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A B S T R A C T

This review updates and consolidates evidence on the safety of transcranial Direct Current Stimulation
(tDCS). Safety is here operationally defined by, and limited to, the absence of evidence for a Serious Adverse
Effect, the criteria for which are rigorously defined. This review adopts an evidence-based approach, based
on an aggregation of experience from human trials, taking care not to confuse speculation on potential
hazards or lack of data to refute such speculation with evidence for risk. Safety data from animal tests
for tissue damage are reviewed with systematic consideration of translation to humans. Arbitrary safety
considerations are avoided. Computational models are used to relate dose to brain exposure in humans
and animals. We review relevant dose–response curves and dose metrics (e.g. current, duration, current
density, charge, charge density) for meaningful safety standards. Special consideration is given to the-
oretically vulnerable populations including children and the elderly, subjects withmood disorders, epilepsy,
stroke, implants, and home users. Evidence from relevant animal models indicates that brain injury by
Direct Current Stimulation (DCS) occurs at predicted brain current densities (6.3–13 A/m2) that are over
an order of magnitude above those produced by conventional tDCS. To date, the use of conventional tDCS
protocols in human trials (≤40 min, ≤4 milliamperes, ≤7.2 Coulombs) has not produced any reports of a
Serious Adverse Effect or irreversible injury across over 33,200 sessions and 1000 subjects with repeat-
ed sessions. This includes a wide variety of subjects, including persons from potentially vulnerable
populations.

© 2016 Elsevier Inc. All rights reserved.

Introduction

Scope

The goal of this report is to update the state-of-the-art on the
safety of transcranial Direct Current Stimulation (tDCS), based on
published Serious Adverse Effects in human trials and irreversible
brain damage in animal models. For the purposes of this report, tDCS
includes non-invasive transcranial electrical stimulation using direct
current with a sustained intensity of a few milliamperes and du-
ration of up to tens of minutes; with specific definitions and
inclusion/exclusion criterion defined. Basing our evaluation solely
on established evidence, we rely on (1) testing in human trials, in-
cluding reports of serious adverse events and imaging changes; (2)
animal models, including histologically observable tissue; and (3)
computational modeling to the limited extent it can inform the in-
terpretation of experimental data. By consensus, we distinguish
between adverse events (which are potentially coincidental) and
adverse effects (which are believed to be causally related to stim-
ulation), examining specific case data taken in the context of best
experimental practices and all available tDCS data. Tolerability or
transient adverse cognitive and behavioral changes that are not as-
sociated with Serious Adverse Effects are not taken into account.

Electrical stimulation in animals is referred to as Direct Current
Stimulation (DCS; even when epicranial), as opposed to tDCS, to dis-
tinguish it from the human stimulation. For human data, the review
has the limitation that it relies largely on reports of serious adverse
events in published controlled studies in which subjects are not typ-
ically exhaustively tested for injury or followed for an extensive
period. Prospective studies on tDCS safety are limited in humans
[1,2]. For animal data, effort is devoted to understanding the trans-
lation of findings (e.g. dose scaling) to humans. Data from
translational animal models are taken to support establishing tDCS
safety limits only in the context of irreversible brain damage. We
avoid speculation regarding theoretical risks of tDCS that are based
on extrapolation from reports in which no specific link to tDCS has
been established (e.g. inferring the potential risks of low intensity
direct current based on the known risks of high intensity current).

Exclusion of subjects with preexisting co-morbidities from par-
ticipation in clinical trials (e.g. exclusion of subject with depression
from stroke studies, and exclusion of subjects with stroke from de-
pression studies) reduces the number of complicated cases tested
with tDCS. When such exclusion is not explicitly justified for safety

reasons then it likely reflects experimental design (e.g. depression
post stroke is considered a different illness to depression of another
etiology) rather than concern regarding risk. Nonetheless, such “con-
servative” exclusions, as well as subject-specific safety monitoring
protocols applied in the absence of evidence for risk, can be a source
of confusion with regards to safety norms and are therefore dis-
cussed in this review.

Operator intentions when applying tDCS, the efficacy of tDCS in
eliciting desired outcomes [3], and the presumed mechanisms of
tDCS are not relevant for the scope of this review [4]. Similarly, po-
tential neuroprotective effects are not within our scope [5], except
for instances in which they inform safety. Animal safety data are
limited to non-invasive or epicranial electrode techniques, since the
safety profile for electrodes that directly contact with brain tissue
is distinct (e.g. electrochemical in a way not relevant for non-
invasive techniques). This review aggregates and analyzes data
relevant to the safety of tDCS and comments on experience in human
trials of tDCS to date. It does not make specific recommendations
for protocols or serve as a guideline for the design of safety proto-
cols. This reviewmay, however, inform ongoing ethical and regulatory
decisions [6].

Definitions and considerations of dose metrics for tDCS safety

For the purposes of this review, tDCS is defined as a technique
in which the dose [7] is a waveform of single sustained direct current
(DC), with the exception of one ramp-up and one ramp-down period,
applied to the head using at least one cephalic electrode. tDCS is
non-invasive and requires appropriate electrolyte buffer (conduc-
tive gel, paste, or saline) between the electrode and the skin. tDCS
thus does not include the use of subdural stimulation electrodes.

While tDCS could technically include any waveform that does
not change polarity (e.g. even a monophasic triangle wave), tDCS
as used across current human trials involves only fixed sustained
direct current. The lower-case “t” in tDCS is thus important to em-
phasize a proper name that designates a specific stimulation
approach. Hence trains of monophasic pulses are not tDCS as defined
here (but rather transcranial Pulsed Current Stimulation, even when
a DC offset is included). Similarly neither oscillating transcranial direct
current stimulation (a monophasic square waveform) nor a recti-
fied or monophasic sinusoidal waveform is included in tDCS as
defined here.
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