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ARTICLE INFO ABSTRACT

Obsessive-compulsive disorder (OCD) is a highly disabling psychiatric disorder characterized by recurrent ob-
sessions and compulsions. It has a lifetime prevalence of 1-3% in the general population and commonly has a
ocD chronic course. First-line treatments consist of selective serotonin reuptake inhibitors and cognitive-behavioral
thCs therapy but up to 60% of patients respond partially or not at all to these treatments. This paper reviewed the
iif:;de literature on the safety and efficacy of transcranial direct current stimulation (tDCS) for the treatment of ob-

sessive-compulsive disorder and discussed future directions for research and clinical application. Criteria for
inclusion were open or controlled studies on tDCS and OCD that used validated rating scales along with well-
described stimulus parameters. In the majority of the limited number of published studies, most patients with
treatment-resistant obsessive-compulsive disorder had either moderate or marked benefit with this technique
different stimulation targets, sometimes sustained for many months. This technique might be efficacious in the
treatment of obsessive-compulsive disorder, although it is difficult to draw definitive conclusions about its ef-
ficacy, future well-designed sham-controlled studies are needed to confirm the safety and efficacy of tDCS for the
treatment of this condition.
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1. Introduction

Obsessive-compulsive disorder (OCD) is a highly disabling psy-
chiatric disorder characterized by recurrent obsessions and compulsions
(American Psychiatric Association, 2013). OCD has a lifetime pre-
valence of 1-3% in the general population (Ruscio et al., 2010;
Almeida-Filho et al., 1997). Commonly, OCD symptoms begin during
childhood and have a chronic course, causing severe impairments in
interpersonal, social and occupational functioning as well as in quality
of life (Bystritsky et al., 2001; Steketee, 1997; Fontenelle et al., 2010;
Subramaniam et al., 2012).

First-line treatments for OCD consist of selective serotonin reuptake
inhibitors (SSRIs) and cognitive-behavioral therapy (CBT).
Unfortunately, many patients are unable to tolerate medication side
effects. Up to 60% of patients respond partially or not at all to first or
second line treatments given in combination, or not, with CBT. Such
conditions require alternative therapeutic approaches such as ser-
otonin-norepinephrine reuptake inhibitors, augmentative atypical an-
tipsychotics or glutamate-modulating agents (Aouizerate et al., 2006).

Given that OCD is very often a difficult condition to treat, alter-
native therapeutic approaches are highly needed. Among these, neu-
romodulation techniques have been investigated and according to three
recent meta-analyses (Zhou et al., 2017; Trevizol et al., 2016; Berlim
et al., 2013), moderate to large effect sizes for short-term therapeutic
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effects for OCD were found mostly for low-frequency and somewhat
high-frequency repetitive transcranial magnetic stimulation by tar-
geting the supplementary motor area (SMA), the orbitofrontal cortex
(OFC) (Jaafari et al., 2012; Nauczyciel and Drapier, 2012), and to a
lesser extent the left dorsolateral prefrontal cortex (LDLPFC), bilateral
dorsolateral prefrontal cortex (DLPFC) and right dorsolateral prefrontal
cortex (RDLPFC) for active treatment versus sham particularly in pa-
tients who were non-treatment resistant. It has also been shown that
deep brain stimulation may show promise for treatment-resistant OCD
but the results are limited by small sample size and insufficient ran-
domized controlled studies (Naesstromee et al., 2016; van Westen et al.,
2015; Alonso et al., 2015).

Transcranial direct current stimulation (tDCS) is a non-invasive
neuromodulation technique which delivers low-amplitude direct cur-
rents (1-2 milliAmpere (mA)) to the brain between two large surface
electrodes (anode and cathode) positioned on distinct areas of the scalp
with a rubber headband (Wagner et al., 2007), which, depending on the
polarity, intensity and duration of the current flow are capable of
modulating cortical excitability by depolarizing or hyperpolarizing
neuronal resting membrane potentials of different brain areas involved
in cortico-subcortical loops (Nitsche and Paulus, 2000; Nitsche et al.,
2008; Nitsche et al., 2003; Priori, 2003; Keeser et al., 2011). The cur-
rents penetrate the skull and enter the brain from the anode, travel
through the tissues and exit via the cathode. The anodal electrode
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generally increases cortical excitability and the cathodal electrode de-
creases it (Nitsche and Paulus, 2000). The mechanisms of tDCS-induced
depolarization/hyperpolarization remains poorly understood, but
pharmacological studies have shown that the effect of tDCS may be
linked to shifts in the membrane potential (Bindman et al., 1964). The
effects of tDCS on cortical excitability are probably mediated by GABA-
ergic and glutamatergic mechanisms (Liebetanz et al., 2002; Stagg and
Nitsche, 2011; Monte-Silva et al., 2013), possibly leading to long-term
depression and long-term potentiation-like mechanisms
(Liebetanz et al., 2002). The technique is relatively safe with side effects
limited to local tingling and skin irritation.

The safety and efficacy of tDCS have been investigated for the
treatment of a variety of psychiatric disorders including depression and
schizophrenia (Kuo et al., 2014; Kekic et al., 2016; Szymkowicz et al.,
2016).

As far as the neurobiology of OCD is concerned, neuroimaging
studies have demonstrated a malfunctioning of cortico-striato-thalamo-
cortical circuitry, namely the fronto-striatal loop (impairments of be-
havioral inhibition/compulsions, impaired response inhibition), hy-
peractivity of the orbitofrontal-subcortical loops caused by a disruption
in the balance of activity through these opposing basal ganglia path-
ways particularly during symptom provocation (impairments of cog-
nitive inhibitory processes/obsessions), all including the SMA, anterior
cingulate cortex (ACC), DLPFC, OFC and basal ganglia (Milad and
Rauch, 2012; Del Casale et al., 2011). There is an increased activity in
the OFC, DLPFC, medial prefrontal cortex, anterior cingulate gyrus (role
in aberrant error monitoring and fear conditioning/expression), SMA
which explains the use of inhibitory (cathodal tDCS) to treat OCD
amongst other locations, increased activity of the basal ganglia and
decreased activity in the right and left cerebellum and the parietal
cortex (Del Casale et al., 2011; Milad and Rauch, 2012) along with
increased regional cerebral blood flow (Zheng et al., 2011), all related
to the severity of obsessive and compulsive symptoms in patients with
OCD. The OFC plays a major role in the pathophysiology of OCD be-
cause obsessions and compulsions are mediated by hyper-activity of the
orbito-frontal cortex either bilaterally (Alptekin et al., 2001) or uni-
laterally (left side) (Swedo et al., 1992).

Findings from neuroimaging studies also show that cognitive per-
formance such as executive functioning, decision making, memory and
visuospatial skills in OCD might be associated with the DLPFC and the
OFC and have been reported to be disabled in OCD.

This paper reviewed the literature on the safety and efficacy of tDCS
for the treatment of OCD and discussed future directions for clinical
research in this growing area of attention (Fig. 1).

2. Method

Using the search terms “transcranial direct current stimulation”,
“tDCS”, “obsessive-compulsive disorder”, and “OCD”, 14 controlled and
open-label studies on humans published in peer-reviewed journals in
English until December 2017 were retrieved through NCBI Pubmed and
Science Direct searches. Criteria for inclusion were open or controlled
studies on multiple sessions of tDCS and OCD meeting criteria for DSM-
IV/5 or ICD-10 that used a least one validated rating scale along with
well-described stimulus parameters and short as well as long-term
outcomes (when possible) (See Table 1 Prisma checklist).

3. Results

Overall, these were studies on the safety and efficacy of tDCS in the
treatment of obsessive-compulsive disorder (D'Urso et al., 2016; Todder
et al., 2017; Bation et al., 2016; Dinn et al., 2016; Najafi et al., 2017;
Beck et al., 1988) (Table 2). One study (Yekta et al., 2015) was not
included in the review process because it was unclear in this publication
whether patients who responded to the treatment had received active
tDCS, sham tDCS or both.”
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Fig. 1. Different localization used for transcranial direct current stimulation in
the treatment of obsessive compulsive disorder; Fz corresponds to the supple-
mentary area (cathodal tDCS over the pre-SMA/SMA in OCD), F3 to the left
dorsolateral cortex, F4 to the right dorsolateral cortex (cathodal tDCS over the
RDLPFC in OCD) and Fpl to the left orbitofrontal cortex (cathodal tDCS over
the left OFC in OCD).

A randomized, controlled, partial cross-over study (D'Urso et al.,
2016) investigated the safety and efficacy of tDCS on OCD symptoms
along with polarity-specific effects in twelve patients with OCD on
stable doses of medications for one month before and throughout the
trial. They initially received ten daily sessions of anodal (N=6) or
cathodal (N=6) tDCS (2 mA, 20 min) with the active electrode placed
bilaterally on the pre-SMA. In case of improvement or no change in
symptoms severity, the patients were maintained on the same current
polarity for ten more sessions. In case of symptoms worsening after the
first ten sessions, patients were switched to the other polarity for ten
additional sessions. Each subject received a total of 20 sessions of tDCS.
There were few side effects such as mild headache, local tingling or
itching and redness of the skin at the sites of the electrodes. After ten
sessions, 50% of patients who initially received anodal stimulation were
switched to cathodal tDCS while 100% of patients initially assigned to
cathodal stimulation continued to receive the same treatment. After ten
sessions of anodal tDCS, patients showed a worsening of symptoms
whereas they significantly improved after ten sessions of cathodal sti-
mulation with a 30% reduction in baseline severity score on the Yale-
Brown obsessive-compulsive scale (Y-BOCS). The greatest symptoms
improvement was seen in those patients who received 20 cathodal tDCS
sessions. Sheehan disability scale (SDS; Sheehan et al. 1996) scores
increased after anodal stimulation and decreased after cathodal sti-
mulation.

A randomized, sham-controlled, cross-over study (Todder et al.,
2017) investigated the use of tDCS on obsession-induced anxiety after
symptom provocation in twelve patients with refractory OCD who re-
ceived cathodal, anodal, and sham tDCS (2 mA, 20 min) over the medial
prefrontal cortex (Fpz, international 10-20 EEG system) along with
pharmacological treatment. The reference electrode was placed over
the right shoulder. There were few, mild and transient adverse effects
including facial pain and toothache in one patient, headache in another,
and shoulder pain in a third patient. There was a statistically significant
but short lasting reduction in the severity of the obsession-induced
anxiety with active cathodal tDCS compared with anodal and sham
stimulations.

An open study (Bation et al., 2016) assessed the safety and efficacy
of tDCS in eight patients with treatment-resistant OCD on stable doses
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Table 1
PRISMA Checklist table.
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Dentification Screening

Eligibility

Included

Records identified through database Records screened (N=14)
(NCBI Pubmed and Science Direct)

searching (N=14)

Additional records identified through
other sources (N=0)

Records excluded (N=1)

Unclear in this study whether patients
who responded to treatment had received
active tDCS, sham tDCS or both

Open or controlled studies on multiple sessions of tDCS and
OCD meeting criteria for DSM-1V/5 or ICD-10, used a least one
validated rating scale, well-described stimulus parameters,

Studies included in
qualitative review
(N=13)

short as well as long-term outcomes (when possible)
Full texts excluded:

No evaluation OCD symptoms

Not dealing with tDCS but tACS

Only single session

Full text articles assessed for eligibility (N=13)

of medications for at least six weeks before entering the study. The
patients underwent ten sessions (twice a day) of tDCS (2 mA, 20 min)
with the cathode over the left OFC (FP1, EEG international system) and
the anode over the right cerebellum. tDCS was well tolerated. One
patient developed a skin lesion in over the placement of the cerebellar
cathode with a slightly painful erythema which resolved within one
week. There was an immediate and significant decrease of Y-BOCS
score after ten sessions of tDCS and the beneficial effects lasted during
the three months of follow-up. At end point, three months after the end
of the tDCS sessions, 5 out of 8 patients had a decrease of =25% and 3
out of 8 patients had a decrease of =35% in Y-BOCS scores and were
considered responders.

An open study (Dinn et al.. 2016) investigated the safety and effi-
cacy of tDCS on obsessive and compulsive symptoms and on improving
executive control in five medicated patients with treatment-resistant
OCD who underwent 15 daily sessions over three weeks of tDCS (2 mA,
20 min) with the anode over the LDLPFC (F3) and the cathode over the
right fronto-polar region (Fp2). The patients demonstrated significant
OCD symptom reduction following the course of tDCS which was not
maintained at one-month follow-up. There were non-significant
changes in depressive and schizotypal symptoms following three weeks
of tDCS although patients’ daily ratings of depressive and generalized
anxiety symptoms were significantly lowered.

An open study (Najafi et al., 2017) investigated the safety and ef-
ficacy of tDCS in forty-two patients with treatment-resistant OCD who
underwent 15 sessions of tDCS for three weeks (2-3 mA, 30 min). Three
cathodal leads were placed in downward position (triangle form) on the
supraorbital region and FP2 (EEG system 10-20). Three anodal leads
were placed on the parietal, temporal, and occipital areas (P1, C3, T7;
triangle form). There were no major side effects and tDCS significantly
decreased Y-BOCS scores by at least 60% over three weeks with a fur-
ther decrease over one and three months follow-up.

4. Discussion

In the recent years, a limited number of controlled and open-label
studies as well as case series have been published on the safety and
efficacy of tDCS for the treatment of OCD. These were described in the
previous section and are next discussed. Reviewed studies were either
randomized, sham-controlled (D'Urso et al., 2016; Todder et al., 2017),
open-label (Bation et al., 2016; Dinn et al., 2016; Najafi et al., 2017)
and investigated the effects of tDCS alone or as an adjunctive treatment
to pharmacotherapy.

Some studies assessed decision-making among other outcomes.
Patients in different studies sometimes with comorbid psychiatric
conditions were mostly treatment-resistant. Studies used different pri-
mary and secondary outcome measures. The design and stimulus
parameters applied in the different studies were quite heterogeneous,
making it relatively difficult to compare the efficacy of tDCS for OCD in
these studies. Four different stimulation targets were chosen for tDCS:

(1) cathodal tDCS (sometimes anodal) over the pre-SMA/SMA; (2)
cathodal tDCS over the left OFC or right OFC, (3) cathodal tDCS over
the RDLPFC and (4) cathodal tDCS over the medial prefrontal cortex.

The only two controlled studies (D'Urso et al., 2016; Todder et al.,
2017) showed significant improvement of OCD symptoms in patients
who underwent cathodal tDCS over the pre-SMA/SMA, the LDLPFC or
the medial prefrontal cortex. Anodal tDCS over the pre-SMA/SMA was
not efficacious for the treatment of OCD.

Open studies (Bation et al., 2016; Dinn et al., 2016; Najafi et al.,
2017) with tDCS with the cathode over the left or right OFC and anodes
on the parietal, temporal, and occipital areas (Najafi et al., 2017) re-
sulted in an immediate and significant decrease in OCD symptoms with
the beneficial effects lasting from one to three months.

As far as side effects are concerned, tDCS was generally safe and
well tolerated. There were no major clinical or cognitive side effects.
The only side effects in a minority of patients were mild headache,
facial pain, local tingling or itching and redness of the skin at the site of
stimulation spontaneously resolved.

Despite the fact that some studies did not discuss them, there are
quite a number of limitations in these studies that one should be aware
of. First of all, the limited sample sizes mostly when using a variety of
stimuli for symptom reduction, the lack of sham conditions in most
studies, the possibility of placebo responses in randomized controlled
studies or carry-over effects of anodal or cathodal stimulation in cross-
over studies, open studies, and the use of medications in some studies
which all make it difficult to interpret the outcomes and clinical sig-
nificance of the results. As far as the placebo is concerned, it is im-
portant to keep in mind that in highly resistant OCD, spontaneous re-
mission is unlikely and placebo response is generally minimal
(Pallanti and Quercioli., 2006). Studies involved rather short treatment
durations and may have shown probably more beneficial outcomes if
longer treatment duration had been applied. Brain state dependency is
also another limitation that might have affected the clinical efficacy of
tDCS. Most studies did not address the issue of long-term outcomes or
maintenance tDCS in responders which is also of major limitation
particularly if this technique might someday find its niche in daily
clinical practice. In addition, pretty much like in the case of repetitive
transcranial magnetic stimulation, the target locations are not precise
even with the use of the 10-20 EEG International System. Therefore,
the montage of electrodes might not be ideal confounding the outcome
results.

The choice of the different targets for tDCS including the polarity of
the electrodes is based on functional neuroimaging findings concerning
the pathophysiology of OCD. For example, cathodal stimulation to in-
hibit pre-SMA activity is derived from the fact that the pre-motor/
motor system is abnormally hyperactive and that there is a pathophy-
siological link between such hyper-excitability and OCD symptoms so
the inhibitory modulation of pre-SMA by means of tDCS might reduce
OCD symptoms (De Wit et al., 2012; Maltby et al., 2005; Nachev et al.,
2008). As far as the DLPFC is concerned, this area plays a major role in
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cognitive control and behavior, thus influencing several neuronal net-
works involved in behavioral and emotional processing. tDCS may in-
fluence cognitive control over obsessions and compulsions differently
than modulation of orbitofrontal and pre-SMA activity along with
helping to improve anxiety and depression symptoms. Considering the
high overlap with comorbid depression and anxiety disorders with the
DLPFC as a hub region, alternative electrode montages primarily in-
volving prefrontal brain regions could modulate OCD symptoms and
eventually concomitant affective disorders by restoring cognitive con-
trol, and executive functions in remote areas. Hyperactivity in the OFC
and dys-connectivity between the cerebellum areas (hypo-active in
OCD) and the OFC (Anticevic et al., 2014; Hou et al., 2012) also plays a
key role in the pathophysiology of OCD. A decrease in OFC activity has
even been correlated with symptoms improvement after medical or
surgical treatment (Maia et al., 2008).

According to a recent study (Senco et al., 2015), a tDCS montage
with the cathode over the pre-supplementary motor area and extra-
cephalic anode seems to activate most of the areas related to OCD
leading tom potential improvements in obsessive and compulsive
symptoms, although the reviewed studies showed that tDCS montages
over other areas might also be beneficial for OCD patients.

5. Conclusions

OCD is a condition that does not always respond to current phar-
macological and psychotherapeutic approaches. Alternative approaches
such as cathodal tDCS over the pre-SMA/SMA, cathodal tDCS over the
RDLPFC and cathodal tDCS over the left OFC might alleviate obsessive
and compulsive symptoms although no definitive conclusion as to the
efficacy of this technique can be drawn given the paucity of randomized
studies. Further sham-controlled studies with increased statistical
power, rigorous standards of randomization, blinding procedures, op-
timal stimulus parameters, and clinical outcome as well as global
functioning measures are needed to confirm the short and long-term
safety and efficacy of tDCS in the treatment of such condition. Also
studies with large sample sizes should compare he safety and efficacy of
cathodal tDCS over the pre-SMA/SMA, over the RDLPFC, over the left
OFC and the medial prefrontal cortex.
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