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ABSTRACT
Background: Transcranial Direct Current Stimulation (tDCS) is an emerging neuromodulatory technique that has shown 

promise in a variety of neuropsychiatric disorders ranging from attention deficit hyperactivity disorder (ADHD) to alzheimer's 
disease along with severe mental disorders like schizophrenia and mood disorders. It is considered a safe and effective technique 
that acts by modulating cortical function and enhancing neuroplasticity.

Aims/Objectives: To evaluate the adverse effects of tDCS in three studies done in a general hospital psychiatric unit (GHPU) 
setting.

Methods: Data from three studies done in a tertiary care general hospital psychiatry unit in New Delhi were analyzed for 
noting the adverse effects in each study. From each study, sample size, number of sessions and adverse effects were recorded for 
understanding the safety of TDCS.

Results: In these studies, majority of the adverse effects included tingling, itching, burning sensation and headache during 
the procedure. These side effects disappeared immediately or within a few hours of the procedure. This was not found to be dis-
tressful to the patients in the short as well as long term. Two instances of hypomania were reported but are difficult to comment 
on causality with respect to tDCS. 

Conclusion: tDCS appears to be a safe procedure with good overall patient tolerability.
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INTRODUCTION

Over the last decade, non-invasive brain stimulation techniques 
have emerged as viable, safe and cost-effective methods of treating 
mental illnesses1). One such technique, which was, in fact, introduced in 
its crudest sense around two centuries ago when Giovani Aldini used 
electric stimulation to successfully treat a patient with melancholic 
depression2). The technique, forgotten in the era of the emergence of 
Electro-convulsive therapy has now been modified and standardized and 
presented in its current form, tDCS (Transcranial Direct Current 
Stimulation).

tDCS is a neuro-modulatory technique that involves application of 
weak direct current by electrodes over the scalp region. It is a non-inva-
sive technique that works by modulation of cortical function that induc-
es neuroplasticity. It acts on the functioning of the underlying cortical 
area as required, as an excitatory by depolarization at anode and inhibi-
tory by hyperpolarization at cathode3).

The technique, reclaiming its spot in the last decade or so has been 
used in various studies as a possible treatment for a multitude of neuro-
psychiatric disorders as follows. (a) Depression: Dorsolateral Pre-
frontal Cortex (DLPFC) stimulation and reinstitution of balance 
between prefrontal cortices on either side. Other sites used were bifron-
tal, left frontal and occipital. Most studies noted a significant reduction 
in depressive symptoms4), with improvement in cognition5). (b) 
Schizophrenia: Left DLPFC and Left temporoparietal junction (TPJ) 

(cathodal and anodal respectively) improved both negative as well as 
positive symptoms6). (c) Substance use disorder: Fronto-temporo-
parietal region and DLPFC (cathodal and repeated anodal respectively) 
reduced cravings themselves or increased capability of patients to resist 
craving7). (d) Alzheimer's Disease: Temporopolar region (anodal) was 
seen to improve recognition memory8). (e) ADHD: Contradictory evi-
dence on Left DLPFC stimulation. Some studies found improvement in 
executive control9). For rehabilitation in a variety of neurological condi-
tions10) viz. stroke (motor cortex [M1], supplementary motor area 
[SMA], pre-motor cortex [PMC], primary somatosensory area, cerebel-
lum), Parkinson Disease (M1, SMA, DLPFC, cerebellum), dystonia 
(M1), Multiple sclerosis (left DLPFC for fatigue), the application of 
tDCS has shown a positive response.

The usual adverse effects noted in tDCS trials2,11) were mild lesions 
on the underlying skin, mild tingling/pain/itching, transient redness, nau-
sea, insomnia and headache. These effects were noted to be transient, 
safe and tolerable by the subjects. The incidence of the effects was noted 
to be more during the procedure and only a small minority found it to be 
distressful11). A meta-analysis on tDCS which included more than 30,000 
sessions of tDCS did not elicit even a single instance of any serious 
adverse effect related to the procedure. The usual adverse effects noted 
were mostly concerned with tolerability rather than safety12). One review 
of data from 6 randomized clinical trials found no significant differences 
between active and sham tDCS with respect to safety and acceptability13).

It has been recommended in studies that safe stimulation involves 
procedures such as a prudent selection of patients, gentle cleaning of the 
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skin, saline soaking of electrodes, selecting constant current strength to 
deliver adequate charge density, spacing of sessions, and following the 
safety measures as suggested by the manufacturer14).

Presently, there are limited or non-existent safety guidelines for 
tDCS, hence, it is important to generate data and report adverse events 
during tDCS which will contribute to development of such guidelines 
and make tDCS safer.

MATERIALS  AND  METHODS

Data from three studies done at the Centre of Excellence, Dr. RML 
Hospital and PGIMER, New Delhi were analyzed and annotated with 
special emphasis on the adverse effects in each study. 

From each study, sample size, number of sessions and adverse 
effects, if any were noted. Semi-structured pro-formas were used for 
each study for the collection of socio-demographic and clinical informa-
tion and a separate pro-forma was used to collect information on 
adverse effects, which also were entered in the institutional records.

Exclusion criteria for the studies were psychiatric emergencies, 
pregnancy, frequent headache, chronic skin disease of scalp, co-morbid 
neurological illness, seizure, metallic implants, and drug abuse (except 
nicotine and alcohol in study of alcohol dependence syndrome).

All studies were approved in advance by the institutional ethics 
committee and had no conflicts of interest.

RESULTS

The three studies taken together had a cumulative sample size of 
113. The sample size and number of sessions brought together reveals a 
total of 1480 sessions of tDCS in total, from which we extracted the 
data on adverse effects. The data is summarized in Table 1.

The studies covered three types of mental illnesses in the form of 
alcohol use disorder, major depressive disorder and schizophrenia.

DISCUSSION

Previous literature shows that, tDCS is a safe and effective proce-
dure2,10-12) in the treatment of a variety of disorders. Our study findings 
corroborate and reiterate the fact that tDCS is a safe procedure. The 
feared cognitive effects of ECT also do not appear to occur in this tech-
nique. Rather it has been seen in studies to improve cognition15).

In the present three studies done in RML institute, tingling/itching/
burning sensation and headache during the procedure was found to be 

the major adverse effects that disappeared immediately or within a few 
hours of the procedure. These adverse reactions were found to be well 
tolerated by the patients and were not too distressing in the short as well 
as long term.

Hypomanic symptoms were reported in two patients in the study on 
major depressive disorder (n = 35), after the 20th and 8th sessions of 
tDCS respectively, which subsequently subsided after stopping the pro-
cedure, which has been a possible adverse effect as quoted in studies16). 
There are reported cases of hypomania and mania after transcranial 
magnetic stimulation to the dorsolateral prefrontal cortex, but it is rela-
tively uncommon with tDCS. Understanding of the pathophysiology of 
mania, it is plausible that focal brain stimulation to the DLPFC could 
induce hypomania as mechanism of the antidepressant action of tDCS 
may lie in enhancing activity of the left prefrontal cortex17,18). We theo-
rise that the delivery of a higher and more potent tDCS dose than typi-
cally used in studies, combined with antidepressant drug treatment in a 
patient with MDD, could have induced transitory hypomania. It may be 
argued that symptoms ranging from mild mood elevation to hypomania 
may reflect therapeutic response and should not be viewed as adverse 
effects as these symptoms are time limited, not very troublesome and 
disappear on discontinuation of tDCS.

In the study with major depressive disorder (n = 35), cognitive func-
tions before and after tDCS using TMT (Trail Making Test) found no 
decline; in fact, there is improvement in cognitive functioning. There 
was a significant reduction in TMT-A score from pre intervention (78.43 
± 33.06) to post intervention (66.51 ± 21.32) (p<0.001) suggesting 
improvement in cognitive domain (visual scanning and psychomotor 
speed). However, reduction in TMT B score from pre intervention 
(177.77 ± 63.22) to post intervention (159.97 ± 0.09) was not significant 
(p = 0.072). Earlier studies19-21) too have shown positive effect on cogni-
tion in depression. There are studies22) reporting no improvement, how-
ever, no studies have reported decline in cognitive function with tDCS.

It is known that alcohol dependence syndrome (ADS) patients have 
alcohol withdrawal seizures22). In the study with ADS (n = 46), none of 
the participants had seizure. This could be due to cathodal hyperpolar-
ization supressing the anodal depolarization effect, resulting in antiepi-
leptic effect. There is a report24) of seizure in a paediatric case post tDCS 
session, however, it was not conclusive, as there were other confound-
ing factors like change in antiepileptics, antidepressants (escitalopram). 
There are studies that have treated refractory25) and focal seizure26) with 
tDCS, hence it would be interesting to do EEG and explore tDCS effects 
pre and post session.

Earlier studies have reported headache27,28), nausea, fatigue11), somno-
lence5), neck pain/scalp pain, light flashes29), and skin burn30), but none of 
these were reported in our studies except for mild headache that did not 
last for more than 2-3 hours after session. Except for 2 cases of hypoma-
nia switch in major depressive disorder (n = 35), no other adverse 
effects were reported in the sample. Overall patient tolerability was 
uneventful.

Table 1: elaborates on each study and its findings in the domain of the adverse effects (n = 113).
  Major Depressive Disorder Alcohol Use Disorder Schizophrenia

Sample Size (Sex) n = 35 (M = 19/F = 16) n = 46 (M = 44) n = 32 (M = 23/F = 9)

Mean Age 37.57 ± 11.8 yrs. 37.22 ± 8.95 yrs. 35.41 ± 9.83 yrs

Duration of illness 5.17 ± 2.43 yrs. 14.96 ± 7.20 yrs. 12.91 ± 8.74 yrs.

Number of sessions (Sessions per day) 20 (2/day) 10 (2/day) 10 (2/day)

Duration of each session 20min 20min 20min

Current/Electrode size 2mA/25 cm2 2mA/25 cm2 2mA/25 cm2

Location of Electrodes Anode- Left DLPFC, Anode- Right DLPFC, Anode-Left DLPFC,
 Cathode- Right DLPFC Cathode- Left DLPFC Cathode- Temporoperital juction

Adverse Effects   

Headache 4 (11.42%) 11 (23.91%) 3 (9.37%)

Tingling 12 (34.28%) 3 (6.52%) 4 (12.50%)

Itching 9 (25.71%) 28 (60.86%) 1 (3.12%)

Burning 5 (14.28%) 7 (15.21%) 24 (75.00%)

Concentration No decline N/A N/A

Mood change 2 (5.17%) patients  None None
 developed hypomania
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Minimal side effects were reported in all the three studies as study 
protocol was followed, participants screened and all precautions were 
taken. Current within approved levels (2 mA) with optimal duration (20 
minutes), broad electrodes (25 cm2), adequately hydrated, firmly fas-
tened with ramping up feature in the device were used (focus v3), hence 
fewer incidence of flashes and no incidence of burn were reported.

The major inconveniences reported in the patients regarding tDCS, 
the aberrant sensations during the procedure, got us looking for alterna-
tives. Studies have shown emerging alternatives to saline irrigation of 
electrodes that have been seen to be reducing this discomfort. McFadden 
et al. in 2011 found decreased discomfort during tDCS by using topical 
Eutectic Mixture of Local Anaesthetics (EMLA)31). Other studies used 
saline solutions with lower salt concentrations and deionized water to 
reduce the effects. Among saline solutions best comfort was perceived at 
a 15 mM to 140 mM concentration of NaCl32). In our centre, the use of 
normal saline diluted with distilled water is showing promise as it seen 
to be decreasing the discomfort associated with the procedure.

The following were the safety precautions used in our centre which 
has led to better tolerability of the procedure:

1. Prudent selection of patients using semi-structured pro-forma.
2. The use of bilateral stimulation twice a day with a minimum 

interval of 3 hour in these studies has been seen to be well tolera-
ble by the patients.

3. Careful soaking of electrodes so as to optimize conduction and 
minimize the risk of inter-electrode conduction. 

4. tDCS instrument with ramping up feature helps reduce the dis-
comfort with stimulation.

5. The use of diluted 0.9% normal saline water has led to a decrease 
in discomfort in the patients.

CONCLUSION

Despite the stigma and apprehension around tDCS as a newly 
emerging treatment method, it is a safe and cost-effective procedure 
with minimal safety concerns when done following standard protocol. 
There is a need to further explore the long-lasting brain changes and 
adverse effects.
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