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A B S T R A C T

Transcranial direct current stimulation (tDCS), a non-invasive, neuromodulatory technique, is being increasingly
applied to several psychiatric disorders. In this study, we describe the side-effect profile of repeated tDCS ses-
sions (N = 2005) that were administered to 171 patients (156 adults and 15 adolescents) with different psy-
chiatric disorders [schizophrenia [N = 109], obsessive-compulsive disorder [N = 28], alcohol dependence
syndrome [N = 13], mild cognitive impairment [N = 10], depression [N = 6], dementia [N = 2] and other
disorders [N = 3]]. tDCS was administered at a constant current strength of 2 mA with additional ramp-up and
ramp-down phase of 20 s each at the beginning and end of the session, respectively. Other tDCS protocol
parameters were: schizophrenia and obsessive-compulsive disorder: 5-days of twice-daily 20-min sessions with
an inter-session interval of 3-h; Mild cognitive impairment/dementia and alcohol dependence syndrome: at least
5-days of once-daily 20-min session; Depression: 10-days of once-daily 30 min session. At the end of each tDCS
session, any adverse event observed by the administrator and/or reported by the patient was systematically
assessed using a comprehensive questionnaire. The commonly reported adverse events during tDCS included
burning sensations (16.2%), skin redness (12.3%), scalp pain (10.1%), itching (6.7%), and tingling (6.3%). Most
of the adverse events were noted to be mild, transient and well-tolerated. In summary, our observations suggest
that tDCS is a safe mode for therapeutic non-invasive neuromodulation in psychiatric disorders in adults as well
as the adolescent population.

1. Introduction

Transcranial direct current stimulation (tDCS) is a non-invasive,
neuromodulatory technique (Hahn et al., 2013; Nitsche and
Paulus, 2011) that delivers low intensity, depolarizing or hyper-polar-
izing direct current through scalp-based electrodes to the cortical areas
(Krause et al., 2013). The application of tDCS has emerged as an ex-
citing area of investigation in psychiatric disorders (George et al., 2009;
Mondino et al., 2018). In schizophrenia, add-on tDCS has been reported
to ameliorate persistent auditory verbal hallucinations (Brunelin et al.,

2012; Homan et al., 2011; Mattai et al., 2011). In addition to the po-
sitive findings on effects of tDCS in schizophrenia, case reports
(D'Urso et al., 2016; Hazari et al., 2016; Mondino et al., 2015;
Narayanaswamy et al., 2015; Volpato et al., 2013) and open-label
studies (Bation et al., 2016) in obsessive-compulsive disorder (OCD)
have shown promising findings in alleviating pharmacologically non-
responding symptoms. Over the years, evidence on the effectiveness of
tDCS in depressive disorders has been accumulated (Boggio et al., 2008;
Kekic et al., 2016; Nitsche et al., 2009; Palm et al., 2016). Similarly,
encouraging results on the cognitive-enhancing utility of tDCS have also
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been reported in disorders with cognitive impairment (Dedoncker et al.,
2016a,b).

Several studies defining the safety criteria and parameters for tDCS
administration have facilitated its application as an investigative as
well as therapeutic neuromodulatory technique (Antal et al., 2017;
Bikson et al., 2009; Brunoni et al., 2011; Eryılmaz et al., 2014;
Iyer et al., 2005; Jackson et al., 2017; Liebetanz et al., 2009;
Nitsche et al., 2003; Paneri et al., 2016). The aforementioned studies
are based on either single session or multi-session case series
(Brunoni et al., 2011; Iyer et al., 2005) (Palm et al., 2008;
Rodriguez et al., 2014). Recently, two publications have reported tDCS
to be safely administrable even during prolonged treatment varying
from more than a week to years (Andrade, 2013; Eryılmaz et al., 2014).
Lately, few comprehensive reviews have focused on collating adverse-
effects data related to tDCS (Aparicio et al., 2016; Bikson et al., 2016).
A recent report summarizing evidence from 158 studies (total 4130
participants) has concluded that repeated sessions of active tDCS are
less likely to pose an increased risk to participants compared to sham
tDCS within the limits of recommended parameters (Nikolin et al.,
2018). To extend this further, in this study, we describe the side-effect
profile of tDCS in a large number of sessions (N = 2005) that were
administered to 171 patients with different psychiatric disorders. Spe-
cifically, this study describes the profile of adverse events that occurred
during the course of multi-session tDCS in adult patients with specific
psychiatric disorders (schizophrenia, obsessive-compulsive disorder,
and alcohol dependence syndrome) as well as adolescent patients with
schizophrenia/psychoses. The clinical effect of tDCS has been reported
in several studies that were published earlier (Agarwal et al., 2016;
Bose et al., 2018, 2014; Gowda et al., 2019; Hazari et al., 2016;
Narayanaswamy et al., 2015, 2014; Shenoy et al., 2015) as well as
unpublished data from few disorders (alcohol dependence syndrome as
well as adolescents with schizophrenia/psychoses). However, the
comprehensive analysis of the side-effects data from these studies is yet
to be reported. This manuscript compiles all the side-effect data from
the above-mentioned studies. The objectives of this study were to de-
scribe the profile of side-effects due to tDCS and to examine for (a) any
potential relationship with the occurrence of side-effects and several
parameters of tDCS protocol (ex. number of sessions); (b) comparison of
side-effect profile between active versus sham tDCS. We hypothesized
that tDCS will be well tolerated even in case of prolonged treatment
protocols (i.e., more than 10 sessions) and that there will be no sig-
nificant difference in the adverse-effect profile between active versus
sham stimulations. We also aimed to perform exploratory analyses to
examine for potential relationship between tDCS adverse effects with
clinical parameters.

2. Methods

2.1. Subjects

This study describes data of 171 patients [156 adults
(Age=35.9 ± 13.5 years) and 15 adolescents (Age=15.4 ± 1.2
years)] who attended the clinical services of the National Institute of
Mental Health & Neurosciences (India) with one of the following DSM-
IV-TR psychiatric diagnosis - schizophrenia, obsessive-compulsive dis-
order, alcohol dependence syndrome, depression, cognitive disorders
(mild cognitive impairment/dementia / hypoxic-ischemic encephalo-
pathy) and tic disorder. All patients were right-handed as per the as-
sessment using Edinburgh handedness inventory (Oldfield, 1971).

Of these 171 patients, 109 (94 adults and 15 adolescents) had
schizophrenia with persistent auditory verbal hallucinations (AVH);
persistence of hallucinations was defined as presence of AVH without
remission despite treatment with at least one antipsychotic medication
at adequate dose for a minimum period of three months (Bose et al.,
2018; Brunelin et al., 2012). 28 patients had the diagnosis of obsessive-
compulsive disorder with Yale-Brown Obsessive-compulsive scale (Y-

BOCS) score of more than 16 and Clinical Global Impression score of
more than 3, despite three months of treatment with an adequate dose
of SSRI (Jenike and Rauch, 1994). Thirteen patients, who had the di-
agnosis of Alcohol Dependence Syndrome (ADS), first received an in-
dividualized treatment for alcohol withdrawal symptoms with either
diazepam or lorazepam, with dosage and duration titrated based on the
severity of withdrawal symptoms and other clinical factors. Afterward,
they were subjected to a benzodiazepine-washout period of five days
and were considered withdrawal-free if they had scores < 3 on Clinical
Institute Withdrawal Assessment for Alcohol scale and a negative urine
screen for benzodiazepines. These patients were then treated with tDCS
for craving towards alcohol. None of these patients with ADS had any
withdrawal symptoms or were on any anti-craving agents during the
course of tDCS. Among the six patients with depressive disorder, five
had treatment-resistant depression (Fava, 2003), while one patient was
drug-free (due to apprehension about treatment with antidepressants
during pregnancy). The group of miscellaneous disorders comprised of
the following diagnoses: frontotemporal dementia (N = 2), neurocog-
nitive deficits as a sequel of hypoxic encephalopathy (N = 1), late-onset
of psychosis (N = 1) and tic disorder resistant to antipsychotics, anti-
depressants and behavior therapy (N = 1). tDCS protocols applied for
all these patients were reviewed and approved by the institute ethics
committee. All patients underwent tDCS sessions with informed written
consent (and assent in case of adolescents).

2.2. tDCS procedures

tDCS was administered using two standard devices [Neuroconn
(Neuroconn DC Stimulator Plus, http://www.neuroconn.de/dc-
stimulator_plus_en/ [160 patients]) and TCT (http://www.trans-
cranial.com/tct/end-users-patients/tdcs-stimulator-products/ [11 pa-
tients; 7 OCD, 2 Depression, 1 cognitive disorder, and 1
Schizophrenia])] as described previously (Bose et al., 2018;
Brunelin et al., 2012) following stringent safety measures
(Brunoni et al., 2011). Following safety measures were followed: (1)
After examining the scalp surface for any lesions, for instance, severe
pimples, rashes or injury, it was ensured that the region was cleaned
properly before the placement of electrodes, (2) Care was taken to
ensure that the sponge pockets were optimally wet (not too dry so has
to cause skin irritation and impedance issues while not being too wet to
cause saline dripping thereby shunting the current and its flow outside
the area of electrode placement), (3) It was ensured that the electrodes
were fully inserted inside the sponge pockets as direct contact with the
skin can damage the skin, (4) The device was turned on before con-
necting the electrodes and turned off only after disconnecting the
electrodes, as the sudden transit of current can cause phosphene effects,
especially, if the electrodes are placed near the eyes (for example –
supraorbital region), (5) While placing the electrodes on the scalp care
was taken to ensure that the contact surface was as even as possible. It
was made sure that the full electrode was in contact with the scalp
surface and the rubber bands tied to hold the electrodes at place were
not too tight so as to cause discomfort or pain and not too loose for the
electrodes to slide from their position, 6) A ramp up/down period of
20 s each before the start and after end of the stimulation, respectively,
during which time the current intensity gradually increases to the pre-
set intensity (2-mA) was included to minimize side effects, and 7)
Lastly, it was ensured that the impedance was less than 8 kΩ
throughout the entire duration of stimulation.

Conductive silicon rubber electrodes which were either 25-cm2 or
35-cm2 in size were used for stimulation. During stimulation, both the
electrodes were enclosed in sponge pouches soaked with 10–12 ml (per
electrode) 154 mM (0.9% NaCl) saline for better conductivity. For all
the active (true) tDCS study protocols, 2 mA current was administered
with a current ramp up and ramp down time of 20 s each. Ramping of
the current was included so as to ensure optimal tolerance and to
minimize flash effects. In a subset of data that has been summarized
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from the sham-controlled studies (details of these studies are provided
in the statistical analyses section), the parameters of sham stimulation
were: current delivery at 2 mA strength for the first 40 s of the tDCS
session - following this, only a small current pulse was delivered every
550 ms (110-μA over 15 ms with peak current lasting for 3 ms).

The details of tDCS protocol (i.e., scalp placement positions of the
anode and cathode, number and duration of session and inter-session
interval for twice-daily applications) are provided in Table 1
(Bose et al., 2018; Brunelin et al., 2012; Brunoni et al., 2015;
Narayanaswamy et al., 2015).

A structured questionnaire to assess the adverse events was ad-
ministered and the same was documented after every tDCS session
(Brunoni et al., 2011). In patients who showed partial improvement
after 5 days of tDCS, the decision to extend the course of treatment
beyond 5 days was taken in consultation with the treating clinicians.
The number of patients that received tDCS under each diagnosis along
with the total number of sessions is provided in Table 2.

2.3. Assessment of adverse events

In this study, we used the tDCS adverse event questionnaire pro-
posed by Brunoni et al. (2011) which was modified to add a few more
parameters. The questionnaire records the ratings on an ordinal scale
(1- Absent; 2- Mild; 3-Moderate and 4- Severe) and assesses the oc-
currence of 12 major side effects in relation to tDCS. These include pain
in the neck, scalp or head, sensations on the scalp like itching/tingling
or burning, redness of the skin or appearance of any lesion, sleepiness
and, development of any changes in mood or concentration in the pa-
tient. The scale was modified to include changes in perception of vision
and feeling of discomfort during the session. An ordinal rating scale
record was maintained to study the occurrence of phosphenes during
start and/or end of tDCS and also to track sleepiness/ somnolence if
any. These four parameters (changes in visual perception, discomfort,
phosphenes, somnolence) were adopted from Comfort Rating Ques-
tionnaire (CRQ- developed by the Göttingen study group) (Palm et al.,
2014; Poreisz et al., 2007) to enhance the comprehensiveness of ad-
verse event check-list.

Though skin lesion was not the part of the questionnaire it was
nevertheless systematically recorded in all patients. The questionnaire
was duly filled by the tDCS administrator at the end of each tDCS
session after careful examination of the scalp for any skin changes [for

example, erythema, pustule (a small blister) or any other alteration
(supplementary document)]. The questionnaire was filled based on the
responses (both active (unprompted) as well as passive) from the pa-
tients. It is important to note that before starting the treatment patients
were informed about the possible side-effects and the rating was done
based on the experience throughout the complete session. tDCS effect
on changes in mood or concentration and sleep was recorded when the
patient came for the next session. These side-effects generally lasted for
the duration of the session and most often disappeared a few minutes
after the session. In addition to documenting the occurrence of side-
effects, the presence or absence of high impedance (more than 8 kΩ)
during the course of tDCS session was also recorded.

2.4. Statistical analyses

Data were analyzed in the following ways: (a) cumulative frequency
of occurrence of adverse events for all patients, (b) session-wise re-
porting of adverse events for all 2005 tDCS sessions, (c) and reporting of
adverse events based on the course of treatment (5 sessions, 6–10 ses-
sions, more than 10 sessions) separately. Along with the frequency of
occurrence, the intensity of these adverse effects was also reported on
the scale of 1–4 [(1- absent; 2-mild, 3-moderate, 4-severe)]. The modal
intensity of all the reported adverse-effects was summarized for a
comprehensive understanding of the tolerance profile.

In a subset of patients that participated in randomized, sham-con-
trolled trials (schizophrenia [verum tDCS (N = 12 / sham tDCS
(N = 13) – 12/13 (Bose et al., 2018)], obsessive-compulsive disorder
[N = 12/N = 12 (Gowda et al., 2019)], alcohol dependence syndrome
N = 12/N = 12 (unpublished data), the profile of adverse events were
compared between active versus sham arm. after normalizing for the
number of sessions. Comparative analyses were done using independent
samples t-test between the active and sham arms for the following
parameters: total number of tDCS sessions, number of adverse effects,
normalized number of adverse effects (i.e., number of adverse events
divided by the number of tDCS sessions received by each subject).
Correlations analysis was performed to examine the association be-
tween adverse events and specific variables (age, sex, illness duration,
and tDCS device type). In addition, we performed heterogeneity ana-
lysis and random effects analysis as described below:

Heterogeneity analysis: We examined the variation in occurrence and
severity of side effects between subjects using heterogeneity tests of

Table 1
tDCS protocols used in different neuropsychiatric disorders.

Diagnosis Anode Cathode Duration (minutes) Sessions Intersession interval

Schizophrenia Left DLPFC Left TPJ 20 2/day * 5 days 3 h
OCD Pre SMA Right Supraorbital 20 2/day * 5 days 3 h
Depression Left DLPFC Right DLPFC 30 1/day * 10 days –
ADS Right DLPFC Left DLPFC 20 1/day * 5 days –
MCI Left DLPFC Right Supraorbital 20 1/day * 5 days –

OCD-Obsessive compulsive disorder; ADS-Alcohol Dependence Syndrome; MCI-Mild Cognitive impairment; DLPFC – Dorsolateral Prefrontal Cortex; TPJ – Temporo-
Parietal Junction; SMA – Supplementary Motor Area.

Table 2
Diagnosis and sessions break-up of the tDCS sessions reporting adverse effects (N = 2005) in all patients (N = 171).

Diagnosis (Total number of sessions) 5 tDCS sessions 6–10 tDCS sessions >10 tDCS sessions
No. of patients tDCS sessions No. of patients tDCS sessions No. of patients tDCS sessions

Schizophrenia adult (1142) 3 15 68 684 23 443
Schizophrenia adolescent (170) – – 13 130 2 40
OCD (402) – – 13 130 15 272
ADS (70) 12 60 1 10 – –
MCI (50) 10 50 – – – –
Depression (60) – – 6 60 – –
Miscellaneous disorders (111) – – – – 5 111
Total (2005) 25 125 101 1014 45 866
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Cochran's Q (Higgins et al., 2003). We found evidence for significant
heterogeneity among study subjects (p < 0.001), and therefore we
performed random effect analyses at the subject level.

Random effects analysis: Three effects for each subject were con-
sidered for the meta-analytical approach using R package ‘metafor’
(Viechtbauer, 2010), namely:

(a) Log-odds based on the proportion of sessions with occurrence of at
least one side effect. Here, presence of any side effect at all (i.e.,
score for any side-effect > 1) is noted for each consecutive session
and modeled binomially to calculate the log-odds for every subject.

(b) Correlation between session number and the count of side effects in
that session. Here, the number of side effect types with score > 1 is
counted for each consecutive session, and a Pearson's correlation
value is calculated for every subject. Corresponding z-value is then
obtained by Fisher's z-transformation.

(c) Lastly, the correlation between session number and the total se-
verity score of side effects in that session. Here, sum total of side
effect scores for all types is calculated for each consecutive session,
and like above, Pearson's r and z-value are calculated for every
subject.

3. Results

The study presents the tDCS adverse event data obtained from 171
participants with various psychiatric disorders. The tDCS protocol
parameters (i.e., twice daily 20-min session for five days) were similar
for schizophrenia, psychosis, OCD, and tic disorder; the respective tDCS
parameters for depression were: once-daily, 30-min session for 10 days,
and that for ADS and cognitive disorders were: once-daily, 20-min
session for 5 days. Further information pertaining to the electrode
placement positions of tDCS protocol for the specific psychiatric dis-
order is provided Table 1. The distribution frequency of tDCS patients
and patient sessions along with the disorders for which tDCS was ad-
ministered as described in Table 2.

3.1. Cumulative frequency of occurrence of adverse events for all patients

The frequency distribution of occurrence of tDCS induced adverse-
effects in patients during the three categories based on a number of
sessions [i.e., 5 sessions, 6–10 sessions, more than 10 sessions] is de-
scribed in Table 3. During the 5 sessions tDCS course in 25 patients,
adverse events were found to be minimal and were limited to burning
sensation being experienced by 6 patients (24.0%), and itching and skin
redness by one patient each. During the tDCS course of 6–10 sessions,
the most frequently occurring adverse-effects were burning sensation
reported in 46 patients (31.5%), scalp pain reported by 38 patients
(26.0%), skin redness reported in 32 patients (21.9%) and itching and
tingling reported by 27 patients (18.5%). Reports of other adverse
events were below 12%. When tDCS was administered beyond ten

sessions, not many patients reported these adverse events. Skin redness
(31.8%) and skin lesion (29.5%) were reported by 14 and 13 subjects,
respectively. Other reported adverse events during the course of 6–10
sessions comprised of headache, neck pain, and sleepiness. Discomfort
during tDCS was reported by only two patients. None of the patients
reported any trouble in concentration or acute changes in mood. The
earlier stated adverse events (discomfort, concentration difficulty, and
acute mood change) were recorded only from a few subjects.

3.2. Session-wise reporting of adverse events for all 2005 tDCS sessions

Cumulative data from all 2005 tDCS sessions along with their in-
tensity of severity (including regular, extended and booster sessions) in
171 psychiatric patients were evaluated (Table 4). It was observed that
the more frequently reported side-effects were burning sensation
(16.2%) reported in 324 sessions, scalp pain (10.1%) in 202 sessions,
skin redness (12.3%) in 248 sessions and itching (6.7%) and tingling
(6.3%) reported in 135 and 127 sessions each, respectively. Skin lesions
(small pustules) were reported in 87 (4.3%) sessions. The other less
reported adverse events (less than 55 sessions) were headache, neck
pain, sleepiness, and discomfort. All these adverse events were gen-
erally mild to moderate in nature except on rare occasions where they
were found to be severe (no more than 13 sessions). The more fre-
quently reported (at least more than 20 sessions) adverse events of
moderate severity were scalp pain (2.4%), skin redness (2.2%), burning
sensation and skin lesion (1.3% and 1.5%) recorded in 48, 45, 25, 31
sessions, respectively. The other effects with moderate intensity were
recorded in less than ten sessions. None of these moderately severe
adverse events caused significant interference during the course of
tDCS. In addition, scalp pain with severe intensity was reported in 13
sessions; however, this severely intense scalp pain was transient and did
not lead to discontinuation of any tDCS session.

3.3. Reporting of adverse events based on the course of treatment

Breaking up the total sessions into 5 session tDCS course, 6–10
sessions and more than 10 sessions, allows a better understanding of
these adverse events. In a total of 125 sessions over a tDCS course of
5–sessions per patient (Supplementary Table 1) burning sensation was
reported in 30 (24.0%) sessions, and itching and skin redness in 5
(4.0%) sessions each. Among these, only in 3 sessions burning sensation
was reported to be moderate in severity. In the tDCS course with up to
10 tDCS sessions (Supplementary Table 2), 213 of 237 sessions reported
mild (14.7%) burning sensation and this was the most frequently re-
ported adverse effect. Other predominantly reported adverse effects
were: scalp pain (12.0%), skin redness (10.0%), itching (8.1%) and
tingling (8.1%) in 175, 146, 120 and 118 sessions, respectively. The
other reported side effects that were accounted for in more than 50
sessions but less than 100 sessions included skin lesions (4.1%) in 59
and headache (3.5%) in 52 sessions. Neck pain, sleepiness, and dis-
comfort were recorded in less than 2% of the sessions. Of these reported
adverse events, majority were mild in intensity with few being mod-
erate or severe in intensity. Scalp pain was the most frequently reported
adverse event, with moderate to severe intensity. 39 (2.7%) sessions
were reported to be moderate and 9 sessions (0.6%) to be severe. Other
adverse events recorded in moderate to severe intensity did not exceed
more than 35 sessions. The total number of tDCS sessions received by
44 patients exceeded 10 sessions (i.e., extended course of treatment)
and this extended course of treatment accounted for a total of 427
sessions (Supplementary Table 3). It was observed that in these tDCS
sessions, skin redness was predominantly reported and was present in
99 sessions (23.2%). Except for 13 sessions where it was reported with
moderate intensity, skin redness was otherwise found to be mild.
Burning sensation and skin lesion were observed in 57 (13.3%) and 28
(6.5%) sessions, respectively. Both these adverse effects were found to
be mild to moderate in intensity. Scalp pain was reported in 27 sessions

Table 3
Frequency distribution of occurrence of tDCS induced adverse-effects in 171
Patients with respect to number of sessions.

Adverse-effect 5 sessions
(n = 25) [n(%)]

6–10 sessions
(n = 101) [n(%)]

>10 sessions
(n = 45) [n(%)]

Headache 0(0) 11(61.11) 7(38.89)
Neck pain 0(0) 3(75) 1(25)
Scalp pain 0(0) 24(61.54) 15(38.46)
Tingling 0(0) 20(74.07) 7(25.93)
Itching 1(3.13) 21(65.63) 10(31.25)
Burning sensation 6(11.11) 34(62.96) 14(25.93)
Skin redness 1(2.94) 14(41.18) 19(55.88)
Sleepiness 2(10) 11(55) 7(35)
Skin lesions 0(0) 11(44) 14(56)
Discomfort 0(0) 3(42.86) 4(57.14)
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(6.3%) of which four were severe in intensity. Despite the scalp pain
recorded as severe as per the ratings on the scale, the patient wished the
session to be continued, therefore the session continued uninterrupted.
Lastly, mild tingling and itching were reported in 8 (1.9%) and 11
(2.6%) sessions, respectively.

3.4. Comparative profile of side-effects between active versus sham tDCS
sessions

Analysis of number of side-effects between patients that received
active tDCS [N = 36] and sham tDCS [N = 37] did not show any
significant difference between the two groups (Table 5).

3.5. Effect of cumulative sessions on the side-effect profile

It was found that there was a significant reduction in the proportion
of moderately (rs = - 0.6 and p < 0.01) and severely (rs = - 0.62,
p < 0.01) intense side effects, which was noted with an increase in the
number of sessions of tDCS. The related data/analyses are added as
supplementary Tables 4 and 5 & supplementary Fig. 1.

3.6. Random effects and heterogeneity analyses

Random effects analyses showed significant overall effect for log-
odds (Fig. 1) but not for the two correlation analyses (i.e., (1) corre-
lation between session number and the count of side effects in that
session, (2) correlation between session number and the total severity
score of side effects in that session – Supplementary Figs. 2 and 3).
Summarized log-odds value from the first analysis was negative (- 0.45,
p = 0.007) suggesting that odds of sessions with the occurrence of any
side effect are significantly lower than the odds of sessions without.
Latter analyses suggest that there were no significant relationships
between repeated sessions and the count or total severity of side effects
(Fig. 1). Subject heterogeneity was found to be prominent in all 3
analyses, suggesting that included subjects do not share a common

effect size.

3.7. Adverse events in adolescent patients

The most common adverse events reported by adolescent patients at
the site of electrode application were itching (33.3%), burning sensa-
tion (33.3%) and tingling sensation (20%). The adverse effects in 80%
of subjects were mild. All the adverse effects were mild to very mild in
nature and were transient present mostly for the initial few seconds or
minutes of starting tDCS.

4. Discussion

In this study, we have described the tolerance profile of multi-ses-
sion tDCS (2005 sessions) in a large sample of patients with psychiatric
disorders. The findings suggest that when multi-session tDCS is im-
plemented as per the established tDCS administration guidelines
(Antal et al., 2017) for therapeutic purposes over the course of several
days, it is associated with relatively minor adverse events. Importantly,
even in adolescent patients, the tolerance profile was satisfactory and
the occurrence of adverse events was comparable to those reported by
adult patients. This finding was in line with the results reported in a
recent meta-analysis on tDCS in the schizophrenia of adolescent psy-
chiatric patients (Muszkat et al., 2016). In our studies, we did not find
any drop-outs or treatment discontinuation on account of tDCS related
adverse events.

The most frequently reported adverse effects were burning sensa-
tion, scalp pain, tingling, itching, and skin redness during tDCS. These
findings are in accordance with the reports published earlier. In a study
by Poreisz et al. (2007) in healthy volunteers, patients with a diagnosis
of migraine or post-stroke or tinnitus, tingling (70.6% subjects) was the
most common adverse event reported. In another study in a psychiatric
population, itching was reported to be the commonest (48% of subjects
with varying psychiatric diagnosis) (Eryılmaz et al., 2014). Minor ad-
verse effects in the form of erythema were reported over the cathodal
region in a single patient out of 8 included in an open-label series
(Bation et al., 2016). A similar finding was also noted in a case report
(Hazari et al., 2016). A recent study has also reported clinically non-
significant transient blood pressure variations (D'Urso et al., 2016)
during tDCS, but a further systematic evaluation is needed for better
understanding.

The markedly higher occurrence of tDCS induced sensations like
burning, itching or tingling under the area of electrode application
during the stimulation suggests that these sensations are probably as-
sociated with the nature of current appreciation inherent to tDCS ap-
plication. In the systematic review of 209 studies, Brunoni et al. (2011)
also concluded itching (39.3%), tingling (22.2%) and burning sensation
(8.7%) as the most frequently reported adverse effects. It is probable
that the co-occurrence of these three above mentioned sensations might

Table 4
Frequency distribution of severity of adverse-effects during 2005 tDCS sessions in 171 patients.

Adverse-effect Sessions reporting adverse-effect n(%) Intensity of adverse effects Severity Mode*
Mild n(%) Moderate n(%) Severe n(%)

Headache 53(2.7) 47(2.4) 4(0.2) 2(0.1) 2 (2–4)
Neck pain 11(0.5) 11(0.5) 0(0) 0(0) 2 (2–4)
Scalp pain 202(10.1) 141(7.1) 48(2.4) 13(0.6) 2 (2–4)
Tingling 127(6.3) 126(6.3) 1(0.04) 0(0) 2 (2–4)
Itching 135(6.7) 127(6.3) 7(0.3) 1(0.1) 2 (2–4)
Burning sensation 324(16.2) 296(14.8) 25(1.3) 3(0.1) 2 (2–4)
Skin redness 248(12.3) 203(10.1) 45(2.2) 0(0) 2 (2–4)
Sleepiness 27(1.3) 23(1.1) 2(0.1) 2(0.1) 2 (2–4)
Skin lesions 87(4.3) 54(2.7) 31(1.5) 2(0.1) 2 (2–4)
Discomfort 8(0.4) 8(0.4) 0 0 2 (2–4)

* Adverse effects severity was rated on the scale of 2–4; 2-Mild, 3-Moderate, 4-Severe. Severity Mode refers to the intensity of severity that was reported the
maximum number of times for an adverse effect.

Table 5
Comparative profile of the number of adverse effects in subjects that received
active (N = 36) or sham tDCS (N = 37).

S. no Variable Type of tDCS t p
Active (N = 36)
Mean ± SD

Sham (N = 37)
Mean ± SD

(1) Number of sessions 8.33 ± 2.39 8.38 ± 2.37 - 0.08 0.94
(2) Number of adverse

events
3.64 ± 5.70 2.32 ± 3.92 1.15 0.25

(3) Adverse Events
(Normalized)*

0.40 ± 0.59 0.25 ± 0.41 1.25 0.21

⁎ Number of adverse events divided by the number of tDCS sessions received
by each subject.
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potentially be due to a partial semantic similarity in their definitions
(although these terms have their characteristic differential meanings
and hence, are not interchangeable). Apart from these, the above re-
view also stated headache (14.8%) and discomfort (10.4%) among
other adverse events. The skin lesions found to be associated with
prolonged tDCS in previous studies (Palm et al., 2008; Rodriguez et al.,
2014) were reported in our study too, but in only about 3.5% of the
total tDCS sessions.

In the current study, the headache was reported in 9.6% of the
patients. Skin redness observed in our study (4% in 5 sessions tDCS
course, 21.9% in 6–10 sessions tDCS course and 31.8% who received
extended sessions) might be an underestimated value due to the skin
complexion of the Indian population that ranges from whitish to dark.
Skin lesions were observed in twenty-eight patients in over 71 sessions.
It should be noted that thirteen of the total twenty-eight patients were
from the same cohort that received 6–10 sessions and was not the un-
ique data set. Accordingly, it was observed that five out of these thir-
teen patients had already developed lesions during the first 10 tDCS
sessions also and the other eight patients had only developed those
lesions during the extended sessions (more than 10). Such skin lesions
might possibly be due to tDCS induced skin changes such as the in-
creasing temperature of the skin, which may induce vasodilatation on
the skin surface underneath the electrode thereby resulting in abrasion.

Several other reasons have been suggested to explain the skin lesions
due to tDCS; these include: localized areas of increased current densities
on the skin secondary to excess pressure in small areas when holding
the electrode to the skin (for instance, due to raised skin) as well as
accidental direct contact between the rubber electrode and the skin
causing a concentration of current (Loo et al., 2011). In our patients, it
was seen that these lesions were very small and appeared alongside the
regions corresponding to the edge of the electrode placement. In sub-
sequent sessions, when the placement of the electrode edge on the le-
sion site was avoided (by shifting electrode by a few mm away from the
lesion), the lesions healed in 1–2 days. Shifting the electrodes by few
mm from the original site of placement might pose a question about the
change in the flow of current at the region of interest. The effect of such
minimal changes in the electrode position on clinical benefits needs
systematic evaluation in future studies.

The data from the 427 extended tDCS sessions (more than 10 ses-
sions) in the current study demonstrated the tolerance of prolonged
application of this technique for the purpose of therapeutic benefit.
Even when tDCS was administered for an extended number of sessions,
the adverse events reported were mild in severity. During the extended
course of tDCS (i.e., > 10 sessions), severe scalp pain was reported only
in 4 sessions and this observation indicates individual sensitivity than
systemic development of the tDCS induced pain. In addition, our

Fig. 1. The log-odds and their 95% confidence intervals are reported for each subject based on the proportion of sessions with occurrence of at least one side effect.
The summary effect size is shown as the polygon at the bottom, where edges represent the 95% confidence limit. Note the different sizes of each square - the subjects
with larger squares contributed more to the summary effect size. Summary log-odds value (−0.45) was significant in meta-analysis.
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observation of comparable side-effect profiles between active and sham
tDCS sessions adds further support to the satisfactory tolerance and
potential implementation of effective blinding. Though the total
number of adverse events did not differ between active and sham sti-
mulations, we acknowledge that the presence of some specific adverse
events that were reported such as skin lesions and skin redness might be
critical for blinding. Moreover, we acknowledge the limitation that we
did not apply any systematic assessment of cognitive function which
would have helped evaluation of potential cognitive adverse events
with tDCS.

The advanced analyses performed in this study support tolerance of
tDCS as well as subject heterogeneity. In general, random effect ana-
lyses speaks in favor of tDCS as a tolerable treatment modality, because
they show odds less than chance level in presenting any side effect from
a given session, on average over a heterogeneous group of subjects.
Also, they show that repeated sessions don't contribute to any excess of
side effects, but neither do they lead to significant acclimatization.
However, it should be noted that there could be prominent inter-in-
dividual differences among patients in their presentation of side-effects.
In addition, data summarized in Table 3, suggests further support to
heterogeneity of data—i.e., “a low likelihood of adverse events for < 5
sessions, followed by an increase in likelihood between 6 and 10 ses-
sions, and then a subsequent decrease in adverse event likelihood for
> 10 sessions”. On detailed review of the clinical course, it was ob-
served that patients who did not improve significantly (as per the as-
sessment of the treating psychiatrist) after 10 sessions were highly
likely to have continued for further number of sessions if they had re-
ported least adverse events. It is likely that this might have influenced
the differential likelihood of adverse events with progressively in-
creasing number of sessions. We acknowledge heterogeneity between
studies as an important limit in combining the data; future studies need
to do further systematic evaluation of a larger number of patients from
each diagnosis as per such data available in due course. Moreover,
factors that might potentially influence the occurrence of the adverse
events like (a) differences in occurence or severity as per subject-spe-
cific sensitivity, (b) relationship between severity/time course of ad-
verse events and stimulation parameters (for example current density),
diagnosis, specific characteristics of the subjects (for example, age,
gender and similar others), and (c) increase report of certain type of
adverse events (for example, headache/fatigue) in the early course of
tDCS. These analyses based on individual patient data need systematic
evaluation in future studies.

In summary, our observations suggest that tDCS is a safe mode for
therapeutic non-invasive neuromodulation in psychiatric disorders in
adults as well as the adolescent population. While we acknowledge that
the observations reported in this study are not definitively novel,
findings (both open-label as well as active versus sham comparison) add
further support to the satisfactory tolerance of tDCS in patients with
schizophrenia, obsessive-compulsive disorder, and alcohol dependence
syndrome. The reported sensory adverse events were mild, transient
and well-tolerated by the psychiatric population. Comprehensive
monitoring of these adverse events through a well-structured ques-
tionnaire is imperative to ensure a certain qualitative standard for
tolerance to tDCS.
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