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a b s t r a c t

We present device standards for low-power non-invasive electrical brain stimulation devices classified as
limited output transcranial electrical stimulation (tES). Emerging applications of limited output tES to
modulate brain function span techniques to stimulate brain or nerve structures, including transcranial
direct current stimulation (tDCS), transcranial alternating current stimulation (tACS), and transcranial
pulsed current stimulation (tPCS), have engendered discussion on how access to technology should be
regulated. In regards to legal regulations and manufacturing standards for comparable technologies, a
comprehensive framework already exists, including quality systems (QS), risk management, and (inter)
national electrotechnical standards (IEC). In Part 1, relevant statutes are described for medical and
wellness application. While agencies overseeing medical devices have broad jurisdiction, enforcement
typically focuses on those devices with medical claims or posing significant risk. Consumer protections
regarding responsible marketing and manufacture apply regardless. In Part 2 of this paper, we classify
the electrical output performance of devices cleared by the United States Food and Drug Administration
(FDA) including over-the-counter (OTC) and prescription electrostimulation devices, devices available for
therapeutic or cosmetic purposes, and devices indicated for stimulation of the body or head. Examples
include iontophoresis devices, powered muscle stimulators (PMS), cranial electrotherapy stimulation
(CES), and transcutaneous electrical nerve stimulation (TENS) devices. Spanning over 13 FDA product
codes, more than 1200 electrical stimulators have been cleared for marketing since 1977. The output
characteristics of conventional tDCS, tACS, and tPCS techniques are well below those of most FDA cleared
devices, including devices that are available OTC and those intended for stimulation on the head. This
engineering analysis demonstrates that with regard to output performance and standing regulation, the
availability of tDCS, tACS, or tPCS to the public would not introduce risk, provided such devices are
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responsibly manufactured and legally marketed. In Part 3, we develop voluntary manufacturer guidance
for limited output tES that is aligned with current regulatory standards. Based on established medical
engineering and scientific principles, we outline a robust and transparent technical framework for
ensuring limited output tES devices are designed to minimize risks, while also supporting access and
innovation. Alongside applicable medical and government activities, this voluntary industry standard
(LOTES-2017) further serves an important role in supporting informed decisions by the public.

© 2017 Elsevier Inc. All rights reserved.
Part 1: definitions, regulations, and manufacturing practices
relevant to limited output tES

Introduction and scope of part 1

Transcranial electrical stimulation (tES) has a rich and varied
history, which predates that of modern pharmacotherapy. While a
complete discussion of the history of tES is beyond the scope of the
present paper, our prior detailed review of tES development and
use provides salient features for the historical success of this
approach [1]. Paramount among these was the “Qualification and
Regulation” of the techniques and its use in practice. It is as
misguided to qualitatively consider all tES methods the same as it is
to consider all neuro- and psychotropic drugs to be the same;
changing device output (for definition of tES dose, see Ref. [2]) and
quality control is as crucial to the functional viability of tES as
changing chemical formulation and consistency is to pharmaceu-
ticals. At the same time, it is equally uninformed to discuss stan-
dards for new technologies (including types of limited output tES)
and their applications, while ignoring rich experience gained to
date with comparable devices. The ongoing debate over the po-
tential uses and distribution of limited output tES devices,
including use for the treatment of neuropsychiatric disorders by
prescription/over-the-counter (OTC) or for general wellness pur-
poses within a direct-to-consumer (DTC) market, must be informed
by existing standards and regulations that establish definitions and
distinct controls. In this light, consideration of the function and
outputs of new technologies (in comparison to widely distributed
existing technology) can and should be regarded as an engineering
analysis.

For all the above reasons, one of the key contributions for this
guidance is defining a scope for limited output tES devices (based
on a voluntary industry guidance, in Part 3) because any engi-
neering analysis and rational discussion on relevant regulations
much be based around clearly delineated range of devices. The
output of limitation output tES devices can then be contrasted with
other low power non-invasive electrical stimulation techniques, as
well as other types of electrical stimulation devices (Part 2). This
document begins with the current regulatory context surrounding
limited output tES devices (Part 1).

Recent articles have speculated on emerging ethical, legal, and
social implications and issues fostered by possible clinical, occu-
pational, and public uses of limited output tES [3e7]. Informed
discussion of tES regulations is based on extant international
standards and extensive regulatory frameworks [8] and should not
imply that such laws are absent or do not apply. For example, the
United States Food and Drug Administration (FDA) has well-
established procedures for evaluating and obtaining approval of
devices (including electrostimulation products) that are intended
for use on the head, neck, and face - for various indications. Addi-
tionally, the International Electrotechnical Commission (IEC) has
established exhaustive technical safety standards and engineering
specifications for all electrical devices and accessories. These
standards can be independently audited by governmentally
certified organizations, and are recognized and referenced by US
and European Union regulatory agencies.

In Part 1, we review salient features of current regulation of
medical devices, and attempt to clarify the scope of such regulation
(e.g. what legally constitutes a medical device). We describe the
established industry practices governing design, manufacture and
distribution. In Part 2, to provide technical context relevant to the
functional utility of conventional transcranial direct current stim-
ulation tDCS, transcranial alternating current stimulation tACS, and
transcranial pulsed current stimulation tPCS, we review output
performance characteristics and regulatory class of existing OTC
and prescription electrical stimulation devices, and summarize
existing diversity and range in performance. In light of this diversity
of current and proposed applications of tES, in Part 1, we consider
the existing peer-reviewed scientific evidence, industry standards,
and federal guidelines to support claims, direction, and governance
of valid and viable use-in-practice. We explain established engi-
neering and legal standards for the design and distribution of such
devices, including federal regulations and international electrical,
mechanical, and performance standards. The scope of the technical
review provided in Part 1 is thus limited to summarizing existing
law as applicable to conventional tDCS, tACS, and tPCS protocols;
with any conclusions based solely on legal and engineering
principles.

Risk management

Risk management serves as the cornerstone for guideline,
regulation, and compliance development for any device that in-
teracts with the body and should be performed continuously
throughout the product lifecycle - spanning from the device pro-
totype stage through the end of the device lifecycle (e.g. years after
commercial product release). Risk management is defined as the
application of various practices to analyze, evaluate, and control
risk (of burden and/or harm that might be incurred). Specific best
practices of risk management for medical devices are defined by
the International Organization for Standardization (ISO) 14971
standard, and entail a multi-step process. First, a manufacturer
should analyze the possible ways in which its device could bring
harm to a user or patient, ideally casting a wide net to include
causes such as human-factors issues or plausible interactions with
other devices. Then, the manufacturer must determine the likeli-
hood of each potential risk, using evidentiary datawhen andwhere
possible, and supplemented by engineering and clinical best
judgment. In this process, the gravity of any given risk is defined as
the product of its severity (i.e. how great is the potential harm, on a
spectrum from mild inconvenience to death) and its (actual) like-
lihood of occurrence.

Next, the manufacturer must identify safety measures, called
mitigators, that act to reduce each identified unacceptable risk, so
as to reduce (viz. mitigate) such risk to an acceptable range. The
best mitigators are clear engineering requirements that can be
designed and incorporated into a product e and, as importantly,
can be empirically evaluated for their capacity to prevent or reduce
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risk(s). For example, a neurostimulation device might include a
feature that independently monitors output current and shuts off if
and when excessive current is detected. In some cases, a manu-
facturer could adopt label mitigators (e.g. a warning label stating
that a product should not be used under hazardous conditions).
Ideally, these labeling mitigators are documented and verified to be
salient, legible, and comprehensible before a product is released for
clinical and/or market use. A complex device may have many (e.g.
hundreds of) such risk mitigators.

The increased importance of risk management is a key devel-
opment in the field of medical device regulation. IEC 60601-1, the
primary standard governing medical device safety, has placed
increasing emphasis on risk management from Edition 1 through
Edition 3. Risk management has become fundamental to ensuring
safety in aworldwhere devices are controlled by complex software,
and IEC cannot generate standards for every possible device func-
tion. Edition 3 was published in 2005 and became mandatory for
new devices in the United States and Europe by 2013. The third
edition has also becomemandatory in additional regions (e.g. Korea
in 2015). A manufacturer committed to the risk management pro-
cess is far more likely to avoid last-minute compliance issues and
unexpected problems in use, and even an OTC device manufacturer
should approach execution and documentation of risk manage-
ment activities according to these best practices.

Quality systems

As part of effective risk management processes, it is necessary to
ensure that device design and testing are conducted in an orderly
way, and that manufactured devices uniformly meet the re-
quirements of the design. Best practices here, also known as current
good manufacturing practices (CGMP), are similar to the principles
of quality assurance used in many industries (for example, the ISO
9001 standards). These principles are codified by FDA in the Quality
Systems Regulation (QSR, 21 CFR part 820) and internationally by
the ISO 13485 standard. It is of note that these regulations apply to
a variety of devices, and therefore rather than explicitly defining
how a manufacturer must produce a specific device, they provide a
template that manufacturers must follow to ensure orderly design,
development, production, installation, and delivery. In practice,
because CGMP regulations encompass a relatively wide array of
devices, it remains partially up to a manufacturer to establish a
quality system and design process within these templates (FDA's 21
CFR part 820 and/or ISO 13485), as well as establishing device re-
quirements, that are sufficient to insure safety and effectiveness.

Labeling ethics, off-label use, and informed consent

In the United States, labeling of both medical and non-medical
devices is directed by the Fair Packaging and Labeling Act (FPLA).
The FDA administers the FPLA with respect to medical devices,
while the Federal Trade Commission is responsible for execution of
the FPLA for non-medical, consumer goods. Discussion of specific
guidance for the labeling of tES devices is provided in Part 3. Here
we consider ethico-legal issues germane to distinctions between
clinical use (OTC or prescription), investigational uses, and more
broad, consumer use of limited output tES products.

In the United States, current GMPs and requirements for devices
are defined and prescribed in part 820 (21 CFR part 820), as origi-
nally authorized by section 520(f) of the Federal Food, Drug, and
Cosmetic Act, which was issued as a final rule in the Federal Reg-
ister of July 21, 1978 (43 FR 31 508), and which became effective on
December 18, 1978. Manufacturers intending to market a device for
a medical indication must first comply with relevant FDA re-
quirements (see FDA regulatory class and degree of controls).
With regard to use and marketing by care-givers, the FDA (and
comparable organizations that regulate device manufacturers
outside of the United States) does not regulate the practice of
medicine, which instead is subject to the direction of state and
federal professional and licensing boards. Importantly, different
regulations apply for off-label device use in medical practice vs
research [9], and the “demarcation line” between the two is guided
by the following definitions: The goal of medical practice is to
“provide diagnosis, preventative treatment or therapy.” Research,
on the other hand, is “designed to test a hypothesis, permit con-
clusions to be drawn, and thereby to develop or contribute to
generalizable knowledge.” [10].

Regulations pertaining to off-label device use in medical prac-
tice: The FDA makes it clear that it does not regulate the practice of
medicine and that the federal Food, Drug, and Cosmetic Act of 1938
will not play a role in creating physician liability for off-label device
use. When not classified as tools involved in research, medical
devices can be used in an off-label manner in medical practice
without FDA regulatory oversight. Currently, the general legality
and value of off-label uses is integral for medical practice [10]. Any
ambiguity related to the matter was removed by the decision of the
Supreme Court in Buckman Co. v. Plaintiffs Legal Committee, which
states that “off-label use is generally accepted” in medicine, and
under the law, “physicians may prescribe drugs and devices for off-
label uses” (531 U.S. 341, 351 & n.5, 2001) [11]. It has been
concluded that “the off-label use of a medical device is merely a
matter of medical judgment and, as such, subjects a physician to
professional liability for exercising professional medical judgment,
but off-label use of a medical device is not barred by the U.S. Food
and Drug Administration.” The limitation to this rule is that phy-
sicians may only prescribe off-label devices if the physicians are not
employed by themedical or pharmaceutical companies in question.
Further, manufacturers are limited as to what they may give to
physicians as educational resources. Regarding whether informed
consent must be obtained from the patient for off-label use of de-
vice in medical practice, no court decision to date has mandated
that a physician must disclose, through an informed consent pro-
cess, the off-label use of a drug (or device) [12].

Off-label device use for research purposes: For the application of
the device in clinical research outside of or contrary to FDA ap-
provals, the following requirements must be met:

� Approval by an institutional review board (IRB); and addition-
ally, if the study involves a significant risk device (defined as one
that presents a potential for serious risk to the health, safety, or
welfare of a subject), approval of an investigational device
exemption (IDE) by FDA

� Informed consent from all patients
� Labeling of the device for investigational use only
� Monitoring of the study and
� Required records and reports

Broadly any research involving human subjects, including that
which involves limited output tES devices, must comply with the
mandates for informed consent, and capacity for voluntary with-
drawal from the experimental treatment as explicated by the
Declaration of Helsinki, and as upheld in the United States by the
Office of Research Integrity (ORI) and the Department of Health and
Human Services Secretary's Advisory Council for Human Research
Protection (SACHRP). In the United States, devices used in human
trials are governed by the Investigational Device Exemptions (IDE)
regulation, 21 CFR 812. Note that medical devices manufactured
and employed under an IDE are not discharged from requirements
set forth by 21 CFR 820.30 of the QS regulation. One path involves
explicit FDA approval of an IDE application. However, the FDA
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allows for various exceptions to explicit FDA review and approval of
an IDE application: if a local IRB considers the trial to present
minimal risk (i.e. non-significant risk, or NSR) then explicit FDA
review is not required as long as the abbreviated IDE requirements
(such as informed consent) of 21 CFR 812.2(b) are followed. The
investigator provides the IRB with an initial assessment of the level
of risk associated with their trial. The IRB may consult the FDA for a
risk designation and/or guidance as defined in Part 3 of this
document. As per the FDA definition, the denotation of non-
significant risk is based on article 21 CFR 812.3 which states:

A non-significant risk device is one that does not meet a defi-
nition of a significant risk (SR) device:

Under 21 CFR 812.3(m), a significant risk device is defined as one
that:

� Is intended as an implant and presents a potential risk to health,
safety, or welfare of a subject;

� Is purported or represented to be for use supporting or sus-
taining life AND presents a potential risk to health, safety, or
welfare of a subject;

� Is for a use of substantial importance in diagnosing, curing,
mitigating, or treating disease, or otherwise preventing
impairment of human health and life AND presents a potential
risk to health, safety, or welfare of a subject;

� Otherwise presents a potential for serious risk to the health,
safety, or welfare of a subject.

The IRB approval of a human trial is always specific to the sub-
jects, conditions of use, and monitoring involved in the research,
rather than simply being blanket approval of the use of a device.
Nonetheless, the performance of a device features prominently in
the review and approval process. An IRB may request information
about both device operation (e.g. a manual) and the manufacturer,
including documentation of compliance with standards (such as
this industry guidance; Part 3). The requirement for IRB review is
invoked by the intended use for research (see the definition of
research above), irrespective of whether a device is marketed for
clinical (i.e. a medical indication) or non-clinical (i.e. occupational
or wellness) purposes. The majority of human research on limited
output tES (e.g. tDCS), including those studies using clinical and
healthy populations, have been, and continue to be conducted with
a NSR designation and process (e.g. obtaining only local IRB
approval).

As previously noted, labeling requirements for consumer de-
vices, without a medical indication, are established under the FPLA,
16 CFR 550, 500e503, regulated by the United States Federal Trade
Commission (FTC; and principally overseen by the Bureau of Con-
sumer Protection). As well, the United States Department of Com-
merce, National Institutes of Standards and Technology Office of
Weights and Measures executes additional oversight of labeling of
consumer commodities, household goods, and resources. Per
regulation, labeling must be conspicuous, clear, and explicate the
contents, identity of the commodity, and name and address of the
product's manufacturer, packer, and/or distributor. Device design
and clear and definitive labeling are important to communicate
particulars about the device and parameters for its responsible use,
mitigate unintentional misuse, and in these ways uphold ethical
aspects of trust-in-trade. Of course, despite attempts at stringency
of labeling and directions for use, there will be instances of inap-
propriate use or overt abuse of any product that is made directly
available to consumers. However, it is, and will be increasingly
important to insure that the DTC market is not permeated by a
caveat emptor mentality, in which consumers must be wary of risk
of injury because of a proliferation of poorly constructed, and/or
inadequately labeled tES devices. Thus, we posit that developing
and enforcing guidelines for labeling and use as we propose in Part
3 will be important to risk management by both fortifying industry
standards and affording consumers access to design- and labeling-
compliant tES devices.

Sub-vs extra-cranial targets

In this paper, we describe regulation of and recommendations
for limited output tES devices. While in many cases these devices
are intended to produce neuromodulation in sub-cranial targets,
including cortical and deep brain regions enclosed by the skull,
such devices may also be intended to modulate (or may modulate
as an additional effect) extracranial neural tissue, such as periph-
eral nerves on the body or cranial nerves outside the skull. For the
purpose of this paper, we define devices with either or both effects
as tES devices, and we include in our discussion of stimulation
types those waveforms intended to modulate any or both types of
target (e.g., tPCS also includes pulsed stimulation applied to the
head intended to activate cranial nerves).

We group these devices together for several reasons. First, it is
likely that most tES interventions intended to stimulate the cere-
brum by applying current through electrodes on the scalp in fact
also stimulate cranial nerves, whether or not the effect is clinically
or functionally meaningful. Research on “transcranial” stimulation
has focused on direct electrical stimulation of the cortex to explain
findings from behavioral, cognitive, neurophysiologic, and/or im-
aging studies [13e15]. However, the physics of tES dictate a much
lower current density in the brain than in the skin and skull
foramina (Fig. 2) - which means that a level of current that achieves
meaningful cerebral neuromodulation may also potentially stimu-
late the cranial nerves that transverse the skin (e.g. forehead, neck)
and foramina near the electrodes [16,17]. For example, transcranial
direct current stimulation (tDCS) trials to treat major depressive
disorder (MDD) intend to modulate the dorsolateral prefrontal
cortex (DLPFC) by placing electrodes laterally across forehead
[18,19] e but the forehead is innervated by upper branches of both
the trigeminal (i.e.- fifth, nV) and facial (i.e.- seventh; nVII) cranial
nerves. In healthy individuals it is also common to place tDCS
electrodes on or across the foreheadwith the intention tomodulate
the frontal cortex to change cognition [20,21].

Second, many techniques that explicitly intend to electrically
stimulate cranial nerves use a dose (produce outputs) that overlap
with “transcranial” methods. Transcranial alternating current
(tACS) over the occipital cortex is intended to modulate the visual
cortex leading to subject perception of flashes of light known as
phosphenes [13,22,23]. However, there is a long-standing debate
over the origin of the phosphenes [24,25] and some studies
conclude phosphenes are generated as a result of retinal electrical
stimulation regardless of the placement of the stimulation elec-
trodes [26,27]. Similarly, in the context of visuospatial attention, tES
uses stimulating electrodes over the posterior parietal cortex in
patients with visuospatial neglect [28]. But the vestibular system
can be stimulated directly using galvanic vestibular stimulation
(GVS) by placing electrodes near the mastoid, producing some
overlapping behavioral effects [29]. Disambiguating which out-
comes of tES (e.g. - tDCS, tACS, tPCS) reflect stimulation of cranial
nerves is not within the scope of this document.

Distinctions between sub- and extra-cranial targets of limited
output tES impact scientific investigation of mechanisms and
engineering design, and may be considered in review by regula-
tors. But as illustrated above, the engineering output, including
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methods of application, of these devices e and so in ultimate
actions on the bodye can overlap. Evenwhen action on one target
is proven, it does not exclude (disprove) secondary action on other
targets. So, unless otherwise indicated, for the purposes of this
document we do not distinguish between the “intent” to stimu-
late sub-vs extra-cranial targets.

Regulatory definitions and general standards

As noted above, the FDA and comparable (trans)national
agencies do not regulate the practice of medicine or general com-
merce. Rather, they prescribe quality and safety standards and
regulations for the development and production of drugs and de-
vices. As relates to specific issues and questions fostered by tES, it
becomes important to clarify the definition of a “medical device”.
Regulatory bodies and agencies of different countries have adopted
varied positions and standards in defining a medical device. The
United States has implemented what is recognized as perhaps the
most conservative approach, which has served as a model for many
international standards and codes. According to the FDA a medical
device is:

“An instrument, apparatus, implement, machine, contrivance,
implant, in vitro reagent, or other similar or related article,
including a component part, or accessory which is:

� recognized in the official National Formulary, or the United
States Pharmacopoeia, or any supplement to them,

� intended for use in the diagnosis of disease or other conditions,
or in the cure, mitigation, treatment, or prevention of disease, in
man or other animals, or

� intended to affect the structure or any function of the body of
man or other animals, and which does not achieve any of its
primary intended purposes through chemical action within or
on the body of man or other animals and which is not depen-
dent upon being metabolized for the achievement of any of its
primary intended purposes.“

In addition, the FDA has established three different classifica-
tions for medical devices, designated as Class I, Class II, and Class III
with distinct standards and controls that ensure safety and effec-
tiveness depending on the risks imposed by device use. For
example, dental floss, toothbrushes, and “band-aids” are Class I
medical devices. Non-invasive blood pressure monitors, condoms,
and OTC transcutaneous electrical nerve stimulation (TENS) de-
vices for treatment of pain or for aesthetic purposes represent ex-
amples of Class II medical devices. Heart replacement valves or
deep-brain stimulating electrodes, which are “life sustaining” or
present a relatively large risk of injury, are examples of Class III
medical devices. Based on the FDA definition of a medical device,
and recognizing the spectrum of devices regulated, it is therefore
the conservative position of this guidance document that tES
technologies (i.e. tDCS, tACS, tPCS, etc.), whether indicated and/or
employed for medical treatments, diagnostic purposes, wellness
aids, recreational or entertainment devices, or any other purposes,
may be classified as a medical device per the FDA - although others
have argued contrarily [30]. Importantly, jurisdiction does not
equate with targeted regulation or enforcement e for example,
non-medical treadmills or heaters are intended (and marketed) to
“affect the body” but are in practice not controlled by the FDA as
medical devices. Regardless, whether the FDA does not have
jurisdiction or elects to not regulate, Part 3 of this paper provides a
necessary guidance for manufacturers.

Closely related to the FDA classification of medical devices is
application of the provisions of General and Special Controls. The
basic provisions of the 1976 Medical Device Amendments to the
Food, Drug, and Cosmetic Act provided the FDAwith themeans and
authority to regulate devices in order to ensure their safety and
effectiveness. Unless specifically exempted from regulation, all
devices (Class I, II, and III) are subject to General Controls. Class I
devices that pose a low tomoderate risk are only subject to General
Controls, which include provisions that relate to misbranding, de-
vice registration and listing, premarket notification, banned de-
vices, notification and repair, replacement and refund, records and
reports, restricted devices, and GoodManufacturing Practices. Class
II devices, posing a moderate to high risk, are subject to both
General and Special Controls; and Class III devices that pose a high
risk are subject to General Controls and Premarket Approval (PMA).
Special Controls are regulatory requirements imposed on Class II
devices for which General Controls are insufficient, but for cases
where there exists sufficient technical and clinical knowledge to
confidently propose additional controls that will provide assurance
of safety and effectiveness. These Special Controls are typically
device-specific and include upholding performance standards,
premarket data requirements, post-market surveillance, estab-
lishment of patient registries, special labeling requirements, and
other guidelines. Premarket Approval applies to Class III devices
that pose a high risk, are intended to be used in supporting or
sustaining human life, and/or substantially preventing impairment
of human health. The PMA process is reserved for devices that are
designated such that General and Special Controls cannot suffi-
ciently assure safety and efficacy. This category of devices is subject
to the most stringent of all FDA regulations.

In countries other than the United States, the intended use of a
tES device, whether to treat a disease or to provide neuro-
modulation for consumer-oriented purposes, will determine if the
device is regulated as a medical device or not. For example, a tES
device indicated to treat depression will be regulated as a medical
device in almost all countries. However, a tES device indicated to
enhance cognitive abilities might not be uniformly regarded or
regulated as a medical device. This does not imply, however, that
consumer-oriented tES devices are not regulated by other safety
standards, such as electrical and mechanical safety guidelines, or
regulations regarding fair marketing of consumer products. For
example, in the EU tES devices must at minimum receive a CE mark
prior to being cleared for marketing and distribution.

A CE mark, in turn, will require compliance with applicable
electro-mechanical design and production standards, which are
often subject to independent (3rd party) verification and docu-
mentation. The IEC has established globally accepted guidelines to
ensure the manufacture of safe electrical products. Medical devices
are specifically subject to the IEC-60601 family of standards, most
importantly the general safety controls in IEC-60601-1. This general
standard is well harmonized between the international (IEC) and
United States' (Underwriters' Laboratories-UL) versions. Collateral
standards in the 60601 family cover topics such as equipment's
alarm systems, equipment for home health care environment,
electromagnetic immunity and emissions of the equipment,
equipment's performance and usability, programmable electrical
medical systems equipment, nerve and muscle stimulators, elec-
troconvulsive therapy equipment [31]. Some types of devices are
also subject to specific standards; for instance, TENS units must
adhere to IEC-60601-2-10, “Particular requirements for the basic
safety and essential performance of nerve and muscle stimulators.”

While allowing “member States to decide on a case-by-case
basis whether or not a product falls within the scope of [medical
device] regulation”, the EU has indicated that at least risk man-
agement should apply to tES regardless of medical or consumer
indicated use [32]:
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[Medical device] regulation shall also apply to the groups of
products without an intendedmedical purpose that are listed in
Annex XV … taking into account the state of the art, and in
particular existing standards for analogous devices with a
medical purpose, based on a similar technology. The common
specifications for a group of products listed in that annex shall
address, at least, application of risk management … and, where
necessary, clinical evaluation regarding safety.

[Annex XV includes] Equipment intended for brain stimulation
that apply electrical currents or magnetic or electromagnetic
fields that penetrate the cranium to modify neuronal activity in
the brain.

Here the European Parliament and Council on Medical Devices
distinguishes stimulation that is sub-cranial (vs trans-cranial) in
intended use (see: Sub-vs Extra-Cranial Targets).

The aforementioned points illustrate that classification of tES
devices as medical devices or other products can be complex and
depend on country. Irrespective of definition and jurisdiction by
agencies that governmedical devices, jurisdiction does not imply or
mandate targeted regulations e in other words, a product might be
considered a medical device and fall under the jurisdiction of a
regulatory agency such as FDA according to the statutory definition,
but the agency may choose not to explicitly examine the product,
for example as described by FDA for “general wellness devices.”
Further, there is recognition that evenwhen devices are not strictly
defined as medical, risk management is important. Thus,
notwithstanding these differences, in most developed countries,
any tES device, regardless of indication for use, would be regulated
by rigorous design, production, and often distribution standards e
notably the CE mark in Europe. As well, further legal restrictions
may apply. For example, as previously noted, in the United States,
marketing claims for tES devices fall under the purview of either
the FDA, and/or the FTC, which serves to protect consumers against
false labeling and advertisements. Thus, in most countries,
including the United States, debating “if” tES devices should be
regulated is a moot point, since regulations under international and
regional laws already exist that specify engineering standards and
rules for distribution. Part 3 of this paper thus provides guidance on
best practices that align with existing rules.

FDA regulatory class and degree of controls

For any tES device intended for a purpose of providing thera-
peutic intervention against a disease or medical condition (i.e. a
medical label), medical device regulation by the FDA is further
subject to the particulars of regulatory class. There are several
possible regulatory paths within the FDA bywhich a product can be
approved for market. First, is that a device or product can be
exempt from a clearance path, which is often referred to as a 510(k)
exemption. Nearly all Class I Medical Devices are exempt from
regulatory clearance paths, in the sense that formal submissions to
the FDA for marketing are not required, assuming that a manu-
facturer meets relevant regulations and international guidelines
(e.g. IEC-60601).

Most non-invasive electrostimulation devices that are in some
way similar to tES in function and application, such as TENS,
powered muscle stimulation (PMS), and iontophoresis devices are
Class II medical devices and, as such, are regulated by a Premarket
Notification 510(k) process. These devices may be cleared for pre-
scription or OTC use. In the past, most electrostimulation products
cleared through the 510(k) process have been designated as
prescription-use devices, for example, TENS devices that were
intended to treat pain. However, with increased confidence in the
safety of electrostimulation technologies and devices gained over
the past four decades, many such products have now been
approved for OTC use. Thus, TENS devices, whether used to treat
pain or for aesthetic purposes, as well as PMS devices for muscle
conditioning, can now be marketed for OTC use and purchased at
many pharmacies and/or online.

Under the 510(k) path, the FDA can deem a new device intended
to be marketed to be substantially equivalent to a “predicate” de-
vice that is already on themarket for a specific indication. If cleared,
the FDA will assign the product code of the predicate device for a
specific intended use. When there is no clear predicate or path, a
device manufacturer may seek clearance through the de novo
510(k) process, and a new FDA product code may be assigned. The
de novo 510(k) process is often used for devices that are recognized
as being safe and comparable to others already marketed, but
where the closest comparable FDA-cleared device(s) are used for a
different indication and intended use, and consequently cannot
serve as predicate devices under the conventional 510(k) process.
For example, the Cefaly device, a TENS unit indicated to relieve pain
associated with headaches via the use of low level electrical current
delivered through electrodes placed on the head, recently received
clearance by the FDA through this de novo 510(k) process. The Cefaly
device is approved for prescription use only, and is not sold OTC.

In 2008, the FDA approved the Neuronetics (Neurostar) device,
which uses repetitive transcranial magnetic stimulation (rTMS),
under de novo 510(k) with a Class II product code OBP. Brainsway
(Deep TMS) rTMS followed in 2013. Other rTMS products have since
been approved under the 510 k process. The use of high-intensity
repetitive pulsing by these devices is associated with a low risk of
seizures [33]. It is noteworthy that a broad range of energy output
devices have been classified as Class II and/or cleared through the
510 k process. Also notable is that electroconvulsive therapy (ECT)
devices, which by intent and design produce seizures, and utilize
electrical currents having a magnitude on the order of hundreds of
mA, while characteristically designated as Class III devices, have
been granted “grandfathered” clearance (see below) under a 510(k)
process by the FDA-despite incurring cognitive side effects (e.g.
mild memory impairment). Furthermore, it has been proposed that
these devices be re-classified to Class II, for at least some in-
dications [34]. (Fig. 1).

Typically, the PMA pathway is designated for Class III medical
devices that may pose significant safety risks and thus require
extensive proof of safety and effectiveness prior to obtaining
clearance. Cranial electrotherapy stimulation (CES) devices, which
deliver pulsed current for therapeutic indications, are presently
designated as Class III Medical Devices, but this reflects their pre-
amendment (viz. - “grandfathered”) status rather than actual risk
level. In 2016 the FDA issued new guidance for CES devices,
including re-classification of certain indications to Class II. While
the regulatory process for CES has been updated, clinical evidence
supports that there are minimal risks associated with existing CES
protocols [35e37]. At present, CES devices are intended to treat
clinical conditions (e.g. depression, certain forms of anxiety) and
can only be legally obtained through provision by a clinician.

In 2010, the FDA published Class II Special Controls Draft
Guidance Documents for Industry and FDA staff, which if put into
effect, wouldmake certain OTC TENS and PMS devices with specific
medical or aesthetic labels exempt from the premarket notification
510(k) regulatory process [38,39]. The premise of these documents
is to establish Special Controls with Limited Output guidelines for
several types of OTC electrostimulation products with medical in-
dications that are designated as Class II devices. For example, TENS
with limited outputs for aesthetic purposes, and PMS with limited
outputs for muscle conditioning, are both intended for OTC con-
sumer use and would therefore be exempt from a premarket



Fig. 1. Output comparisons of various electrostimulation and neurostimulation devices cleared or approved by the FDA in contrast to tES. The scatterplot (top) illustrates a
wide range of maximum current outputs as a function of treatment time for tES approaches and FDA-cleared or approved electrical stimulation and neurostimulation devices. The
devices selected are exemplary and a complete set would evidently cover at least as wide a range. As indicated by the legend, devices output markers have been color-coded
according to FDA product codes, shapes represent device status (triangle ¼ investigational device, square ¼ over-the-counter, and diamond ¼ prescription use), and fills illus-
trate whether a device has been intended for use on the head or not (closed symbols ¼ not intended for use on the head, open symbols ¼ device has been intended for use on the
head). Conventional output limits for tPCS are indicated by the green highlighted region, including the yellow region. Conventional output limits for tDCS and tACS are indicated by
the yellow region. The black dotted line traces points at which 6000 mC are delivered - the highest deliverable charge in the yellow area. The middle graph illustrates the range of
maximum current outputs as a function of maximum current density under a 500 U load for FDA-cleared or approved electrical stimulation and neurostimulation devices. The
bottom graph illustrates the range of predicted electric field strengths proposed for tDCS/tACS, tPCS, FDA cleared devices that are OTC (TENS), prescription use TENS devices cleared
by the FDA [151], magnetic seizure therapy (MST) [152], FDA-approved DBS [153e155], rTMS [156,157], and electroconvulsive therapy (ECT [158,159]) devices, and electroporation
devices [160,161]. Output characteristics and quantities were obtained from referenced sources [162e180] and as described in text. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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notification 510(k) clearance process. It is critical to note that these
devices will still be Class II devices and required to verifiably uphold
certain General and Special Controls, as well as international safety
standards. The draft guidance documents establishing Special
Controls and Limited Output concepts are important because they
establish defined parameters with which to deem and insure the
safety of electrostimulation products of various types (regardless of
indication for use), as based upon the bulk of evidence available to
date. Therefore, the industry guidance we propose in Part 3 for
limited output tES devices with medical (prescription or OTC) or
wellness labeling is harmonized with this draft FDA guidance;
while in Part 2 (Engineering analysis of electrostimulation output



Fig. 2. Prediction of current flow through tissue layers highlights the ratio of current densities between the skin and brain. The most common side effect to tES and other
FDA-cleared electrostimulation and neurostimulation devices is skin irritation, redness, itching, or mild burning sensations. We used computational modeling to illustrate the
behavior of electrical current delivered by electrical currents as they pass through the scalp, skull, dura, CSF, and into the brain (top; values per mA current applied). Because
electrodes are placed on the scalp during tES, and due to the conductivity and anatomy of the underlying tissue, the majority of the current does not reach the brain and the fraction
that does reach the brain is diffuse and orders of magnitude below biologically damaging thresholds. Thus, the current density at skin is invariably higher than the current density in
the brain. The skin provides a biological “protection” layer, since it receives the highest exposure levels. Conventional tDCS, tACS, and tPCS would have peak current density limit
below the levels of many OTC TENS devices indicated for cosmetic purposes and intended for placement upon the head and face. As illustrated by the scatterplot (bottom) the ratio
of current density at the skin versus the brain is variable and depends on several factors including the electrode montage, fat distribution on the head, age, and other tissue
properties e but inherently independent of applied current. For a single head, the ratio is predicted for various conventional and High Definition (HD) montages used. The ratio of
the estimated current density at the scalp to the current density in the brain varies from greater than 10:1 to 400:1. Computational methods used and some of the current estimates
used were obtained from referenced sources [181e183].
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parameters) we describe the range of waveform parameters pro-
duced by FDA cleared (OTC) devices, which constrains the scope of
devices included in this industry guidance.

Table 1 depicts different electrostimulation devices for which
FDA product codes presently exist, including five product codes for
OTC electrostimulation devices with limited output. These devices
encompass, and in many cases exceed, output characteristics of
state-of-the-art tES methods that are currently being used. There is
also overlap in use; for example, iontophoresis devices have been
used off-label in numerous tDCS clinical trials (with IRB non-
significant risk designation). Table 1 also indicates the Medical
Device Class for each product code, the regulatory path for
obtaining clearance, whether a device is indicated for OTC use, and
whether a device is intended for use on the head. The specific
output characteristics of these devices are discussed in further
detail below.

The role of government and non-government agencies in public
health standards related to limited output tES

The distinction between regulatory jurisdiction and a need to
restrict manufacturer activities through explicitly targeted stan-
dards or enforcement is a significant source of confusion in dis-
cussions concerning the regulation of limited output tES. To re-
iterate, the position of this guidance document is that the FDA
(and counterpart agencies in other countries) has jurisdiction over
limited output tES devices regardless of intended use. However, the
mandates of these agencies typically relate to both “protecting”
public health withminimal/reasonable burden, and simultaneously
“promoting” reasonable access to medical andwellness technology,
as well as “innovation”. The decision to define, impose, and enforce
standards targeted toward specific industries is therefore guided by
overall consideration and dictates for public health. Thus, regard-
less of the definition of a medical device for the purpose of juris-
diction, the need to protect both personal liberty and public health
informs government activity. In this sense, Part 3 of this document
provides guidance for devices that pose minimal risk.

Indeed, the majority of technical standards applied to medical
and consumer devices, as selectively adopted by the FDA, are
developed externally by non-government organizations (e.g. the
Institute of Electrical and Electronics Engineers [IEEE], UL, and the
Table 1
FDA product codes for electrical stimulation and neurostimulation devices that are equiva
and basic research studies, as well as by the DIY community to achieve tES.

Product Code Device

GZJ Stimulator, Nerve, Transcutaneous, For Pain Relief
JXK Stimulator, Cranial Electrotherapy
NFO Stimulator, Transcutaneous Electrical, Aesthetic Purposes
NUH Stimulator, Nerve, Transcutaneous, Over-The-Counter
NYN Stimulator, Electrical, Transcutaneous, For Arthritis
PCC Stimulator, Nerve, Electrical, Transcutaneous, For Migraine
BWK Stimulator, Electro-Acupuncture
IPF Stimulator, Muscle, Powered
NGX Stimulator, Muscle, Powered, For Muscle Conditioning
NUW Stimulator, Muscle, Powered, Dental
EGJ Device, Iontophoresis, Other Uses
KTB Device, Iontophoresis, Specific Uses
LIH Interferential Current Therapy

OCF Stimulator, Nerve, Electrical, Transcutaneous, Limited Output, Arth
NYY Stimulator, Muscle, Powered, With Limited Output, For Rehabilitat
NYZ Stimulator, Muscle, Powered, With Limited Output, For Muscle Con
NYW Stimulator, Nerve, Electrical, Transcutaneous, With Limited Output
NYX Stimulator, Electrical, Transcutaneous, With Limited Output, For Ae

The FDA product codes covermore than 1200 electrical stimulation devices that have been
device description, the FDA Medical Device Class, the regulatory path for obtaining FDA
designed to be used on the head. The grey shaded rows indicate product codes for OTC
IEC), thereby placing the burden of ongoing development and
revision of these standards upon a coalition of industry veterans
and standards professionals. As new technologies are introduced to
the public, applicable standards are developed and refined in order
to help ensure quality, safety, and effectiveness. The IEC and other
organizations work by consensus to rationally establish standards
and requirements, using engineering analysis and scientific data
(e.g. results/outcomes of human trials; for example [40]) in contrast
to engaging inmere speculation in the absence of specific data. This
level of objectivity is essential, as speculation based on “slippery
slope” arguments, subjective “calls for caution” in the absence of
data, and/or “what if” propositions that do not reflect realistic cir-
cumstances may impede authentic deliberation and sound stan-
dards [41]. This is particularly important because industry
standards serve a role in more than just regulation; alongside
medical and government activities, industry standards also serve to
support informed decisions by the public. It is in this light that this
document seeks to draft such an industry standard for limited
output tES.

Clarifying home-use in the context of consumer and medical limited
output tES

For wellness indications, the possibility of a home use device is
implicit. For medical indications, the FDA defines key aspects of a
home-use medical device to be:

� “A medical device intended for users in any environment
outside of a professional healthcare facility. This includes de-
vices intended for use in both professional healthcare facilities
and homes.

� A user is a patient (care recipient), caregiver, or family member
that directly uses the device or provides assistance in using the
device.

� A qualified healthcare professional is a licensed or non-licensed
healthcare professional with proficient skill and experience
with the use of the device so that they can aid or train care re-
cipients and caregivers to use and maintain the device.”

Herein, we distinguish four basic categories of “at home” use,
each of which poses different issues that must be considered in the
lent to tES devices as exhibited by off-label use in thousands of clinical investigations

Class Regulation OTC Cleared use on head

2 510(k) No No
3 510(k) No Yes
2 510(k) Yes Yes
2 510(k) No No
2 510(k) No No
2 510(k) No Yes
1 510(k) No Yes
2 510(k) No No
2 510(k) Yes No
2 510(k) No Yes
3 510(k) No Yes
2 510(k) No Yes
2 510(k) No No

ritis Pain Relief 2 510(k) Yes No
ion 2 510(k) Yes No
ditioning 2 510(k) Yes No

2 510(k) Yes No
sthetic Purposes 2 510(k) Yes Yes

cleared for marketing since 1977. Each of the product codes are classifiedwith short
clearance, whether the device is specified for OTC use and whether the device is

electrostimulation devices with limited output.
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risk management process (Part 3). The first category is those de-
vices that are used in the context of a home visit by a clinician.
Second is those devices employed within a telemedicine approach,
in which the use of a device is remotely supervised. Third is
representative of use of a device by patients who are under medical
care but for whom regular in-clinic treatment represents an
intractable or unnecessary burden. Fourth is the use of devices for
wellness purposes. Additional use cases would either fold into one
of these categories or be outside the scope of this guidance. Effec-
tive riskmanagement in each and all of these categories of usemust
consider the technology, indication for use (e.g. medical or well-
ness), and factors including the training and physical condition of
person using the device, as well as the training and capability of any
individuals providing assistance in administering the device.
Table 2 illustrates the different categories (modes) for at-home uses
of limited output tES that require distinct risk management. Risk
management must incorporate features and mitigators that are
specific to the nature of intended use (category).

For the first category of home-use, if a physician or caregiver
certified in tES at home travels to a patient's home with a device
designed for in-clinic use (local supervised and expert administered),
limited output tES can likely be applied in the home setting with
well-defined and maintained benefit and minimal risk(s). In this
case, even devices designed for in-clinic usemay be directly applied
in home-use, though additional mitigators may be incorporated.

The second category, remotely-supervised tES for telemedicine,
has been developedwith a detailed riskmanagement structure that
spans device design, operator training, patient clearance, and
ongoing monitoring [42]. Qualified health-care professionals
function as supervisors who are responsible for device selection
and customization (programming, head-gear adjustment), training
and certification of patients or proxies, and ongoing remote support
and monitoring. Such considerations are typically indication- and
patient-specific (e.g. multiple sclerosis [43]; including consider-
ations of whether tES should be self-applied (Remote-supervised
self-administered), or administered by a proxy (Remote-supervised
proxy-administered), such as family member or caregiver. In
contrast to availability by conventional prescription or OTC access
(i.e.- the third category), remotely-supervised tES requires: (1)
prescription of devices by a healthcare provider or inclusion of a
patient in a clinical trial, (2) patient screening (typically in a clinic),
(3) patient/proxy training and certification, and (4) ongoing
monitoring (e.g. device recording, supervisor telemedicine) to
insure compliance with prescribed use [42]. Devices and acces-
sories designed or certified explicitly for remotely-supervised use
must insure that all stimulation waveforms are pre-set and the
Table 2
Categories of home-use and related considerations.

Intended Use (label) Medical Medical Medical

Category (Mode of
use)

(1) Local-supervised use
and expert administered

(2) Remote-supervised
use and proxy-
administered

(2) Remote
use and se
administer

Monitoring Local administered by
on-site expert

Remote monitored
-telemedicine

Remote m
-telemedic

Device User Traveling certified
caregiver

Family member or local
caregiver

Self (Patien

Device Customized
from In-Clinic
Technology

Not Needed. Needed. Needed.

The medical devices are divided up in three categories to differentiate how the devices ca
clinicians who visit the patient's home. The second category uses the telemedicine approa
either by family or by patients themselves. The third category of medical device is self ad
does not involve devices labeled for medical indication and is directed towards consum
grade design and manufacture standards apply for devices marketed for medical purpos
timing of application is limited (by either temporal parameters or
use codes provided by the supervisor). For example, in the transi-
tion from in-clinic to remotely-supervised tDCS, device settings and
protocols that are appropriate for use at a medical center (e.g.
adjustable headgear, multi-step electrode preparation) may intro-
duce burdens and/or risk if/when applied by patients or a proxy;
these risks are mitigated through the integration of rational device
design and procedural controls [42].

In the third category, prescription (prescription and self-
administered option) or OTC (over-the-counter and self-
administered option) medical use, the limited output tES device is
provided for a medical indication for at-home use. Such medical
devices can be administered either with the assistance of a care-
giver (e.g. a medical aide, family member) or directly by the pa-
tient (self-application option). For the transition of medical use
device from in-clinic to the home-use and then from prescription to
OTC, the governing principle remains risk management, especially
consideration of human factors specific to the intended user(s) and
taking into account their medical status and/or disability if relevant.
The patient must be able to self-diagnose, self-treat, and self-
manage (as assessed by label comprehension studies and actual-
use studies) in order to be viable for OTC access and use.

The fourth home-use category is specific to devices that are
obtained by consumers for wellness purposes (i.e.- without a
medical label or supervision), and are used in situations in which
self-administration is expected. The presumption of self-use
evidently does not obviate any of the requirements in this guidance.

In each of these modes of use, we advocate that manufacturers
should apply the following two principles of risk management:

� Reduce as far as possible the risks related to the ergonomic
features of the device and the environment in which the device
is intended to be used (i.e.- design device for patient safety), and

� Consider the environment/context, and technical knowledge,
experience, education, training, and physical and/or medical
condition of intended user(s) as applicable to particular cate-
gory/mode of use (i.e.- design device for professional, lay,
disabled, and/or other users' safety).

Part 2: Engineering analysis performance characteristics of
FDA cleared electrical stimulation devices compared to tDCS,
tACS, and tPCS

Table 1 illustrates FDA product codes covering more than 1200
electrical stimulation devices that have been cleared for marketing
since 1977. Supported by more than 40 years of commercially
Medical Medical Wellness*

-supervised
lf-
ed

(3) Prescription and
self-administered
option

(3) Over-the-counter
(OTC) self-administered
option

(4) Consumer
self-
administered

onitored
ine

Use not directly
monitored

Use not directly
monitored

Use not
monitored

t) Self (Patient) option Self (Patient) option Self (Consumer)

Needed. Needed. N/A

n be monitored. The first category includes devices that are strictly administered by
ch inwhich the clinician remotelymonitors patients while the device is administered
ministered and not directly monitored by clinicians. The fourth category, wellness,
ers who administer the device on their own. *Per this guidance document, medical
es.
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regulated use to date, three of the product codes (NFO, NUH, and
NGX) cover 98 cleared products indicated as OTC electrical stimu-
lation devices, which can be purchased without a prescription. An
additional five product codes (grey highlights in Table 1; OCF, NYY,
NYZ, NYW, and NYX) have been established by the FDA under Class
II Special Control draft guidance documents specifying limited
output guidelines, but have yet to become legally adopted. The
output parameters of both prescription and OTC electrostimulation
devices span a large parameter space of waveform type, peak cur-
rent output, maximum voltage, maximum average power, and
current density.

There is a diversity of output parameters for prescription and
OTC electrostimulation devices (Table 4) cleared by the FDA. To
highlight this point, we compare two TENS products cleared by the
FDA that are both intended for electrode placement on the head
and face. The first, Cefaly, is a prescription device recently cleared
through a de novo 510(k) process under the newly established
product code PCC, which is a TENS device to be used for the
treatment of migraine. As shown in Fig. 1, the Cefaly device has a
maximum pulsed current output of 16 mA under a 500 U load and
provides a maximum current density of 2.37 mA/cm2 and an
average power density of 0.17 mW/cm2 at 500 U. In contrast, the
Rejuvenique device is an OTC TENS unit indicated for cosmetic
purposes, and cleared under product code NFO. As shown in Fig. 1,
Rejuvenique has a maximum pulsed current output of 37.6 mA
under a 500 U load and provides a maximum current density of
46.4 mA/cm2 and an average power density of 2.31 mW/cm2 at
500 U. These values illustrate an OTC TENS device indicated for
cosmetic use that has a maximum current output that is more than
twice that of a prescription TENS device indicated to relieve pain
associatedwith headache. Further, themaximum current density of
the OTC TENS device is more than 19 times higher than the pre-
scription device. In any case, the FDA clearance is predicated on the
confidence in device safety for these output parameters, which is
buttressed by decades of post-market experience with limited
output tES waveforms.

The electrode current density (i.e. the applied current divide by
the electrode area) typically employed for tES in both research
studies, investigational clinical studies deemed as non-significant
risk by IRBs, and the FDA is � 2 mA/cm2 [44]. Additionally, there
is an inherent biological safety mechanism built into tES devices.
The skin surface is subjected to the highest current densities
(Fig. 2). Skin irritation and, in extreme cases, burns are the first
signs of adverse events. At standard tES doses, the brain is subject
to current densities that are orders of magnitude lower than that of
the skin (Fig. 2). Although, the damage threshold for the brain tis-
sue is different from the scalp [45].

The electric field strength generated by TENS and other elec-
trostimulation devices intended for placement on the head and face
(Fig. 1) provides further indication of safety margins when
compared to the relatively weak electric fields induced by tech-
niques such as tDCS, tPCS, or tACS (Fig. 2). The high current density
in the skin also prompts questions about putative mechanisms of
action. Depending on electrode montages used, it is plausible that
cranial nerves (e.g. CN V, VII, and X) are also activated by traditional
tES methods. For example, tDCS electrodes positioned over the
dorso-lateral prefrontal cortex are situated such that they could
modulate the activity of trigeminal (CN V) nerve branches
extending across the top of the forehead, while electrodes placed
on the back of the head, neck and shoulders likely affect the activity
of cervical spinal nerves (C2-5). At present, it is difficult to know
what extent of effects from tDCS are generated by direct brain
modulation versus modulation of cranial nerve afferents (which
may then incur “bottom-up” effects via subsequent activation of
brainstem and ascending pathways).
Conversely, for technologies intended (e.g. a hypothesis of
mechanism) to modulate the cranial nerves (e.g. Cefaly) or to more
generally apply current to the head (TENS for aesthetic purposes),
weak currents generated within the brain may be comparable to
those generated by tDCS/tPCS/tACS. While discussion of ancillary
targets is beyond the scope of the present paper, from an engi-
neering analysis it is rational to group technologies that apply
comparable currents to the head regardless of intended use e the
name of the device (nominal application) does not change its ef-
fects on the body. Thus, while we recognize that “tES” is typically
used in a general sense to indicate a nominal intention for direct
(sub-cranial) brain activation, evidence for safety of TENS to the
head, including when nominally intended to stimulate cranial
nerve pathways, is relevant, as summarized in the following
section.

A large study was recently conducted to assess the safety of
supraorbital trigeminal nerve stimulation for the treatment of
headache using the Cefaly device at a peak current 16 mA and a
maximum current density of 2.37 mA/cm2 for 40-days (20 min/
day). In a sample size of 2313 subjects, there was a 4.3% incidence
rate of adverse events, the most common of which was skin irri-
tation, and the most severe of which was a skin allergy [46]; most
likely causes of the skin allergy are a result of contact dermatitis
from the acrylates or glycerin used in the conductive adhesive, not
as a result of the device output. Some devices fall into the category
of TENS for cosmetic or aesthetic purposes, which have been
cleared by the FDA through a 510(k) process for OTCmarketing. One
example is the Bio-medical Research (BMR) Face device, which is an
OTC TENS device designed to target the trigeminal nerve and
provide neuromuscular electrical stimulation (NMES) to encourage
facial rejuvenation for aesthetic purposes. A recent study examined
the safety and efficacy of this device at a peak current intensity of
35 mA when used five days per week for 20 min each day for 12
weeks [47]. There were 56 subjects in the active treatment group
and 52 in the sham-control group. There were no significant
adverse events in this study, and the only reported side effects were
minor skin redness following stimulation, which disappeared
within 10e20 min following use [47]. Additionally, there was one
report of a subject who experienced eye fluttering, which was
thought to be a result of stimulation, although this effect abated
after a couple of days. Similar safety profiles have been reported for
devices that stimulate the trigeminal nerve for the treatment of
depression or epilepsy [48e51]. Collectively, these findings further
attest to the safety of electrical stimulation applied to the head and
face, even at peak currents that are substantially higher than what
is typically used for tES.

Another cosmetic device, the Facial Spa marketed by Nu Skin
Enterprises recently received 510(k) clearance for OTC distribution
for stimulation of healthy facial skin. The Facial Spa provides 0.4 mA
of Direct Current stimulation, applied through a hand-held device;
stimulation sessions can be initiated ad libitum. In clinical trials, the
number of sessions is typically limited to one per day (in some cases
increased to two). And, while all electro-stimulation devices
approved by the FDA are limited in session duration (and hence are
also limited in total charge), there is not a standard limitation on
the ability of a user to re-activate the device in order to deliver
protracted stimulation. For repeated use, this industry guidance
proposes an approach that is even more conservative than existing
FDA Limited Output standards and guidelines for currently mar-
keted prescription and OTC devices. Rational risk management
should nonetheless allow a least-burdensomemanufacture of well-
tolerated medical grade tES devices.
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Part 3: voluntary industry Guidance for tES with limited
output

Introduction and scope of part 3

The adoption of voluntary industry standards is driven by an
imperative to insure access to safe, limited output tES. These
standards in no way reduce the need to comply with all relevant
regulations. Notably, if the intended use includes the treatment of a
medical condition, the device manufacturer must comply with
relevant federal regulations (i.e., in the United States with appli-
cable FDA statutes; see above). But industry standards may also
inform design of devices for non-medical use. Based upon (1)
experience with, and evidence gained fromwork with comparable
devices (Part 2), and (2) existing regulations (Part 1), we herein
propose rigorous engineering standards for tES technology with
limited output (Part 3). We assert that voluntary industry adoption
of these standards will improve consumer safety and confidence by
differentiating those devices for which safety is not necessarily
established from those technologies that have been subject to
manufacturers' requirements for best practices for risk manage-
ment and quality systems design.
Diverse applications and possible indications for tES

An important consideration for the regulation of tES devices is
that there are numerous potential indications for use. At present,
tES has been employed in the treatment of stroke [52e56],
depression [57e59], obsessive-compulsive disorder [60], spinal
cord injury [61e64], chronic, neuropathic, and/or acute post-
operative pain [65e70], post-traumatic stress disorder [71], epi-
lepsy [72,73], schizophrenia [74e77], attention-deficit disorders
[78e80], coma [81,82], Parkinson's disease [83e86], and addiction
[87e91]. Although further clinical trials are important to establish
efficacy in many of these applications, the potential benefit (e.g.
relief from pain, restoration of function) andminimal risk of limited
output tES has attracted significant interest from both the medical
community and patients.

With few exceptions, the progression to end-phase clinical trials
for many of the abovementioned indications could take several
years (if not decades), delaying FDA approval processes, and
thereby preventing patient access to on-label tES. The range of
possible indications means that even if FDA approval for one indi-
cation is granted, the use of tES in the treatment of numerous other
disorders may remain unapproved. Moreover, clinical effectiveness
trials typically adopt highly restrictive inclusion/exclusion criterion
(for data integrity and statistical power reasons), meaning if/when
approval is achieved for a given indication, most patients would not
strictly qualify under the label (requiring off-label use by physician
discretion [92]).

Challenges in defining therapeutic potential (and so obtaining
regulatory approval) of tES are also due, at least in part, to the use of
varied types of stimulation (e.g. tDCS, tACS, transcranial random
noise), and electrode montages that are employed in and across
studies. To date, patients and doctors do not have sufficient access
to “off-label” tES devices that enable replication of therapies, such
as tDCS, that are used in clinical trials. This can result in unfortunate
substitutions, and/or modification of devices that may not be
suitable or safe for a given indication. Thus, the uniform adoption of
limited output standards and availability of medical-grade con-
sumer tES devices would: 1) provide that clinicians and patients
have access to tES devices engineered and manufactured in accor-
dance with medical device quality and standards; and 2) support
the development and validation of tES therapy paradigms in a safe
and responsible manner. Any medical claim that is part of the de-
vice labeling by the manufacturer would be subject to proper
validation and certification through the appropriate regulatory
bodies. Further physician oversight and prescription use may be
required as a condition for providing such therapies.

With regard to the potential use of tES in healthy individuals (i.e.
non-medical or “wellness” use), basic research and human trials
have suggested that tES may (positively) modulate working
memory [93e100], enhance memory consolidation [101e105],
suppress fearful memories [101], increase vigilance or sustained
attention [98,106,107], facilitate creative problem solving and
insight [108e111], accelerate language acquisition and enhance its
retention [112e116], improve reading efficiency [117], increase
learning [105,118e121], improve mathematical abilities [122,123],
increase self-awareness during lucid dreaming [124], increase
physical endurance and reduce perceived physical exertion
[125,126], and improve motor skill acquisition [127e131]. The
practical “real world” impact of these results, which are often in-
cremental, reflective of limited stimulation sessions, and deter-
mined under experimental laboratory conditions, remains to be
established. The efficacy of tES for several indications remains
under investigation and is not without debate e importantly tES is
“not one thing” and so debate for any given indication and tech-
nology should not be conflated with a separate application
[132e138]. Yet, the broad and increasing number of these potential
non-medical applications justifies the need for industry guidance
through standards for design and use of limited output tES as
applicable to consumer electrical stimulation devices. Our pro-
posed industry guidance is based on medical-grade (inter)national
standards and limitations on output that are consistent with or
more stringent than those used for currently FDA cleared devices.
Many of the applications for use fall under the category of a lifestyle
product, or of a product intended for general wellness. Just as
consumers may purchase a treadmill, or work out with gym
equipment for diverse reasons (e.g. improve golf swing; keeping up
with grandchildren, etc.), they may make a personal choice
regarding their use of limited output tES, with the intent to improve
various aspects of their quality of life. The standards we propose
here insure that no new risk to the consumer is introduced, by
establishing that devices marketed to promote a healthy lifestyle
(viz.- general wellness products) are developed with appropriate
medical-grade practices and output controls. Through compliance
with these standards, including indicated restrictions on claims, we
believe that such devices can be confidently assessed as low-risk, as
consistent with the FDA guidance policy for general wellness de-
vices (version issued July 29, 2016).

The preponderance of evidence supports that limited output tES
is a well-tolerated method of achieving noninvasive neuro-
modulation when well-established protocols (e.g. output control,
and appropriate placement of properly designed electrodes) are
followed [40,139]. In the following section, we propose a guidance
framework for limited output tES manufacturers, which parallels
draft guidance for other medical-grade electrical stimulation de-
vices (such as TENS for aesthetic purposes, OTC TENS for the
treatment of pain, and PMS for muscle conditioning), but with
additional caveats for use. Our emphasis is on defining engineering
principles of limited output tES devices, and explaining how
existing regulations apply to their design and distribution. By
focusing on biomedical engineering analysis as applied to extant
regulation(s) of limited output tES devices, we seek to avoid more
diffuse ethical debates about the impact of these devices on med-
icine and society.



M. Bikson et al. / Brain Stimulation 11 (2018) 134e157146
FDA guidance on limited output specifications

As previously stated, the 1976 Medical Device Amendment
afforded the FDA authority to establish General and Special Con-
trols for regulating devices. The FDA established draft guidance
documents specifying Class II Special Controls and Limited Output
guidelines for certain types of OTC TENS and PMS devices, after
nearly 40 years of well-tolerated use of such devices [38,39]. TENS
devices for the treatment of pain, and for aesthetic purposes, and
PMS devices for muscle stimulation can be purchased OTC, but at
present these devices must still obtain premarket notification
clearance through a 510(k) process. If and when these draft docu-
ments are put into effect and incorporated to the FDA regulatory
practices, such devices will no longer be required to gain premarket
notification clearance through a 510(k) process. They will, however,
continue to be subject to both General and Special Controls, and
must adhere to international safety guidelines such as IEC-60601.
According to the FDA Draft Guidance documents [38,39] Limited
Output specifications are met when: the device utilizes a stimulus
generator that delivers, into a resistive load the worst case of either
500 U or the typical load expected during normal conditions of use,
the following:

(i) A maximum charge per phase that does not exceed Q, where
Q ¼ 20 þ (28)(t) mC (and where t is the phase duration
expressed in ms and measured at 50% of the phase
amplitude);

(ii) A maximum average current that does not exceed 10 mA
(average absolute value);

(iii) Amaximumprimary (depolarizing) phase duration that does
not exceed 500 ms;;

(iv) An average DC current that does not exceed 100 mAwhen no
pulses are being applied, or if the device fails;

(v) A maximum current density that does not exceed a root
mean square (RMS) value of 2 mA/cm2 of electrode
conductive surface area; and

(vi) A maximum average power density that does not exceed
0.25 W/cm2 of electrode conductive surface area.

In order to assure device safety, the FDA has recommended
additional guidelines; these include the following.

� The output of the stimulus generator should be controlled by
appropriatelymarked knobs, dials, switches, indicators, etc., and
these controls should modulate output intensity in a smooth,
incremental, and predictable manner.

� The stimulus generator should not become unsafe if the output
is switched onwith open-circuited or short-circuited electrodes.

� Battery supply voltage fluctuations of ±10% should not affect the
stimulus generator output amplitude, pulse duration, or pulse
repetition frequency (rate) by more than ±10%.

� The stimulus generator should be limited to use with a battery
power source, should be isolated from earth ground, and should
not be capable of use with an AC power source or use while
connected to a battery charger.

� All skin-contacting materials should be biocompatible for their
intended use. To determine the applicable device category and
tests, it is recommended to consult ANSI/AAMI/ISO
10993e1:2003, “Biological evaluation of medical devices – Part 1:
Evaluation and testing.” This FDA-recognized standard recom-
mends evaluation and testing of medical devices based upon the
duration and type of contact. For cutaneous electrodes with a
limited contact duration (e.g., less than 24 h), the FDA recom-
mends the following tests to establish material safety: dermal
irritation, sensitization, and cytotoxicity.
These documents support the safe use of several products that
use electrodes placed upon the head and face for a variety of
differing intentions and purposes (e.g. TENS devices for cosmetic or
aesthetic purposes). We posit that these draft Special Controls
establishing limited output guidelines are an appropriate frame-
work for regulating tES devices for lifestyle and general wellness
use, and can also inform the regulation of prescription or OTC use
tES devices to treat certain neuropsychiatric conditions.

An approach to establishing Special Controls and Limited Output
Guidelines for tES devices

As discussed above, and elsewhere in the literature [40,140,141],
tES has a substantive history of safe use when quality devices are
aptly used in accordance with established protocols. Hence, both
device design (e.g. waveform output, electrodes) and usability (e.g.
headgear, accessory preparation) are important considerations for
regulation. Based on extant FDA regulations and historical pre-
cedent(s), limited output tES intended for medical therapy would
mostly likely be classified as a Class II device, and subjected to
different clearance pathways dependent upon intended use. A
necessary distinction must be made for tES products that are
marketed for intended use in diagnosing or treating a medical
condition or disease. Such devices would require instructions and
close monitoring by a physician. Therefore, any tES device mar-
keted by a manufacturer to treat a medical condition (e.g. depres-
sion, anxiety) would only be cleared for prescription use, unless
explicitly exempted for OTC. Prior to clearance for marketing, de-
vices intended formedical or diagnostic applicationsmust meet the
burden of proof to demonstrate efficacy through appropriate clin-
ical trials.

On the other hand, DTC provision would be appropriate for
limited output tES devices that are marketed to optimize certain
cognitive abilities or to achieve certain wellness goals, such as
stress reduction, and which are not intended for treatment of a
medical condition. Restriction of output parameters as described
herein (which are in accordance with the aforementioned Class II
Special Controls) would provide adequate safety assurances.
Additionally, marketing strategies and claims made by tES manu-
factures of consumer-directed devices would be subject to United
States FTC regulation (and/or procedures of regulatory bodies in
other countries; see above).

Provided devices meet the criteria for limited output tES,
existing standards would provide guidelines for device design and
dissemination, as reflective of a history of safe use of similarly
regulated low-intensity electrical stimulation devices. Importantly,
recognition of existing laws illustrates the distinction between
medical-grade technology and so-called do-it-yourself (“DIY”)
brain stimulation devices. There is an active community of so-
called “bio-hackers” and DIY enthusiasts that are devoted to “at-
home” construction of tES devices, sharing open source plans for
building tES devices. The ad hoc nature of the design (e.g. not
following an exhaustive risk management protocol), manufacture
(e.g. incomplete controls and documentation), usability (e.g. prone
to misuse), testing (e.g. strict quality systems), marketing/distri-
bution (including labeling), and monitoring (e.g. established pro-
tocols for documenting and responding to user reports) of DIY
devices position them outside of the limited output tES guidelines
and standards. Our guidance does not advocate restricting access,
but rather providing consumers access to specifically defined and
controlled quality devices.

We believe that regulated, available paths for the responsible
commercialization of limited output tES devices make controlled
products available to healthy users, and additionally can prevent
injuries that may be incurred through the use of adulterated tES
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products by the DIY community. It is important to emphasize that
companies commercializing limited output tES devices, regardless
of intended use, should adhere to Good Manufacturing Practices
and any/all applicable international and regional standards. This
industry guidance provides a framework for such compliance.

Treatment by a physician or therapist is also regulated by strict
federal and state medical standards, and there is an ethical and
legal imperative e and obligation e for health care providers to be
well informed by current evidence demonstrating safety and
effectiveness of therapeutic approaches employed, inclusive of
neurotechnologies such as tES [92,142,143]. For limited output tES
devices, we consider these standards to be necessary and sufficient
for patient protection. Continued supervision by a physician allows
for control of dose, monitoring of progress, and reporting of any
adverse events. Indeed, off-label use of drugs is ubiquitous, and
when done correctly serves humanitarian and ethical goals of
medicine as a practice. Undue regulation that prevents a physician
from prescribing a therapy he or she considers to be of genuine and
evidence-based benefit in treating a particular patient violates the
probity of medicine, and undermines the value of regulatory action
to insure sound care [144]. Moreover, failure to make available
certified tES devices to physicians/patients can also promote the
use of untested and unsafe devices.

As appropriate, physicians and therapists may direct patients
toward: 1) Direct-to-Consumer limited output tES devices which
are otherwise available to healthy individuals and/or 2) Prescrip-
tion/OTC tES devices marketed for the given indication or for off-
label use. Prescription devices may not necessarily need to be
held to restrictive limited outputs, but can be as governed by this
guidance. As emphasized above, all tES devices, including those
with limited output, are under the jurisdiction of FDA or other in-
ternational regulatory agencies and consequently may be consid-
ered medical devices, and are therefore subject to extensive design
and production standards. Thus, it will be increasingly important to
define which tES devices are limited output and compliance
controlled.

Voluntary industry standard for compliance controlled limited
output tES devices

In this section, we specify performance characteristics and
guidelines that have been adopted from the Class II Special Control
Guidance Documents previously referenced. These guidelines are
intended for limited output tES methods including pulsed wave-
forms, alternating currents, direct currents, and modified direct
currents. While these standards apply regardless of device indica-
tion (including for consumer products) they are uniformly consid-
ered to be “medical grade” as based on, and in many cases
exceeding FDA guidance.

Risk management process
We recommend that manufacturers develop a robust risk

management process that is based on relevant basic components of
ISO 14971 for identifying and reducing risk to acceptable levels,
including design, testing, and compliance activities. In particular,
the process should include well-documented testing of any device
features identified as risk mitigators, and continued analysis of
production and post-production data to ensure low risk through
the entire device life cycle. Principles from FDA QSR (21 CFR 820)
and/or ISO 13485, the quality systems regulations, should be
applied as necessary to ensure integrity of risk management in
design, testing, production, and monitoring. Senior management as
well as engineering and clinical personnel should be involved in
this risk management process, so as to ensure that all reasonable
risks are considered. The manufacturer's risk analysis should
include human factors analysis based on the intended and likely
user population(s).

In cases where the manufacturer posits that one or more of the
performance and safety recommendations (below) is/are inappli-
cable, any such exclusion should be justified by complete address
and elucidation through the risk management process (e.g. as
provided for by ISO 14971).

Quality systems and design controls
We recommend that manufacturers implement, document, and

follow a disciplined design process based on 21 CFR 820.30 (“design
controls”) or its equivalent in ISO 13485 (section 7, “product reali-
zation”). These practices include advance planning of how a prod-
uct will be developed; collection of product requirements;
documentation of design outputs; review of product design; testing
(verification) to ensure the product meets requirements; validation
to ensure the product meets user needs; rigorous transfer to pro-
duction; careful review, tracking, and testing of design changes;
and thorough documentation. These principles are essential to the
integrity of the risk management process, as well as to ensuring
that finished products are both safe and effective.

Performance characteristics
Output waveforms. For each output mode defined in Section C,
below, we recommend that manufacturers maintain records, such
as oscilloscope tracings, time-series data, or accurate diagrams, to
describe the device's electrical output waveform, and to clearly
illustrate both individual pulse and pulse-burst characteristics.
These tracings should use time and voltage scales that are sufficient
to graphically represent the amplitude (i.e., voltage) and temporal
characteristics of both individual pulses and pulse-burst duration.
Where useful, separate oscilloscope tracings using different time
scales should be maintained. For example, the graphical repre-
sentation of a repeating burst of pulses may consist of one tracing
with a shorter time scale and a second tracing with a long (er) time
scale that depicts burst characteristics. Documentation should
include three tracings to describe the individual pulse output
waveform under loads of 500, 2 k, and 10 k ohms, and one tracing to
illustrate a series of pulses (i.e., pulse burst or pulse train) under a
load of 500 U. Each tracing should include the following:

� The name of the output mode
� Clearly labeled amplitude and time traces, with appropriate
scales (i.e., volts per division and time per division)

� Identification of the amplitude baseline
� A list of all output parameter settings, e.g., amplitude, pulse
duration, frequency

� A load resistance, in ohms
Basic unit characteristics. We recommend that manufacturers
maintain records describing a device's basic unit characteristics.
The parameters listed in this section are assumed to be indepen-
dent of the selected output mode. If this is not the case, or if any of
the listed parameters are not applicable to the manufactured de-
vice, we recommend that an explanation of such variation be
included; a tabular format would be desirable, as shown in Table 3.

Output specifications. For the purpose of this document, an output
mode is defined as a version of a waveform produced by the unit.
For example, we consider biphasic symmetrical, biphasic asym-
metrical, and monophasic to be separate output modes. We also
consider each unique pre-set combination of stimulation parame-
ters (sometimes referred to as a “program”) to constitute a distinct
output mode. For example, if a device offers the user the ability to



Table 3
Sample of data to detail device information and specification.

Table 4
Sample of device output performance characteristics to document.
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choose between “Program 1,” consisting of amonophasic waveform
with a specific range of output voltages, pulse durations, fre-
quencies, etc.; “Program 2,” consisting of a monophasic waveform
with a different range of output voltages, pulse durations, fre-
quencies, etc.; and “Program 3,” consisting of a biphasic waveform,
this device would be considered to have three output modes. De-
vices sometimes have unique indications for use/intended uses
associated with each output mode. We recommend that the
following information (Sections D and E) be separately documented
for each output mode. We also recommend that any parameters
that are not applicable to the specific device be identified. Here too,
a tabular format, in which each output mode is separately pre-
sented, would be desirable; as shown in Table 4.
Device safety. We recommend that limited output tES should
meet all applicable general device controls (including relevant
medical IEC statutes), as well as the following special controls:

(i) A maximum charge per phase that does not exceed Q, where
Q ¼ 20 þ (28)(t) mC (and where t is the phase duration
expressed in ms and measured at 50% of the phase
amplitude);

(ii) A maximum average current that does not exceed 10 mA;
(iii) A maximum primary (depolarizing) phase duration that

does not exceed 500 ms except as specified in vii;
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(iv) An average DC current that does not exceed 100 mAwhen no
pulses are being applied, except as specified in vii, and does
not exceed 100 mA when the device is inactive or when the
device fails;

(v) A maximum current density that does not exceed an RMS of
2 mA/cm2 of electrode conductive surface area; and

(vi) A maximum average power density that does not exceed
0.25 W/cm2 of electrode conductive surface area;

(vii) For devices using direct current or continuous sustained
current passage greater than 1 s, or square wave, or rectified
or bias sinusoidal, or pulses with >25% duty cycle including
all phases, if the maximum average current does not exceed
4 mA (average absolute value) then criteria (i), (iii), and (iv)
are waived;

(viii) A maximum peak output current that does not exceed 30
ma;

(ix) A maximum current density that does not exceed 2 mA/cm2

of electrolyte-skin contact area;
(x) A maximum time per session that does not exceed 60 min;
(xi) A maximum total charge per session that does not exceed

6000 mC
(xii) Electrode labeling: conditions for disposal or re-use

specified.
(xiii) Skin tolerability testing conducted under electrode labeling

conditions xiii;
(xiv) Electrode testing consistent with draft guidance document

Class II Special Controls Guidance Document: Cutaneous
Electrode [145] or sufficient component-material docu-
mentation or usability testing;

(xv) Electrolyte testing consistent with draft guidance document
Class II Special Controls Guidance Document: Electro-
conductive Media [146] or sufficient component-material
documentation or usability testing;

(xvi) Battery supply is exclusively used during stimulation.
Should batteries be re-charged within the device, the device
cannot stimulate during connection with an AC source
(charging). During connection to an AC source, patient
leakage current, including at the device outputs, should be
at an acceptable level. In such cases, measurements of pa-
tient leakage current under both normal and single fault
conditions should be recorded based on the FDA-recognized
standard, IEC 60601e1, “Medical Electrical Equipment e Part
1: General Requirements for Safety” or an equivalent method
to show that the measured levels of patient leakage current
are acceptable;

(xvii) Any electronic equipment physically connected to the de-
vice, for example for the purpose of data collection or trig-
gering, is considered part of the device for the purpose of
these special controls;

(xviii) At least one electrode must be positioned on the head; if one
or more electrodes are positioned below the neck, a risk
analysis is required and waveform limits (i to xii above)
should be further limited if necessary as determined by the
outcome of this analysis.

In order to assure device safety, these additional recommen-
dations (which are adapted from FDA guidance on transcutaneous
electrical stimulators with limited output for aesthetic purposes)
are also advocated.

� If the output of the stimulus generator should be controlled by
appropriately marked knobs, dials, switches, indicators, etc.,
then these controls should modulate output in a predictable
manner.
� The stimulus generator should not become unsafe if the output
is switched on with open-circuit or short-circuit electrodes.

� Battery supply voltage fluctuations of ±5% should not affect the
stimulus generator output amplitude, pulse duration, or pulse
repetition frequency (rate) by more than ±5%.

� The stimulus generator should be limited to use with a battery
power source, should be isolated from earth ground, and should
not be capable of use with an AC power source or use while
connected to a battery charger.

� All skin-contacting materials should be biocompatible for their
intended use. To determine the applicable device category and
tests, you should consult ANSI/AAMI/ISO 10993e1:2003, “Bio-
logical evaluation of medical devices e Part 1: Evaluation and
testing.” This FDA-recognized standard recommends evaluation
and testing of medical devices based upon the duration and type
of contact. Based on intended use and risk management, for
cutaneous electrodes with limited contact duration (e.g., less
than 24 h), the following tests may to use to establish material
safety: dermal irritation, sensitization, and cytotoxicity or
appropriate usability testing.

These safety recommendations supplement the safety infor-
mation communicated by labeling, as described below.

Device effectiveness. If claims of effectiveness are made, in order to
provide reasonable assurance of device effectiveness, evidence that
is sufficient to demonstrate that the device is as effective as other
legally marketed devices for its described intended uses, in-
dications for use, and marketing claims should be maintained. This
should include data and analysis that correlate the intended use
and the device output parameters with objective outcome mea-
sures (i.e. physiologic changes) and/or subject outcome measures
(e.g. self-reported) that are appropriate to support the intended
uses, indications, and claims.

Accessories. For each device accessory, manufacturer should
maintain records that list and describe all relevant technological
characteristics. For any accessory that has received prior marketing
clearance, we recommend that the name of themanufacturer of the
accessory and, if applicable, the 510(k) number be identified. We
also advocate that the recommendations described for accessories,
as presented below, should also be followed:

Electrodes. Cutaneous electrodes used with transcutaneous
stimulation devices with limited output are regulated as Class II
devices under 21 CFR 882.1320. The FDA has proposed to designate
Special Controls and exempt these cutaneous electrodes from
premarket notification requirements under section 510(k) of the act
in the proposed rule issued with draft guidance of limited output
devices. In addition, the draft guidance entitled Class II Special
Controls Guidance Document: Cutaneous Electrode [145] defines
the specific recommendations for this accessory. The guidance
document recommended (specified) the materials, construction,
type, and size of the electrodes. For assurance of device perfor-
mance, the following parameters should be evaluated and docu-
mented: electrodes' biocompatibility, electrical performance,
adhesive performance, stability, and, if applicable, suitability for
reuse. Lot information and date of manufacture (DOM) should be
clearly labeled to track potential lot issues.

Electrode conductive medium (gel). Electroconductive media
used in transcranial electrical stimulators with limited output are
regulated as Class II devices under 21 CFR 882.1275. The FDA has
proposed to designate Special Controls and exempt these electro-
conductive media from premarket notification requirements under
section 510(k) of the act in the proposed rule issued with draft
guidance of limited output devices. In addition, the draft guidance
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entitled Class II Special Controls Guidance Document: Electro-
conductive Media [146] defines the specific recommendations for
this accessory. For assurance of device performance, we recom-
mend that parameters of the electroconductive medium's
biocompatibility, electrical performance, and stability should all be
evaluated (either directly or by appropriate component-material
documentation or usability testing) and documented in device
records.

Electrode connections. We recommend that the length(s), con-
struction, materials, and connections between the stimulator de-
vice and the electrodes be described and documented. If used,
electrode lead wires and patient cables intended for use with a
medical device are subject to the mandatory performance standard
set forth in 21 CFR Part 898, as well as clause 8.5.2.3 of IEC-
60601e1:2005. We note that an increasing number of tES devices
may be constructed without conventional lead wires and/or cables;
for instance, wearable headsets having snap-in electrodes, which
are not specifically covered by the existing standards such as 21 CFR
Part 898. In such designs, a risk management process shall be
conducted and documented to assess and, if necessary, mitigate any
risk associated with the electrode connection.

Batteries. The number, size, and type of batteries used with the
device, as well as any special cases such as replacing or recharging
batteries should be identified.

Battery charger. If the device is intended for use with internal
rechargeable batteries, we recommend that an appropriate method
of current isolation be identified, and that IEC 60601-1, “Medical
Electrical Equipment e Part I: General Requirements for Safety” be
followed in order to demonstrate that the levels of patient leakage
current, measured under both normal and single fault conditions,
are acceptable.

Software/firmware/microprocessor control. For tES devices with
limited output that is controlled by software (or firmware, or a
microprocessor), we recommend that the appropriate information,
based on the level of concern and recommendations described in
the guidance documents entitled, Guidance for the Content of
Premarket Submissions for Software Contained in Medical Devices
[147], General Principles of Software Validation; Final Guidance for
Industry and FDA Staff [148] and Medical Mobile Applications Guid-
ance for Industry and Food and Drug Administration Staff [149] be
documented in the design history file and device master records.

Electromagnetic compatibility (EMC). If performance characteristics
related to EMC are described in labeling, we recommend that the
valid scientific evidence that supports these performance charac-
teristics, as well as any documentation of adherence to any inter-
national standards (for instance IEC 60601-1-2: Medical Electrical
Equipment- Part 1e2: General Requirements for Basic Safety and
Essential Performance- Collateral Standard: Electromagnetic
Compatibility-Requirements and Tests) be maintained in device
records.

Usability study. The manufacturer or company must conduct
appropriate usability studies (including as relevant, focus group
studies or compliance trials) such as those described in the guid-
ance document entitled Applying Human Factors and Usability En-
gineering to Medical Devices [150]. Usability studies are designed to
address:

� Whether operators can identify if they are appropriate candi-
dates for use of the devices; and

� Whether users can operate the device in a safe and effective
manner based on their reading and following the directions for
use contained in the device labeling (e.g., applying electrodes
properly, choosing appropriate output modes, adjusting stimu-
lation parameters properly).

Manufacturers should document these usability studies,
including:

� A description of the usability study protocol;
� A discussion of the usability study results and conclusions to
support safe and effective use of the device, as labeled, in the
intended population;

� A discussion of any device features or labeling statements spe-
cifically developed to address the usability study results;

� A discussion of and justification for any differences between the
device used in the usability study and the final marketing
version of the device; and

� A discussion of and justification for any differences between the
labeling (including directions for use) used in the usability study
and the final labeling included with the final marketing version
of the device.

We recommend adherence to relevant standards, for instance
IEC 60601-1-6:Medical Electrical Equipment-Part 1e6: General Re-
quirements for Basic Safety AndEssential Performance-Collateral
standard: Usability and IEC 62366: Medical Devices-Application of
Usability Engineering to Medical Devices.

Labeling. The following suggestions are provided to assist in
preparation of labeling in supplement to applicable requirements
for General Device Labeling- 21 CFR Part 801.

Device user manual
A user manual must be provided with the device. The manual

should include clear and complete descriptions of:

� The device and all accessories
� How the device interconnects with other components or
accessories

� All features, functions, output modalities, and specifications
� All user-accessible controls
� Indicators, markings, and labels on the device, which provide
information about the function or meaning of each control,
display, output jack, etc.

� The size and type of electrodes used with the devices, including
whether electrodes are interchangeable, single-use, multi-use
or replaceable.

The user manual should also contain the following:

� A list of all available output modes or programs and a summary
of the specific indications for use associated with each mode or
program;

� Illustrations of the device and accessories;
� Instructions for storage, cleaning, andmaintenance of the device
and accessories as applicable.

For a medical indication, the device labeling must include
adequate directions for use in accordance with all applicable stat-
utes in 21 CFR 801.5. Under this rule, labeling (e.g., package insert)
must describe the intended use of the device, and include a listing
of indications, contraindications, warnings, precautions, and
adverse reactions, relevant to the device (21 CFR 801.5(a)). This
information must be prominently placed on the labeling of both
prescription and OTC devices (21 CFR 801.15, 801.61). For non-
medical indications, labeling should include consideration of fair
marketing and risk management.
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The additional labeling recommendations as described below
are not intended to represent all possible limitations or strict in-
structions for tES devices with limited output. Therefore, when
developing adequate directions for use, it may be necessary to
include additional limitations (e.g., contraindications, warnings,
precautions, adverse reactions), and other instructions that are
appropriate for the device, depending both upon on its specific
design, features, and performance characteristics, and the results
and conclusions drawn from usability studies.
Intended use for OTC/non-medical applications

For prescription or OTC medical use, labeling is regulated per
relevant FDA classification of the device. Non-medical tES devices
with limited output characteristics are intended for OTC neuro-
modulation for lifestyle or wellness applications. Any further
marketing claims relating to optimizing users' cognitive abilities or
to achieving certain wellness goals should be validated through
appropriate studies, and supported by evidence from human trials.
Some devices may contain multiple operating modes, with each
mode having a unique indication for use. In this case, the device
master record and labeling should specify the particular indication
for use that corresponds to each mode of operation.

Our proposal is aligned with the FDA “General Wellness”: Policy
for Low Risk Devices Guidance (July 29, 2016), wherein a general
wellness device is defined as having “… (1) an intended use that
relates to maintaining or encouraging a general state of health or a
healthy activity, or (2) an intended use that relates the role of
healthy lifestyle with helping to reduce the risk or impact of certain
chronic diseases or conditions and where it is well understood and
accepted that healthy lifestyle choices may play an important role
in health outcomes for the disease or condition.” This reinforces
that device regulation by the FDA is predicated on intended use (as
indicated by the label; see also: Part 1: Regulatory definitions and
standards; of the present document.)

Moreover, the FDA General Wellness guidance notes “… [Center
for Devices and Radiological Health] CDRH's general wellness pol-
icy applies only to general wellness products that are low risk” and
indicates that “in assessing whether a product is low risk …

consider whether CDRH actively regulates products of the same
type as the product in question” (NB: see also Part 1 Engineering
analysis of electrostimulation output parameters and the perfor-
mance standards outlined to manage risk).

If and only if references to a specific condition or disease are not
made, the FDA General Wellness guidance further defines general
wellness claims to include:

� “Claims to promote relaxation or manage stress;
� Claims to increase, improve, or enhance the flow of qi “energy”;
� Claims to improve mental acuity, instruction following, con-
centration, problem solving, multitasking, resource manage-
ment, decision-making, logic, pattern recognition or eye-hand
coordination;

� Claims to enhance learning capacity;
� Claims to promote physical fitness … develop or improve
endurance, strength or coordination, or improve energy;

� Claims to promote sleep management;
� Claims to promote self-esteem, such as to boost self-esteem;
� Claims that address a specific body structure or function, such as
to increase or improvemuscle size or body tone, tone or firm the
body or muscle, or enhance or improve sexual performance;

� Claims to improve general mobility or to assist individuals who
are mobility impaired in a recreational activity (e.g., sport
wheelchairs, beach access wheelchairs)”
The labeling must avoid the use of text, pictures, and/or figu-
rative signs that may mislead the user or the patient with regard to
the device's intended purpose and performance by:

(a) Ascribing functions and properties to the product which the
product does not have;

(b) Creating a false impression regarding medical treatment or
diagnosis, functions or properties which the product does
not have e and for OTC consumer devices, avoiding any
impression the device is intended to treat or diagnose a
disease;

(c) Suggesting uses of the product other than those declared in
the intended purpose when the risk management was
executed.
Warnings

We recommend that the user manual provide the following
caveats:

� If you are under the active care of a physician, consult with your
physician before using this device;

� Do not use without consulting your physician if you have a
history of seizures;

� Do not use if you have a pre-existing neurological or neuro-
psychiatric condition, without consulting your physician;

� Do not use without consulting with your physician if you have
an active implantedmedical device, such as a cardiac pacemaker
or neurostimulation device, such as a spinal cord stimulator,
vagal nerve stimulator, auricular stimulator, or deep-brain
stimulating electrodes;

� Apply stimulation electrodes to locations only as directed, avoid
applying stimulation across the chest;

� Apply stimulation only to normal, intact, clean, healthy skin;
� Do not apply stimulation over open wounds or rashes, or
swollen, red, irritated, infected, or inflamed areas or skin
eruptions;

� Do not use when in the bath or shower;
� Do not apply stimulationwhile driving, operating machinery, or
during any activity inwhich you are otherwise at significant risk
of injury.

� At home, unsupervised use in children is not recommended.
� Do not use this device while intoxicated or incapacitated.
� If you are pregnant or may be pregnant, you should follow
precautions recommended by your physician.

� If you have a defect in your neurocranium, have an implant in-
side your skull, cochlear implant, or implanted hearing aid
consult your physician prior to using this device.

� As relevant, follow any instructions on the preparation of the
skin include concerns about hair products, make up, and other
topical skin products.
Precaution

We recommend that the user manual also should afford the
following precautions:

� Unless directed by a physician, do not use the device on children.
� The safety of electrical stimulation during pregnancy has not
been established;

� Youmay experience skin irritation or hypersensitivity due to the
electrical stimulation or electrical conductive medium (gel);
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� If you have suspected or diagnosed heart disease, you should
follow precautions recommended by your physician; and

� If you have suspected or diagnosed epilepsy, you should follow
precautions recommended by your physician.

� Consult with your physician prior to using the device after a
recent surgical procedure;

� Consult with your physician prior to using the device if you have
a cardiac pacemaker, implanted defibrillator, or other implanted
metallic or electronic device;

� Use caution if stimulation is applied over areas of skin that lack
normal sensations.

� Keep this device out of the reach of children; and
� Use this device only with the leads, electrodes, and accessories
recommended by the manufacturer.
Adverse reactions

We recommend that the user manual include information about
known adverse reactions, for example:

� Some skin redness under the electrode or near the electrode
sites is due to increased local blood flow and is normal and
should subside within approximately an hour of end of use;

� Do not apply electrodes over broken or damaged skin. Variation
of impedance due to such skin damage may undesirably focus
current and create further irritation and/or skin damage.

� You may experience skin irritation beneath the stimulation
electrodes applied to your skin, do not apply stimulation over
irritated skin;

� You should stop using the device and should consult with your
physicians if you experience adverse reactions from the device.

� Some subjects may experience mild tingling, itching, or burning
sensations under or near the electrode region. If these sensa-
tions become severe or uncomfortable, please discontinue.

Public health relevance and summary

Over the past several years, there has been ongoing discourse, if
not debate, about the ethical probity of both medical and non-
medical use of tES. On one hand, discussion centers on the val-
idity of results achieved inwell-conducted studies, and the value of
tES in treating certain neuro-psychiatric conditions, and even
facilitating particular aspects of cognitive and motor performance.
At the core of such discussion is the presumption that failure to
continue such research and translate viable outcomes to protocols
for clinical practice represents relative harms of omission. On the
other hand are conversations about lack of complete understanding
of mechanisms, variability in outcomes as a consequence of
differing device outputs, electrode placements, and individual and
environmental circumstances and contexts. Here issues center
upon potential harms of commission. We acknowledge and respect
these concerns, and assert that any ethical addressmust beginwith,
be based upon, and proceed from facts. Like any intervention, tES
will vary in effect and effectiveness, based upon a host of factors,
inclusive of technical capabilities of the device employed, param-
eters of current delivered, electrode montage, and contexts of brain
state and environments of use. The goal is to optimize technical
factors so as to maximize benefits in defined domains of applica-
tions in practice.

To be sure, there is a public health mandate and ethical obli-
gation to study, develop and deploy technologies and techniques
that can lessen the burden of disease, injury and illness. Yet, there is
an equal ethical obligation to establish how such approaches can
and should be used, so as to insure safety and effectiveness in each
domain of use. The framework that we have developed and pre-
sented here seeks to achieve these goals. Within the confines of
clinical practice, responsibility for the safe and effective use of tES
rests upon the clinician. However, tES is increasingly employed
outside the clinical encounter, for use in occupational settings and
for goals of personal wellness (and/or performance enablement).
Guidelines and regulations should be aimed at maximizing bene-
fits, and reducing identified theoretical risks from tES, irrespective
of settings of application and/or use.

This is important in that such guidelines can exert three-fold
influence. First, they provide a framework for use in clinical prac-
tice, affording clinicians defined parameters for how such devices
can and should be operated. Second these guidelines define bases
and limitations for occupational and (at home) consumer use.
Third, such guidelines undergird device manufacturers' re-
sponsibility to develop and produce technologies that are effective
and safe, when operated in accordance with specified settings and
directions for use. In the first case, these afford security for clini-
cians to administer tES with confidence in the specifications and
capabilities of the devices used. In the second, guidelines enable
manufacturers to inform consumers (e.g. precautions via labeling
and manuals) on correct use, and thereby promote consumer
protection. And in the last case, these guidelines afford manufac-
turers clear and uniform standards for design, risk management,
and labeling.

We summarized how off-label and investigational use of elec-
trotherapy devices has been safely implemented for neuro-
modulation in numerous research studies and clinical trials of tES.
Such trials have shown tES (including tDCS, tACS, and tPCS) to be
safe and well tolerated when medical-grade devices are used and
strict protocols for application are followed [40]. Consumers have
safely used OTC electrical stimulation devices for various in-
dications for more than four decades. For example, many cosmetic
TENS devices that are indicated for placement on the head and are
marketed and sold for OTC use, have output specifications
exceeding limited output tES. We have explained medical device
regulations as applicable to limited output tES devices. Based on
existing (inter)national standards, decades of experience with
comparable devices, and biomedical engineering analysis, we are
confident that LOTES17 guidelines will ensure the well-controlled
manufacture and responsible distribution of OTC tES devices.
Identification of devices compliant with this guidance will support
informed decisions by the public. Thus, we posit that adoption of
the industry guidelines defined in this report will, alongside rele-
vant medical and government activities, ensure that OTC limited
output tES devices safely provide a net benefit to the public.
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