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a b s t r a c t

Background: Transcranial direct current stimulation (tDCS) is a method of noninvasive neuromodulation
and potential therapeutic tool to improve functioning and relieve symptoms across a range of central and
peripheral nervous system conditions. Evidence suggests that the effects of tDCS are cumulative with
consecutive daily applications needed to achieve clinically meaningful effects. Therefore, there is
growing interest in delivering tDCS away from the clinic or research facility, usually at home.
Objective: To provide a comprehensive guide to operationalize safe and responsible use of tDCS in home
settings for both investigative and clinical use.
Methods: Providing treatment at home can improve access and compliance by decreasing the burden of
time and travel for patients and their caregivers, as well as to reach those in remote locations and/or
living with more advanced disabilities.
Results: To date, methodological approaches for at-home tDCS delivery have varied. After implementing
the first basic guidelines for at-home tDCS in clinical trials, this work describes a comprehensive guide
for facilitating safe and responsible use of tDCS in home settings enabling access for repeated admin-
istration over time.
Conclusion: These guidelines provide a reference and standard for practice when employing the use of
tDCS outside of the clinic setting.
© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Transcranial direct current stimulation (tDCS) is a method of
non-invasive neuromodulation that has been increasingly studied
for its potential use as a clinical tool. An electrical current of low
intensity is delivered from a device and passed through scalp
electrodes targeting the brain region(s) of therapeutic interest.
er, Department of Neurology,

ation in Palliative Care, 39

(L.E. Charvet), HKnotkov@

lopment of the manuscript.

r Inc. This is an open access article
tDCS is typically conducted through two large (20e35 cm2) saline-
soaked sponge-electrodes or with a ring array to focalize current
delivery [1,2].

There is no approved clinical indication for the use of tDCS in the
U.S., and the level of evidence supporting the clinical use of tDCS
varies across uses and conditions [3e28]. However, despite the
growing number of studies, varied regulatory approvals interna-
tionally [29], and consensus on safety [1,30], definitive guidance for
any effective therapeutic application remains yet to be established
[22,24,31e36].

A major challenge to completing the necessary clinical studies is
the number of treatments likely necessary to evaluate benefit and
determine optimal dosing. Evidence from both basic and clinical
studies suggest that the effects of tDCS can be cumulative, such that
multiple daily or semi-daily applications are needed to achieve
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clinically meaningful effects [12,27,28]. These findings emphasize
the benefit of extended tDCS protocols spanning weeks, months, or
longer [28,37,38]. With this consideration, many studies may have
used ineffective dosing of tDCS due to the real-world obstacle of
requiring patients to repeatedly visit the clinic for treatments [63].

Providing tDCS treatment at home can decrease burdens for
patients and their families by eliminating the need for travel to the
medical or research facilities for every treatment session. Other
advantages include relatively increased treatment compliance [39]
and enhanced access to tDCS for patients who reside in
geographically remote areas and/or live with physical or cognitive
disabilities and/or chronic illness [38]. Our experience over the past
several years evaluating tDCS for clinical benefit, both in controlled
clinical trials [40e43] as well as in case studies [37,38], has
confirmed the advantages of delivering treatment at home [63].

While most at-home tDCS approaches necessitate interactions
between tDCS supervisors (the research or clinical team members)
and a tDCS user (a study participant or a patient) with or without
help of a lay assistant (such as a caregiver or family member serving
as a co-participant in a research study or assisting a patient with
daily activities), key elements that define the rigor of each approach
are:

i) Level of training and remote assistance provided by the tDCS
supervisor to the tDCS user and his/her lay assistant (if
applicable);

ii) Suitability of procedures for accurate and replicable elec-
trode placement at home;

iii) Monitoring of tDCS protocol adherence;
iv) Quality of the device (e.g. good manufacturing practices for

quality assurance and functionalities allowing for dose
control);

v) Safety monitoring and assessment of targeted outcomes;
vi) Ongoing adjustment of the above factors to the specific needs

and/or limitations of the individual tDCS user.

Varying approaches to at-home use of tDCS have been described
in the literature to date [39]. The most rigorous approaches to at-
home tDCS include comprehensive clinical study protocols with
high methodological control for high accuracy and reproducibility.
For example, our groups have developed and implemented a pro-
tocol termed “Remotely Supervised” or RS-tDCS, which uses stan-
dardized procedures with real-time and ongoing supervision
during each treatment session [37,40e46,62] with patient-tailored
at-home tDCS [40,47e49].

Following the implementation of the initial basic recommen-
dations and guidelines for at-home tDCS in clinical trials [50], the
purpose of this work is to provide a comprehensive guide to
operationalize safe and responsible use of tDCS in home settings.
While our primary goal of at-home use is to facilitate clinical
research, we acknowledge that clinical use varies across countries
in terms of regulatory frameworks [29] and that there are clinicians
who employ tDCS for off-label clinical use in the U.S. [22,24,25,51].
Therefore, we address tDCS home use in both investigative and
clinical contexts.

Outside of the scope of this review is the unsupervised “do-it-
yourself” or DIY approach to tDCS, where tDCS is self-administered
by untrained individuals without formal training, often using de-
vices that do not meet good manufacturing practices [52].

Although professional oversight is not mandated for the private
use of publicly available tDCS devices, it is important to understand
that adverse effects may result from uninformed or careless tDCS
application (e.g., burns) along with unintended and unknown
neuromodulatory effects, including the potential for undesired
neurobehavioral outcomes. Further, from a research perspective,
unsupervised and poorly informed tDCS home use has limited
value for understanding and reproducing stimulation outcomes
[53].

Below, we provide guiding considerations and recommenda-
tions for each of the eight core elements of at-home tDCS appli-
cation described in the original guidelines. Each element is first
described broadly, followed by considerations specific for research
and clinical contexts. When tDCS is applied in research settings
(regardless of the device’s FDA indication), the device use must be
approved by an institutional review board (IRB) and subsequent
procedures must strictly adhere to the IRB-approved protocol.
Physicians may prescribe a device for off-label use [54], but all
regulatory requirements (which differ in individual U.S. states and
among countries) must be followed [31,52,55]. While clinicians are
required to meet good practice standards, the scientific and
methodologic rigor typical for controlled clinical trials may not be
feasible in day-to-day clinical practice.

Considerations and recommendations for home use of tDCS in
research and clinical contexts

Training for tDCS supervisors and tDCS users -Building competency
in tDCS

Competency in tDCS is a core requirement for use of at-home
tDCS in accordance with best practices. Competency is defined as
“a combination of knowledge, skills and performance” or in other
words “the ability to apply knowledge, skills and judgment in
practice [56].” In the area of at-home tDCS, competency of both the
tDCS supervisor, as well as the tDCS user (a study participant or a
patient, Table 1) is essential.

Building competency in tDCS is a systematic process that in-
volves gaining relevant knowledge, building skills for tDCS appli-
cations, and practicing the process of tDCS delivery in both practice
and real-life settings. For tDCS supervisors, an initial tDCS training
session can provide a useful starting point, but the overall com-
petency building process requires a comprehensive, multi-level
training program with high quality content that is free of com-
mercial bias, has well-defined performance standards, and allows
for objective evaluation of trainees’ performance. As of 2019, aside
frommultiple short courses of various quality and content, the first
CME-accredited tDCS fellowship (New York City, 2015, 2016, 2017,
2018) represents an example of comprehensive education in tDCS
under the reviewed by the American Medical Association (AMA).
Additional courses are available, either in conjunction with scien-
tific meetings or as stand-alone trainings, however these are typi-
cally not CME-accredited and often short in duration of training
(i.e., one or two days). In general, tDCS competency training for
tDCS supervisors (summarized in Table 2) should include knowl-
edge of the following relevant background [57]:

� principles and mechanisms of tDCS;
� regulatory status (regionally applicable regulations or guide-
lines for research/clinical use);

� precautions for general safety;
� rationale and procedures for tDCS applications and participant-
selection in various populations and settings;

� neurophysiological basis of tDCS effects;
� research and clinical protocol design, including approaches to
sham-control;

� informed dose selection; and
� review of existing tDCS devices and their use.

The skill-building component of the comprehensive training
process should also include:
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� participant-screening procedures;
� safe, accurate and replicable electrode preparation and
montage;

� activating/deactivating tDCS device;
� outcome monitoring; and
� mandatory record keeping.

The evaluation component of the training must allow for
objective assessment of trainees’ progress toward competency/
mastery in the above-described elements. This can be achieved
through a set of theoretical and practical tests concluded with an
examination of trainees’ preparedness to perform tDCS
independently.

tDCS supervisors with established tDCS competency can provide
training for the at-home user (e.g., a study participant or a patient).
For tDCS users, an initial in-person training in the research facility
or at-home with the tDCS supervisor can be used to familiarize the
user with tDCS and the specific procedures that will be conducted
in the home setting. The in-person training may be supplemented
with instructional materials that use lay-language.

Research: Research personnel should have formal training and
sufficient experience to administer stimulation to participants. For
example, the RS-tDCS protocol has standardized training proced-
ures that are taught to participants during a baseline study visit,
requiring the participant to demonstrate competency prior to
initiating tDCS applications. Once home, ongoing support for the
participant is provided during subsequent training sessions via
videoconferencing [40,47e49].

Clinical context: tDCS supervisors guiding at-home tDCS in
clinical settings should, at a minimum, complete a training (pref-
erably CME-accredited) assuring a clinician’s competency in tDCS
before they engage in prescribing and guiding at-home tDCS for
therapeutic use. The clinician is also responsible for assuring proper
training of both the tDCS supervisor and the tDCS user before
beginning at-home tDCS treatments.

User selection and assessment of capability

User selection for at-home tDCS should follow general princi-
ples of user screening prior to tDCS application as described in
detail in standard publications [1,30]. Further, the user selection
procedure specifically for at-home tDCS should include consider-
ation of the user’s physical and cognitive capacity to operate the
tDCS device safely and reliably. In addition, particularly in the
psychiatric setting, the user’s emotional capacity to operate inde-
pendently outside of the in-clinic therapeutic setting should be
considered, and how the remote supervision may influence the
nature of the therapeutic relationship. The inclusion of both formal
and informal caregivers to provide lay assistance with the tDCS
application should be considered for users with substantial
disability.

Research: The process of subject selection in research settings is
highly standardized. The inclusion and exclusion criteria must be
well defined and approved by the IRB.

Clinical context: Although the IRB oversight of patients’
screening prior tDCS does not apply outside of research, it is the
clinician’s responsibility to educate themselves on conditions that
would exclude the patient from at-home use on a precautionary
Table 1
Definitions of Roles in At-Home Use of tDCS.

tDCS Supervisor: Staff members from the research or clinical team who will supervise
tDCS User: The individual study participant or patient who will receive tDCS at home
Lay Assistant: An caregiver or family member who will assist the tDCS User at home
basis (e.g., incapacity due to cognitive or physical impairment) [1].
Further, a well-defined replicable tDCS application protocol and
workflow for clinical patient selection is needed.

Device and electrode preparation and placement

A significant best practice that must be upheld for administra-
tion of tDCS in home settings is correct electrode preparation and
placement. Electrode preparationmay entail application of saline to
electrodes and/or cleaning the electrodes of any stimulation
byproducts. Once electrodes are prepared for stimulation, accurate
electrode placement is needed. Placement of the anode and cath-
ode electrodes determines the electrical current flow through the
brain. The placement is based on the targeted region of interest and
deviations from a pre-defined location on the scalp may affect the
outcomes of tDCS application.

The most commonly employed electrode montages in tDCS
research are left anodal M1-SO (C3-right supraorbital region [Fp2])
montage and the bilateral frontal (F3eF4) montage. To date, high
definition or HD-tDCS arrays have been used in laboratory settings
only, but future at-home applications may incorporate this meth-
odology as well. The placement of electrodes is typically based on
measurement systems adapted from EEG (10e20 international
system) but more sophisticated methods exist, such as MRI-
informed electrode placement (e.g., neuro-navigated [58,59]).
However, neither of those approaches are suitable for tDCS users at
home and therefore provisions must be available to assure that at-
home tDCS users have correctly aligned their electrodes to a pre-
defined location. The placement of electrodes at home can be
guided by visual and tactile aides. For example, a head strap can be
used to hold the electrodes in place and visual markers can be used
by a patient with a mirror to determine proper placement (Fig. 1A
and B) [60]. Electrode preparation and placement completed by
users at home may be verified by tDCS technicians through use of
live videoconferencing.

Research: Across our collective experience using tDCS, we have
found that simplified procedures for electrode preparation can
greatly benefit participants who are unfamiliar with non-invasive
brain stimulation or have cognitive or physical deficits. Re-
searchers should consider the challenges their patient population
may have when preparing tDCS at-home.

Clinical Context: In the absence of accepted guidelines for any
clinical use at this time, and no approved use for any clinical indi-
cation in the USA, clinicians are encouraged to employ treatment
decisions and stimulation parameters that are evidence-based,
referring to the most recent published studies in the related field
that specifically address the clinical problem(s) that they are tar-
geting [24]. Use of novel montages or stimulation parameters for
tDCS therapeutic use should be minimized without careful
consideration, as outcomes can vary with alterations of the tDCS
approach.

Dose control

Effective dose control is one of the most important aspects of at-
home tDCS. A tDCS dose is constituted by multiple parameters,
including intensity and duration of the current, number and size of
the electrodes, and the electrode placement/target brain region.
the at-home delivery of tDCS.



Table 2
Competencies in tDCS. There are core competencies that should be mastered by tDCS supervisors and users before commencement of at-home treatment.

1) Operating the tDCS device, including preparation of electrodes; electrode positioning and montage; activating/deactivating the device;
2) Recording and reporting outcomes pertaining to safety and efficacy
3) *Making informed decisions about tDCS dosing based on a review and evaluation of existing evidence;
4) *Making informed decisions about pairing tDCS with other therapies (pharmacological and behavioral), and potential modulators of tDCS effects;
5) *Training the user in tDCS delivery;
6) *Setting provisions for monitoring of outcomes e both the functional outcomes of interest and safety-related outcomes;
7) *Understanding and adhering to any regionally applicable regulations or guidelines for research/clinical use of tDCS.

Table 2. Competencies in tDCS [Items marked “*” indicate competencies that apply only to tDCS supervisors].

Fig. 1. A, B. A: tDCS headgear for the electrode M1-SO montage with the anode over
the area of the motor cortex and the cathode over the contralateral supraorbital region.
The headgear is size-fitted and has a center point (blue arrow) that supports accurate
self-placement by user. The headgear does not require neuronavigational measure-
ments and is suitable for use in home settings. B: The tDCS headgear for the bilateral
front montage (F3 and F4). Similar to the M1-SO montage headgear, the headset is
size-fitted and is suitable for use in home settings. (For interpretation of the references
to colour in this figure legend, the reader is referred to the Web version of this article.)

L.E. Charvet et al. / Brain Stimulation 13 (2020) 686e693 689
Stimulation devices should include safeguards to prevent delivery
of an incorrect dose. Unlike pharmacological treatments that can be
precisely measured, tDCS has no standardized markers of
completion of the determined dose. Devices used for tDCS in home
settings should allow for controlled dose for each stimulation ses-
sion. This can be achieved via pre-programmed stimulation pa-
rameters in the device and electronic codes that unlock the pre-set
stimulation parameters for specific treatment sessions, or via time-
sensitive electronic lock that allows for tDCS application of pre-
scribed dose in a pre-defined time window. For example, the time-
sensitive lock may allow for delivering one 20-min stimulation at
pre-defined intensity once a day any time between 6am and 6pm.
Commonly used conventional tDCS doses include 20 or less mi-
nutes of stimulation, amperage intensities in the range of 1e2.5 mA
delivered via two large (20e35 cm2) electrodes. However, many
exceptions to these conventions exist and investigators ought to
consult the growing literature when designing new studies aimed
at exploring clinical questions.

Research: Doses that are experimental (meaning that they have
limited or no evidence of efficacy or safety), such as doses including
high current intensities, should be reserved for research purposes
and examined in laboratory settings prior to deployment to clinical
trials in home settings.

Clinical context: Previously untested stimulation dosing pa-
rameters should be avoided for clinical use. However, a patient’s
individual dose may be titrated to adjust for the needs of a patient
over time at the clinician’s direction. For example, a long-term
titrated dose schedule may consist of consecutive daily sessions
followed by a pattern of less frequent application over time. Dosing
and titration remain an open question in the use of tDCS with
research needed to better guide clinical application.

Ongoing monitoring for procedural adherence and targeted
outcomes

The extent to which at-home tDCS delivery is monitored de-
pends upon the users or population involved, professional context
of delivery (controlled research study vs clinical practice), and
technological sophistication of the equipment (i.e., devices with
dose control). Through the use of HIPAA compliant videoconfer-
encing software such as VSee [61] and Zoom [49], tDCS operators
can effectively instruct, correct, and aid users during each stimu-
lation session. Both programs are examples of videoconferencing
software that protects and encrypts all audio, video, and screen
sharing data with the use of password protection for each
encounter and conducted across protected networks, meeting the
standards for HIPAA compliance. Real-time monitoring via video-
conferencing also allows the operator to monitor procedural
compliance and treatment tolerance over each stimulation session.

Both investigators and clinicians should track users’ adherence
to their assigned treatment schedule as this may affect the efficacy
and overall treatment outcomes. As has been observed in clinical
trials, tDCS is likely to have the greatest benefit when sessions are
completed consecutively each day and users adhere closely to this
schedule [19]. Treatment schedules of a lesser frequency, such as
two or three sessions per week, may be insufficient for clinical
benefit [7]. Devices that record stimulation activity may be ad-
vantageous, as the record can serve as a proxy measure of treat-
ment adherence.

Assessment of treatment outcomes should be conducted at a
priori determined check-in points to ascertain whether the user
continues to benefit and respond to treatment. These assessments
should include repeat administrations of a formally established and
psychometrically valid measure of the symptoms or clinical prob-
lems that are being treated.

Research: In the research setting, at-home tDCS controlled trials
can use real-timemonitoring of participants to control for diversion
from the protocol, inappropriate use, or other confounding factors.
For example, the use of telemedicine platforms, such as
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videoconferencing, allow tDCS supervisors to verify if the user
applies tDCS in accordance with good practices, or instruct partic-
ipants, when necessary, to find quieter spaces, to redirect their
attention towards the treatment and to address and resolve other
interferences that may arise during treatment.

Clinical context: Ongoing monitoring at pre-determined time
points is also important for the clinician to assure safe and appro-
priate use of tDCS at home, and to determine tDCS treatment out-
comes. The timing and frequency of monitoring may vary,
depending on a patient’s adherence to the procedure and overall
performance. Ongoing and objective assessment of targeted out-
comes is an essential component to tDCS treatment; should as-
sessments reveal a lack of clinical benefit for a patient, an informed
discussion should be held with the patient to determinewhether to
continue treatment, alter stimulation dosage, or to discontinue
tDCS treatment.

Ongoing evaluation for safety/adverse events

Tolerability of tDCS is constituted by multiple factors, including
but not limited to the integrity and conductance of the skin, skull
thickness, or individual differences in pain threshold. A tolerability
test should be conducted prior to initiating tDCS in home settings.
Should a user find the target tDCS dose intolerable, the dosemay be
attenuated (e.g., the amperage may be decreased in increments of
0.50 mA) for comfort.

Any reports of painful sensations should be recorded, with a
pause of treatment and evaluation at pre-determined thresholds, as
pain may reflect excessive irritation of the skin under the electrode
or insufficient moisturizing of the electrode. This requires imme-
diate attention of supervising personnel, and the dose should be
adjusted if the report of pain or excessive unpleasant skin sensation
under an electrode persists.

Supervising personnel should routinely inquire about any
adverse events related to the treatment. Importantly, no serious
adverse effects have been reported with at-home delivery of tDCS,
as is comparable to in-clinic delivery of tDCS [30]. The authors’
combined experience, which includes over 5000 tDCS sessions to
date delivered using the RS-tDCS protocol 41,42,44e46,50,62, is
evidence of the safety of tDCS, with no serious adverse events
observed, including in the context of extended treatment schedules
(up to 60 tDCS treatment sessions for an individual recipient
[37,38]) and relatively high stimulation amperages (up to 2.5 mA).
Of note, across the studies using the rRS-tDCS protocol, stimulation
at conventional amperages (0.5e2.5 mA) has been well
tolerated. While the safety of tDCS performed in accordance with
good practices is well established, it is important to emphasize that
all personnel involved in the treatment should follow good clinical
practices in tDCS, and remain vigilant when dispensing tDCS to
home settings.

Research: Adverse eventmonitoring and reporting is mandatory
as per IRB regulatory requirements. Beyond good practice in
research, collection of adverse event reports enables researchers to
compare rates of stimulation side effects between home environ-
ments, patient populations, and stimulation parameters. Partici-
pants completing tDCS sessions at home should be prompted to
report any adverse events that they may have experienced in the
time since the previous tDCS session as well as during that day’s
stimulation session to capture any possible associated effects. Any
report should be evaluated, followed, and documented until the
event has stabilized or resolved.

Clinical context: For the clinician, it is recommended that
tolerability be assessed initially in-person either during the training
or familiarization with the procedure to determine the stimulation
intensity. Based on the literature to date, dosing up to 2.0 mA is
widely tolerated with few exceptions and serves as a starting point
for titration of a tDCS dose. Doses can be attenuated if a patient
finds the stimulation uncomfortable, too distracting, or painful.
Discontinuation of treatment

To ensure safety of the at-home tDCS user, explicitly defined
stimulation stop criteria should be established. An example of an
event that may necessitate discontinuation of a session may be
excessive impedance between electrodes preventing safe conduc-
tance of the electrical current (which may be indicated with a
measure of impedance on a tDCS device). Similarly, there may be
events that warrant discontinuation of the treatment altogether
such as strong adverse responses to a stimulation protocol (e.g.,
persisting pain) or poor treatment or procedural compliance.

Research: As permost IRB requirements, study protocols include
specific pre-determined criteria for discontinuation of an inter-
vention and removal of a participant from a study. Although some
discontinuation criteria may pertain to administrative aspects, such
as study closure, discontinuation criteria for tDCS study should
emphasize protocol adherence and participant safety. Investigators
may consider use of a stop criteria flowchart (Fig. 2), in which
participants must meet all requirements (as determined by the
investigator) before initiating stimulation.

Clinical context: Clinicians are encouraged to consider setting
appropriate treatment-use guidelines for the patient as relevant,
but initially more rigorous monitoring is encouraged. Ongoing and
routine patient reports and check-ins should be maintained
throughout the duration of use.
Environment/settings

To ensure that a user can perform the tDCS application at home,
it is important to consider certain features of the home environ-
ment and setting of the stimulation session. An assessment of the
home environment may be necessary. Considerations include ac-
cess to adequate and clutter-free space for operation of the device,
including the operation of any monitoring system (e.g., laptop
computer) as well as rehabilitation equipment (e.g., cognitive or
motor training), if applicable. Further, users should be instructed on
appropriate storage of the tDCS equipment, keeping it in clean and
dry space.

Research: A dose can constitute both the stimulation parameters
as well as the ongoing activity that the participant is engaged in
during the stimulation. For example, a rehabilitative activity paired
with tDCS directly for therapy (e.g., cognitive or motor training) or
other neutral activity (e.g., meditation, video viewing). At a mini-
mum, to avoid interference during therapeutic activities, partici-
pants should be encouraged to complete treatment sessions in a
safe, quiet, distraction-free setting.

Clinical context: Patients should also be encouraged to find a
distraction free setting for their stimulation. Consideration for the
activities or rehabilitation completed during the stimulation should
be factored into a home setting evaluation.
Minimum device specifications

A tDCS device should meet a minimum standard of specifica-
tions for reliable and precise distribution of the stimulation. Fea-
tures that are considered critical for a minimally sufficient device
include impedance monitoring, medical grade equipment and
materials, dosing assurance, user friendly interface, and safety
features.
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Measure of impedance

A measure of impedance is important to assure that the target
current may be established between the two electrodes without
causing skin irritation. If impedance is too great or it is not possible
to safely conduct a current, then stimulation should be restricted by
the device as a safety precaution. In situations of high resistance,
maximum voltage should be defined and metered for devices to
ensure safety.

Medical grade materials

Any tDCS device for use by patients should be vetted for safe and
standardized human application. Medical grade materials should
be used in the production of any stimulator device; materials
include insulated wires, refined electrodes, and cleanable devices
or electrodes.

Dosing assurance

A device should be able to maintain a constant output amperage
despite variable skin and scalp conditions. Any device that is to be
used remotely should have the functionality to be pre-programmed
by study tDCS supervisors, clinician, or device company to match
the dose specifications.

User-friendly interface

User-friendly features such as a large, digital LED screen that
displays device options and stimulation status are useful for guid-
ing patients of varying technical abilities. For instance, devices
including a clear display for stimulation status, time remaining in a
treatment session, and measures of impedance or contact quality
can facilitate successful device operation. For devices with inter-
active displays, features such as simplified language and succinct
Fig. 2. Example of Study Stop Criteria: Rigorously defined stop/go criteria can
instructions can improve the patient’s experience. For devices that
are analog or that lack a digital display, stimulation settings should
be clearly marked as to their function and in order of use for correct
stimulation dispersal.
Safety features

Basic safety features should be incorporated in all tDCS devices.
Importantly, the device should allow for dose control, and there
should be an easily identified “stop” feature that allows the user to
terminate stimulation. Further, auditory signals, such as a beep
indicating the end of stimulation session should be included as
well. Safety precautions should be summarized in lay-language
instructional materials and reviewed with the user prior
dispensing the device to home.
Discussion

tDCS is a therapeutic approach that is under increasing inves-
tigation for its potential clinical applications. There are no verified
tDCS protocols for clinical use at this time, and these guidelines are
primarily targeted to inform and facilitate further clinical research.
tDCS delivered at home can decrease the time and travel burden
associated with attending the clinic or research institution for
treatment and it has the potential to provide treatment access to
those who would not be able to attend clinic routinely (e.g., those
with illnesses that are more advanced and disabilities), while
promoting treatment adherence and compliance. As other non-
invasive low-intensity electrical stimulation methods (such as
tACS) evolve, these guidelines may serve in the future as a guide-
template for emerging neuromodulation technologies when
reaching the stage of transition to clinical settings or remotely-
supervised at-home applications.
clearly delineate procedures for reproducible delivery of at home tDCS.



Table 3
Summary considerations for at-home delivery of tDCS in accordance with good practices.

Element Research Clinical

Electrode
Placement

Consult the literature and consider carefully how to best position the
electrodes to achieve the desired effect.
Exploratory and experimental montages and electrode placement can be
used but may yield unpredictable results.

Use electrode placement montages that have been shown to yield benefit
towards the desired treatment outcome.
Exercise caution when employing an electrode placement montage that has
limited evidence of efficacy or tolerability.

Monitoring Participants receiving tDCS remotely should be monitored for as many
sessions as reasonable in order to assure that the experimental protocol is
being followed precisely.

It is encouraged that the clinician check in with the patient periodically as
warranted.

Tolerability Adverse events must be recorded. Well-defined procedures should outline
how to address typical and atypical reported adverse events. If a participant is
unable to tolerate the pre-specified amperage of stimulation and the study
design does not permit reduction of the dose, then the participant must be
prevented from moving forward in the study.

A tolerable dose should be found for each clinical patient. 20 min of 2.0 mA
tDCS is a typical starting point to assess tolerability and efficacy of the dose.
The dose should be calibrated in regular increments if a participant cannot
tolerate the stimulation dose.

Dose Dose is optimized based on study hypothesis (brain target) and prior work in
the literature.

Following conventional tDCS doses is encouraged but, ultimately, discretion
(and ultimate responsibility) is left to clinicians when determining
parameters of clinical treatment.

Training Standardized training for both the patient and research staff should be
required and outlined by the protocol.

Comprehensive training assuring clinician’s competency in tDCS before he/
she engages in prescribing and guiding tDCS for therapeutic use.
Sufficient training for a user; assurance of competency to operate the tDCS
equipment and to report outcomes.

Environment Participants ought to complete treatment sessions in a distraction-free
setting.

Patients should be encouraged to find a distraction-free setting to complete
treatment sessions.

Evaluation Specific research outcomes assessment should be conducted at time points
decided a priori.

Regular, a priori assessment of efficacy is encouraged considering the
experimental nature of the treatment.

Minimum Device Specifications
➢ Device monitoring that blocks or moderates stimulation if impedance is too great to conduct a current as intended between the electrodes.
➢ Medical grade materials should be used in the production of any device build that is used for research or clinicians.
➢ Doses should be delivered by devices with precision and accuracy. Device should have a capacity for researchers and clinicians to pre-program and lock the dosage that

will be delivered to users.
➢ Safety features should be implemented into a device build to ensure that essential protections are provided to the patient. These include the ability to abort a session or

limiting the device’s ability to stimulate in situations of high resistance.
➢ The device should be user friendly and intuitive as appropriate for patients with disability (i.e. those with limited vision or cognitive ability. Examples include large

fonts and texts used on the device and clear indication as to how to abort stimulation sessions.
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Conclusion

This comprehensive guide (Table 3) provides recommendations
for supervising at home use based on core elements to ensure safe
and responsible use of tDCS.
Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest

Authors Leigh Charvet, Michael Shaw, AdamWoods, and Helena
Knotkova declare no conflicts of interest. The City University of New
York (CUNY) has IP on a neurostimulation system and methods
with Marom Bikson as inventor. Marom Bikson has equity in
Soterix Medical Inc and serves as a consultant for Boston Scientific,
GHK, and Mecta.
CRediT authorship contribution statement

Leigh E. Charvet: Conceptualization, Writing - original draft.
Michael T. Shaw: Conceptualization, Writing - original draft.
MaromBikson: Conceptualization,Writing - original draft. Adam J.
Woods: Conceptualization, Writing - original draft. Helena Knot-
kova: Conceptualization, Writing - original draft.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.brs.2020.02.011.
References

[1] Woods AJ, Antal A, Bikson M, Boggio PS, Brunoni AR, Celnik P, et al. A technical
guide to tDCS, and related non-invasive brain stimulation tools. Clin Neuro-
physiol 2016;127(2):1031e48.

[2] Brunoni AR, Nitsche MA, Bolognini N, Bikson M, Wagner T, Merabet L, et al.
Clinical research with transcranial direct current stimulation (tDCS): chal-
lenges and future directions. Brain Stimul 2012;5(3):175e95.

[3] Boggio PS, Ferrucci R, Mameli F, Martins D, Martins O, Vergari M, et al. Pro-
longed visual memory enhancement after direct current stimulation in Alz-
heimer’s disease. Brain Stimul 2012;5(3):223e30.

[4] Saiote C, Goldschmidt T, Timaus C, Steenwijk MD, Opitz A, Antal A, et al.
Impact of transcranial direct current stimulation on fatigue in multiple scle-
rosis. Restor Neurol Neurosci 2014;32(3):423e36.

[5] Acler M, Bocci T, Valenti D, Turri M, Priori A, Bertolasi L. Transcranial direct
current stimulation (tDCS) for sleep disturbances and fatigue in patients with
post-polio syndrome. Restor Neurol Neurosci 2013;31(5):661e8.

[6] Ferrucci R, Mameli F, Guidi I, Mrakic-Sposta S, Vergari M, Marceglia S, et al.
Transcranial direct current stimulation improves recognition memory in
Alzheimer disease. Neurology 2008;71(7):493e8.

[7] Bystad M, Gronli O, Rasmussen ID, Gundersen N, Nordvang L, Wang-Iversen H,
et al. Transcranial direct current stimulation as a memory enhancer in patients
with Alzheimer’s disease: a randomized, placebo-controlled trial. Alzheimer’s
Res Ther 2016;8(1):13.

[8] Mutz J, Edgcumbe DR, Brunoni AR, Fu CHY. Efficacy and acceptability of non-
invasive brain stimulation for the treatment of adult unipolar and bipolar
depression: a systematic review and meta-analysis of randomised sham-
controlled trials. Neurosci Biobehav Rev 2018;92:291e303.

[9] Berryhill ME, Martin D. Cognitive effects of transcranial direct current stim-
ulation in healthy and clinical populations: an overview. J ECT 2018;34(3):
e25e35.

[10] Boggio PS, Amancio EJ, Correa CF, Cecilio S, Valasek C, Bajwa Z, et al. Trans-
cranial DC stimulation coupled with TENS for the treatment of chronic pain: a
preliminary study. Clin J Pain 2009;25(8):691e5.

[11] Moisset X, Lanteri-Minet M, Fontaine D. Neurostimulation methods in the
treatment of chronic pain. J Neural Transm 2019. https://doi.org/10.1007/
s00702-019-02092-y.

[12] Fregni F, Boggio PS, Lima MC, Ferreira MJ, Wagner T, Rigonatti SP, et al.
A sham-controlled, phase II trial of transcranial direct current stimulation for
the treatment of central pain in traumatic spinal cord injury. Pain
2006;122(1e2):197e209.

[13] Batista EK, Klauss J, Fregni F, Nitsche MA, Nakamura-Palacios EM.
A randomized placebo-controlled trial of targeted prefrontal cortex

https://doi.org/10.1016/j.brs.2020.02.011
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref1
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref1
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref1
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref1
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref2
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref2
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref2
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref2
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref3
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref3
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref3
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref3
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref4
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref4
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref4
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref4
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref5
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref5
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref5
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref5
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref6
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref6
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref6
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref6
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref7
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref7
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref7
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref7
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref8
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref8
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref8
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref8
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref8
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref9
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref9
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref9
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref9
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref10
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref10
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref10
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref10
https://doi.org/10.1007/s00702-019-02092-y
https://doi.org/10.1007/s00702-019-02092-y
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref12
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref12
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref12
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref12
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref12
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref12
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref13
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref13


L.E. Charvet et al. / Brain Stimulation 13 (2020) 686e693 693
modulation with bilateral tDCS in patients with crack-cocaine dependence.
Int J Neuropsychopharmacol 2015;18(12).

[14] Fecteau S, Agosta S, Hone-Blanchet A, Fregni F, Boggio P, Ciraulo D, et al.
Modulation of smoking and decision-making behaviors with transcranial
direct current stimulation in tobacco smokers: a preliminary study. Drug
Alcohol Depend 2014;140:78e84.

[15] Kang N, Kim RK, Kim HJ. Effects of transcranial direct current stimulation on
symptoms of nicotine dependence: a systematic review and meta-analysis.
Addict Behav 2019;96:133e9.

[16] Klauss J, Penido Pinheiro LC, Silva Merlo BL, de Almeida Correia Santos G,
Fregni F, Nitsche MA, et al. A randomized controlled trial of targeted pre-
frontal cortex modulation with tDCS in patients with alcohol dependence. Int
J Neuropsychopharmacol 2014;17(11):1793e803.

[17] Benussi A, Dell’Era V, Cantoni V, Bonetta E, Grasso R, Manenti R, et al. Cer-
ebello-spinal tDCS in ataxia: a randomized, double-blind, sham-controlled,
crossover trial. Neurology 2018;91(12):e1090e101.

[18] Maas R, Toni I, Doorduin J, Klockgether T, Schutter D, van de Warrenburg BPC.
Cerebellar transcranial direct current stimulation in spinocerebellar ataxia
type 3 (SCA3-tDCS): rationale and protocol of a randomized, double-blind,
sham-controlled study. BMC Neurol 2019;19(1):149.

[19] Loo C, Alonzo A, Martin D, Mitchell PB, Galvez V, Perminder S. Transcranial
direct current stimulation for depression: 3-week, randomised, sham-
controlled trial. Br J Psychiatry 2012:52e9.

[20] Brighina F, Curatolo M, Cosentino G, De Tommaso M, Battaglia G, Sarzi-
Puttini PC, et al. Brain modulation by electric currents in fibromyalgia: a
structured review on non-invasive approach with transcranial electrical
stimulation. Front Hum Neurosci 2019;13:40.

[21] Singh A, Erwin-Grabner T, Goya-Maldonado R, Antal A. Transcranial magnetic
and direct current stimulation in the treatment of depression: basic mecha-
nisms and challenges of two commonly used brain stimulation methods in
interventional psychiatry. Neuropsychobiology 2019:1e11.

[22] Brunoni AR, Sampaio-Junior B, Moffa AH, Aparicio LV, Gordon P, Klein I, et al.
Noninvasive brain stimulation in psychiatric disorders: a primer. Br J Psy-
chiatry 2019;41(1):70e81.

[23] Feng Y, Zhang B, Zhang J, Yin Y. Effects of non-invasive brain stimulation on
headache intensity and frequency of headache attacks in patients with
migraine: a systematic review and meta-analysis. Headache 2019;59(9):
1436e47.

[24] Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin J, Cogiamanian F,
et al. Evidence-based guidelines on the therapeutic use of transcranial direct
current stimulation (tDCS). Clin Neurophysiol 2017;128(1):56e92.

[25] Cruccu G, Garcia-Larrea L, Hansson P, Keindl M, Lefaucheur JP, Paulus W, et al.
EAN guidelines on central neurostimulation therapy in chronic pain condi-
tions. Eur J Neurol 2016;23(10):1489e99.

[26] Stilling JM, Monchi O, Amoozegar F, Debert CT. Transcranial magnetic and
direct current stimulation (TMS/tDCS) for the treatment of headache: a sys-
tematic review. Headache 2019;59(3):339e57.

[27] Boggio PS, Nunes A, Rigonatti SP, Nitsche MA, Pascual-Leone A, Fregni F.
Repeated sessions of noninvasive brain DC stimulation is associated with
motor function improvement in stroke patients. Restor Neurol Neurosci
2007;25(2):123e9.

[28] Im JJ, Jeong H, Bikson M, Woods AJ, Unal G, Oh JK, et al. Effects of 6-month at-
home transcranial direct current stimulation on cognition and cerebral
glucose metabolism in Alzheimer’s disease. Brain Stimul 2019;12(5):1222e8.

[29] Fregni F, Nitsche MA, Loo CK, Brunoni AR, Marangolo P, Leite J, et al. Regu-
latory considerations for the clinical and research use of transcranial direct
current stimulation (tDCS): review and recommendations from an expert
panel. Clin Res Regul Aff 2015;32(1):22e35.

[30] 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):641e61.

[31] Antal A, Alekseichuk I, Bikson M, Brockmoller J, Brunoni AR, Chen R, et al. Low
intensity transcranial electric stimulation: safety, ethical, legal regulatory and
application guidelines. Clin Neurophysiol 2017;128(9):1774e809.

[32] Ekhtiari H, Tavakoli H, Addolorato G, Baeken C, Bonci A, Campanella S, et al.
Transcranial electrical and magnetic stimulation (tES and TMS) for addiction
medicine: a consensus paper on the present state of the science and the road
ahead. Neurosci Biobehav Rev 2019;104:118e40.

[33] Dedoncker J, Brunoni AR, Baeken C, Vanderhasselt MA. A systematic review
and meta-analysis of the effects of transcranial direct current stimulation
(tDCS) over the dorsolateral prefrontal cortex in healthy and neuropsychiatric
samples: influence of stimulation parameters. Brain Stimul 2016;9(4):
501e17.

[34] Cotelli M, Manenti R, Ferrari C, Gobbi E, Macis A, Cappa SF. Effectiveness of
language training and non-invasive brain stimulation on oral and written
naming performance in Primary Progressive Aphasia: a meta-analysis and
systematic review. Neurosci Biobehav Rev 2020;108:498e525.

[35] Palm U, Hasan A, Strube W, Padberg F. tDCS for the treatment of depression: a
comprehensive review. Eur Arch Psychiatr Clin Neurosci 2016;266(8):681e94.

[36] Sauvaget A, Poulet E, Mantovani A, Bulteau S, Damier P, Moutaud B, et al. The
psychiatric neuromodulation unit: implementation and management. J ECT
2018;34(4):211e9.

[37] Clayton AM, Howard J, Dobbs B, Shaw MT, Charvet LE. Remotely supervised
transcranial direct current stimulation after ECT improves mood and cogni-
tion in a patient with multiple sclerosis: a case study. J ECT 2018;34(1):e15.
[38] Pilloni G, Shaw M, Feinberg C, Clayton A, Palmeri M, Datta A, et al. Long term
at-home treatment with transcranial direct current stimulation (tDCS) im-
proves symptoms of cerebellar ataxia: a case report. J NeuroEng Rehabil
2019;16(1):41.

[39] Sandran N, Hillier S, Hordacre B. Strategies to implement and monitor in-
home transcranial electrical stimulation in neurological and psychiatric pa-
tient populations: a systematic review. J NeuroEng Rehabil 2019;16(1):58.

[40] Riggs APV, Charvet L, Kasschau M, Harounian J, Knotkova H. Developing pa-
tient and caregiver instructional materials and training for at-home,
remotely-supervised, transcranial direct current stimulation (tDCS) in seri-
ously ill patients with multiple symptoms. Brain Stimul 2017;10(4):44.

[41] Charvet L, ShawM, Dobbs B, Frontario A, Sherman K, Bikson M, et al. Remotely
supervised transcranial direct current stimulation increases the benefit of at-
home cognitive training in multiple sclerosis. Neuromodulation : J Int Neu-
romodulation Soc 2017;128. https://doi.org/10.3791/56211.

[42] Dobbs B, Pawlak N, Biagioni M, Agarwal S, Shaw M, Pilloni G, et al. General-
izing remotely supervised transcranial direct current stimulation (tDCS):
feasibility and benefit in Parkinson’s disease. J NeuroEng Rehabil 2018;15(1):
114.

[43] Agarwal S, Pawlak N, Cucca A, Sharma K, Dobbs B, Shaw M, et al. Remotely-
supervised transcranial direct current stimulation paired with cognitive
training in Parkinson’s disease: an open-label study. J Clin Neurosci : Offc J
Neurosurg Soc Australas 2018;57:51e7.

[44] Shaw MT, Kasschau M, Dobbs B, Pawlak N, Pau W, Sherman K, et al. Remotely
supervised transcranial direct current stimulation: an update on safety and
tolerability. JoVE : JoVE 2017;(128).

[45] Kasschau M, Sherman K, Haider L, Frontario A, Shaw M, Datta A, et al.
A protocol for the use of remotely-supervised transcranial direct current
stimulation (tDCS) in multiple sclerosis (MS). JoVE : JoVE 2015;(106):e53542.

[46] Kasschau M, Reisner J, Sherman K, Bikson M, Datta A, Charvet LE. Transcranial
direct current stimulation is feasible for remotely supervised home delivery in
multiple sclerosis. Neuromodulation : J Int Neuromodulation Soc 2016;19(8):
824e31.

[47] Knotkova HRA, Portenoy RK. A patient-tailored protocol of tDCS stimulation
paired with telehealth support for at-home symptom management in seri-
ously ill patients with multiple chronic symptoms. Brain Stimul 2017;10(4):
77e8.

[48] Riggs A, Patel V, Paneri B, Portenoy RK, Bikson M, Knotkova H. At-home
transcranial direct current stimulation (tDCS) with telehealth support for
symptom control in chronically-ill patients with multiple symptoms. Front
Behav Neurosci 2018;12:93.

[49] Zoom video conferencing. https://zoom.us/.
[50] Charvet LE, Kasschau M, Datta A, Knotkova H, Stevens MC, Alonzo A, et al.

Remotely-supervised transcranial direct current stimulation (tDCS) for clinical
trials: guidelines for technology and protocols. Front Syst Neurosci 2015;9:26.

[51] Herrera-Melendez AL, Bajbouj M, Aust S. Application of transcranial direct
current stimulation in psychiatry. Neuropsychobiology 2019:1e12.

[52] Bikson M, Paneri B, Mourdoukoutas A, Esmaeilpour Z, Badran BW, Azzam R,
et al. Limited output transcranial electrical stimulation (LOTES-2017): engi-
neering principles, regulatory statutes, and industry standards for wellness,
over-the-counter, or prescription devices with low risk. Brain Stimul
2018;11(1):134e57.

[53] Wexler A. The practices of do-it-yourself brain stimulation: implications for
ethical considerations and regulatory proposals. J Med Ethics 2016;42(4):
211e5.

[54] Bax global Inc v brenneman. Ohio 695. Ohio ct app. USA Ohio ct app. 2007.
[55] Philip NS, Nelson BG, Frohlich F, Lim KO, Widge AS, Carpenter LL. Low-in-

tensity transcranial current stimulation in psychiatry. Am J Psychiatr
2017;174(7):628e39.

[56] York MSotSoN. Application for AMA CME credit.vol. 3.
[57] Practical guide to transcranial direct current stimulation: principles, proced-

ures and applications. Switzerland: Springer International Publishing; 2019.
[58] Datta A, Nazim K, Gonen O, Ge Y, Dobbs B, Shaw M, et al. Feasibility of a novel

MRI compatible HD-tDCS set up using multiple smaller electrodes. In: Inter-
national neuromodulation society world congress, vol.13; 2017. p. 13. Edin-
burgh, Scotland, United Kingdom.

[59] Clark VP, Coffman BA, Mayer AR, Weisend MP, Lane TD, Calhoun VD, et al.
TDCS guided using fMRI significantly accelerates learning to identify con-
cealed objects. Neuroimage 2012;59(1):117e28.

[60] Knotkova H, Riggs A, Berisha D, Borges H, Bernstein H, Patel V, et al. Automatic
M1-SO montage headgear for transcranial direct current stimulation (TDCS)
suitable for home and high-throughput in-clinic applications. Neuro-
modulation : J Int Neuromodulation Soc 2019;22(8):904e10.

[61] Vsee: world’s largest video telemedicine platform. 2015. https://vsee.com/.
2015 October.

[62] Charvet LE, Dobbs B, Shaw M, Bikson M, Datta A, Krupp L, et al. Remotely
supervised transcranial direct current stimulation for the treatment of fatigue
in multiple sclerosis: Results from a randomized, sham-controlled trial.
Multiple Sclerosis 2018;Nov; 24(13):1760e9. https://doi.org/10.1177/
1352458517732842.

[63] Shaw M, Best P, Frontario A, Charvet LE. Telerehabilitation benefits patients
with multiple sclerosis in an urban setting. J Telemed Telecare 2019. https://
doi.org/10.1177/1357633X19861830.

http://refhub.elsevier.com/S1935-861X(20)30033-4/sref13
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref13
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref14
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref14
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref14
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref14
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref14
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref15
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref15
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref15
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref15
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref16
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref16
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref16
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref16
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref16
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref17
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref17
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref17
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref17
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref18
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref18
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref18
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref18
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref19
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref19
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref19
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref19
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref20
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref20
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref20
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref20
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref21
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref21
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref21
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref21
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref21
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref22
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref22
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref22
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref22
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref23
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref23
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref23
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref23
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref23
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref24
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref24
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref24
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref24
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref25
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref25
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref25
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref25
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref26
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref26
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref26
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref26
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref27
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref27
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref27
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref27
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref27
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref28
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref28
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref28
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref28
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref29
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref29
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref29
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref29
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref29
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref30
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref30
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref30
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref30
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref31
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref31
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref31
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref31
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref32
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref32
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref32
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref32
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref32
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref33
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref33
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref33
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref33
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref33
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref33
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref34
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref34
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref34
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref34
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref34
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref35
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref35
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref35
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref36
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref36
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref36
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref36
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref37
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref37
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref37
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref38
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref38
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref38
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref38
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref39
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref39
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref39
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref40
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref40
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref40
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref40
https://doi.org/10.3791/56211
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref42
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref42
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref42
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref42
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref43
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref43
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref43
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref43
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref43
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref44
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref44
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref44
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref45
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref45
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref45
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref46
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref46
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref46
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref46
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref46
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref47
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref47
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref47
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref47
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref47
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref48
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref48
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref48
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref48
https://zoom.us/
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref50
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref50
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref50
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref51
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref51
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref51
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref52
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref52
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref52
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref52
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref52
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref52
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref53
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref53
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref53
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref53
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref54
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref55
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref55
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref55
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref55
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref57
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref57
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref58
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref58
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref58
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref58
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref59
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref59
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref59
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref59
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref60
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref60
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref60
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref60
http://refhub.elsevier.com/S1935-861X(20)30033-4/sref60
https://vsee.com/
https://doi.org/10.1177/1352458517732842
https://doi.org/10.1177/1352458517732842
https://doi.org/10.1177/1357633X19861830
https://doi.org/10.1177/1357633X19861830

	Supervised transcranial direct current stimulation (tDCS) at home: A guide for clinical research and practice
	Introduction
	Considerations and recommendations for home use of tDCS in research and clinical contexts
	Training for tDCS supervisors and tDCS users -Building competency in tDCS
	User selection and assessment of capability
	Device and electrode preparation and placement
	Dose control
	Ongoing monitoring for procedural adherence and targeted outcomes
	Ongoing evaluation for safety/adverse events
	Discontinuation of treatment
	Environment/settings

	Minimum device specifications
	Measure of impedance
	Medical grade materials
	Dosing assurance
	User-friendly interface
	Safety features

	Discussion
	Conclusion
	Funding sources
	Declaration of competing interest
	CRediT authorship contribution statement
	Appendix A. Supplementary data
	References


