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A B S T R A C T

Obsessive-compulsive disorder (OCD) with comorbid bipolar affective disorder (BPAD) is often faced with a
therapeutic challenge. Pharmacological treatment strategy engaged towards alleviating symptoms in OCD has
the propensity to precipitate a manic switch in patients with comorbid BPAD. Advanced non-invasive brain
stimulation techniques like high definition transcranial direct current stimulation (HD-tDCS) may target the
symptoms of OCD while preventing a probable manic switch in a vulnerable population. In this case series, we
targeted OC symptoms in three patients by giving 2mA of anodal HD-tDCS at their pre-SMA (localized using 10/
10 EEG system) with 4 surrounding return electrodes of opposite polarity for 20min of two sessions having an
intersession gap of 20min receiving a maximum of 20 sessions. We found that the patients showed significant
improvement (more than 25%) in their OC symptoms while having no affective side effects and this effect was
replicated in one of the two patients in repeating the treatment for relapse. This case series highlights the efficacy
and durability of the effect of HD-tDCS as an add-on treatment modality in three patients who were treated for
OC symptoms in the context of a comorbid bipolar disorder, two of them receiving repeat courses on relapse.

1. Introduction

Bipolar affective disorder (BPAD) is one of the most debilitating
psychiatric disorders (Goldstein et al., 2009) that is characterized by
recurrent episodes of mania and depression occurring in phases, po-
tentially jeopardizing the patient’s mental health, his biological func-
tions like sleep and appetite and his social functioning (Robinson and
Nicol Ferrier, 2006). The therapeutic challenge that is faced in the
management of manic phase of this illness with co-morbid anxiety
disorder like the obsessive compulsive disorder (OCD), is a question of
intense scrutiny, since SSRIs that are prescribed as the first line agents
for OCD, have the propensity to precipitate mania in these patients
(Sasson et al., 2003).

More recently, a novel brain stimulation technique called the tran-
scranial direct current stimulation (tDCS), has been found to be useful
in alleviating symptoms in patients with OCD (Bation et al., 2016;
Brunelin et al., 2018). Though the effect of tDCS as a potential add on
treatment modality for OCD in a patient with BPAD is not explored
earlier, studies on bipolar depression suggest a lower propensity for a
manic switch (Donde et al., 2018). HD-tDCS, which is an advanced form

of this technique, is proposed to have better focalization, better neu-
romodulation and longer lasting neuroplasticity (Kuo et al., 2013). It
therefore, advocates the potential for providing equal if not better ef-
ficacy while also avoiding any unwarranted effects on non-targeted
brain surface. Some of our initial application of HD-tDCS in patients has
shown promising effects on symptoms of OCD. Hence, we provided add
on HD-tDCS treatment to three patients for OCD who had a comorbid
diagnosis of BPAD.

2. Case 1

Mr. S was a 26 year old unmarried man, educated up to 12th stan-
dard, from middle social economic background. Patient had history of
ADHD and stammering since childhood. He also had a below average
academic performance with an Intelligence quotient (IQ) of 68. Family
history was suggestive of hypothyroidism and myasthenia gravis in 1st

degree relative, BPAD, depression and psychosis in 2nd degree relatives
with one suicide in a 2nd degree relative. At the time of presentation
patient was suffering from 12 years of illness, characterized by irrit-
ability, anger outbursts, aggression, demanding behavior, expansive
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ideations, reduced sleep and increased psychomotor activity. Alongside,
there were sexual and contamination obsessions, with compulsive
washing and reassurance seeking with significant socio occupational
dysfunction. He showed lack of response to sertraline, mirtazapine that
was also associated with manic switch. Patient had also failed a trial of
30 sessions of TMS with insignificant impact on the affective symptoms.
On general examination, he had obesity with drug-induced extra-
pyramidal symptoms. He was on multiple mood stabilizers when re-
ferred for HD-tDCS with daily oral doses of Lithium 900mg, valproate
1000mg, Topiramate 150mg, Risperidone 6mg, propranolol 20mg,
Telmisartan 20mg, Fluoxetine 40mg and injection zuclopenthixol
depot 600mg fortnightly.

3. Case 2

Mr. A was an eighteen year old unmarried, 10th educated, gen-
tleman from middle social economic background. He was temper-
amentally slow to warm up, who had a probable perinatal insult ne-
cessitating forceps assisted delivery with mild delay in milestones and
markedly poor scholastic performance with an IQ 0f 73. He had hy-
pothyroidism and was on supplemented with oral thyroxine. At the
time of presentation patient was suffering from 4 years of illness
characterized by obsessions of contamination and compulsive washing.
This was associated with episodes of irritability and anger outburst,
associated with disinhibited behavior, increased psychomotor activity,
elevated mood, over-spending, demanding behavior and decreased
need for sleep. More often than not, this clinical picture was pre-
cipitated with SSRIs like fluvoxamine and sertraline prescribed for OC
symptoms even under cover of mood stabilizers (MS) and second gen-
eration antipsychotics (SGAs). His OC symptoms had shown minimal
response to ondansetron 4mg and pregabalin 300mg. Patient had
shown poor response to valproate, olanzapine and risperidone over the
last 4 years. When he was planned for a treatment trial with HD-tDCS,
patient’s affective symptoms had shown partial response to a combi-
nation of daily dosing of lithium 900mg, quetiapine 600mg, oxcarba-
zepine 1800mg and aripiprazole 40mg.

4. Case 3

Mr. C was 34 year old unmarried man with a commerce graduation
and stable employment with family history of alcohol dependence
syndrome in father. At the time of presentation patient was suffering
from 14 years of illness precipitated by dog bite with an abrupt onset
and fluctuating course. His illness was characterized by obsessive
doubts about contamination followed by compulsive checking and
washing which was aggravated over the last 1.5 years. He had a history
of an episode of depression and an episode of hypomania in preceding 3
years. Currently he was suffering from depressive symptoms for 2
months characterized by low mood, increased anxiety, decreased en-
ergy level, increased fatigue, crying spells, death wishes, disturbed
sleep, disturbed appetite, weight loss associated with significant distress
towards OC symptoms and work related dysfunction. He was initiated
on lithium 600mg/day with escitalopram 5mg/day. In view of a better
and faster response, in addition to patient’s personal choice of receiving
a trial with non-invasive brain stimulation treatment, HD-tDCS was
offered.

5. HD-tDCS treatment

For all the three patients, in view of their persistent OC symptoms
and anticipating the possibility of manic switch with the SSRIs, a trial of
an add-on treatment with HD-tDCS was considered. After patients were
explained about the treatment procedure and shown a video of the
same, a written informed consent was taken. Treatment was initiated in
compliance with the declaration of Helsinki.

The first two patients received a total of 10 days of HD-tDCS while

the last patient received only 5 days on account of logistic reasons. Two
sessions, each lasting 20min was given every day with an intersession
interval of 20min using the 10/10 EEG electrode placement with lo-
cation of anode at FCZ (pre- supplementary motor area (pre-SMA))
targeting 2mA of current and four return cathodal electrodes of -0.5 mA
at Fz, FC3, FC4 and CPz (Fig. 1). Adverse effects were assessed with a
structured questionnaire applied after every session (Brunoni et al.,
2012).

6. Illness course after treatment

On completion of treatment trial, Yale brown Obsessive compulsive
scale (YBOCS) (Goodman et al., 1989) score declined by 29% in Mr. S,
64% in Mr. A and 45% in Mr. C (Table 1). In Mr. S and Mr. A, Young’s
Mania Rating Scale (YMRS) (Young et al., 1978) scores remained stable
(2 & 0, respectively) but a reduction of 3 points (baseline= 4, post HD-
tDCS=1) was noted in Mr. C’s score with improvement in mood and
sleep. Except for mild tingling sensation in most of the sessions in Mr. C,
no other adverse effect was noted in any of the patients.

Mr.S was maintaining improvement for roughly 2 years after which
presented with a relapse of symptoms, characterized by irritability,
anger outbursts, sexual and contamination obsessions. His YBOCS score
was 28 at the end of 2nd year which dropped to 11 (> 50% improve-
ment) after receiving 10 sessions of HD-tDCS treatment. At the time of
2nd course of treatment, patient was on daily dose of fluoxetine 50mg,
lithium 900mg, valproate 1 g, topiramate 100mg and monthly pali-
peridone depot 150mg. During in-patient care, risperidone was tapered
down gradually and zuclopenthixol was stopped. The affective symp-
toms like irritability were observed secondary to the OC symptoms
during follow up and were ameliorated with the course of HD-tDCS
treatment. The patient gave no history of any independent episode of
BPAD in the two years prior to follow up.

The improvement persisted for nearly three months in patient A.
Following relapse of OC symptoms, he was provided with fluoxetine
which caused a manic switch and his mood symptoms were controlled
by adding olanzapine 20mg and haloperidol 5mg/day. Though the
patient reported of fluctuating mood symptoms, history was inadequate
to determine the course of BPAD in the 3 months prior to follow up.
Following admission with persistent OC symptoms, a repeat course of
20 sessions HD-tDCS was offered but for with no benefit. For affective
symptoms, medications were modified to lithium 900mg, carbamaze-
pine 600mg, amisulpride 800mg, topiramate 50mg, valproate

Fig. 1. Electrode placement for pre- supplementary motor area (pre-SMA) sti-
mulation (Red rings over FCz indicates central anodal electrodes with +2mA
and blue rings at Fz, FC3, FC4 and CPz indicate cathodal return electrode with
-0.5 mA). (Modified image from http://www.oegkn.at/images/downloads/10-
10.JPG).
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1500mg, chlorpromazine 50mg, propranolol 20mg and thyronorm
50mcg every day. Patient presented with a similar clinical presentation
and HD-tDCS was tried for the third course after 6 months again
without any major benefits. Patient C was lost to follow up.

7. Discussion

The study has explored the relative efficacy of HD-tDCS, an in-
novative version of tDCS as an add-on treatment modality for obsessive
compulsive disorder, while also subtly commenting on its ability to
avoid precipitation of mania in vulnerable patients. Interestingly, two
of these patients were also having intellectual impairment limiting the
psychotherapy approach and were intolerant to anti-obsessional agents
with a high propensity of switch to mania. Course of affective symp-
toms was also atypical in these two subjects owing to overlapping in-
tellectual functioning related behavioral problems as well as difficulty
in expressing and coping with distress to OC symptoms. OC symptoms
are known to influence the severity of manifestation of affective and
psychotic disorders (Kazhungil and Mohandas, 2016; Singh et al., 2019)
and its management becomes vital for comprehensive treatment.

Selective serotonin reuptake inhibitors (SSRIs), which are con-
sidered as a first line treatment (Soomro et al., 2008) of obsessive
compulsive disorder have been found to precipitate mania in few pa-
tients (Kazhungil and Mohandas, 2016). Especially in patients with
BPAD, there is a high likelihood of a switch which could either warrant
dose reduction of SSRIs or a change in the management strategy
(Goldberg and Truman, 2003). This could reserve the opportunity of
prescribing adequate dose of medications for treating the symptoms,
thusly affecting the patient’s long term prognosis.

Having a non-pharmacological, non-invasive form of treatment, that
also has the advantage of less side effect profile can be a useful treat-
ment modality in this group of patients. Non-invasive brain stimulation
technique like tDCS has found interesting results in the domain of ob-
sessions and compulsions (Brunelin et al., 2018; Narayanaswamy et al.,
2015; Verma et al., 2018). tDCS has found its application in depressive
phases of bipolar disorder (Donde et al., 2018). A recent randomized
control trial showed superiority of tDCS over sham stimulation in al-
leviating OCD when anodal stimulation of pre-SMA was provided with
right orbitofrontal placement of cathode. Earlier imaging studies have
also shown a deficient response inhibition and hyperactive striatal
circuits associated with hypoactive pre-SMA (Gowda et al., 2019). Sti-
mulation of pre-SMA/SMA was hypothesized to be mediating the
therapeutic effect. But, the role of orbitofrontal cortex could not be
ruled out (Gowda et al., 2019; Verma et al., 2018). There are few stu-
dies showcasing beneficial effects following stimulation of pre-SMA
with the electrode of reverse polarity placed in extra-cranial region
(D’Urso et al., 2016a, b).

The proximity of orbito-frontal cortex to dorsolateral prefrontal
cortex, which is the area targeted in elevating mood in depressive
disorder has the potential to induce mania (Donde et al., 2018).
Avoiding stimulation of this area would potentially reduce the theore-
tical risk of manic switch offered by OFC stimulation. HD-tDCS provides
this opportunity by having more focal stimulation at pre-SMA. Thus, we
used HD-tDCS which can selectively treat OC symptoms without pre-
cipitating mania in those who have a comorbid BPAD.

The treatment process was uneventful for all the patients in terms of
tolerability and adherence. Not only did the patients benefit with the
treatment in terms of alleviation of OC symptoms, but also reported a
subjective improvement in the dysphoric mood. This was corroborated
with the caregivers’ report though rating for depression using a stan-
dard scale was not recorded. Rating score on YBOCS was suggestive of
significant improvement in OC symptoms, and there were no syndromal
manic symptoms noted by the end of the treatment. But, only one of the
two subjects who received repeat HD-tDCS for the relapse did respond
to treatment and the other remained nonresponsive with two courses at
two different time points. The intra-subject variations are known inTa
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subjects with external factors like medications influencing the effect of
stimulation. The reason for this delayed non-response in the current
subject could not be established (Horvath et al., 2014).

This case series describes for the first time the tolerability and ef-
fectiveness of HD-tDCS as an add-on treatment modality in OCD pa-
tients who are also suffering from BPAD. Also, it provides a valuable
information on long-term effectiveness with repeated courses of treat-
ment. A limitation of the study is the lack of stable medication profile in
patients as they were being prescribed mood stabilizing agents and
smaller up titrating doses of antidepressants while being treated with
HD-tDCS. But, as with similar regime these patients had shown manic
switch earlier reassures the safety of HD-tDCS in BPAD. Also, the re-
lapse of OC symptoms after few months while on higher doses of the
antidepressant suggests the effectiveness of HD-tDCS rather than med-
ications. We can also implicate the role of pre-SMA in the context of
therapeutic benefit in OCD. This report encourages to explore whether
HD-tDCS as an add-on treatment modality really has a targeted ap-
proach at alleviating OC symptoms without asserting the possibility of
inducing changes in the affective symptoms unlike the conventional
SSRIs and this report implores to further answer its’ comparability with
conventional tDCS. More rigorous studies and randomized trials are
required to be able to comment on these research questions.
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