0.95-
5.18, respectively). The continuous outcome was k = 2,
SMD = -0.36, 95%CI -1.22-0.50, showing no efficacy for
the active intervention. Although the effect of dTMS on
depression was significant for the continuous outcome,
the quality of evidence for the three outcomes was graded
as low due to the small sample sizes (Table 3).

sTMS vs. sham

The included meta-analysis evaluated results from two
RCTs.24 The meta-analysis had moderate methodological
quality according to AMSTAR-2. None of the three
outcomes (response, remission, or continuous effects)
presented significant results compared to the sham
intervention (k = 2, OR = 2.09, 95%CI 0.76-5.77, k = 2,
OR = 1.59, 95%CI 0.52-4.81, and k = 2, SMD = -0.57,
95%CI -1.43-0.29, respectively).

The intervention was graded as having low quality of
evidence for each of the three outcomes (Table 3).

aTMS vs. sham

The meta-analysis evaluating the effects of aTMS for
depression treatment included three RCTs. Only response
and continuous effects were evaluated.36 AMSTAR-2
revealed an overall high methodological quality. The
response rate to active aTMS was not significantly different
than sham aTMS. The OR of response was 3.13 compared
to sham (k = 3, 95%CI 0.98-9.97). A small effect size was
found for continuous outcome (k = 3, g = 0.39, 95%CI
0.005-0.28). Due to the small sample size and the large CI

Table 3 Quality of evidence for response, remission, and continuous outcomes

Interventions Response Remission Continuous

tDCS High High High
HF-rTMS (lDLPFC) High High High
BL-rTMS High High -
LF-rTMS (rDLPFC) Moderate Moderate -
aTMS Low - Moderate
ECT - - Moderate
dTMS Low Low Low
iTBS Low Low Low
LF-rTMS (lDLPFC) Low Low Low
sTMS Low Low Low
DBS Low - Low
BL-TBS Low - -

aTMS = accelerated transcranial magnetic stimulation; BL-rTMS = bilateral-repetitive TMS; BL-TBS = bilateral theta-burst stimulation; DBS =
deep brain stimulation; dTMS = deep TMS; ECT = electroconvulsive therapy; HF-rTMS = high frequency-repetitive TMS; iTBS = intermittent
TBS; lDLPFC = left dorsolateral prefrontal cortex; LF-rTMS = low frequency-rTMS; rDLPFC = right DLPFC; sTBS = synchronized TBS; tDCS =
transcranial direct current stimulation.
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width for response rate, the quality of evidence for this
outcome was graded as low, while the continuous outcome
was considered as having moderate certainty of evidence
(Table 3).

LF-rTMS to the left DLPFC vs. sham

Few RCTs have also evaluated the effects of LF-rTMS
applied to the left DLPFC. Four studies were evaluated in
the included meta-analysis,24 which presented moderate
overall methodological quality according to AMSTAR-2
scores. All four RCTs reported remission and response
outcomes, and only three reported a continuous outcome.

LF-rTMS to the left DLPFC was not associated with
significant improvement in response and remission rates
(k = 4, OR = 1.10, 95%CI 0.21-5.87, and k = 4, OR = 1.02,
95%CI 0.17-6.02, respectively). Furthermore, no evi-
dence of efficacy was found for the continuous outcome
(k = 2, SMD = 0.03, 95%CI -0.76-0.81).

This protocol was evaluated as having low certainty of
evidence for all evaluated outcomes (Table 3).

Evidence grading: convulsive therapies

ECT vs. sham

The meta-analysis evaluating active ECT vs. sham
stimulation included six RCTs with only continuous
outcomes.35 The study had moderate overall methodolo-
gical quality according to the AMSTAR-2 score.

The continuous outcome for active ECT was signifi-
cantly better than sham (k = 6, standardized effect size=
-0.98, 95%CI -1.27--0.54). Heterogeneity was not repor-
ted. Although the effect was high for depression treat-
ment, the evidence quality for this technique was
moderate due to the small sample sizes of the included
trials (Table 3).

Evidence grading: invasive brain stimulation

DBS

The selected meta-analysis included RCTs and non-
RCTs in its analysis. We could only access the results of
a sub-analysis evaluating two RCTs investigating the
effects of DBS implanted in the internal/ventral capsules.
The meta-analysis had moderate methodological qual-
ity34 and evaluated continuous and response outcomes.34

The active treatment group had a significantly higher
response than the sham group (k = 2, OR = 4.85, 95%CI
0.52-45.32), but no significant reduction in mean depres-
sion score (k = 2, SMD = -0.46, 95%CI-1.78-0.87).

Despite the positive results for DBS vs. sham, the small
sample size prevented the intervention from having
maximum quality of evidence. The two outcomes were
thus graded as having low certainty of evidence (Table 3).

Discussion

Our systematic review on meta-analyses of RCTs
investigating invasive, non-invasive, and convulsive neu-
romodulation techniques for acute treatment of major

depressive episode in adults found seven eligible studies
(two network and five pairwise meta-analyses), including
a total of 5,615 patients diagnosed with major depressive
episode who were allocated in a total of 12 interventions
and their respective sham groups. The active interven-
tions were tDCS, HF-rTMS to the left DLPFC, LF- to the
right DLPFC, BL-rTMS, iTBS, BL-TBS, dTMS, sTMS,
aTMS, LF-rTMS to the left, ECT, and DBS.

To the best of our knowledge, this current umbrella
review is the first effort to review the level of evidence
across a large spectrum of biophysical neuromodulation
techniques for the treatment of depression according to
the GRADE system. This system allowed us to identify
the quality of evidence of each technique in a standar-
dized fashion. Thus, we could evaluate the certainty of
evidence for response, remission and/or continuous out-
comes for different brain stimulation interventions.

Across the included meta-analyses, HF-rTMS to the left
DLPFC and tDCS had the highest quality of evidence in
terms of response, remission, and continuous antide-
pressant outcomes compared to sham. Both treatment
types also had large effect sizes for response and
remission and a moderate effect size for depression
ratings. In fact, both techniques have been extensively
investigated as antidepressant interventions in the past
two decades,15,38,39 and both were assessed in over
one thousand patients.37,40 rTMS techniques for major
depressive disorder have been assessed in more than
50 RCTs. The vast majority applied HF-rTMS to the left
DLPFC, finding positive results for the active interven-
tion.10,24,41 tDCS has been evaluated for depression in
more than 20 sham-controlled trials since 2000. Two large
RCTs evaluating its therapeutic effect for major depres-
sive disorder found superior antidepressant efficacy
compared to sham.17,42 Moreover, an effect favoring the
active intervention was also found in a study with bipolar
depressive patients.43 Although there was high hetero-
geneity across tDCS studies,44 the included meta-analysis
showed very consistent effects overall for recent findings.
Thus, the large number of RCTs and patients assessed in
our analyses reinforce our confidence that high quality data
provide evidence for the antidepressant efficacy of rTMS
and tDCS compared to sham.

So far, no RCT has directly compared the clinical
efficacy of HF-rTMS and tDCS for depression. However,
the network meta-analyses included in this study showed
that both techniques present similar effects for response
and continuous outcomes.24 Even though both techni-
ques had high quality of evidence, several studies have
concluded that tDCS should only be used to treat
moderate depression since, unlike HF-rTMS, it is not
efficacious against treatment-resistant depression.45-47

However, tDCS is performed with a portable device and
has been investigated for self-application.48,49 The port-
ability and feasibility of tDCS can increase treatment
adherence and allow concomitant use with other inter-
ventions (such as cognitive behavioral therapy or cogni-
tive training therapy), possibly improving the effects of
tDCS as a monotherapy.50

Our results showed that BL-rTMS also had a high level
of efficacy for response and remission, again with large
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effect sizes. Unfortunately, continuous outcomes were
not assessed by the included network meta-analysis.
Individual studies have already shown that the technique
is more efficacious than sham intervention, for instance.51

The difference between BL-rTMS and HF-rTMS is that
the bilateral intervention involves the simultaneous or
subsequent application of HF and LF protocols over the
contralateral brain regions in the same session.9 Thus,
considering the quality of evidence, one advantage of
applying HF-rTMS instead of BL-rTMS in clinical practice
is its shorter duration (20 minutes vs. 50 minutes, on
average).

Of the three most common rTMS protocols in depres-
sion (BL, HF, and LF), LF-rTMS over the right DLPFC
presented the lowest quality of evidence, with moderate
certainty of evidence for the assessed outcomes (response
and remission rates). Although our findings showed large
effect sizes for LF-rTMS vs. sham for response and
remission, the sample was small, which was the main
reason for downgrading confidence about the efficacy of
this technique. However, in clinical practice, LF-rTMS is
advantageous due to its shorter protocol than BL-rTMS.
LF-rTMS sessions are very similar duration to the HF-rTMS
protocol, considering standard parameters of 1Hz pulses
(60 pulses per minute) and 600 to 1,800 LF-rTMS pulses
at 10Hz delivered in 5 seconds (a ‘‘train’’), with a 20- to
40-second interval between trains, and a total of 1,200 to
3,000 HF-rTMS pulses.9 Thus, the protocol durations for
the interventions are approximately 20 and 40 minutes,
respectively. In terms of clinical presentation of depression
symptoms, the literature shows52 that LF-rTMS can be
more effective for patients with a higher degree of comorbid
anxiety/panic symptoms, while HF-rTMS appears to be
more suitable for patients with a lack of motivation and
cognitive impairment.

Moderate quality of evidence was also found for
continuous outcomes of aTMS and ECT. These findings
suggest that the techniques can probably improve depres-
sive symptoms, but their efficacy for achieving response
and/or remission is unclear. Despite a large effect size for
response and a small effect size for continuous outcome,
aTMS was considered to have a low level of evidence
for response mainly due to the small sample size in the
included study.36 Actually, a meta-analysis investigating
the effects of aTMS for depression showed superior
response and remission rates for active stimulation
compared to sham.24 However, the findings of the
studies included in this meta-analysis were heteroge-
neous. This suggests that, in fact, there is still limited
evidence about the effects of aTMS on dichotomous
outcomes.

Our findings about ECT should be interpreted with
caution due to the natural bias in ECT research, i.e., only
a few sham-controlled RCTs have evaluated the effects of
ECT for depression.53-55 Thus, our meta-analysis could
only evaluate six RCTs from the last few decades that did
not include data on dichotomous outcomes (response and
remission).35 The ECT evidence was of moderate quality
for continuous outcomes. Although our results reflect
the findings of well-controlled trials, it is important to
emphasize that ECT is an established technique for

depression treatment,56,57 and most RCTs on ECT have
included an active comparator (mainly antidepressant
drugs) instead of a sham protocol, and were thus not
included in the present review. In current research, ECT
has usually been compared to active controls, since its
efficacy for depression has already been proven superior
to sham in prior RCTs. Moreover, the trend of comparing
ECT to other active interventions is due to the ethical
concerns of sham ECT treatment, since the required
anesthesia also incurs a risk for patients.58

It must be pointed out that ECT is more efficacious than
even active interventions in reducing depressive symp-
toms.59,60 For instance, according to a recent network
meta-analysis on the efficacy of non-surgical brain
stimulation (rTMS and tDCS) for the acute treatment of
depression, bitemporal and high-dose right unilateral ECT
had the highest probability of efficacy in terms of a
response.24

Despite having large effects for response and medium
effects for depression ratings, DBS had a low quality of
evidence for these outcomes, being based on only two
RCTs, and no data were available to assess remission
rates for this intervention. DBS is an invasive neuromo-
dulation technique that was first implemented in neurop-
sychiatric practice to treat severe, treatment-resistant
obsessive-compulsive disorder and has shown promising
results.61,62 More recently, there has been significant
interest in using DBS for treatment-resistant depres-
sion.63,64 In general, DBS has been found efficacious for
treating non-responders to several other treatments65,66

and had a low risk of relapse.67 However, few patients have
been assessed, probably because DBS requires surgery
and is more complex than NIBS or convulsive therapies,25

which downgraded its quality of evidence for depression
treatment. DBS might be an efficient intervention for
treatment-resistant depression patients, but its wide-
spread use is limited by its high cost and invasiveness.

Our analyses also showed that two techniques approved
by the US Food and Drug Administration (FDA), dTMS
(an almost large effect size for response and a large
effect size for remission, but a small effect size for
continuous outcome) and iTBS (a large effect size
for response and remission, but a small effect size for
continuous outcome), still had low certainty of evidence
regarding their use in antidepressant treatment accord-
ing to the GRADE system. iTBS received FDA clearance
for treatment-resistant depression after a recent trial
showed it to be non-inferior to HF-rTMS for reducing
depressive symptoms.16 dTMS was also approved for
treatment-resistant depression after a RCT68 demon-
strated that dTMS was significantly better than sham
treatment for continuous, response, and remission
outcomes. Although dTMS and iTBS are FDA-approved
and promising in terms of antidepressant efficacy,69-71

our analyses showed that there are still very few sham-
controlled trials for these interventions, which prevents
any statement about their efficacy for depression. The
same is true for BL-iTBS. However, special attention should
be given to TBS protocols, given their short protocol, which
can range from 2 to 10 minutes per session.72 Finally,
according to our findings, LF-rTMS to the left DLPFC and
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sTMS have been investigated less than standard HF rTMS
protocols and have low quality of evidence for all assessed
outcomes.

Although safety was not systematically assessed in this
review, the literature shows that NIBS techniques, such
as tDCS and rTMS, are deemed safe for the treatment of
depression,25,73,74 presenting few and tolerable adverse
effects. To date, no serious adverse effects have been
reported for tDCS treatment,75,76 and less than 0.01% of
subjects have a seizure episode during rTMS prefrontal
stimulation.77 ECT also presents a favorable safety profile
when the guidelines are followed.25 In fact, its major risks
are associated with anesthesia,78 which can lead to
serious adverse effects in patients with clinical comorbid-
ities. In addition, long-term short-term memory impair-
ment has been reported in some patients who underwent
ECT.79 Finally, there are still no evidence-based safety
recommendations for DBS,62 although the procedure
involves all the risks inherent to a neurosurgical
procedure.80

Our review has several limitations that should be
considered. First, our search was performed only in the
PubMed database and we only included meta-analyses
in English. This decision was made a priori, since the
overwhelming majority of meta-analyses are published in
English and are properly indexed in PubMed. In addition,
when more than one meta-analysis was found regarding a
specific intervention, we included only the most recent
one. Second, since the included meta-analyses evaluated
only acute effects, we could not assess the level of
evidence for the prolonged effects (maintenance phase)
of each intervention in the treatment of depression.
Moreover, we restricted our analysis to active interven-
tions compared to sham protocols, but not to other active
comparators. This can be particularly relevant regarding
ECT, since very few studies have investigated its effec-
tiveness compared to sham control conditions. In addi-
tion, this review did not evaluate techniques specifically
developed for treatment-resistant depression patients, for
whom ECT is recommended as a first-line treatment.
Third, the meta-analyses may have included RCTs with
different active parameters for each technique (e.g.,
number of pulses, number of sessions, etc.). Fourth, we
did not cover the safety and tolerability of each interven-
tion, which is a major limitation. Finally, we believe that
our conclusions are limited by a lack of comparative
studies in this field, e.g., no recent RCTs have compared
NIBS with ECT or even invasive brain stimulation.

In conclusion, the results of this umbrella review, which
included seven meta-analyses evaluating the effects of
12 brain stimulation techniques for depression treatment
in 5,615 patients, revealed that a large body of data
supports HF-rTMS to the left DLPFC, BL-rTMS, and
tDCS at the highest level of evidence, based on large
sample sizes and with very consistent effects across the
most recent RCTs. The certainty of evidence of most
interventions was downgraded as a result of small sample
sizes. The quality of evidence for ECT, an established
technique for depression, was considered moderate,
while two FDA-approved techniques (iTBS and dTMS)
had low quality of evidence. Therefore, our findings

confirm that brain stimulation techniques have matured,
becoming important treatment alternatives in the treat-
ment of depressive disorders, and could soon join
pharmacological treatments and psychotherapy as stan-
dard intervention options.
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