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Abstract: Transcranial direct current stimulation (tDCS) is a non-invasive neuromodulation

technique that has been increasingly examined as an alternative treatment modality for

Obsessive-Compulsive Disorder (OCD), due to its low costs, ease of use, and portability.

Previous studies have suggested that tDCS may achieve a reasonably good response and

present a safe tolerability profile. However, at this point there is not strong evidence for the

use of this modality of treatment. Considering that OCD is very heterogeneous with regard to

clinical presentation, clinical severity and comorbidities, we have conducted a systematic

review of studies on tDCS for OCD aiming to evaluate the clinical characteristics of the

selected patients and to discuss perspectives for future studies. A literature search was

conducted from inception until March 2019 at PubMed/MedLine and Scielo using the

following keywords: “tdcs” or “transcranial direct current stimulation” and “obsessive

compulsive disorder”. Out of 45 manuscripts, twelve were included. Most of the included

studies are uncontrolled. A few controlled studies reported improvement of OCD, but some

limitations need to be considered. Our main findings were that the selected patients were

adults with severe OCD and psychiatric comorbidities, medicated at the time of assessment

and resistant to at least one previous conventional treatment. We could not find any studies

including specific populations such as adolescents, elderly, pregnant and breastfeeding

participants. Similarly, the potential use of tDCS has not been tested in patients with less

severe OCD, as a first treatment option, or for those who do not tolerate pharmacological

treatments. These opportunities should be explored in future controlled trials.

Keywords: obsessive-compulsive disorder, transcranial direct current stimulation,

neuromodulation

Introduction
Obsessive-Compulsive Disorder (OCD) is a neuropsychiatric disorder with a pre-

valence of 2% in the general population.1 It is a chronic, potentially disabling

condition that is characterized by the presence of recurrent and uncontrollable

thoughts (obsessions) and repetitive behaviors (compulsions) that the subject feels

compelled to repeat.2 Subjects with OCD may suffer a great amount of interference

from their obsessions and compulsions with their regular activities. Besides the

obsessions, the compulsions may also be triggered by sensory experiences like

incompleteness or the not-just-right perceptions.3 First-line treatments for OCD

include the selective serotonin-reuptake inhibitors (SSRIs) and cognitive-behavioral

therapy (CBT).4 Augmentation strategies with antipsychotics have been studied,
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which showed a limited capacity to increase treatment

success. Therefore, about one-third of the patients remain

symptomatic after one or more evidence-based

treatments.5 In OCD, there is usually the need to achieve

the higher recommended doses of the medications, which

may be associated with the occurrence of various side.6–8

Thus, treatment alternatives for patients with OCD who do

not respond to or do not tolerate the adverse effects of the

standard medications are still lacking.

The growing knowledge of the neurobiology of OCD,

especially about the cortical-striatum-thalamus-cortical

(CSTC) circuits, has facilitated the development of treatments

involving neuromodulation.9 Recently, a few case reports and

clinical trials reporting the use of transcranial direct current

stimulation (tDCS) as a treatment for OCD have been

reported. tDCS is a non-invasive neuromodulation technique

that consists of applying a low voltage current to the brain

using electrodes placed on the scalp.10 This technique has been

studied on the treatment of different psychiatric disorders due

to its good tolerability, with no serious adverse effects.11

In the initial case reports involving tDCS and OCD,

Narayanaswamy 201512 described 2 patients with OCD

that showed a good response to tDCS. These patients had

failed to two or more pharmacological treatments. Most of

the subsequent case reports and clinical trials have reported

a mixed, although positive response to treatment.13–15

Considering that OCD is a very heterogeneous disorder

with regard to clinical presentation, clinical severity and

comorbidities, we have conducted a systematic review of

studies on tDCS for OCD aiming to evaluate the clinical

characteristics of the selected patients and to discuss per-

spectives for future studies.

Methods
Literature search strategy
We conducted a systematic review following the steps

established in the PRISMA guidelines.16 Our search strat-

egy included the main electronic databases (PubMed/

MedLine and Scielo) from the first data available to

March 2019, using the keywords “tdcs” or “transcranial

direct current stimulation” and “obsessive compulsive dis-

order”. We then reviewed the references of selected

manuscripts.

Manuscript selection criteria
Inclusion criteria for the available studies were: a) original

articles published in English; b) case reports, open trials,

randomized clinical trials; c) patients: subjects diagnosed

with OCD in accordance to the 4th or 5th versions of the

Diagnostic and Statistical Manual of Mental Disorders –

DSM;2 d) intervention type: tDCS for the improvement of

OCD symptoms. We have excluded studies with incom-

plete data regarding the patients’ profile or describing a

poor quality of patient selection.

Quality assessment
To assess quality we have used the PEDRo scale17 for the

assessment of clinical trials. The PEDro scale has 11

items, designed for rating the methodological quality of

clinical trials. Scores greater or equal to 9 are considered

“excellent”, from 6 to 8 are considered “good”, from 4 to 5

are considered “fair” and scores below 4 are considered

“poor” methodological quality. We included only manu-

scripts with good or excellent methodological quality. For

uncontrolled studies (case report, case series, open trial)

we measured the quality by evaluating the presence of a

complete description of the data of interest for this review,

such as the description of the participants’ age, and a

validated measure of OCD severity. Open trials should

contain a diagram or appropriate description of the

included patients.

Data extraction
For each selected manuscript we have extracted the study

characteristics such as design, author, year and clinical and

demographic data of patients (such as sample size, sex,

age, psychiatric comorbidities, medication status, initial

YBOCS and OCD severity), tDCS parameters and

response to treatment.

Results
The search strategy described above resulted in 45 manu-

scripts. After having reviewed the title, abstracts and hav-

ing applied the eligibility criteria, we excluded 31

manuscripts for the following reasons: 20 manuscripts

were reviews or comments of this topic, 8 evaluated dif-

ferent diagnoses and treatment modalities and 3 manu-

scripts did not evaluate improvement based on YBOCS

scores. Figure 1 displays the flowchart.

At this step 14 full-text manuscripts that met our inclu-

sion criteria were included for review. Three RCTs and 11

uncontrolled studies (open trials and case reports) were

assessed for quality and 2 were excluded: one clinical trial

(Yekta, 2015)18 that was classified as having poor metho-

dological quality and one uncontrolled trial (Najafi, 2016)19
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was excluded due to the absence of a diagram or an appro-

priate description of the patients included. Finally, 12 manu-

scripts were selected.

Overview of the selected studies
Uncontrolled studies (case reports, case series,

open-label trials)

Uncontrolled studies of tDCS in OCD reported on adult

patients, both men and women, with a primary diagnosis

of OCD and presenting with psychiatric comorbidities

(Table 1). Most patients were on medication and had failed

at least one first-line treatment. Regarding treatment para-

meters, the number of sessions ranged from 10 to 20, once

or twice a day. The anode was positioned over the neck,

the pre-SMA, right occipital cortex, cerebellum, deltoid

muscle, FP1 and F3 (according 10–20 EEG system),

whereas the cathode was positioned over the F3, FP1,

FP2, F4, pre-SMA, deltoid muscle, left OFC and right

supra-orbital area. Response to treatment ranged from no

change in baseline YBOCS scores to 80% of

improvement.

Randomized clinical trials

Two RCTs have been selected as demonstrated in Table 2.

The first one is a crossover trial,26 evaluating the cathode

versus the anode on the pre-SMA of adult patients with a

primary diagnosis of OCD. Psychiatric comorbidities were

allowed. This trial included men and women, aged 25–65,

with previous failure to respond to at least one SRI. The

patients received 20 min of 2 mA tDCS sessions during

20 days of cathodal or anodal stimulation over the pre-

SMA, and the other electrode placed over the right deltoid.

If patients showed improvement or no change in OCD

symptoms after 10 sessions, they were maintained on the

same current polarity for 10 additional sessions. In case of

worsening after the first 10 sessions, subjects were

switched to the other polarity for 10 additional sessions.

The authors found that cathodal, but not anodal tDCS over

the pre-SMA was associated with improvement of OCD

symptoms. After 10 sessions, 100% of patients that had

started on the cathodal stimulation continued on the same

polarity, while 50% of patients who had started receiving

anodal stimulation were switched to the cathodal stimula-

tion. At the end of the study (4 weeks), the mean YBOCS

scores of patients who underwent cathodal tDCS has

decreased, while there was no difference between pre-

post stimulation in the anodal tDCS.

The second study27 was a randomized, double blind,

sham-controlled trial evaluating the efficacy of anodal

Figure 1 Flowchart of the selection of studies according to PRISMA.
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Table 1 Demographic and clinical characteristics of the uncontrolled selected studies (case reports, case series, open-label trials)

Author/year/

Study

Participants/

Gender/Age

(years)

Initial YBOCS/

Psychiatric

Comorbidities

On medication/

Previous treatment

Anode/Cathode Position

Parameters

Results/Changes on

YBOCS scores

Volpato et al,

201320

Case Report

1/male/35 22/Major

depression and

generalized

anxiety disorder

Yes/Resistant to more

than one medication and

CBT

Anode: neck

Cathode: F3* (left DLPFC)

2 mA, 20 min, 10 days

After tDCS and TMS,

there were no changes

in YBOCS scores.

Narayanaswamy

et al, 201512

Case report

2/female and

male/39 and

24

25 and 30/

Depression and

social phobia and

no comorbidities

Yes/First patient resistant

to 2 medications, did not

tolerate CBT. Second

patient resistant to more

than 2 medications

Anode: left pre-SMA

Cathode: right supra-orbital

area

2 mA, 2×20 min/day, 10 days

Improvement of 40%

and 46% in both

patients.

Mondino et al,

201513

Case report

1/female/52 36/No

comorbidities

Yes/Resistant to more

than 2 medications and

CBT

Anode: right occipital cortex

Cathode: FP1*

2 mA, 2×20 min/days, 5 days

After one month of

sessions, 26%

improvement.

D´Urso et al,

2016a14

Case Report

1/female/33 34/No

comorbidities

No/Resistant to 2

medications and CBT

Active: pre-SMA

Reference: right deltoid

(cross over of active and

reference)

2 mA, 20 min, 20 days

11% of worsening (after

10 anodal tDCS

sessions). 30% of

improvement (after 10

cathodal tDCS

sessions).

Bation et al,

201615

Open trial

8/6 female, 2

male/44.2

mean age/age

range 26–59

29 (mean)/No

comorbidities

One patient off

medication/Y-BOCS >16

despite at least two SSRI

trials and CBT

Anode: over the right

cerebellum

Cathode: over the left OFC

2 mA, 2×20 min/day, 5 days

26% of improvement

Silva et al,

201621

Case report

2/man/37 and

31

38 and 40/

Comorbidities

allowed

Yes/Resistant to more

than 2 medications and

CBT

Anode: left deltoid muscle

Cathode: pre-SMA

2 mA, 30 min, 20 days

17% improvement in the

first patient, no

improvement in second

patient.

Goradel et al,

201622

Case report

1/female/23 28/Comorbidities

not allowed

No/Previous treatment

failure (It was not

specified)

Anode: FP1*

Cathode: FP2*

2 mA, 20 min, 10 days

64% improvement

Dinn et al,

201623

Open trial

5/4 female and

1 male/40.4

mean age

No information/

Comorbidities

allowed

Yes/Medication and

therapy failure

Anode: F3* (left DLPFC)

Cathode: FP2*(right

frontopolar region)

2 mA, 20 min, 15 days

23% of improvement,

but the improvement

was not sustained.

Palm et al,

201724

Case report

1/male/31 40/Major

depression and

generalized

anxiety disorder

Yes/SSRI, tricyclics, first

and second-generation

antipsychotics,

benzodiazepines and CBT.

Anode: Left DLPFC (F3*)

Cathode: over the right

DLPFC (F4*)

2 mA, 2×30 min (in total 20

stimulations in two weeks)

22% of improvement

Hazari et al,

201625

Case report

1/male/24 13 (predominantly

obsessions) and 23

(second course)/

Depression

Yes/ECT and medication Anode: left pre-SMA

Cathode: right supraorbital

area 2 mA, 2×20 min/day,

10 days

80% of improvement

Notes: *Electrode placements according 10–20 EEG system.

Abbreviations: TMS, transcranial magnetic stimulation; SMA, supplementary motor area; CBT, cognitive-behavior therapy; DLPFC, dorsolateral prefrontal cortex; ECT,

eletroconvulsotherapy.
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tDCS over the pre-SMA and the cathode over the right

supra-orbital area. Twenty-five adult patients that had not

responded to at least one SSRI were randomized to receive

a sham stimulation or active tDCS. The sessions were

conducted twice a day, on 5 consecutive days during

20 mins. On this study, psychiatric comorbidities were

allowed, except for the lifetime presence of substance

dependence, psychosis, bipolar disorder, neurological dis-

ease or psychiatric emergency. Patients could be on med-

ication since dosages were stable for at least 3 months.

The authors found that the active treatment was superior to

sham based on an international expert consensus of

response criteria (35% reduction in the baseline YBOCS

total score with a CGI-I score of 1 (very much improved)

or 2 (improved)). After 10 days of follow-up (from base-

line to primary outcome), the authors found that 4 of 12 in

the active tDCS group versus 0 in the sham group had

sustained their response status.

Discussion
Our systematic review revealed 12 manuscripts, 10 uncon-

trolled and 2 controlled studies. Regarding the uncontrolled

studies, the case reports and open trials included adults,

both female and male, on medication and presenting with

psychiatric comorbidities. Subjects had failed at least one

previous treatment. The electrode montages of these studies

varied considerably. However, considering a computer

simulation of the electric fields, these montages concen-

trated the EF on the prefrontal cortex.28 Most of these

case reports and open trials related positive response to

treatment. It is important to evaluate the limitations of

these studies, considering sample size and bias publication.

Considering the controlled studies, the profile of the

selected patients was very similar to the uncontrolled

studies: adults, male and female, with a more severe dis-

order (non-responders to at least one previous treatment),

presenting with psychiatric comorbidities and on medica-

tion. D´Urso et al26 found that the cathodal, but not anodal

tDCS on the pre-SMA were related to improvement of

OCD symptoms, sustained at 4-weeks follow-up. On the

other hand, Gowda et al27 reported a positive response to

treatment after anodal tDCS over the pre-SMA and the

cathode over the right supra-orbital area, sustained at 10-

days follow-up. As limitations of these trials we could

consider the small sample sizes and a short period of the

follow-up assessments. The majority of the studies (con-

trolled and uncontrolled) reported improvement of OCD.

However, as stated above, these results should be consid-

ered preliminary and need replication.

The age profile of patients admitted to the tDCS studies

reported so far did not include children, adolescents or

elderly adults. The latter constitute a particularly interest-

ing population to be studied. Evidence suggests that the

elderly present more clinical comorbidities, leading to the

use of several medications with potential pharmacological

interactions; they tend to be more concerned about taking

medications, to be more sensitive to side effects and to

have high dropout rates.29 In addition, elderly patients are

more sensitive to the anticholinergic, hypotensive, and

cardiac effects of tricyclic antidepressants.30 Thus, further

Table 2 Demographic and clinical characteristics of the selected randomized clinical trials

Author/

year/

Study

Participants/Gender/

Age (years)

Initial YBOCS/

Psychiatric

Comorbidities

On medication/Previous

treatment

Anode/Cathode

Position

Parameters

Results/Changes

on YBOCS

scores

D´Urso

et al,

2016b26

Clinical

trial

10/5 female 5 male/37,6

mean age, age range from

25 to 65

No information/

Comorbidities

were allowed

One patient off medication/Y-

BOCS >16 and previous failure of

at least one SRI, or refusal to take

medication and CBT.

Active: pre-SMA

Reference: Right

deltoid*

2 mA, 20 min,

20 days

After cathodal tDCS

sessions, 20%

improvement in the

mean YBOCS

scores.*

Gowda

et al,

201927

Clinical

trial

25/4 female and 21 male/

mean age: 30.8, age range

18–45, active group and

25.9 placebo group

25.8 active group

and 27.3 placebo

group/

Comorbidities

allowed

Yes/YBOCS >16 and one failed

previous treatment

Anode: pre-SMA

Cathode: right

supraorbital area

2 mA, 2×20 min/day,

5 days

22% of

improvement on

active group**

Notes: *Patients received 10 anodal or cathodal stimulation. It was a cross-over study, if the patient was worsening, anodal and cathodal stimulation were switched.

**Significant tDCS type X time interaction with greater reduction of YBOCS on tDCS group compared to sham.

Abbreviations: TMS, transcranial magnetic stimulation; SMA, supplementary motor area; CBT, cognitive-behavior therapy; DLPFC, dorsolateral prefrontal cortex; ECT,

eletroconvulsotherapy.
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studies evaluating non invasive neuromodulation treat-

ments for this population are timely and needed to

improve the rates of treatment success.

Another population that is not represented among the

available studies refers to pregnant and lactating women

with OCD. Although some psychoactive drugs offer

greater safety in pregnancy and lactation, some patients

refuse to take medication on those occasions. The litera-

ture dealing with tDCS during pregnancy is still sparse,

which merits attention since tDCS has a favorable safety

profile during pregnancy.31

In terms of OCD severity, most patients had failed 1 or

more pharmacological treatments and some of them had

also failed one CBT trial. This means that less severe or

treatment-naïve patients have not been evaluated in tDCS

trials. Studies with untreated patients are needed to inform

us about the role of tDCS as a first-line treatment alter-

native, since the current recommendations of SSRIs in

high doses and CBT4 may not be tolerated by a consider-

able number of subjects.

In this review, most studied patients were on medication.

Psychiatric and non-psychiatric medications may influence

tDCS treatment, but at this point this effect is not clear.32

Especially regarding the use of SSRIs, one study with 12

subjects suggested that citalopram seemed to influence the

cortical excitability of the subjects studied.33While the effect

of medications on tDCS is unclear, it is important that

patients are properly screened for illicit drugs, nicotine, and

medication use in tDCS trials.32

To conclude, future trials are needed to determine the

efficacy of tDCS in OCD and investigate the best electrode

position, with larger samples and longer periods of follow-

up. Regarding the selection of subjects for future tDCS

trials, we point out the need to include subjects with the

following profiles: a) elderly patients; b) subjects with less

severe OCD; c) treatment-naïve patients; d) tDCS in com-

bination with CBT. The relative paucity of available stu-

dies of tDCS for OCD constituted a limitation to our

review. Thus, the evaluation of the selected patient profile

was performed based on a small number of manuscripts.

Conclusion
tDCS is a neuromodulation technique that has only recently

been studied for the treatment of OCD. At present, there is

not a strong evidence for this modality of treatment in OCD

patients. Published studies are mostly uncontrolled, and

very few controlled studies suggest that tDCS may be

efficacious for this disorder. Our review included, mostly,

samples of adults with severe OCD and on medication.

There are no studies evaluating the efficacy and safety of

tDCS in populations such as the elderly, adolescents,

infants, pregnant or lactating women, patients with less

severe OCD or treatment-naive patients. Future studies are

needed to determine the efficacy of tDCS in OCD, including

these populations, given the good tolerability profile of

tDCS, its low cost and the need for alternative treatment

modalities when medication or CBT cannot be delivered.
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The authors report no conflicts of interest in this work.
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