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Abstract

Neurostimulation is rapidly emerging as an important treatment modality for psychiatric disorders.
One of the fastest-growing and least regulated approaches to noninvasive therapeutic stimulation
involves the application of weak electrical currents. Widespread enthusiasm for low-intensity
transcranial electrical current stimulation (tCS) is reflected by the recent surge in direct-to-
consumer device marketing, do-it-yourself enthusiasm, and an escalating number of clinical trials.
In the wake of this rapid growth, clinicians may lack sufficient information about tCS to inform
their clinical practices. Interpretation of tCS clinical trial data is aided by familiarity with basic
neurophysiological principles, potential mechanisms of action of tCS, and the complicated
regulatory history governing tCS devices. A growing literature includes randomized controlled
trials of tCS for major depression, schizophrenia, cognitive disorders and substance use disorders.
The relative ease of use and abundant access to tCS may represent a broad-reaching and important
advance for future mental health care. Evidence supports application of one type of tCS,
transcranial direct current stimulation (tDCS), for major depression. However, tDCS devices do
not have regulatory approval for treating medical disorders, evidence is largely inconclusive for
other therapeutic areas, and their use is associated with some physical and psychiatric risks. One
unexpected finding to arise from this review is that the use of cranial electrotherapy stimulation
(CES) devices — the only category of tCS devices cleared for use in psychiatric disorders - is
supported by low quality evidence.
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INTRODUCTION

Neurostimulation can be defined as any intervention intended to alter nervous system
function using energy fields such as electricity, magnetism, or both. While historical
literature describes neurostimulation to treat physical maladies for over a thousand years (1),
its use for psychiatric disorders became popular in the past century. Since the 1930s (2),
electroconvulsive therapy (ECT) has been recognized as an effective treatment for severe
depression, catatonia, and other mental health disorders. In addition to ECT, clinicians are
expected to understand newer forms of neurostimulation such as vagus nerve stimulation
(VNS), repetitive transcranial magnetic stimulation (rTMS), and deep brain stimulation
(DBS) (3).

For a number of reasons, therapeutic neurostimulation has seen a recent surge of interest.
First, neurostimulation targets electrical activity in brain networks, acting through different
mechanisms than pharmacotherapy, thus offering the hope of treatment success where
medications have failed. Identifying and targeting specific brain regions or circuits to reduce
psychiatric symptoms may offer a level of focality beyond that offered by ECT or
pharmacotherapy. Second, we are surrounded by technology that interfaces with the human
body, such as “smartphones,” watches with sensors, and “apps” that monitor an individual’s
physical activity. As society accepts these devices, increased use of medical technology that
interacts with the central nervous system may naturally follow. Third, since neurostimulation
is associated with different side effects than medications, it may be perceived as having
superior tolerability for use alone or in combination with pharmacotherapy (4) or
psychotherapy (5). Finally, a growing body of evidence suggests neurostimulation might
modify a broad spectrum of brain functions, giving rise to speculation about its potential to
improve cognition or nonspecific symptoms in healthy individuals, thereby suggesting that
similar gains might be achieved in psychiatrically ill patients.

In this article, we provide an overview of the devices and modalities that use low-energy
electrical current for brain stimulation, described as transcranial current stimulation
(tCS). Emerging technology has fueled rapid expansion of these devices in the last few
years, without commensurate growth in accessible, clinician-directed information. To
address this knowledge gap, here we provide a comprehensive review of the engineering and
neurophysiology underlying tCS, relevant data from clinical trials, and potential safety
considerations.

SECTION 1: ELECTRICAL ENGINEERING AND NEUROPHYSIOLOGY

Based on the principle that application of an electric current to the skin generates an electric
field, tCS devices differ from one another based on the waveform of the electric current
used. Perhaps the best-known type of tCS is transcranial direct current stimulation (tDCS),
which delivers a constant, or “direct” waveform. Another type of tCS, called cranial
electrical stimulation (CES), uses proprietary waveforms that may fluctuate over time. Other
tCS approaches include use of sine waves (i.e., transcranial alternating current stimulation,
tACS) or broadband noise (i.e., transcranial random current stimulation, tRNS). Regardless
of the waveform, the electrical resistance of the pathway through the patient’s tissues
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determines how much voltage the device applies to achieve the level of current selected by
the user.

Stimulation devices deliver a predefined amount of electric current (I; measured in mA).
According to Ohm’s law (V=IR), the amount of voltage (V) that is required to produce a
specific current (1) depends on the resistance (R) between the two connectors on the device.
Since the wires and electrodes have very low resistance, the main resistance in the system
comes from the interface between the electrodes and the biological tissue located between
the electrodes. Ohm’s law dictates that a greater voltage will be needed to pass a current
through tissue with higher resistance. During tCS, higher resistance (and hence higher
voltage) can result in patient discomfort and may lead to skin burns under the electrodes
(reviewed in Section 3) (6). Typical reasons for heightened resistance are poor electrode
contact with skin, or use of electrodes made from materials that do not conduct well.
Devices that enforce a maximum upper limit of voltage mitigate this risk. Safe delivery of
tCS requires low resistance for the duration of a stimulation session; this is achieved through
steps taken to ensure 1) use of electrodes with good conductive properties, 2) good contact
between electrodes and skin, and 3) integrity of connections between electrodes, lead wires,
and the stimulator.

Spatial Targeting: Electrode Montages

The spatial positioning of stimulation electrodes on the scalp can generate the misleading
perception that only the brain underneath the electrodes, and no other area, is stimulated.
This notion is mostly incorrect since the human head exhibits heterogeneous electrical
properties. For example, when delivered through scalp electrodes, a large fraction of current
is shunted away through the skin and does not penetrate the skull. Current may also travel
through the orbits, foramen magnum or cranial nerve foramina, as low-resistance interstitial
fluid creates electrical shunts at these sites. Several tCS devices deliver stimulation through
one or more electrodes placed on the ears, face, or elsewhere below the head and neck. It is
possible that nonspecific cranial nerve stimulation plays an important part in the effects of
tCS. Once the electric field reaches the brain, tCS has a certain strength and direction; both
are relevant for modulating the activity of individual neurons or networks of neurons.
Similar to antennae, neurons must be positioned so they are aligned with the direction of an
oncoming electrical field if the field is to influence them. When this happens, a series of
events leads to a change in the voltage across the neuron’s membrane (7); stronger electrical
fields (i.e., those with greater amplitude) have greater effects on the neuronal membrane.
Spatial targeting using computer simulations of the electric field distribution, as a function
of electrode number, size and location has been proposed (8), but lacks validation as an
approach to guide clinical tCS. Moreover, given the distributed and complex deficits in
neuronal networks associated with psychiatric disorders, identifying the correct target
area(s) for therapeutic stimulation of a specific disorder or symptom remains an important
challenge for the field.

Neurophysiological Effects of tCS

The electrical fields used in tDCS are generally considered a subthreshold perturbation,
meaning that tDCS, by itself, is not thought to cause neuronal depolarization (Figure 1A).
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However, the net effect of tDCS does not occur in isolation. Communication between
individual neurons and neuronal networks is nonlinear and complex, with a large number of
inputs influencing the activity of any individual neuron. Therefore, even a small change in
the membrane voltage may impact neuronal firing.

Variation in the direction of current flow also impacts neuronal firing. As described above,
when current travels in one direction, the effect is to depolarize or enhance chance of firing.
However, current traveling in the opposite direction causes hyperpolarization of the
membrane, making the neuron less likely to fire relative to its resting state. Unfortunately,
this neurophysiological principle is associated with the unproven model wherein “anodal
tDCS” excites brain activity in the region under that electrode, and “cathodal tDCS” inhibits
brain activity in the region beneath that electrode. While application of this simplistic, and
likely incorrect, model (9) has been used to support montages implemented in clinical trials
(reviewed in Section 2), further research is needed to characterize the relationship between
cellular physiology and clinical outcomes.

The potential therapeutic benefit of tCS arises because the neurophysiological effect of
current applied during a single session is durable, to some extent, over time after the
stimulation ceases. This phenomenon was demonstrated by a series of experiments wherein
motor cortex neurons were stimulated with tDCS, and their excitability was measured after
stimulation stopped (10). It is important to recognize that much of what we know about
tDCS comes from studies of the motor cortex, and it remains unclear if the same principles
apply to other brain regions, such as the prefrontal cortex. Furthermore, since neuronal
organization may differ across the brain, it is possible that the same stimulation can result in
varied effects when applied to different regions. Nevertheless, a number of experiments have
now demonstrated enduring functional effects of tDCS on (non-motor) cortical activity,
persisting in the hour after stimulation ceases (e.g.,(11-13)).

SECTION 2: REVIEW OF PUBLISHED RANDOMIZED CONTROLLED TRIALS

To describe the current evidence base for therapeutic effects of tCS in psychiatry, we
performed a focused review of published clinical trial data, extracted from Pubmed, recent
review articles (14-16), and meta-analyses (17; 18). Based on the known limitations of
open-label pilot studies (19), we included only treatment-based, randomized, controlled
trials (RCTs). Where there were no clinical RCTs, we included key proof of concept studies
to illustrate the status of the field. The literature search was performed on 3/24/2016 and
updated 11/21/2016. Search terms included tDCS, CES, tACS, tRNS, and several emerging
tCS approaches such as external trigeminal nerve stimulation (eTNS) and transcutaneous
vagus nerve stimulation (tVNS). Each modality term was searched separately, with words
spelled out and in abbreviated form, and searched in combination with each reviewed
psychiatric disorder (major depressive disorder (MDD), bipolar disorder, schizophrenia,
anxiety, obsessive-compulsive disorder, substance use, and dementia). Primary outcomes of
the trials for MDD, schizophrenia, dementia/cognitive disorders, and substance use disorders
appear below. Details of administration, such as anatomical target, stimulation strength and
duration, are included in corresponding tables. Meta-analyses are also summarized below.
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Consensus scores were generated to review quality of the evidence base supporting tCS for
several therapeutic areas by evaluating scientific rigor of the published RCTs. A list of 21
quality indicators (see Supplemental information) was developed by the authors, based on
the GRADE scoring guidelines (20) that reflecting elements required for a well-designed
tDCS RCT. These indicators incorporated standard elements of clinical trial design, and
those unique to studying clinical effects of tCS, such as standardization of the environment
during stimulation. Furthermore, it was noted that most while pharmacotherapy RCTs use a
double-blind design (i.e., patients and raters blind to treatment assignment), tCS studies
typically also need a blinded treatment administrator (i.e., triple-blind) to ensure the nature
of the investigational treatment remains concealed. In light of possible tCS interactions with
psychotropic medications, we evaluated the extent to which investigators gathered and
reported data on participants’ concurrent medication use. A percentage score (0-100%;
rounded to the nearest whole number) was calculated for each trial, based on the number of
indicators present, with 100% reflecting the highest quality rating. Each report was
independently reviewed and scored by at least two coauthors; group discussion took place to
resolve discrepancies and achieve consensus scoring.

Randomized Controlled Trials and Meta-Analyses of tCS for Major Depression

Efficacy studies for depression represent the largest group of available tCS RCT data. tDCS
is the dominant modality (Table 1), typically with the anode placed over the left dorsolateral
prefrontal cortex (DLPFC). Some studies restricted enrollment to (unipolar) MDD and
others included participants with unipolar or bipolar major depressive episodes (MDE).
Some of these studies allowed participants to remain on stable regimens of psychotropic
medications while others required medication-free participants.

Initial studies of tDCS generated mixed results regarding potential efficacy. Fregni et al. (21)
performed the first clinical trial of tDCS for MDD (n=10) and found efficacy of active over
sham treatment (p<.05). This was followed by a larger study (n=40) by Boggio et al. (22)
that also showed superiority of active stimulation. Subsequently, Loo and colleagues (23)
found no difference between active and sham tDCS (n=40)(p>.1). However, when they
conducted a larger study (24)(n=64) with more treatment sessions, they found a significant
advantage of active tDCS (p<.05) but no difference in response rates; one bipolar patient
receiving active tDCS became hypomanic. Palm et al. (25)(n=22), and Blumberger et al.
(26)(n=24), also found no difference between active and sham tDCS. Bennabi et al. (27)
(n=24) tested tDCS+escitalopram (10-20mg) and found no difference between active and
sham.

In the largest (n=120) study of tDCS to date, Brunoni et al. (4) gave twelve 30-minute
sessions of 2 mA tDCS (10 consecutive workday sessions followed by a single session
delivered every other week) and/or a low-dose of sertraline (50mg/d) in a 2x2 factorial
design; two of the groups (each n=30) were randomized to groups with active tDCS. This
approach enabled comparisons of active versus sham tDCS, placebo pill versus sertraline,
and a combination drug + stimulation. They observed greater reduction of depression in the
combined sertraline+active tDCS group compared to sertraline monotherapy (p=.002), tDCS
monotherapy (p=.03), and both inactive treatments (placebo+sham tDCS; p<.001).
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Treatment with tDCS monotherapy was superior to placebo+sham tDCS (p=.01) but
comparable to sertraline monotherapy (p=.35). When comparing response rates, tDCS
monotherapy (43.3%; p<.001) and tDCS+sertraline (63.3%; p=.03) did better than placebo
+sham stimulation (16.7%). Remission followed a similar pattern, with worse outcomes for
the placebo+sham (13.3%) group compared to tDCS monotherapy (40.0%, p=.02) and to
active tDCS+sertraline (46.7%, p=.007). Sertraline monotherapy did not statistically
separate from placebo+sham on any outcome measure. Seven episodes of treatment-
emergent mania or hypomania were observed, with the majority (n=5; 17%) in the combined
(active tDCS+sertraline) group.

Several groups have evaluated the combined effect of tDCS plus psychotherapy for
depression, an approach informed by data indicating that tDCS can facilitate neuronal firing
in the context of appropriate environmental cues (10). Segrave et al. (5)(n=27) reported
improved depressive symptoms when tDCS was combined with cognitive control therapy,
although both Brunoni et al. (28)(n=37), and Vanderhasselt et al. (29)(n=33) found no
difference between active and sham combined with therapy. Some have identified the timing
of stimulation relative to therapy as a possible limitation of these studies, theorizing that
“online” stimulation, occurring concurrent with therapy might be superior to “offline”
stimulation that precedes the session (30).

The anxiolytic/antidepressant effects of other types of tCS have also been investigated. Over
a dozen CES devices received FDA clearance for treatment of “insomnia, depression, or
anxiety,” based on technical features that were considered substantially equivalent to older
CES devices already on the market before Congress introduced the Medical Device
Regulation Act in 1976. While an older literature (31)(32) suggested clinical efficacy of
CES, that body of evidence is comprised by trials that would not be considered rigorous by
modern standards of clinical trial design. A 1995 meta-analyses of CES therapy raised
questions regarding data reporting bias and adequacy of blinding (32). While the use of
proprietary waveforms by most CES devices has created an obstacle for independent
evaluation of efficacy and potential mechanisms of action, Barclay et al. (33)(n=115)
conducted a investigation of CES efficacy using the Alpha-Stim device in patients with a
primary anxiety disorder and some (unspecified) degree of comorbid depressive symptoms,
reported significantly improved depression (p<.001) and anxiety (p<.001) outcomes.
However, subsequent studies by Lyon et al. (34)(n=167), and Mischoulon et al. (35)(n=30)
found no advantage of CES over sham on depressive symptoms (all p>.1). One recent pilot
study of Bipolar Il Depression by McClure et al. (36)(n=16) indicated that two weeks of
CES could reduce depressive symptoms (p<.003).

Cranial nerve stimulation is another tCS approach under investigation. Shiozawa et al. (37)
(n=40) reported the first RCT evaluating efficacy of externally-applied trigeminal nerve
stimulation (eTNS), and reported that active stimulation significantly reduced depressive
symptoms (p<.01). Rong et al. (38)(n=160) conducted a pseudo-RCT of transcutaneous
VNS (tVNS) for MDD. While active tVNS was associated with greater reduction in
depressive symptoms (p<.001), no differences in response or remission were observed at
endpoint.
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To date, there are four meta-analyses of tDCS for depression. Although earlier reports were
negative (14, 38), recent analyses (incorporating larger studies) are positive. Shiozawa et al.
(18)(n=259) found a significant advantage of active tDCS over sham (g=0.37; 95% CI 0.04—
0.7). Odds Ratios (OR) for response and remission were 1.63 (95% CI 1.26-2.12) and 2.50
(95% CI 1.26-2.49). Most recently, Brunoni et al. (39)(n=289) found similar results for
response (OR = 2.44, 95% CI 1.38-4.32) and remission (OR = 2.38, 95% CI 1.22-4.64), and
also reported that treatment resistance predicted nonresponse, whereas higher tDCS dose
(longer duration and higher current density) predicted response.

Questions remain about potential side effects or synergistic therapeutic effects when tCS is
combined with psychotropic medications, since no large studies have investigated the use of
tDCS concurrent with adequate doses of antidepressant medication. The currently available
data does not support the use of tDCS as a method to accelerate or enhance the short-term
effects of psychotherapy. While risk of adverse events appears modest, the incidence of
(hypo)manic induction in larger RCTSs is noteworthy and deserves greater study.

Taken together, the available RCT evidence generally supports the use of tDCS to relieve
symptoms of depression, with other stimulation modalities yielding mixed results. To date
there is no defined regulatory pathway for tDCS devices, and none are approved or cleared
for treating psychiatric disorders. On the other hand, despite having an FDA indication for
depression, CES devices have not consistently demonstrated clinical efficacy.

Randomized Controlled Trials of tCS for Schizophrenia

tCS has been investigated as a treatment approach for schizophrenia (Table 2), mostly
utilizing tDCS. Montages typically utilized placement of the anode over the left DLPFC,
with cathode over the temporo-parietal junction (TPJ) or over the supraorbital area. Brunelin
et al (40)(n=30) conducted the first RCT and observed that active tDCS reduced auditory
hallucinations acutely (p<.001) and over 3 months (p<.001), and reduced negative symptoms
(p=.01). This was followed by a study by Smith et al. (41)(n=37) that found active
stimulation improved cognition (p=.008), but had no effect on positive or negative symptoms
(all p >.1), whereas Palm et al. (42) found tDCS reduced negative symptoms (p=.016) and
Mondino et al. (43) found tDCS reduced hallucinations (p<.001). Several studies for
schizophrenia (Fitzgerald et al. (n=24)(44) and Frohlich et al. (45)(n=26)) and tVNS (Hasan
et al. (46)(n=20) found no difference between active and sham stimulation.

The currently available data does not support use of tCS for schizophrenia. The evidence
base comprises a small number of RCTs with conflicting results. More work is clearly
needed to develop tCS for treatment of patients with schizophrenia.

Randomized Controlled Trials of tCS for Dementia or Cognitive Deficits

Dementia and cognitive deficits are other therapeutic areas of investigation (Table 3),
inspired by the potential for tDCS to enhance attention, learning, and memory in healthy
adults (reviewed in (47)). While meta-analyses of single-session tCS (48; 49) indicate
benefit in patient samples, most clinical RCTs have been negative (50; 51), although
Manenti et al. (52)(n=20) found that tDCS improved cognition in patients with Parkinson’s
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disease. Based on these results, the available data does not support the use of tDCS for
patients with dementia or cognitive deficits.

Randomized Controlled Trials of tCS for Treating Substance Use Disorders

A number of studies evaluated tCS for substance use disorders (Table 4). Da Silva et al. (53)
(n=13) investigated tDCS for alcohol dependence, and reported significant reductions in
depressive symptoms (p<.001) and craving (p=.015), although also reported a statistical
trend towards higher relapse rate (p=.053). Klauss et al. (54)(n=15) found active tDCS
improved alcohol abstinence (p=.02). Regarding nicotine, two studies, Boggio et al. (55)
(n=27), and Fecteau et al. (56)(n=12), found tDCS reduced nicotine craving and cigarette
consumption (p<.05). Findings in cocaine use are mixed; Conti et al. (57)(n=13) found no
effect of tDCS on cocaine use (p>.1), whereas Batista et al. (58)(n=36) found tDCS reduced
cocaine craving (p=.028). There are some proof-of-concept studies of tDCS for other
substances, with potentially concerning results. Boggio et al. (59)(n=25) found tDCS
increased risk-taking behaviors in chronic cannabis users (p<.001), and Shahbabaie et al.
(60)(n=22) found tDCS increased cue-induced methamphetamine craving (p=.012).

While the available data appear to provide some support for the use of tDCS for some
substance use disorders, there are very few clinical trials, and several suggest potential
harms, such as increased relapse (53), greater risk-taking (59; 61), and heightened craving
(60).

Proof of Concept Studies of tCS for Treating Other Neuropsychiatric Disorders

Data describing tCS for therapeutic areas beyond those reviewed here are quite limited. For
example, one study (62)(n=60) did not find efficacy of a single tDCS session for ADHD,
and several case series or open label studies suggested potential efficacy of tCS for working
memory in PTSD (63), and symptoms of comorbid PTSD and MDD (64). There are also a
growing number of studies for nonpsychiatric conditions that may be of interest to
psychiatrists, described elsewhere (14; 65).

SECTION 3: POTENTIAL RISKS OF tCS

The majority of tCS devices used in the RCTs we reviewed are not FDA-cleared for
psychiatric disorders, except CES devices that are FDA-cleared for insomnia, depression,
and anxiety. Purchase of CES devices requires a written authorization from a licensed
healthcare practitioner (which may include acupuncturists, chiropractors, or pharmacists).
CES devices should be safe when used according to the manufacturer’s instructions,
although CES device instructions may lack detail regarding aspects of use. Regarding tDCS
risks, a recent review found no evidence of brain injury when applied using conventional
parameters (<40 min, <4 mA, <7.2 C) (66). However, this review included only data from
published tDCS clinical research trials, and therefore excludes information from
unsupervised use outside of research protocols.

The perceived safety of tCS has led to both direct to consumer (DTC) sales and do-it-
yourself (DIY) construction kits for tCS systems. DTC devices are commercial systems
marketed and sold to consumers without requirement for any involvement by a health
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professional, whereas DIY devices are made by an individual for private use (i.e., with store
bought or homemade components), although where one category ends and the other begins
is not clear (67). Because they have electronic components, DTC devices for tCS must
conform to certain regulatory standards regarding protections against shock and
radiofrequency interference. However, the FDA regulates neither DTC nor DIY devices, as
these devices are not intended (at least explicitly) to provide specific medical benefits.
Described in popular press as “jumper cables for the mind” and by companies as a way to
“overclock your brain” (68), many DTC tCS systems priced in the $100-400 USD range are
advertised as capable of promoting general “brain health” benefits. Discussed below are the
three major risks associated with unsupervised tCS: device-related injury, cognitive effects,
and treatment interference.

Device-Related Risks

The classic risk when stimulating the brain is seizure generation, although the energy used in
tCS is orders of magnitude lower than in ECT (e.g., 800mA) or rTMS (66). Therefore,
seizures would be very unlikely in the absence of intracranial pathology. Additionally, the
interaction between tCS and metal in the head/neck represents a major unknown risk. Most
tCS studies excluded participants with head/neck metal, which could divert and adversely
focus applied currents. While tCS in patients with head/neck metal may be safe in some
cases, it should not routinely be considered outside of specialized research-based settings.

Perhaps the greatest device-related risk is skin burns from excess energy, though these are
generally preceded by pain and redness as a warning sign (6). Recent studies, with
experienced investigators using devices with adequate safety features, have not observed
skin burns (e.g., Brunoni et al. (4)). Self-administration of tCS by untrained individuals may
present greater burn risk. A closely related risk is delivering more (or less) current than
desired. DTC devices typically do not include instructions for the consumer to calibrate or
other otherwise assess the function of the device. Of concern, a growing community of DIY
enthusiasts is building and using their own devices for noninvasive brain stimulation. For
example, a 2015/2016 internet search by the authors yielded five DIY device designs that
could be constructed for $50-100 USD and would likely be capable of delivering 1-2 mA.
DIY interest is growing; a user-support websites with 2,700 registered users in 2013 (69)
had grown to over 8,700 in 2016. Purported uses range from improving mood/anxiety
symptoms, to enhanced exercise endurance, to gaining an edge in online gaming. Accessible
plans for DIY devices did include multiple statements about safety precautions in building
and using the device. Such disclaimers may protect DIY proponents from liability (69), but
the information is likely insufficient for patients. Furthermore, since the FDA does not
regulate DTC devices or DIY device construction documents, serious adverse events may be
occurring, yet not reported: one DIY tCS website included subjective descriptions of
migraines, photophobia, vivid dreams, increased anxiety, and possible mania. Such reports
represent important safety information that is otherwise not recorded.

Risk of Adverse Cognitive Effects

Though claims that tCS improves brain function have been made (47)(48; 49), stimulation
may also impair cognition (70). It may induce a functional “trade-off”, improving a single
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cognitive function at the cost of impairing another. For example, one study of healthy
individuals found tDCS improved learning new associations, at the cost of performing old
ones (71). Another reported tDCS increased mathematics performance but reduced executive
function (72). These effects may be greater in psychiatric patients, where the cognitive
reserve may be reduced as a consequence of illness. Specific electrode configurations may
also be associated with adverse cognitive effects. Several studies described learning and
working memory impairments when the tDCS cathode was applied over the parietal lobe or
cerebellum (73; 74), and another found reduced cognitive performance when the tDCS
anode was placed over the DLPFC (i.e., the configuration used by the vast majority of tDCS
studies) (70). Worsened working memory has also been reported after use of a commercial
tDCS device (75).

Risk of Interference with Psychiatric Treatment

The ostensibly benign profile of tCS could lead patients with mental illness to substitute
stimulation for evidence-based care. In a large-scale survey of the DIY community,
depressive symptoms were cited as a common reason for trying tCS. Less than half (44%) of
those using tCS for a medical condition were seeing a physician for that same condition
(69). As reviewed in Section 2, only a small handful of studies systematically evaluated the
effects of stimulation concurrent with psychopharmacology or therapy. Given that tCS
effects are likely state-dependent, the field should expect to find significant, unexpected, and
potentially harmful interactions between tCS and other interventions. As described above,
Brunoni et al. (4) described an elevated rate of conversion from depression to hypomania in
participants receiving tDCS and sertraline. As tCS becomes widely available to consumers,
more patients with a bipolar diathesis may try it and switch into a (hypo)manic state.
Clinicians might erroneously attribute the change in mood state to pharmacology, thereby
removing a potential treatment option. Several of the reviewed substance abuse studies
showed an increase in cravings or related symptoms (53; 59-61), suggesting that occult tCS
could attenuate the efficacy of substance abuse treatment. Therefore, unreported or
unsupervised tCS may pose a significant risk to patients by interfering with evidence-based
psychiatric treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SUMMARY: EFFICACY AND SAFETY OF tCS IN PSYCHIATRIC DISORDERS

Our review of tCS RCTs pointed to many cases of inadequate blinding and lack of
standardized environment. Only tDCS for MDD has consistently demonstrated positive
therapeutic effects, with the caveats that risk of (hypo)mania needs to be studied further,
and longer-term outcomes have yet to be evaluated. It is important to note that positive
tCS studies require replication, and the precise interactions between stimulation,
antidepressant medication and psychotherapy (or other cognitive states surrounding
stimulation) are unknown. Data regarding tCS for other psychiatric disorders demonstrate
negative or mixed results, with some evidence of harm in individuals with substance use
disorders. One potential explanation for these outcomes is the over-application of
simplistic neurophysiologic principles. Expectations that a specific tCS electrode
montage will be “excitatory” or “inhibitory” to a given brain region or cognitive function
may not be appropriate for the more complicated neural pathology that characterizes
psychiatric disorders.

The majority of tCS clinical trials in this review utilized tDCS, which, when delivered by
experienced research teams to medically healthy patients, is associated with a relatively
benign side effect profile. However, in a recently published letter, a group of researchers
with extensive experience in noninvasive brain stimulation summarized concerns about
unknown risks of tDCS, emphasizing: 1) “Stimulation affects more of the brain than a
user may think;” 2) “Stimulation interacts with ongoing brain activity, so what a user
does during tDCS changes tDCS effects;” 3) “Enhancement of some cognitive abilities
may come at the cost of others;” 4) “Changes in brain activity (intended or not) may last
longer than a user may think;” 5) “Small differences in tDCS parameters can have a big
effect;” 6) “tDCS effects are highly variable across different people;” and 7) “The risk/
benefit ratio is different for treating diseases versus enhancing function” (76).

It is possible that future tCS modalities may demonstrate clinical efficacy (or greater
potential for harm) for psychiatric disorders. A search of clinicaltrials.gov found over 450
registered studies using tCS for psychiatric disorders, dwarfing the number of studies in
this review. Burgeoning research activity demonstrates a significant interest in the
therapeutic potential of tCS and the rapid development of this field. Research into
mechanisms of action, findings generated in other types of clinical samples, and a variety
of sources of clinical information will continue to shape the evidence base surrounding
tCS.

At this point in time, enthusiasm for tCS in clinical practice settings should be mitigated
by the fact that there are no tDCS devices with FDA clearance for treatment of
psychiatric disorders. Devices cleared for other indications (e.g., iontophoresis) were
utilized in some clinical tDCS studies, while other trials used devices that are only
available for purchase and use in research protocols. Translating the tDCS literature into
guidelines for tCS in clinical practice is thus complex. Further, tCS devices that do have
FDA clearance (e.g., CES devices manufactured by Fisher-Wallace, Alpha-Stim) have
either not shown efficacy in recent published trials or have only limited support arising
from low quality data. While conclusions from this review reflect the perspective of
clinicians working and practicing in the USA, other considerations may exist for our
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international colleagues. If eventually proven safe and effective, with appropriate
regulatory controls and guidelines for clinical monitoring, the relative ease of use and
abundant access to devices could render tCS a broad-reaching and important advance in
mental health care.
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Quiet Neuron Active Neuron
( (
S+
neuron neuron endogenous endogenous
without tCS ~ with tC5 brain activity | brain activity

Subthreshold Suprathreshold

Figure 1A. Sub- and Suprathreshold Energy I nput on Neuronal Action Potentials
Subthreshold membrane fluctuations are not sufficient to generate an action potential (left).

However, if intrinsic fluctuations in a neuron’s membrane voltage move it closer to its
threshold, application of an inherently subthreshold input, such as tCS, can trigger an action
potential (right). Dashed line indicates threshold.
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Anode

Dendrites
Soma

Figure 1B. Model of Anode vs. Cathode Stimulation

Hyperpolarized

Depolarized

Cathode

L]

Depolarized

Hyperpolarized

Schematized representation of anode and cathode stimulation on neuron resting potentials.
Placement of the anode over a brain region leads a depolarization that increases the
likelihood of neuronal firing in the cell body (left). In contrast, placement of the cathode
leads to hyperpolarization, which decreases the likelihood of neuronal firing (right).

Am J Psychiatry. Author manuscript; available in PMC 2018 July 01.




Page 20

Philip et al.

0€ ‘[e10L
uolssaidap uo weys pue (ST) S>2am ¢ 104 LT DAY (s¢)
8 BAIOE USSMIAC 3OUBIYIP ON “aam Jad shep g ‘Aepuiw oz v -1 24d1a $30 €T ‘Weys GTOZ “'[e 18 UOJNOYISIN
€97 ‘[el0L
uoissaidap uo weys pue (PT) S>o9Mm Z 104 28 9Ny
€9 BAI19B USBMIB] 82UBIBIP ON ‘>}9am Jad sAep / ‘Aep/inoy T ZHS'0 ‘wr 00T X310D s30 18 :Weys (vg) GTOZ “"[e 18 UOAT
¥9 ‘[e10L
swoydwAs anissaidap (ST) Sxf@am ¢ 10} €€ ANy
68 padnpaJ uone|nwns 3AINY ‘¥9am Jad shep G ‘Aepyuiw 0z vuw ¢ 244141 Soa T€ ‘weys (72) 210z “[e 19 007
0 ‘[e10L
uolssaidap uo weys pue (G) suoissas G 1oy} “(4/MV/IN) 02 8NdY
6L BAIJOB US3MIS( Ul 8dUBISHIP ON eam Jad sawin g ‘Aep/uiw oz vuwTt o4d1d 1 Soa 0¢ ‘weys (€2) 0TOZ “[e 39 007
0T ‘[e10L
swoydwAs anissaldap (s) G :OADY
43 padnpal uonenwins sAOY sKep ayeussie G 1oy Aepjuiw oz vuw Tt 04d1d 1 Soa G ureys (T2) 9002 “[e 38 1uBa1S
uoissaidap L€ [e10L
UO UoIRINWIS Weys pue 02 :aAnov/Adesay L (82)
6. BAIOB UBBMISQ B0UBIBHIP ON (0T) sAep 0T 104 Aepyuiw og vuz 24d1d 1 soar LT :weys/Adelay | ¥T0Z “'[e 18 luounig
0¢T ‘[eloL
0€ dNIV/UBS
dnoib weys/0ad pue ‘anildy (27) >199m Jayro Asona 0€ 3ANOY/04d
/09d ‘Weys/uas o} Jouadns SUOISSAS g U} ‘SYaam g 10} 0€ :Weys/as
68 SeM UoIeINWNS 8AIOY/USS eam Jad sawin G ‘Aep/uiw og vuw e 04d1d 1 Soa 0¢ ‘weys/odd () €102 “|e 19 1UOUNIg
0¥ ‘[e10L
TC BNV
swoydwAs anissaidap (0T) sAep 0T Joy 6 :]0IU0D BANOY
89 paonpal UoRINWIIS SANY Maam Jad sewn G ‘Aepjuiw 0z vuw g 04d1a 1 Sele)] 0T :weys (z2) 800z “'Ie 10 016B0g
uonenwns weys ¥ ‘el
pUE BAIJJB U33M]AQ UoIssaidap (ST) $joom € 10y €T :8A0Y (92)
v/ W04} UOISSIWAI Ul 32UdI3Ip ON Moam Jad sawin G ‘Aep/uiw 0z vuw g 244141 Soa TT ‘weys 2102 "B 18 Jebusquinig
uolssaidap ¥ ‘el
U0 UOIBINWIS WeYS pue (01) sAep 2T :9AY (L2)
89 BAIIOB U93MIS(Q 0U3ISHIP ON G 4o} ‘Aep Jad d01m} ‘Ul 0g vuw ¢ o4d1d 1 Soa ZT ‘weys GTOZ e 18 Iqeuuag
swoydwAs STT :[e10L
anissaidap pue Ayaixue (G2) sxeam ZH S0 09 DAY ()
€9 padnpal uonenwins sAOY G 10} aamysAep G ‘Ajrep unoy T w1 00T Xal0) S30 GG ‘weys 7102 I 18 Aejoreg
Qﬁo\ov
91005
BN (fer01) suoisses
Aend gsbulpuid ure JO JBQUWINN ‘UoITe INQ UOISSSS y1Bus 1S LoIe|NWIS (s)1Bbre) eolworeuy | adAL dnolio ed N Apnis

VA Author Manuscript

T alqeL

saposid3 anissaldaq Joley 10) (9T=U) S1D¥ SI1 Jo Auend

VA Author Manuscript

VA Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2018 July 01.



Page 21

Philip et al.

‘saIpnIs

1Ie UO si01ea1pul [[e Jo) BUII0DS SNSUBSU0D aABILIe puUR Sa1ouedaIosIp aAj0sal 01 ade|d 001 Uoissnasip dnoJB sioyineod om] 1ses| 1e Ag palods pue pamsinal Apuspuadapul sem uodaa paystjgnd yoe3 ‘Buies
Aurenb 1sayBiy ayy Bunosjsas 9500T YUM ‘ussaid aiem Jeyl siozedlpul Alifenb Jo Jaquinu ay) Uo paseq ‘[el1 Yoes Joj paje|nafed (Jaquinu ajoyMm Isatesu syl 01 Papunol ‘9500T—0) 8409 Arewins € si 81095
LIBIN ANfend) "pamalnal S1 ¥ [edlul]d |je 01 paljdde alam eLIgIo awes ay | ‘(600z Yybeueaey]) sauljapinb Buliods 3wy uo paseq ‘(z pue T siuawsjddns a8as) padojansp sem 1si¥osyd Alljenb Em:-amq

"2J3Y paniodal ale s3WO9IN0 puljg-ajgnop Ajuo ‘siusuodwod papuljqun papnjoul saIpms awios,

"3UI[RJMISS ‘LBS ‘X810 [ejuoiyaid [eJ81R|0SI0p ‘D4d 1 IYBL Y ‘13| ‘T ‘UoneINWNS dAIRU [euIWaBL) ‘SN L ‘AdeIay1010813 [BIURID ‘STD ‘UOHEBINWIS JUBLIND 1084IP [elUBIOSURL) ‘SDQ) ‘SAWeljjIW ‘YW Aoy

€€ [e10L
uolssaidap uo weys pue 6T BNV (62) STOZ
€g BAI10€ U9BMISQ 90UJa4Ip ON (0T) suoissas QT 40} Aepjuiw Qg vuw g o4d1d 1 Soai 7T ‘Weys ""|e 19 1|asseyIapuen
Of -[exoL
swoidwAs anissaidap st 05z 02 :8A0Y (28)
172 paonpal uolre|nwns sAdY (01) sAep 0T 40} ‘Aepjuiw og zy0ct aAJBN [eulwabuL SNL 02 -weys GTOZ “'[e 18 eMeZOIYS
12 [e10L
6 :9A110y/Adesay L weys
swoydwAs anissaldap 6 :Weys/Adesay ]
89 Ppaonpal uoHEINWIS dALOY (S) suorssas G Joy Aepuiw vz vw g 24d1a 1 soas 6 :9AndV/Adessy L (S) ¥10Z “[2 38 BnIBES
¢¢ [eoL
uoissaidap uo weys pue (02) s>oam ¥ 104 TT :9AN0Y
Vvl AAII0R USaM]aQ 89UaJIalIp ON aam Jad sAep G ‘Aepjuiw 0z Ywz-T 24d71a 1 Sele)) TT :weys (52) 210Z “"1e 38 Wied
9T :[e10L
swoldwAs anissaidap (0T) Sxo9M Z J0y) ZH000'ST  BAIOY (9g)
19 padnpaJ uole|NWNS sAdY ‘¥9am Jad shep G ‘Aep/uiw 0z ‘ZH00S ‘ZHS 'Ywg X3l0Q S30 6 ‘Weys GTOZ “'[e 18 3IN|OIN
nﬁo&v
91005
BN (re10L) suossses
Aiend gsBulpul ure JO JBQWINN ‘UoIRINQ UOKSSIS Yibue 11S UoIRINWIS (S)1ebrel eolworeuy | adAL dnoio Jed N Apnis

VA Author Manuscript

VA Author Manuscript

VA Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2018 July 01.



Page 22

Philip et al.

2102 “'1e 18 uljaunig Aq 1odal Jeiy [ea1UI[D Jayloue ul paquiasap Ajsnoiaald (weys 2 ‘eAnde g) sjuedionted papnjoul Apnis m_c._.n

D4d71Q 10 UonBINWNS pue fd1 JO UORIGIYUI o) [20B YIIM S3SED L10g Ul ‘UOIHIEINWINS [eJ8]e]Iq PSZI|IIN Puodss ay) pue [elaje|iun pasn 1siiy 8yl ‘1ay1ebo) pariodal ‘sa1pnis 1oj1d omi saqriossp Apnis siuL

‘saIpnIs
11 UO s101e21pUl |[e 404 BULIOJS SNSUBSUOD 3ABILYIE pue sa1ouRdaIosip aA[0sal 0} 8oe|d %00} UoISsNsIp dnolb ‘sioyineod omy ises| 1e Ag palods pue pamainal Ajuspuadapul sem uodal paystjgnd yoes ‘Buiel
Aupenb 1sayBiy ayy Bunosigal 9%00T YIM ‘Jussald a1am Jey) sioledipul Aijenb Jo Jagquuinu ayy uo paseq ‘(L yoea 1oy palenofes (18gquinu 3joyMm 1saseau ayl 0} Papunol ‘9400T—0) 2409S AJLIWNS € S| 31095

LIBIN ANfend) "pamalnal S1 ¥ [edlul]d |je 01 paljdde alam eLIgI0 awes ay | (600z Yybeueaey]) sauljapinb Buliods 3wy uo paseq ‘(z pue T siuawsjddns a8as) padojansp sem 1si¥osyd Alljenb Em:_.amQ

"2J3Y paniodal ale s3WO9IN0 puljg-ajgnop Ajuo ‘siusuodwod papuljqun papnjoul saIpnis awos,

uoIRINWIS 9AI3U SNBEeA [eulaIXe ‘SNA® ‘sdwer)iw “yw ‘uonounf [ejariedolodws) ‘fd1 Xa109 [ewolgaid [esa1e|osiop ‘O4dT1a ybu ‘Y 9] T ‘UOIRINWIAS JUSLIND 1031IP [eIUBIOSURS ‘SDQ) Ao

Burjows Jo swordwAs orreiyaAsd €€ ‘lejoL
U0 $)98)J oU ‘uoniubod LT 8A0Y (%)
¥8 panoidwi uoreINWIIS SANIY (g) sAep g Joy Aepjuiw 0z Yw g 24d1d 1 Soal 9T ‘weys GT0Z “'[e 18 yuws
02 -[eroL
swordwAs anebau 0T :BAY (zv)
18 paonpal uolre|nwins sAldY (01) sAep g Joy Aepjuiw 0T yuwe ‘04d1a 1 Soar 0T -weys 9T0C "'[e 18 Wled
€¢ [e10L
suoljeuIdN|jey [eqJan pue Aiolipne (0T) sAep 1T :9AIOY (ev) 59102
44 paonpal uolre|nwins sAndY G 10} Aep e 301M} ‘UIW OZ yw g (d11'04d1a 1 Selel} ¢T ‘weys “'[e 18 OUIpUO
0¢ ‘el
swoydwAs eluaiydoziyas uo weys (8) sxaam gT 1oy YWOT-T'0 ‘UyIpim 0T :9A0Y (o)
8 puUe dAI19® UsaM1ag aduaJaylp ON ‘Al1ep ‘awnpaq o3 Bululo as|nd oast 05z ‘zZHSE AN snbep SNA® 0T :Wweys GTOZ “'[e 18 UeseH
suolreulon|ey Aloypne uo weys €T DAY (sv)
7 pue dAI19® UaM1aq aduaiaylp ON (5) sAep g Joy Aepjuiw oz vw g rdl1'04d1a 1 Soal €T weys 910z “[e 18 ydI|yoid

rd11'04d1a 1:(gT=U)

swoidwAs annebau 1o Jedalejiun ‘(jepoyres y1oq) rdl
SUOIBUIDN|[BY UO UOIIE|NWINS Weys (ST) $fem ¢ Joy U+ Yum D4d71a 03 (jepoue 2T BNy (r¥) pv102
L pUE BA110€ USSMIB] 0URIHIP ON | ‘Y9am ad sAep G ‘Aep/uiw 02 vuwe uroq) ¥+ :(TT=U) [essreg soai 2T ‘weys “[e 39 presabzy
0€ -leloL
suoljeuIdN|jey [eqJan pue Aiolipne (0T) sAep GT :9AIDY (ov)
€9 padnpal uonenwns sAdY G 4oy Aep e 801m3 UIW 07 vuw ¢ fdL1'04d1a soal GT ‘weys 2702 e 18 uljpunig
Q?\cv
910s
SLIBIN (fer01) suosssss Jo
Auend esbulpuld ure JBguiny ‘Uoire Ing Uosses y1bue 11S UoIRINWIS (S)1b.re] [eolworeuy adAL | dnouo ed N Apnis

eluaiydoziyds Joj (2=u) s10d SO 0 Aufend
¢ 9lqel

VA Author Manuscript VA Author Manuscript VA Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2018 July 01.



Page 23

Philip et al.

apIS Pa10a)ye 1S0W 8y} 0] A|[eJa1e[eu0d PaIanI|ap Sem co_a_:E:mx

“uBISap PaoUe[egIIUNOD © Ul UOIRINWIS WeYS pue SAIoe paAladal syuedionsed I,

‘saIpms

1]e Uo sJojedipul |[e 4oy Buli0ds SNsuasu0d anaIyde pue salourdalosip aAjosal 0] ade|d %001 uoissnasip dnoif ‘sioyineod om 1sea] Je Ag palods pue pamainal Ajuspuadapul sem 1iodal paysijgnd yoe3 ‘Bunel
Aupenb 1saybiy ayy Bunoajsas 9600T YuMm ‘uasaid atam Jeyl siozedlpul Alifenb Jo Jagquinu ayy uo paseq ‘[el) Yoea Joj pare|naed (Jaquinu ajoyM 1sateau ayl 01 Papunol ‘9,00T—0) 2109 Arewins e S| 8109S
OLIBIN Aljend "pamalnal s1 DY [ealul|d [je o3 paijdde atem ei1a1I0 awes a8yl (600 Ubeueaey) sauljapinb Buliods 3Qwyo uo paseq ‘(z pue T siuswsajddns aas) padojansp sem 1sip19ayd Aljenb wai-T1z

q

*2J8Y paniodal ale saW02IN0 puljg-ajgnop Ajuo ‘siusuodwod papuljqun papnjoul saIpms awos,

enuaWap |el1odwsloiuol) ‘gl ‘esessIp siswWisyz(e ‘qy 8sessIp s,uosuiyied ‘ad ‘sdwelfjiw ‘yuw ‘xa1ioo [euosysid [2181210SI0p ‘O4dT1d YBIL Y ‘18] ‘T LUOIRINWNS JUSLIND 10811P [BIURIOSURI) ‘SDOAD A8

0 :leloL
Aurede uo weys (9) xam g 104 Yoam 02 2Ny (19) v102
89 PUE A€ LSIMIAQ 29URIAHIP ON av sad sAep ¢ ‘Kepjui 0z v g 24d1a soa | oz :weys “|e10 ojowang
swoldwiAs anissaidap 02 :[evoL
10 AN1e JOIOWI UO Weys (0T) $09m Z 10y “S9oM 0T AoV (zs) 9102
Ay pUR 9AI9R USBMISQ 82UBIaYIP ON ad J1ad sAep g ‘Aepjuiw Gz v Z 4o4d1d soQy 0T :Weys 219 USRI
uonubooal [ensiA
panodul UoNRINWIS AN . (09) 2102
25 ‘S2INSEALL 1SOW UO 82USI8)IP ON av () sAep g Joj ulWw OE vu g X910 Jesodwal soal 95T :[E10L ““[e 10 o1bBog
q(%) 1005
QUBIN (fe101) suossss jo
Aiend esbulpuld ure adA 1 enusweq | JequinN ‘uoireing uossss | yibueuis uoirenwns | ()ebiel reolworeuy | adAL | dnouo sed N Apnis

VA Author Manuscript

€ 9lqeL

VA Author Manuscript

enuawaq 4oy (g=u) s10¥ SI140 Alend

VA Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2018 July 01.



Page 24

Philip et al.

ub1Sap 19A0SS0.D B Ul UOIIRINWIS WeRYS puR aA1}oR PaAIadal sjuedionied __<m
9pIS PaIaJJe 1SOW B} 0} A|[eIaTe[BJJU0I PaISAI|Sp Sem co_%_zz_:muN

"saIpnIs
1]e Uo SsJojedipul |[e 4o Buli09s SNSUasU0I aAaIyde pue salouedaldsip aAjosal 0] ade|d %001 uoissnasip dnoif ‘sioyineod omy 1ses| Je Aq palods pue pamainal Ajuspuadapul sem 1iodal paysijgnd yoe3 Bunel

Aupenb 1saybiy ayy Bunoajgas 9600T YiM ‘uasaid atam Jeyl siozealpul Alifenb Jo Jaquinu ay} uo paseq ‘[elJ} Yoea Joj pare|nded (Jaquinu 8joyMm 1sateau ay} 0} Papunol ‘9500T—0) 2409S Arewns e S| 8109S
LIS Allfend) "pamainal s1 DY [edlulfd |je o1 paijdde atem euad awes ay ] (600z Ubeueaey) sauljapinb Buliods 3Qvyo uo paseq ‘(g pue T siuswajddns aas) padojansp sem 1s193yd Alljenb EE_.HNQ

"2J3Y paniodal ale saWo9IN0 puljg-ajgnop Ajuo ‘siusuodwod papuljqun papnjoul saIpms awos,

sdwer)[iw W Xa1109 [elolgaid [eIs1e|osiop ‘D4dT1a b 'Y 48] ‘7 {UOHBINWIS JUBLIND 10841P [eIUBIOSURL) ‘SO A3

€€ ‘[e10L
asdejal (o1) 9T :3AI0Y (¥9)
89 P3ONPaJ UOHRINWINS BANDY 10402]Y sAep G 1o} ‘Aep & 80IM) ‘Ul €T YW g 24d1a ¥ ® soa | 11 :weys 102 [ 10 Ssneyy
paxoLWs sa)aJebId Jo Jaquinu ) (99)
8 PaINpaJ UOHEINWINS BANOY BuIows (g) sAep g 10} ‘Aep/ulll OE vz 2J4d7ay soqy | 4CTEOL ¥T0Z "€ 10 Nealdad
Buinesd pue €T ‘leloL
pue swoldwAs anissaidap () $eam 9 BNIY (e9) €102
85 PIONPaJ UORINWINS BANDY 10402]Y G 10} YadM & U0 ‘U1 0Z YWz 24d1a 1 o | 2:weys “[e 12 eAlIS BQ
€T ‘lejoL
Buinelo (s L NRY (29)
85 pPaonpaJ UoHRINWIS BANDY 3uIe20D Aep Jayo A1ana ‘Aep/uil 0z vz Xal109 Jejodojuoiy soar 9 :Weys $T0Z “[e 18 NUoD
Buinesd . (69)
r4% paonpal UuofeINWIS 8ANOY Bunjows (5) sAep g Joy ‘Aep/uiwi 0z vwz 244104 ® 1 soay | gLeiEoL 6002 “[e 19 0166og
9€ ‘[e10L
Buineso (5) shep g 1oy LT BAY (89)
29 padnpaJ uone|nwns sAIdY 8ureso) ‘Rep 1ay10 A1ans ‘Aepjuiw oz yuwe o4d1d 1 Soa} 6T :Weys GTOZ “'e 19 elsieg
Q?Yov
91005
QLB (P10L) suoissas
Aiend esbulpuld ure adA | souesgns | Jo JequinN ‘uoireing uossss | yusns uoirenwing | (s)wbre) eoiworeuy | adAky | dnoio sed N Apnis

s1aplosig asn aauelsgns Joj (9=u) s10¥ SO1 Jo Aljend
¥ alqeL

VA Author Manuscript VA Author Manuscript VA Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2018 July 01.



	Abstract
	INTRODUCTION
	SECTION 1: ELECTRICAL ENGINEERING AND NEUROPHYSIOLOGY
	Spatial Targeting: Electrode Montages
	Neurophysiological Effects of tCS

	SECTION 2: REVIEW OF PUBLISHED RANDOMIZED CONTROLLED TRIALS
	Randomized Controlled Trials and Meta-Analyses of tCS for Major Depression
	Randomized Controlled Trials of tCS for Schizophrenia
	Randomized Controlled Trials of tCS for Dementia or Cognitive Deficits
	Randomized Controlled Trials of tCS for Treating Substance Use Disorders
	Proof of Concept Studies of tCS for Treating Other Neuropsychiatric Disorders

	SECTION 3: POTENTIAL RISKS OF tCS
	Device-Related Risks
	Risk of Adverse Cognitive Effects
	Risk of Interference with Psychiatric Treatment

	References
	Figure 1A
	Figure 1B
	Table 1
	Table 2
	Table 3
	Table 4

