
Accepted Manuscript

Safety of Transcranial Direct Current Stimulation: Evidence Based Update 2016

Mariane M. Godinho, Daniela R. Junqueira, Mariana L. Castro, Yoon Loke, Su
Golder, Hugo P. Neto

PII: S1935-861X(17)30841-0

DOI: 10.1016/j.brs.2017.07.001

Reference: BRS 1076

To appear in: Brain Stimulation

Received Date: 14 June 2017

Revised Date: 1935-861X 1935-861X

Accepted Date: 5 July 2017

Please cite this article as: Godinho MM, Junqueira DR, Castro ML, Loke Y, Golder S, Neto HP, Safety
of Transcranial Direct Current Stimulation: Evidence Based Update 2016, Brain Stimulation (2017), doi:
10.1016/j.brs.2017.07.001.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of East Anglia digital repository

https://core.ac.uk/display/131078018?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.brs.2017.07.001


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Safety of Transcranial Direct Current Stimulation: Evidence Based Update 2016 

Mariane M. Godinho
1
, Daniela R Junqueira

2
, Mariana L. Castro

1
, Yoon Loke

3
, Su Golder

4
, Hugo P Neto

1
 

1 Department of Physiotherapy and Laboratory of Analysis Movement, Universidade de Sorocaba, Brazil 

2 Faculty of Dentistry and Medicine, University of Alberta, Canada 

3 Norwich Medical School, University of East Anglia, UK 

4 Department of Health Sciences, University of York, UK 

 

Corresponding author: 

Daniela R Junqueira 

Address: Suite #1702, College Plaza 8215 112 St NW, AB T6G 2C8, Edmonton, Alberta, Canada  

Email: junqueir@ualberta.ca 

 

Highlights 

• Claims on the safety of tDCS are based on inaccurate data. 

• Clinical trials fail in reporting methods applied to identify adverse effects. 

• The frequency and the adverse effects observed are also not consistently reported. 

• Appropriate methods and transparent report are needed in reviews on the safety of tDCS. 
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Dear editor: 

Last year, Bikson and colleagues attempted to collate data to inform the safety of the transcranial direct 

current stimulation (tDCS), an electrical brain stimulation technique that has been used to treat of 

neurological problems and psychiatric disorders. The review was qualified as an evidence-based review 

and the authors concluded that the review was able to “consolidate evidence on the safety of tDCS” (1). 

The study based its conclusions on the analysis of serious adverse effects and irreversible brain damage 

in animal models (1), as well as human trials published in English before 2013. The studies were 

searched in one database, PubMed, with the key word “transcranial direct current stimulation”. 

We recognise the authors attempt to aggregate evidence regarding the safety of tDCS. However, we are 

concerned about the several and important limitations in the design of this review which might 

invalidate it as an evidence-based piece. These limitations comprise both its methodological design and 

the theoretical concepts adopted. 

In regards to the methods, this safety update is inconsistent with the fundamentals of an evidence-

based review, also known as a systematic review (2). Evidence-based guidelines recommend the 

construction of highly sensitive searches to allow the retrieval of all relevant studies  (3). Sensitive 

searches should combine free-text and subject headings and they should be used to retrieve relevant 

studies indexed in different databases. Searches limited to only one database and one keyword are 

highly susceptible to publication bias. When considering adverse effects, an even more broad range of 

databases and free-text and subject headings may be searched to avoid biases (4). The language limit of 

the search to the English language might or might not be another source of bias (5, 6). Nevertheless, the 

authors should be transparent when reporting the number of retrieved studies and the results of the 

screening process (7, 8). For instance, the reader should be able to make a judgment of the size and 

direction of the bias by acknowledging the number of studies not considered for inclusion because of 

the language of the publication. 

The type of study to be included in a systematic review is another aspect of an evidence-based review to 

be taken under careful consideration. Different clinical questions require data from different study 

designs. Accurately searching for data on adverse effects may require an even more careful approach 

and the consideration of the pros and cons of including either randomised and non-randomised trials, as 

well as unpublished studies. As much as 95% of the information regarding adverse events remains 
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unpublished and information of higher complexity in regards to harms may be found in unpublished 

versions of the same published study (9). The review reported by Bikson et al. (1) neglect all these 

essential aspects of an evidence-based research focused on safety. In fact, the paper referred loosely to 

“trials” as the study design included in the review and do not mention any attempt to search for 

unpublished data. The meaning of the terminology “trials” is unclear as it may correlate with different 

types of study designs, from small short-term non-randomized studies to large, multicentre randomized 

trials with long-term evaluation of thousands of participants. Failing in approaching the unpublished 

literature seriously threatens the validity of the review results. 

Another critical aspect is related to the assessment of the risk of bias toward the null hypothesis of no 

effect. What was measured, who measured it, and when it was measured may define if an adverse 

effect can, or will, be appropriately detected or not. Lack of proper or rigorous measurement methods 

to detect adverse effects does not mean safety as even serious events could have been missed. 

Similarly, outcome reporting bias, or the neglecting in reporting an outcome, can seriously influence the 

results of any review focusing on harmful outcomes (10). Studies may fail to provide full and transparent 

reporting of adverse effects and the fact that they are not reported does not mean they didn’t happen. 

For instance, our group performed a systematic review of randomised clinical trials of tDCS in stroke 

survivors and the results demonstrated that the majority of the trials suffer from poor reporting. 

Information on the methods applied to collect data on adverse effects, the frequency and the specific 

adverse effects observed is largely not transparently reported (Table 1). Our results are consistent with 

another review showing that 40.7% of the studies assessing treatment with tDCS in stroke patients fail 

to mention whether adverse effects were measured or not and whether they occurred or not (11). 

Therefore, the conclusion that there are no reports of serious adverse effects associated to tDCS could 

better represent an “absence of evidence of harms” rather than “evidence of absence of harms” (12). 

The concept of safety applied in this review is another matter of concern. Safety is the “substantive 

evidence of an absence of harm” (13). Evidence of safety should then be understood as evidence of the 

absence of the totality of all possible adverse consequences of an intervention or, alternatively, 

evidence that the beneficial effects of an intervention outweigh its possible adverse consequences. The 

authors of the quoted evidence-based review opted to evaluate safety based only on serious adverse 

effects with published data allowing the assessment of causality. There are two misconceptions here. 

Firstly, by definition, an adverse effect is an event for which there is a reasonable possibility of a causal 

relation (13). Therefore, a definitive prove of causality is not necessary and, in fact, may not be reached 
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in the majority of the cases. Secondly, mild or moderate adverse effects may significantly reduce 

patient’s quality of life and their willingness in adhering to treatment. Therefore, safety should not be 

related only to serious events, and the ultimate decision on which an adverse effect is tolerable or not 

should rely on the patient. 

High quality research should provide evidence for an improved informed and shared clinical decision. 

Unfortunately, the terminology evidence-based has become popular. This may be dangerous as flawed 

research may claim to provide definitive clinical answers without an appropriate appraisal of the quality 

and accuracy of the data. We regret to conclude that, ultimately, declaring tDCS a safe technique in face 

of the limitations of the published review could do more harm than good to patients undergoing 

treatment.  

 

 

 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

References 

1. Bikson M, Grossman P, Thomas C, Zannou AL, Jiang J, Adnan T, et al. Safety of Transcranial 

Direct Current Stimulation: Evidence Based Update 2016. Brain Stimul 2016;9(5):641-61. 

2. Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions 

Version 5.1.0 [updated March 2011]. The Cochrane Collaboration 2011. Available from 

http://www.handbook.cochrane.org. 

3. University of York. Centre for Reviews and Dissemination. Systematic reviews: CRD's guidance 

for undertaking reviews in health care. Centre for Reviews and Dissemination 2009. 

4. Golder S, Loke YK. Sources of information on adverse effects: a systematic review. Health Info 

Libr J 2010;27(3):176-90. 

5. Juni P, Holenstein F, Sterne J, Bartlett C, Egger M. Direction and impact of language bias in meta-

analyses of controlled trials: empirical study. Int J Epidemiol 2002;31(1):115-23. 

6. Moher D, Pham B, Lawson ML, Klassen TP. The inclusion of reports of randomised trials 

published in languages other than English in systematic reviews. Health Technol Assess 2003;7(41):1-90. 

7. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA 

statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare 

interventions: explanation and elaboration. BMJ 2009;339:b2700. 

8. Zorzela L, Loke YK, Ioannidis JP, Golder S, Santaguida P, Altman DG, et al. PRISMA harms 

checklist: improving harms reporting in systematic reviews. BMJ. 2016;352:i157. 

9. Golder S, Loke YK, Wright K, Norman G. Reporting of Adverse Events in Published and 

Unpublished Studies of Health Care Interventions: A Systematic Review. PLoS Med 

2016;13(9):e1002127. 

10. Zorzela L, Golder S, Liu Y, Pilkington K, Hartling L, Joffe A, et al. Quality of reporting in systematic 

reviews of adverse events: systematic review. BMJ 2014;348:f7668. 

11. Russo C, Souza Carneiro MI, Bolognini N, Fregni F. Safety Review of Transcranial Direct Current 

Stimulation in Stroke. Neuromodulation. 2017;20(3):215-22. 

12. Loke YK, Mattishent K. If nothing happens, is everything all right? Distinguishing genuine 

reassurance from a false sense of security. CMAJ 2015;187(1):15-6. 

13. Chou R, Aronson N, Atkins D, Ismaila AS, Santaguida P, Smith DH, et al. AHRQ series paper 4: 

assessing harms when comparing medical interventions: AHRQ and the effective health-care program. J 

Clin Epidemiol 2010;63(5):502-12. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 1 Reporting of data related to adverse effects in randomised controlled trials of treatment of stroke patients with transcranial direct 

current stimulation (tDCS) - data are from a systematic review with searches at The Cochrane Central Register of Controlled Trials (CENTRAL), 

PEDRo and Biosis Preview databases updated until November 2014. 

Author, year of publication
a
 Assessment methods of adverse effects 

Data on frequency of adverse 

events? 

Nº of tables/graphs 

describing adverse effects 

Bologini 2011 Questionnaire administered at end of each session tDCS No 0 

Danzl 2013 NR No 0 

Edwards 2009 NR No 0 

Gandinga 2006 
Visual analogical scale applied in each session and ranging 

from 1 (no discomfort) to 10 (extreme discomfort/pain) 
No 0 

Geroin 2011 NR No 0 

Khedr 2013 NR No 0 

Kim 2010 NR No 0 

Kumar 2011 NR No 0 

Lee 2014 NR No 0 

Lindenberg 2010 NR No 0 

Nair 2011 NR No 0 

Polanowska  2013 NR No 1 

Rossi 2013 NR No 0 

Viana 2014 NR No 0 

Wu 2013 NR No 0 

Yang 2012 NR No 0 

You 2011 NR No 0 

Ang 2012 No No 0 

Fusco 2014 NR No 0 

Park 2013 NR No 0 

Polanowska 2013 NR No 0 

Shigematsu 2013 NR No 0 
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Wilkinson 2014 
Charts with daily record of adverse effects taken before 

and during the sessions 
Yes 1 

NR: not reported. 
a
 The detailed list of references can be obtained through contacting authors. 


