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Abstract

Considering the evidence that transcranial direct current stimulation (TDCS) is effective for major depression (MD)
management, and the perspective of including this therapeutic modality among conventional treatments, our main
objective was to evaluate the reported effectiveness of TDCS, combined with antidepressants, psychotherapy or
cognitive therapies, on clinical and neuropsychological outcomes in MD patients. We performed an integrative review
of clinical trials, guided by the PICO strategy, using PubMed and Ovid MEDLINE ® databases. Twelve scientific
reports were selected according to inclusion and exclusion criteria, comparatively analyzed, discussed and theorized.
According to these studies, anodic TDCS applied to the left dorsolateral prefrontal cortex exhibits significant
antidepressant effects, comparable to low dose sertraline (50 mg/day). In addition, two main studies indicate that
antidepressant effects can be enhanced by combined treatments, especially TDCS + sertraline. There is also evidence
of a synergistic effect of TDCS and cognitive control training, although this finding is not unanimous under different
methodological approaches, thus requiring further studies in order to support the correlation between neurocognitive
and clinical improvement with this type of combined therapy. Finally, TCDS-induced positive cognitive effects, mainly
on working memory, were also verified. In conclusion, the small number of reports employing TDCS associated with
other therapies show very discrepant research methods, as well as short follow-up periods, which together with low
sample number, leave many knowledge gaps to be answered by future studies.

Keywords: Depressive disorder; Transcranial direct current stimulation; Combined modality therapy.

Resumo

Considerando as evidéncias de que a estimulagdo transcraniana por corrente continua (ETCC) é eficaz para 0 manejo
da depressdo maior (DM) e a perspectiva de incluir essa modalidade terapéutica entre os tratamentos convencionais,
nosso principal objetivo foi avaliar a eficicia relatada da ETCC, combinada com antidepressivos, psicoterapia ou
terapias cognitivas, em resultados clinicos e neuropsicoldgicos em pacientes com DM. Realizamos uma revisao
integrativa de ensaios clinicos, orientada pela estratégia PICO, utilizando as bases de dados PubMed e Ovid
MEDLINE®. Doze trabalhos cientificos foram selecionados de acordo com critérios de incluséo e excluséo, analisados
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comparativamente, discutidos e teorizados. De acordo com esses estudos, a ETCC anddica aplicada ao cortex pré-frontal
dorsolateral esquerdo exibe efeitos antidepressivos significativos, comparaveis a sertralina em baixas doses (50 mg/dia).
Além disso, dois estudos principais indicam que os efeitos antidepressivos podem ser aumentados por tratamentos
combinados, especialmente ETCC + sertralina. Também hé evidéncias de um efeito sinérgico da ETCC e do treinamento
de controle cognitivo, embora esse achado ndo seja unanime em diferentes abordagens metodoldgicas, e, portanto,
requeira mais estudos para fundamentar a correlacdo entre a melhora neurocognitiva e clinica com esse tipo de terapia
combinada. Por fim, efeitos cognitivos positivos induzidos por ETCC, principalmente na memdria de trabalho, também
foram verificados. Em conclusdo, o pequeno nimero de trabalhos que empregam o ETCC associado a outras terapias
mostra métodos de pesquisa muito discrepantes, bem como curtos periodos de acompanhamento, que, aliados ao baixo
naimero de amostra, deixam muitas lacunas de conhecimento a serem respondidas em estudos futuros.
Palavras-chave: Transtorno depressivo; Estimulagao transcraniana por corrente continua; Terapia combinada.

Resumen

Considerando la evidencia de que la estimulacién transcraneal de corriente directa (ETCD) es efectiva para el manejo
de la depresion mayor (DM) y la perspectiva de incluir esta modalidad terapéutica entre los tratamientos convencionales,
nuestro principal objetivo fue evaluar la efectividad reportada de ETCD, combinada con antidepresivos, psicoterapia o
terapias cognitivas, sobre los resultados clinicos y neuropsicolégicos en pacientes con DM. Realizamos una revision
integradora de ensayos clinicos, guiados por la estrategia PICO, utilizando las bases de datos PubMed y Ovid
MEDLINE®. Se seleccionaron doce trabajos cientificos segln criterios de inclusién y exclusién, analizados
comparativamente, discutidos y teorizados. Segun estos estudios, la tDCS anddica aplicada a la corteza prefrontal
dorsolateral izquierda exhibe efectos antidepresivos significativos, comparables a la sertralina en dosis bajas (50
mg/dia). Ademaés, dos estudios principales indican que los efectos antidepresivos pueden incrementarse mediante
tratamientos combinados, especialmente ETCD + sertralina. También hay evidencia de un efecto sinérgico de la tDCS
y el entrenamiento de control cognitivo, aunque este hallazgo no es unénime en los diferentes enfoques metodoldgicos
y, por lo tanto, requiere més estudios para corroborar la correlacion entre la mejoria neurocognitiva y clinica con este
tipo de terapia combinada. Finalmente, también se verificaron los efectos cognitivos positivos inducidos por ETCD,
principalmente sobre la memoria de trabajo. En conclusion, el escaso nimero de estudios que utilizan ETCD asociado
a otras terapias muestra métodos de investigacién muy discrepantes, asi como periodos de seguimiento cortos, que,
combinados con el reducido tamafio de la muestra, dejan muchas lagunas de conocimiento por resolver en futuros
estudios.

Palabras clave: Transtono depresivo; Estimulacion transcraneal de corriente directa; Terapia combinada.

1. Introduction

Depressive disorders are characterized by a sad, irritable and empty mood, accompanied by cognitive and somatic
changes that affect social, professional and other important individual aspects. The main relevant disorder in this group is major
depression (MD) (Association, 2014).

Between 2005 and 2015, the number of people affected by MD increased by 18%, with approximately 322 million
people worldwide currently living with this mental disorder (Depression-Global-Health-Estimates @ Www.Who.Int, n.d.).
Mental disorders correspond to 22.9% of the years lived with disability (Years Lived with Disability - YLD) and 7.4% of the
years adjusted for disability (Disability Adjusted Life Year - DALY, of which 40.5% correspond to depressive disorders (Berti
de Azevedo Barros et al., 2016).

Depressive disorders, especially MD, have multiple causal and maintenance variables, reflecting its complexity and the
varied responses to conventional treatment. The determining factors include genetic, psychological or cognitive profile, lifestyle,
previous stress or trauma, inflammation and hyperactivity of the hypothalamic-pituitary-adrenal axis, and altered neuroplasticity
and neurogenesis. All of these aspects can interact with each other, leading to a positive feedback, generating the classic clinical
phenotype (Dean & Keshavan, 2017; Kim & Won, 2017).

For MD treatment, pharmacological and non-pharmacological methods can be used. Pharmacotherapy includes
antidepressant drugs based on multiple mechanisms of action, side effects and particularities (Hillhouse & Porter, 2015). The
main antidepressant effects are achieved by the potentiation of monoaminergic transmission and production of neurotrophic
factors, with the respective positive actions on neuroplasticity and neurogenesis (Willner et al., 2013). Besides, psychotherapies
are widely used as a non-pharmacological approach, particularly the cognitive-behavioral therapy (CBT), due to greater evidence
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of improvement (Cuijpers et al., 2013; Loépez-L6pez et al., 2019; Santoft et al., 2019; Zakhour et al., 2020). However, many
patients with severe MD (i.e. with psychotic depression and under emergencies) may experience refractoriness to conventional
drug treatment, being electroconvulsive therapy an alternative to be considered. Although it exhibits good effectiveness, is fast
and safe, it is associated with high rates of relapse (Cakir & Caglar, 2017; Hermida et al., 2018; Swedish Council on Health
Technology Assessment, 2004).

Cogpnitive therapies, such as cognitive control training (CCT), work with specific neuropsychological aspects, such as
working memory and attention, and also have antidepressant efficacy, although research is still heterogeneous and emerging,
requiring careful analysis. The correlation between MD and cognition has been increasingly demonstrated, so that changes in
cognitive control are related to increased risk of MD development (Koster et al., 2017). As extensively demonstrated, MD
patients focus their attention to emotionally negative information arising from both external and internal stimuli, resulting in
greater emphasis on thoughts related to negative beliefs or representations and depressive ruminations (Koster et al., 2017;
Mennen et al., 2019).

Neuromodulation also constitutes a non-pharmacological modality for the treatment of neurological and psychiatric
disorders. This approach is based on the stimulation and / or inhibition of the activity of one or more brain regions and neuronal
circuits (Edwards et al., 2017). Transcranial direct current stimulation (TDCS) is a non-invasive neuromodulation modality
whose main effect is a change in the resting potential of the neuronal membrane, which can become more excitable (anodic
stimulation) or less excitable (cathodic stimulation) (Lefaucheur et al., 2017). It employs two electrodes, the anode (positive)
and the cathode (negative), arranged on the scalp above different brain regions varying according to treatment protocols. In such
an arrangement, a low amperage direct current (between 0.15 to 2 mA) is applied for 10 to 20 minutes per session (Arul-Anandam
& Loo, 2009).

The most used TDCS approach for MD management is a bifrontal mounting, with the anode set over F3 region (left
dorsolateral prefrontal cortex - DLPFC), in order to increase its activity, and the cathode set over F4 region (right DLPFC),
aiming a reduced activity of this area (Lefaucheur et al., 2017). This arrangement is based on studies that suggest an asymmetric
function between the two sides of prefrontal cortex in MD patients, with left DLPFC showing underactivity and/or right DLPFC
exhibiting overactivity. This particular feature shows increased tendency to balance in response to treatment (Grimm et al., 2008;
Kocmur et al., 1998; Mottaghy et al., 2002), presumably reducing overall left prefrontal activity (Bruder et al., 2017).

Computational and pre-clinical studies show that not only the areas submitted to TDCS that are influenced by this
technique, but also adjacent brain structures and related neural networks (Csifcsak et al., 2018; Rahman et al., 2017). Brain
activity can also amplify the TDCS-generated electric fields, since postsynaptic depolarization and trigger probability is
increased by the presynaptic firing rate or synchronized activation of presynaptic cells, in a cooperative operation between
directly stimulated target regions and adjacent connections, also influenced by TCDS-induced diffused current (Rahman et al.,
2017).

Although the study conducted by Brunoni and colleagues in 2017 (Andre R Brunoni et al., 2017) lacked a group
combining active TDCS + pharmacotherapy, TDCS was significantly more effective than placebo, but less effective than
escitalopram, in improving clinical variables in MD patients. In this report, 202 adult depressive individuals were divided into
three groups: Group 1 - active TDCS + oral placebo; Group 2 — TDCS simulation + escitalopram; Group 3 — TDCS simulation
+ oral placebo. The patients received two-stage 30-minute sessions of pre-frontal stimulations of 2 mA with anode and cathode
positions set at F3 and F4 regions, respectively. Initially, applications were daily for the first 15 business days, and then continued
for 7 weeks on weekly applications. The dose of escitalopram used in the first period was 10 mg/day, changing in the second

step to 20 mg/day. In a recent study (Moreno et al., 2020), the authors looked at the cognitive changes in the treatment groups,
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reporting a cognitive improvement in most tests for all experimental groups. The verbal fluency was significantly greater in the
group receiving active TDCS, compared to placebo.

Furthermore, TDCS showed similar effects to 50 mg/day sertraline in a recent clinical, randomized and controlled trial
performed by Park and coworkers (2020) (Park et al., 2020). The study administered 12 home sessions of TDCS (2 mA current)
with anode set at F3 and cathode set at F4 regions (bifrontal). In a recent systematic review (Fregni et al., 2020), the authors
considered that the effectiveness of using anodic TDCS over DLPFC (F3) in improving MD is at A level of scientific evidence.
The analyzed studies employed protocols with TDCS alone or combined with other therapeutic modalities, and concluded that
associated techniques may improve the antidepressant TDCS-induced effects.

Therefore, considering the evidence that TDCS is effective for MD management, and the perspective of including this
therapeutic modality among conventional treatments due to the few adverse effects and low cost (Berlim et al., 2009; Lee et al.,
2017), our main objective was to evaluate the reported effectiveness of TDCS, combined or not with antidepressants,
psychotherapy or cognitive therapies, on clinical and neuropsychological outcomes in MD patients, in order to answer the
following question: “Is TDCS more effective alone or in combination with antidepressants, psychotherapy or cognitive therapies

for the treatment of MD patients?”’
2. Methodology
2.1 Data sources and research

We performed an integrative and retrospective review of clinical trials, guided by the PICO strategy (Figure 1), using

the clinical and neuropsychological improvement as outcomes for comparison of individual or combined TDCS treatment.

Figure 1 - PICO strategy flowchart for the elaboration of the present research question.

PROBLEM INTERVENTION COMPARISON OUTCOME

( ) ( Transcranial direct ]

current stimulation

Drug therapy

P Clinical and
Depression Cotrﬂgll’gatlon neuropsychological
Py improvement.
Psychotherapy

Cognitive therapies

) \_ J | ) —_______J
Source: Authors (2021

The present study employed the Ovid MEDLINE® and PubMed databases as search strategy. The full access of texts
throughout the selection occurred through the PubMed platform. The complete search information can be found in
SUPPLEMENTS.

2.2 Study Selection
Initially, duplicate articles were excluded. Afterwards, in a successive analysis oriented by titles, abstracts and full

articles were selected according to the inclusion and exclusion criteria.
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As an inclusion criterion, only clinical studies were considered eligible for review. There was no limitation in relation
to the year of publication.

As exclusion criteria, we considered studies which:

1) included in the sample individuals diagnosed with bipolar depression (bipolar affective disorder);

2) considered MD as a secondary disease;

3) included only partial results or contained only the abstract;

4) used other neurostimulation technique rather than TDCS;

5) investigated other therapies in addition to pharmacotherapy, psychotherapy and cognitive control therapy;

6) investigated the use of TDCS not combined and / or compared to the therapies listed in criterion 5;

7) analyzed the results after a single treatment session;

8) investigated non-clinical or neuropsychological outcomes.

The search and selection of studies took place during the month of July of 2021. Figure 2 shows the respective number

of articles selected after each investigation step, culminating with the 12 reports on which the present review was based.
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Figure 2 - Steps for studies selection.

e 38 duplicate
studies excluded

58 studies excluded after analyzing the title
Use of a different neurostimulation technique: TMS (n = 6),
tACS (n = 3), T-PEMF (n = 1), iTBS (n=1), h{-tRNS (n=2)
Paper used in the introduction: (n = 5)
Another condition: Parkinson's (n = 1), addiction (n = 1),
migraine (n = 1), BAD (n = 3), PTSD (n = 1), Schizophrenia
*| (n = 2), depression during pregnancy ( n = 1), bordeline
personality disorder (n = 1), vascular depression (n=1)
Use of different technique for combination: ECT (n = 1)
Different analysis of clinical or neuropsychological
outcomes: (n = 11)

Y ‘ Review/meta-analysis: (n = 8)
ncluded after Partial / incomplete study: {(n = 5)
Single session: (n = 2)
Absence of combination therapy: (n=1)

10 studies excluded after analysis of the abstract
Use of a different neurostimulation technique: ECT (n=1)
Another condition: BAD (n=3), healthy volunteers (n=2)
Different analysis of clinical or neuropsychological

Y outcomes: (n = 2)
s included after Single session: (n = 1)
Only the Abstract: (n=1)

9 studies excluded after analysis of the text
Absence of combination therapy: {n=5)
v Another condition: BAD (n=3)

Without comparison (n=1)

\J

Note — TMS (Transcranial magnetic stimulation), tACS (Transcranial Alternating Current Stimulation), T-PEMF (transcranial pulsed
eletromagnetic fields ), iTBS (Intermittent theta-burst stimulation ), hf-tRNS (high-frequency transcranial random noise stimulation ), BAD
(bipolar affective disorder), PTSD (Post-traumatic stress disorder ), ECT (Electroconvulsive therapy).

Source: Authors (2021).

2.3 Analysis and Synthesis

The articles included in the present review were categorized according to authors, year of publication, type of study,
sample size, treatment groups, electrode arrangement, stimulation technique (current intensity, time and number of sessions) and
main results.

In addition, we compared the studies to understand the implications and the relationship between their study
methodologies, especially in relation to the techniques of neurostimulation and therapeutic association, and with their respective
results, in an attempt to answer our research question and raise new scientific gaps to be considered for future studies.
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3. Results and Discussion

Tables 1, 2, 3 and 4 briefly present the selected studies and their specificities. In the following topics, we will try to
address specific issues related to the efficacy of combined strategies for the management of MD, with emphasis on the use of

TDCS and the comparison between methodological variables.

3.1 Clinical efficacy of combined therapy:

Of the seven studies in which comparison with the control group was possible, four demonstrated that the therapeutic
combination was significantly more effective. Table 4 summarizes these studies, comparing the differences among them.

The two studies (Andre R Brunoni et al., 2013; Pavlova et al., 2018) which employed sertraline in association with
TDCS showed positive results. Considering the two reports (34,35) which analyzed the combined effects of TDCS with CCT,
only Segrave and colleagues (Segrave et al., 2014) were able to demonstrate superior effectiveness of the combined treatment.
However, these two reports showed relevant discrepancies in the methodological approach, particularly regarding electrode
layout, time and number of sessions and protocol for CCT application.

The study that looked at the TDCS + CBT combination found no relevant difference in the analyzed outcomes when
compared to CBT alone (Nord et al., 2019).

Finally, the analysis of TDCS effectiveness on patients undergoing refractory treatment with selective sertraline
reuptake inhibitors (SSRIs) treatment was brought by two studies (Dell’Osso et al., 2014; Sharafi et al., 2019) with opposite
results. Again, the final outcomes could have been impacted by methodological issues, such as different electrode arrangement,

current intensity, as well as time and interval between sessions.
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Table 1 — Studies using association between transcranial direct current stimulation (TDCS) and cognitive-behavioral therapy (CBT) or TCDS and cognitive control training
(CCT).

Author Year Study Sample Groups Disposition Current Session Number of  Association Results
Intensity Time sessions
Segrave et al. 2014 Controlled 27 adults 1) TDCS+CCT Anode-F3 2mA 24 min  5sessions Cognitive Clinical and
randomized 2)sham+ CCT Cathode - F8 1l/day controll training cognitive
clinical trial 3) TDCS + sham 5days simultaneous improvement
Brunoni et al. 2014 Controlled 37 adults 1)sham+CCT Anode-F3 2mA 30 min 10 sessions Cognitive No difference
# randomized 2) TDCS + CCT Cathode - F4 5/ week  controll training between groups
clinical trial 2 weeks simultaneous
Vanderhasselt et al. 2015 TDCS added
# no addicional
effects

neuropsychological

Khayyer et al. 2018 Uncontrolled 9 woman 1) TDCS Anode-F3 15mA 15min 12sessions Positive Clinical improvement
randomized 2) PP or F4 3/week psychotherapy and hope and
clinical trial 3) TDCS + PP Cathode - Fz 4 weeks otism

or EC indicators
Welch et al. 2019 14 adults 1) TDCS +eCBT Anode-F3 2mA 30 min 12 sessions eCBT Symptomreduction

2)sham+eCBT Cathode - F4 3/week simultaneous in both groups

4 weeks comparison not
possible

Nord et al. 2019 Controlled 33 adults 1) TDCS+CBT Anode-F3 1mA 20min 8 sessdes Cognitive No difference
randomized 2)sham+ CBT Cathode - ID 1/semana behavioral between
clinical trial 8semanas therapy after groups

Note — TDCS (transcranial direct current stimulation), CCT (cognitive controll training), PP (positive psychotherapy), eCBT (eletronic cognitive-behavioral therapy), F3 (left
front), F4 (right front), F8 (right previous temporal ), Fz (midline frontal), EC (extra cephalic ), ID (ipslateral deltoid), (min  (minute).
# They are complementary studies

Source: Authors (2021).
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Table 2 - Studies using association or comparison between transcranial direct current stimulation (TDCS) and pharmacotherapy.

Author Year Study Sample Groups Disposition  Current Session Number of Association Results
Intensity Time sessions
Brunonietal. 2013 Controlled 120 adults 1) Sham + placebo Anode - F3 2mA 30min 12 sessions 50 mg de TDCS better than placebo
randomized 2) Sham + sertraline  Cathode - F4 5/week Sertraline it's equivalent to
# clinical trial 3) TDCS + placebo 2 weeks sertraline
4) TDCS + sertraline + Superior combination therapy
1/15 days and with answer
2 sessions faster
Valiengo et al. 2013 Clinical trial 42 adults TDCS Anode - F3 2mA 30 min 1/15 days Only 8
Cathode - F4 por 3 months maintained the
# 1/month Sertraline
3 months
Brunonietal. 2016
#
Pavlovaetal. 2018 Clinical trial 69 adults 1) TDCS + sertraline  Anode - F3 0,5 mA 200r 10sessions 50 mg de Clinical improvement
30 min 5/week Sertraline significantly higher

2) TDCS + sertraline Cathode - RSO
3) Sham + sertraline 2 weeks in the 30 and 20 min group.
30 min group with
improves significantly
greater than 20 min

Note - TDCS (transcranial direct current stimulation), F3 (left front), F4 (right front), RSO (right supra orbital), min (minute), mg (milligram).

# They are complementary studies.
Source: Authors (2021).
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Table 3 - Studies using association between transcranial direct current stimulation (TDCS) and refractory treatment with selective sertraline reuptake inhibitors (SSRIs).

Author Year Study Sample Groups Disposition Current Session Number of Association
Intensity Time  sessions

Results

Controlled 1) TDCS Anode -F3 2mA 30min 10sessions Escitalopram No signficant
Bennabietal 2015 randomized 24 adults 2) sham Cathode - Fp2 2/day 10a20 mg difference
clinical trial 5days fixed betwenn groups
Controlled 30adults 1) TDCS Anode-F3 2mA 20min 10sessions Maintenance TDCS more
Sharafietal. 2019 randomized 2)sham Cathode - F4 5/week of previus  significant than sham
cinical trial 2 weeks SSRI

Note - TDCS (transcranial direct current stimulation), F3 (left front), F4 (right front), Fp2 (right fronto-polar), min (minute), mg (milligram).
Source: Authors (2021).
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Table 4 — Comparative analysis of protocol variables employed by the controlled clinical trials analyzed in the present study.

Intensity| Time [Between Sessions| sessions
TDCS Segrave et al. (2014)
+ X X X X Distint
CCT Brunoni et al. (2014)
TDCS Brunoni et al. (2013)
+ X X X Similar
Sertraline Pavlova et al. (2018)
Resistence Bennab_i et al. (2015) x X X X Distint
pharmachotherapy Sharafi et al. (2019)
TDCS Segrave et al. (2014) F3/F8 2mA 24 min 1/day 5 CCT (PSAT + WAT) +
+
CCT Brunoni et al. (2014) F3/F4 2mA 30 min 1/day 10 CCT (PSAT) -
TDCS + CBT Nord et al. (2019) F3/DlI 1mA 20 min 1/week 8 CBT -
TDCS Brunoni et al. (2013) F3/F4 2mA 30 min 1/day 12 50 mg sertraline +
+
Sertraline Pavlova et al. (2018) F3/RSO 0,5mA | 30 min 1/day 10 50 mg sertraline +
Resistence Bennabi et al. (2015) F3/Fp2 2mA 30 min 2/day 10 10 - 20 mg escitalopram -
pharmachotherapy Sharafi et al. (2019) F3/F4 2mA 20 min 1/day 10 SSRI +

Note — F3 (left front), F4 (right front), F8 (right previous tempora ), Fp2 (right fronto-polar) ID (ipsilateral deltoid), RSO (right supra orbital ), min (minute), mg (miligram)
CCT (cognitive controll training), CBT (cognitive-behavioral therapy), PSAT (Paced Serial Addition Task ), WAT (Wells Attentional Training ), SSRI (sertraline reuptake
inhibitors)

The X indicates which variables were distinct between studies.

Source: Authors (2021).
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3.2 Stimulation mode:

We detected that all selected clinical trials involving MD patients used anodic stimulation positioned over the left
prefrontal cortex, more specifically in F3 region, which corresponds to the DLPFC. Only Khayyer et al (2018) (Khayyer et al.,
2018) also performed anodic stimulation in F4.

The involvement of ventromedial prefrontal cortex - vmPFC and DLPFC in MD pathogenesis is already known (Liu et
al., 2017). The DLPFC, the targeted area of anodic stimulation in which the reports were concentrated, has a key function in
cognitive functions such as working memory, attention, intention and action direction, whereas the vmPFC participates in
emotional and affective functions (Koenigs & Grafman, 2009; Liu et al., 2017).

MD is associated with DLPFC hypoactivity or injury, and vmPFC hyperactivity, so that the stimulation of DLPFC and
a decreased vmPFC activity are related to a decrease in depressive mood (Koenigs & Grafman, 2009). As mentioned above, MD
patients also exhibit a prefrontal DLPFC asymmetry, with hypoactivity found on the left and hyperactivity on the right
hemisphere (Grimm et al., 2008). This clinical finding is frequently restored after treatment (Grimm et al., 2008; Kocmur et al.,
1998; Mottaghy et al., 2002), particularly due to a reduced activity on the left side (Bruder et al., 2017).

Studies performed on healthy individuals (Sanchez et al., 2016; Wolkenstein et al., 2014) corroborate the evidence of
prefrontal asymmetry in depressive patients. Inhibition of the left DLPFC leads to altered processing of negative affect contents
(Wolkenstein et al., 2014), whereas anodic stimulation of the right DLPFC in parallel with contralateral supraorbital cathode
stimulation leads to an attention deficit (Sanchez et al., 2016). Thus, the application of anodic TDCS over left DLPFC (in
association or not with the cathodic stimulation of the DLPFC) is supported by neuropathophysiological findings of the literature.
However, it is important to mention that cathode positioning over brain regions other than the right DLPFC also produced
responses.

The studies performed by Segrave et al. (2014) (Segrave et al., 2014), Brunoni et al. (2013) (Andre R Brunoni et al.,
2013), Pavlova et al. (2018) (Pavlova et al., 2018) and Sharafi et al. (2019) (Sharafi et al., 2019) obtained significant therapeutic
responses for combined therapy (TCDS plus pharmacotherapy or CCT), when compared to control groups. However, three
reports used pharmacotherapy associated with anodic stimulation at F3 and cathodic stimulation at F4 (Andre R Brunoni et al.,
2013; Sharafi et al., 2019) or right supra orbital region (SOR) (Pavlova et al., 2018), whereas Segrave and colleagues (2014)
(Segrave et al., 2014) used the cathode positioned at F8 (right anterior temporal region).

All the studies in which the control groups were used, and which did not demonstrate positive results associated with
the combined therapy, performed anodic stimulation at F3. Two studies (A R Brunoni et al., 2014; VVanderhasselt et al., 2015)
that combined TDCS with CCT used the cathode positioned in F4; another report that combined TDCS with CBT, used an
ipsilateral deltoid (ID) cathode; finally, Bennabi and coworkers (2015) employed TDCS in patients refractory to escitalopram
treatment with the cathode arranged at Fp2 (right frontal region).

Therefore, we found a heterogeneity of cathode positioning, both for studies with significant results (F4, SOR, F8) and
for those who found no significant outcomes (F4, ID, Fp2). This is a very important observation, particularly under the analysis
of TDCS + CCT or TDCS + resistant pharmacotherapy associations, since the discrepant electrode disposition may certainly
underlie the contrasting results.

Although it is difficult to draw a consistent conclusion about this variable, particularly due to the limited number of

studies, we can establish some questions, which may help researchers to manage this issue in future studies:
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1) In the study developed by Segrave and colleagues (2014) (Segrave et al., 2014) (anode arrangement in F3 and
cathode in F8), the effects of combined TDCS and CCT would remain the same if the cathodic stimulation had
been performed at F4?

2) Using the same sample with anodic F3 stimulation, which arrangement would be the most effective (cathode at F4
or F8)?

3) Replicating the experimental design of Sharafi et al. (2019) (Sharafi et al., 2019), who employed TDCS in patients
resistant to pharmacotherapy, would results be similar if electrodes were arranged at F3 (anode) and F4 (cathode)?

4) In MD patients resistant to pharmacotherapy and submitted to anodic TDCS at F3 region, is there a difference

between the cathode arrangement in F4 and Fp2, in different groups of the same sample?

3.3 Current intensity:

Current intensity ranged from 0.5 to 2 mA in the analyzed studies. However, we found no correlation between the
antidepressant response and this variable. Even in the study by Pavlova et al. (2018) (Pavlova et al., 2018), the stimulation of
0.5mA combined with sertraline showed significant clinical improvement, being greater for the group with the longest
stimulation time (30 minutes). Among the studies that used the highest current intensity (2 mA), there were significant (Andre
R Brunoni et al., 2013; Segrave et al., 2014; Sharafi et al., 2019) and non-significant results (Bennabi et al., 2015; A R Brunoni
et al., 2014; Vanderhasselt et al., 2015). Nord et al. (2019) used an intermediate current intensity (1 mA) and also found no
significant results when combining TDCS and CBT.

3.4 Session time:

The duration of each TDCS session varied from 15 to 30 minutes. Sessions lasting between 20 and 30 minutes were
more effective in promoting significant results for combined therapy (Andre R Brunoni et al., 2013; Pavlova et al., 2018; Segrave
et al., 2014; Sharafi et al., 2019). In this regard, we found an intriguing fact: among the studies in which TDCS was combined
with CCT (A R Brunoni et al., 2014; Segrave et al., 2014) or with pharmacotherapy (Bennabi et al., 2015; Sharafi et al., 2019),
two works showing positive results (Segrave et al., 2014; Sharafi et al., 2019) used shorter sessions (24 and 20 minutes,
respectively) than those that did not report significant effect of the combined treatment.

In the study of Pavlova et al. (2018) (Pavlova et al., 2018), the session duration was positively correlated with clinical
improvement. The group undergoing combined therapy was exposed to longer (30 minutes) TDCS stimulation, obtaining better

results when compared to the group that underwent a 20-minute protocol and to the sham + sertraline group.

3.5 Number of sessions and interval between sessions:

The sessions varied widely in number, from 5 to 12. The distribution was bimodal, with three studies conducting 10
sessions, and four studies conducting 12 sessions. In fact, the study by Segrave et al. (2014) (Segrave et al., 2014) showed the
effectiveness of the combined treatment (TDCS + CCT) in relation to the isolated treatments (TDCS + CCT sham the TDCS

sham + CCT) after only 5 sessions (3 weeks of follow-up).

3.6 Association of TDCS with CCT or CBT:
In general, TDCS associated with CCT or CBT have shown contradictory results in the literature. The study by Segrave

etal. (2014) (Segrave et al., 2014) was the only one that demonstrated potentiation of the antidepressant and cognitive in response
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to the combination of TDCS with cognitive techniques. The other studies, however, found no further improvement by TDCS.
Although Khayyer and colleagues (2018) initially reported, for one of the groups, increased clinical improvement, as well as
indicators of optimism and hope, in response to psychotherapy combined with TDCS, this study presents a critical selection bias,
since its sample consisted only of women with a low number (3) of patients in each group, in addition to the lack of control group
and the absence of statistical tests that could attest the significance of results.

The two studies that used presential (Nord etal., 2019) or virtual (Welch etal., 2019) CBT found no further improvement
by TDCS. While Welch et al (2019)(Welch et al., 2019) performed 3 sessions / week and were unable to establish comparisons
between groups due to the low number of volunteers, Nord et al (2019) (Nord et al., 2019) performed only 1 session / week / 8
weeks with CBT after TDCS (1 mA, 20 minutes).

Regarding the therapeutic modality most commonly found in the studies, CCT stands out in two studies: Segrave et al.
(2014) (Segrave et al., 2014) and Brunoni et al. (2014) (A R Brunoni et al., 2014). Despite this, there was a difference in the
experimental design between studies, with Segrave et al. (2014) (Segrave et al., 2014) being the only one to demonstrate the
effectiveness of the therapeutic combination in a 3-week follow-up. These authors reported a response rate of 44% with only 5
sessions using a current intensity of 2 mA for 24 minutes, with anode disposed at F3 and cathode at F8. The other study used
only one adapted Paced Serial Addition Task (PSAT), while Segrave et al. (2014) (Segrave et al., 2014) used two simultaneous
cognitive tasks with TDCS, an adaptation of the PSAT and a modified Wells Attentional Training (WAT) paradigm.

Brunoni et al. (2014) (A R Brunoni et al., 2014), even without reporting a significant improvement, considered that the
combined therapy tended to contribute to an overall increment in positive outcomes. However, when analyzing cognitive and
clinical improvements comparatively among different ages, these authors found that in older patients (> 50 years) TDCS
increases the effects of CCT.

PSAT is based on arithmetic calculations in series of numbers presented by audio, in the face of a cognitively
challenging situation. WAT, in turn, is designed to improve self-directed attention and control over automatic negative thoughts,
being carried out by audio-guided tasks, in the face of constant distractions (Segrave et al., 2014). As already mentioned, DLPFC
is critical for working memory and attention control, functions that are evaluated by the performance of both tasks.

It is already known that such cognitive tasks are related to functional recruitment of DLPFC and, therefore, circuits
related to cognitive control, especially for negative information (Koster et al., 2017). Thus, TDCS concomitant with cognitive
training activities may induce increased left DLPFC function, where the anode is positioned (F3 region).

The functional recruitment of DLPFC in these responses are also supported by in vitro studies performed by Rahman
and group (2017) (Rahman et al., 2017), who reported an amplification of the electric field generated by neurostimulation in

rodent brains, in a cooperative operation between the stimulated area and connected adjacent regions.

3.7 Association with pharmacotherapy:

In adult patients with mild to severe MD, studies have found more significant TDCS-mediated antidepressant effects
with anodic position set at the DLPFC (F3) combined with 50 mg / day of sertraline, when compared to control groups. These
protocols used current intensities of 0.5 to 2 mA and 10 or 12 sessions of 30 minutes each. There were also significantly higher
rates of response and remission when using combined therapy.

In a more recent study (Pavlova et al., 2018), which used the lowest electric current intensity (0,5 mA) applied to
volunteers with mild and moderate MD, initially not treated, the combination of TDCS with sertraline was more effective when

compared to the control group (sham + 50 mg of sertraline) after 10 sessions. However, this effect varied in a time-dependent
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manner, so that the group with the longest session duration (30 minutes) obtained better results than the group with the shortest
time exposure (20 minutes), which, in turn, obtained better results than the simulated stimulation. The response (89%) and
remission (70%) also were only significant in the group with the longest protocol (30 min).

The study that showed the most significant results was the SELECT-TDCS survey (Andre R Brunoni et al., 2013),
which involved 120 volunteers initially lacking antidepressant treatment, randomized into 4 groups: Group 1 - simulation of
TDCS + oral placebo; Group 2 - simulation of TDCS + sertraline; Group 3 - active TDCS + oral placebo; Group 4 - Active
TDCS + sertraline - with TDCS under bifrontal disposition (anode in F3 and cathode in F4), with 2 mA currents and 10
consecutive sessions of 30 minutes each, with 2 sessions of follow-up. A faster and more effective antidepressant effect was
shown in the combination of therapies (50 mg of sertraline + active TDCS), as well as higher rates of response and remission, in
addition to an equivalence of results between TDCS and sertraline and better results from the neurostimulation technique than
placebo. The authors therefore considered that both treatments had additive effects.

In addition, Valiengo et al. (2013) (Valiengo et al., 2013) followed for 24 weeks (6 months) patients who presented
antidepressant response in groups with active TDCS in phase | (Andre R Brunoni et al., 2013) and patients in phase Il (non-
responders in groups with sham TDCS, who were subsequently submitted to 10 sessions of active TDCS with the same
parameters as the SELECT-TDCS study). The sessions took place, in the first 3 months, every 2 weeks, and afterwards, once
a month. The phase Il participants presented the only statistically relevant difference, compared to the phase I, with a higher
prevalence of melancholic depression and lower prevalence of atypical depression. Treatment-resistant depression was the only
significant predictor of recurrence during follow-up. The use of sertraline (8 participants) had no significant association with
recurrence and the mean duration of response was 11.7 weeks. However, the study had limitations due to the lack of a control

group and a high dropout rate.

3.8 Effect of TDCS on MD resistant to SSRI

Two studies (Bennabi et al., 2015; Sharafi et al., 2019) investigated the effectiveness of TDCS for SSRI-resistant MD,
and found divergent results.

Bennabi et al. (2015) (Bennabi et al., 2015), found no significant differences between the control (sham) and active
groups, when evaluating the effectiveness of 10 sessions of TDCS, with administration of 2 mA/30 minutes, distributed over a
week, with 2 sessions/day, with anode disposed at F3 and cathode at Fp2. The sample consisted of patients with resistance to
escitalopram (dose between 10 and 20 mg/day).

Unlike the previous findings, a recent study by Sharafi et al., 2019 (Sharafi et al., 2019) demonstrated that TDCS was
significantly more effective than sham stimulation, maintaining this effect after 1 month. In this study, 10 TDCS sessions of 20
minutes each and 1 month of follow-up were applied to patients diagnosed with MD and resistant to SSRIs treatment. The authors
employed 2 mA of current intensity and a bifrontal assembly (F3 and F4), with maintenance of the same SSRIs doses adopted
prior to the study.

Although both studies used the same number of sessions (10), the most recent work (Sharafi et al., 2019), which showed
more significant results of improvement in depressive symptoms in the group submitted to active TDCS, distributed the sessions
throughout a longer period, in contrast to the previous study (Bennabi et al., 2015), in which the sessions were concentrated to
occur in just 5 days. Together with different session durations (20 minutes for Sharafi et al., 2019 versus 30 minutes for Bennabi
et al., 2015) and different medications used, the discrepant time-course protocol designs could explain the different outcomes.
By the way, the drugs and their dosage were clearly defined only by the study by Bennabi et al. (2015) (Bennabi et al., 2015).
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3.9 Results in neuropsychological indicators:

Regarding neuropsychological results, the findings were contradictory and heterogeneous. Some studies showed that
even with superior clinical improvement with combined treatment, there was no difference between groups when the
improvement in neuropsychological tasks was analyzed (Andre Russowsky Brunoni et al., 2016). In contrast, others reported
significant improvement for combined therapy in both clinical and neuropsychological parameters (Pavlova et al., 2018; Segrave
et al., 2014). Finally, a third group of studies found significant increment in neurocognitive performance, but showed no
significant clinical outcomes in response to combined therapy (A R Brunoni et al., 2014; Vanderhasselt et al., 2015).

In addition to the clinical improvement evidenced by Brunoni et al (2013), the cognitive effects of such interventions
were also analyzed, and published in another study (Andre Russowsky Brunoni et al., 2016), with a general improvement of all
treatment groups, regardless the therapeutic modality and clinical response, in most of the neuropsychological tasks applied at
different time frames.

The study by Segrave et al. (2014) suggests that a combined therapy of TDCS + CCT may increase cognitive control
over negative stimuli. In Pavlova's study, only one of the neuropsychological tests (Digit Span Backwards), which assesses
working memory, showed a significant correlation, with both groups with active TDCS showing improvement in depressive
mood. In the other tests, in all groups, the performance was better after treatment.

Brunoni et al. (2014) (A R Brunoni et al., 2014) found that there was a significant improvement in PSAT task
performance in the combined group (TDCS + CCT), so even with an improvement in working memory performance, there was
no additional antidepressant effect. Finally, in a complementary study (Vanderhasselt et al., 2015), the same group showed
positive results in reducing ruminative thoughts of depressive content (as assed by PSAT), and the greater the improvement in
this variable, the greater the improvement in working memory. There was no increase in effect by TDCS in the group with active
stimulation.

In another study, also complementary to Brunoni et al. (A R Brunoni et al., 2014) and not included in the present review,
the authors compared emotional reactivity among groups (Vanderhasselt et al., 2016) before and after interventions (CCT +
sham TDCS or CCT + active TDCS) and its correlation with depressive symptoms. The study reported that a greater emotional
reactivity for negative affect before the intervention (or less blunted reactivity) was associated with a greater reduction in
depressive symptoms at the end of the study. However, the analysis referred only to the total sample of the original study, due
to the depressive improvement in both groups.

In the work of Nord et al. (2019) (Nord et al., 2019), the active condition (TDCS + CBT) was associated with a
significant increase in activity of the right posterior parietal cortex during working memory task, and with increased activity of
left DLPFC during emotional processing. In addition, pretreatment activation of left DLPFC was significantly associated with
symptomatic improvement in the active condition, with volunteers with high activation of left DLPFC being more likely to

respond to TDCS. Initial working memory, however, was not a good predictive for clinical improvement.

3.10 Summary:

The studies that show significant effects for depressive symptoms improvement with combined therapy were carried out
with anodic stimulations at DLPFC (F3), with the cathode arrangement that varied between 3 different assemblies (F4, F8 and
SOR) according to the associated therapeutic modality. Intensity current ranged from 0.5 mA to 2 mA (most often), with 5 to 12

sessions (mean of 10 sessions) lasting for 20 to 30 minutes, employing more commonly as therapeutic associations with TDCS
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the CCT (with 2 tasks - PSAT and WAT) and SSRIs treatment (with emphasis on sertraline). Tables 5 and 6 summarize
significant and non-significant results.

Table 5 - Clinical studies showing greater effectiveness of combined therapy.

Author Disposition Current Session Interval Number of Assaociation
Intensity Time Between Sessions sessions
Segrave et al. (2014) F3/F8 2mA 24 min 1/day 5 CCT (PSAT + WAT)
Brunoni et al. (2013) F3/F4 2 mA 30min 1/day + 2 additional 12 50 mg of Sertraline
Pavlova et al. (2018) F3/RSO 0,5mA  30min 1/day 10 50 mg of Sertraline
Sharafi et al. (2019) F3/F4 2mA 20 min 1/day 10 SSRI

Note — F3 (left front), F4 (right front), F8 (right previous tempora), RSO (right supra orbital), min (minute), mg (miligram), CCT
(cognitive controll training), PSAT (Paced Serial Addition Task), WAT (Wells Attentional Training), SSRI (sertraline reuptake
inhibitors)

Source: Authors (2021).

Table 6 - Clinical studies that have not found statistical relevant results of combined therapy.

Author Disposition Current Session Interval Number of Association
Intensity Time Between Sessions sessions
Brunoni et al. (2014) F3/F4 2mA 30 min 1/day 10 CCT (PSAT)
Nord et al. (2019) F3/DlI 1mA 20 min 1/week 8 CBT
Bennabi et al. (2015) F3/Fp2 2mA 30 min 2/day 10 10 - 20 mg Escitalopram

Note — F3 (left front), F4 (right front ), Fp2 (right fronto-polar ), ID (ipsilateral deltoid ), min (minute), mg (miligram), CCT
(cognitive controll training ), PSAT (Paced Serial Addition Task), CBT (cognitive-behavioral therapy )
Source: Authors (2021).

3.11 Future perspectives:

Although the study by Brunoni et al. (2013) (Andre R Brunoni et al., 2013) demonstrated superior effectiveness of the
combined treatment of TDCS with sertraline in relation to the isolated therapy (sertraline or TDCS), more studies comparing
and combining other antidepressant drugs with TDCS would provide further evidence on the reliability of this therapeutic
modality.

In addition, the divergent results between the studies that combined CCT with TDCS can be better clarified with
additional studies, using larger samples. Furthermore, the study design employed by Segrave and colleagues (2014) (Segrave et
al., 2014), in which two tools (PSAT and WAT) were used for CCT, would better help future studies to answer the key question:
Is the combination of CCT and TDCS more effective that therapy alone?

Considering that some studies have not established comparisons with the control group - because they do not had it or
because of the small sample, and due to the lack of uniformity between the methods, some unanswered issues still remain:

1) 1s CBT associated with TDCS more effective than alone?

2) s positive psychotherapy combined with TDCS more effective than alone?

Moreover, regarding the use of TDCS in patients resistant to pharmacological antidepressant therapy with SSRIs, further

studies with a larger number of volunteers should be carried out to confirm the most recent results by Sharafi et al. (2019) (Sharafi
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et al., 2019). Lastly, if possible and feasible, studies with a longer follow-up time would better verify the long-term effects of

the combined treatment when compared to isolated therapies.

4. Conclusion

Based on the set of studies evaluated and evidence already present from other studies, anodic TDCS applied to the
DLPFC has significant antidepressant effects for the management of MD. Such effects may be similar or discreetly inferior than
those obtained in response to antidepressant drugs commonly used in clinical practice, but superior to placebo or simulated
stimulation. Furthermore, the studies analyzed indicate that the antidepressant therapeutic effects can be enhanced by the
combination of TDCS mainly with sertraline, even at low doses (50 mg/day). Cognitive function may be also enhanced by TDCS,
although more studies, with a larger number of volunteers, are still needed in order to better support this hypothesis. Further
studies may also better support the correlation between neurocognitive and clinical improvement with this type of combined
therapy.

Thus, unclear questions regarding the use of TDCS in association with other therapies still remain, particularly due to
the few existing studies, distinct research methods, low number of volunteers and short follow-up time. New studies should
better explore the synergism between CBT and ETCC, also expanding comparisons with other antidepressants and other

psychotherapeutic modalities.
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