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1. Introduction

Non-Invasive Brain Stimulation (NIBS) is a general name for research techniques in which magnetic or electric stimulation is applied to the external surface of research participants’ heads. NIBS techniques include Transcranial magnetic stimulation (TMS) and Transcranial Current Stimulation (TCS). Both TMS and TCS are valuable research techniques that provide insights into the functional organization of the living brain. They are currently in use by many research groups around the world.

These guidelines are intended for use by research groups working within the School of Psychology, Philosophy and Language Sciences (PPLS) at the University of Edinburgh. They cover research done in the Brain Stimulation Lab in 7 George Square and any future extensions where brain stimulation equipment may be installed in other PPLS labs. The guidelines specify the procedures and study attributes required for approval of new NIBS studies by the Psychology Research Ethics Committee (PREC).

Certain adverse effects of NIBS have been reported in the past, mostly before appropriate guidelines for safety and minimising discomfort were defined. Such guidelines are now available for both TMS and TCS (see most recent guidelines for in references [1] & [2], respectively), and strict adherence to these guidelines minimises both the potential for adverse effects and participant discomfort. The relevant guidelines for use, potential for adverse effects and appropriate management procedures should such effects occur are described in detail below.


2. Participant recruitment and participant-type study categories

Brain stimulation studies will fall into one of the three participant-type study categories described below. The category determines the procedure for approving candidates for participation in the study. Therefore, all applications for ethics approval must state explicitly which of these categories the proposed study belongs to, and follow the appropriate procedure, detailed below, for recruitment (checklist item #1 for both TMS and TCS).


2.1 Participant-type study categories:

A) Healthy adult participants.  For studies requiring healthy participants aged 18-60, recruitment will initially follow the usual procedures employed at the University of Edinburgh: Candidates for participation will be recruited from the general public and Edinburgh student population, by advertising and word-of-mouth. For each study, a recruitment poster (see example template in Appendix I) will be hung on university noticeboards that are used for this purpose; the same information will also be posted on the university’s online subject pool webpage. A recruitment email (see example template in Appendix II) will be sent to interested candidates who contact the researchers to enquire about participating. The email will include basic screening criteria, a brief overview of the sessions required for the study and details of payment for participation.

In addition to the above, the Brain Stimulation Study Suitability Questionnaire (BSSSQ; Appendix V) will be used upon recruiting a participant to the study and prior to each stimulation session, to ensure that brain stimulation can safely be administered. See guidelines for use of this questionnaire in Section 3 below. These guidelines are based on those that are in use at other universities where brain stimulation studies are run. The candidate will also be given an Information Sheet and Consent Form to study and complete (see example template for TMS in Appendix III, and example template for TCS in Appendix IV). Participants who meet the criteria set by the BSSSQ, in addition to any specific criteria of the study (such as normal or corrected-to-normal vision), will be approved for participation. 

B) Non-patient special populations. Some brain stimulation studies require participants who are not patients, but do fall into a special group. Such special groups include (but are not limited to) people with severe visual, hearing or other perceptual deficits; people above the age of 60 or below the age of 18; amputees; and people with Autism Spectrum Disorder. 

For studies requiring the recruitment of non-patient special populations, a medical doctor who is knowledgeable about brain stimulation will be consulted while the study is being designed; this consultation may result in a list of additional criteria that will be applied to recruitment in addition to those specified for Category A above. The ethics application must detail whether the consulting physician has decided on such criteria, and if so, what these criteria are (Checklist item #1a). Once the ethics committee approves the study, participants meeting all the requirements defined in the application will be approved for participation.

C) Patient populations. Candidates for studies that investigate patients must also meet the requirements set out in the BSSSQ; in addition, a medical doctor who is knowledgeable about brain stimulation will be consulted while the study is being designed; this consultation may result in a list of additional criteria that will be applied to recruitment. The ethics application must detail whether the consulting physician has decided on such criteria, and if so, what these criteria are (Checklist item #1a). Furthermore, each candidate for the study will have to be approved individually by a medical doctor who is knowledgeable about brain stimulation; depending on the specific criteria determined for the study, this approval may follow examination of the candidate’s questionnaire responses or (if the criteria deem it necessary) a personal examination by the medical doctor involved in the study.

Studies in which patients are recruited through the NHS require that researchers obtain NHS ethics approval before recruitment can begin; to avoid unnecessary duplication of effort, if NHS ethics approval has already been obtained, this will be sufficient for carrying out the study, without requirement for further approval by the PREC. This is reciprocal to NHS policy of not requiring NHS ethics approval for non-patient studies approved by PREC that are carried out in NHS facilities (e.g., MRI scanning).


3. BSSSQ: Guidelines for use and interpretation 

The following guidelines apply to studies where participants are healthy adults (participant-type study category A); for non-patient special populations (category B) and patients (Category C) see additional requirements in Section 2, above. 

All candidates for participation in brain stimulation (TMS/TCS) experiments will complete the BSSSQ questionnaire (Appendix V) to examine their suitability. The detailed guidelines below specify the conditions under which stimulation may be conducted, the conditions under which further consultation with a medical professional, who is knowledgeable about brain stimulation, would be required, and the conditions under which stimulation must be postponed until another occasion.

3.1 Determining if a participant is eligible to take part in a study 

The BSSSQ must be administered before approving a participant to take part in a brain stimulation study. The questions are divided into three sections:

· Questions 1-11 cover stable and long-term medical conditions which are definite risk factors. Answering “yes” to any of these questions will disqualify a candidate from participating.
· Questions 12-19 cover medical conditions which are potential risk factors. Answering “yes” to any of these questions will require consultation with a medical professional who is knowledgeable about brain stimulation, to determine if participation is appropriate. Note that Q19 is only applicable to TCS studies.
· Questions 20-26 cover the participant’s current mental and physiological state. Answers to these questions do not qualify a candidate from being recruited into the study. They do, however, determine whether stimulation can be administered on any given day (see below).

If a candidate’s answers on the BSSSQ do not disqualify them and do not require consultation with a medical professional who is knowledgeable about brain stimulation, the participant will be approved for participation in the study. 

If a candidate is not disqualified based on the questionnaires, but does require consultation with a medical professional, such consultation may result in the candidate being approved or disqualified, based on the medical professional’s judgment. 

3.2 Determining if a brain stimulation session can begin

The BSSSQ must also be administered prior to every session in which TMS/TCS is administered. The following conditions must be met for stimulation to go ahead:

· The participant must answer “no” to questions 1-11
· The participant must answer “no” to questions 12-19, unless their “yes” answers have been reviewed previously and participation has been approved by a medical professional (see 3.1)
· The participant must answer no to questions 20-26. 

If a participant answers “yes” to any of questions 20-26, stimulation cannot go ahead. However, the participant may return and receive stimulation at a later date if they complete the questionnaire again and answer “no” to all questions.


4. MRI scanning

TMS studies often require participants to receive a structural or functional MRI scan prior to stimulation, in order to target stimulation to the correct brain area. Such scans are typically completed in Edinburgh Imaging facilities and are subject to the facility’s established and rigorous operating procedures governing safety, participant confidentiality and reporting of incidental findings. Researchers obtaining MRI scans should liaise with Edinburgh Imaging to ensure that they are aware of and comply with all relevant procedures. The template TMS information sheet and consent form (Appendix III) has a section explaining the procedures and risks for a structural MRI scan. This will need to be modified for other types of MRI scanning (e.g., functional MRI).


5. Participant safety and potential for adverse effects

NIBS techniques are generally considered safe, and the potential for adverse effects is minimal as long as well-established guidelines are adhered to. These guidelines include both appropriate use of stimulation parameters, as detailed in relevant publications on safety and best practice, and procedures for the management of any adverse effects should they occur. Below are both general guidelines for safeguards to be used in all NIBS studies, as well as additional guidelines for parameters and safeguards specific TMS and TCS. 

5.1. General safeguards for all studies

· Two researchers must be available to respond to any adverse event at all experimental sessions. This pair may consist of two experimenters or of one experimenter plus a nominated individual who will be present within the building, contactable by phone and able to respond immediately if needed. This individual should be named for each TMS session. One of these researchers must have qualified in first aid training within the last three years.
· The researcher administering brain stimulation must be a qualified user of the relevant NIBS technique (TMS or TCS). Approving a researcher as a qualified user is the responsibility of the point-person for brain stimulation on the CNS committee; such approval must follow training in safety procedures and appropriate use of the brain stimulation equipment. The ethics application must specify the names of the qualified user(s) on the research team; these may include the lab manager, who will be listed as a member of the research team (checklist item #2). 
· Participants will be informed of all potential risks during the consent process, by reading the information sheet provided. 
· As in all experiments, participants will be free to stop their participation at any time and for any reason.
· Before using NIBS, participants should be informed about unusual sensations they may experience (e.g., for TMS: muscles twitches, eye blinking; for TCS: tingling and warmth). If the participant reports experiencing pain or significant discomfort, or if there are any safety concerns, the stimulation should be terminated immediately.
· Safety of researchers: There are no known risks to researchers associated with administering TMS. However, to be consistent with pregnancy as a contraindication for volunteers in NIBS studies, researchers who are pregnant should not deliver NIBS. The potential for harm to the unborn child is unknown, however.
· Significant adverse effects will be reported to the PREC, which approved the study, to inform future revisions of these guidelines. In agreement with the published safety guidelines [1,2], in the case of a seizure or other significant adverse effect that is possibly related to a NIBS session, details will be forwarded to the editor of the journal Brain Stimulation.

The ethics application must specify that these guidelines, as well as the technique-specific guidelines described in detail in the next sections, will be adhered to (Checklist item #5).




5.2 TMS

TMS is a safe, non-invasive neurostimulation and neuromodulation method of temporarily influencing highly localised brain circuits. Between 2003-2008, around 100 papers per year were published using rTMS, and the rate is likely to have since increased [1]. As with many other technologies, such as X-rays, MRI and prescribed drugs, TMS is credibly safe provided that well-established safety limits are adhered to. All TMS studies in Edinburgh must conform to the latest guidelines agreed by an international consensus conference of TMS researchers (the current guidelines are detailed in reference [1]), with specific limitations, considerations and procedures detailed below. 

TMS operates on the principle of electromagnetic induction: an electrical current passed through one coil can induce a current in a nearby second coil. In TMS experiments, instead of a second coil, the aim is to induce a small current to flow in brain tissue such that the induced electric field elicits neuronal activity. The key features of the technique are that the TMS machine delivers a large current through the TMS coil in a short period of time — the current then produces a magnetic field (1.5-2.0 Tesla at the surface of the coil) which, if changing rapidly enough, will induce an electric field in the cortex up to about 150V/m, which is sufficient to stimulate neurons or change the resting membrane potentials in the underlying cortex. Depending on the stimulation intensity (output of the stimulator), cortical neurons at a depth of 1.5-3.0cm beneath the scalp can be activated using standard coils (figure 8, circular or double-cone coils). Experiments typically use intensities of 120% or less of motor threshold (the minimum output used to produce a muscle twitch). Such intensities cannot induce direct activation of neurons at a depth of more than 2cm beneath the scalp [1].


5.2.1 Paradigms and parameters of magnetic brain stimulation

The ability to stimulate the brain using TMS has many potential applications, which vary depending on the specific stimulation paradigm used. These guidelines refer to four paradigms that are widely used in TMS studies. These paradigms are:

(i) Single-, dual-/paired- or triple-pulse TMS (collectively referred to as ‘multi-pulse TMS’)
(ii) Low-frequency repetitive TMS (rTMS) where the stimulation rate is 1Hz or below
(iii) High-frequency rTMS where the stimulation rate is above 1Hz and the duration is short
(iv) Patterned rTMS (trains of short very high frequency bursts of rTMS interleaved by short pauses of no stimulation.

Multi-pulse TMS studies (paradigm i) are those in which single pulses (or very short trains of 2 or 3 pulses in quick succession) are given at low rates (<1Hz) and often random intervals. These paradigms can be used to elicit a measurable response, such as a muscle twitch (the size of which gives an indication of cortical excitability) or a visual effect. They can also be applied “on-line” to disrupt on-going brain processes during performance of a task simultaneous with the pulse delivery. This can give information about WHEN an area is optimally involved in a specific task (so-called ‘TMS chronometry’).

Repetitive TMS paradigms (paradigms ii & iii) involve extended low-frequency or brief high-frequency stimulation of the target brain areas. This type of stimulation results in a temporary disruption to the neural processes occurring in the stimulated region (‘virtual lesion’). The period of disruption depends on the paradigm employed; 15 minutes of 1Hz (low frequency) rTMS results in approximately 15 minutes of disruption, whereas the effects of high frequency stimulation are to disrupt on-going processes during online stimulation and last only seconds.

Patterned rTMS (paradigm iv) involves the repetitive application of short rTMS bursts at a high frequency, interleaved by short pauses of no stimulation. The most common form of patterned rTMS used to date (2019) and covered by this protocol is theta-burst stimulation (TBS). In TBS, short bursts of 50-Hz rTMS are repeated at a rate in the theta range (5 Hz) as a continuous (cTBS), or inter-mittent (iTBS) train that has a total duration of less than a minute. The effects of cTBS are inhibitory, whereas the effects of iTBS are excitatory [3]. The effects of TBS can last for up to an hour depending on the train duration.

Despite the variation in the length of the effect for different paradigms, the effects of TMS when used in these ways are temporary; there are no permanent effects on brain function.

The relevant parameters to consider for TMS studies using one of the four paradigms above are:

· The duration of the rTMS-train
· Stimulation rate (frequency)
· The inter-train interval
· The number of trials in the experiment 
· The stimulation intensity (expressed as % of motor threshold or stimulator output). 

The combination of these parameters is important, with short durations, low frequency, long intervals, small number of trials and low intensities carrying less potential for adverse effects. Tables 3, 4, 5 and 6 of the latest consensus paper on safety guidelines for TMS [1] are reproduced in Appendix VI and describe the consensus reached for ranges of these parameters that would avoid possible side-effects of TMS and allow research to be performed within safe margins. 

The ethics application must specify the stimulation paradigm (i, ii, iii, or iv), as well as all the stimulation parameters described above, and must state how these conform to the tables in Appendix VI or, if not covered specifically by the tables, how the parameters conform to guidelines in [1] (Checklist item #3).


5.2.2 Combining TMS with other methods or measurement

TMS may be performed in conjunction with other measurement or stimulation techniques. Most studies will incorporate some form of behavioural measure (captured by keyboard responses, eye-tracking, motion-tracking, or any other relevant method); however, many studies also use simultaneous electro-myography (EMG) since muscle activity elicited by TMS is a useful measure of cortical excitability. The use of behavioural measures and/or EMG is straightforward and safe with all TMS paradigms and parameters described above.

Brain stimulation studies may also employ EEG, MEG, MRI or near-infrared spectroscopy (NIRS) to provide valuable insight into the nature of the cortical disruption induced by TMS. Measurements using these methods may be made either on-line (i.e. during stimulation) or off-line (i.e. before and after stimulation) to determine the effects on stimulated brain areas and areas distal to the stimulation.

Combining TMS off-line with EEG, MEG, MRI and NIRS poses no additional risk than any of these procedures performed in isolation. The combination of TMS on-line with simultaneous recordings made by EEG and MRI requires further consideration, in which concerns related to electrical induction in electrodes (EEG, which simply requires a TMS-compatible system) or a magnetic environment (MRI) will be addressed. TMS may be performed on-line with NIRS, with no increased risk to safety. TMS cannot be performed online in combination with MEG, due to technical (not safety) considerations of interference between the magnetic pulse and magnetic recordings.

Finally, using TMS in conjunction with TCS can provide important insights into processes underlying cortical excitability, as the effects of TCS on excitability can be accurately measured by the TMS intensity required to elicit a measurable response. Such combinations are safe [4] but are limited to TMS paradigms of type (i), using single, dual or triple pulses in combination with TCS intensity limited to a maximal current density of 0.04mA/cm2 for a maximal duration of 20 minutes.

The ethics application must specify what other measures or stimulation methods (if any) will be employed in conjunction with TMS, and state how this conforms to the guidelines in this subsection (Checklist item #4).



5.2.3 Potential adverse effects of TMS and their management

TMS is painless and the risks associated with it are minimal. There is no evidence that the procedure is harmful if appropriate guidelines are followed [1,5,6]. Nonetheless, some potential complications are detailed below. These potential side effects must be explained in the Participant Information Sheet which all participants read as part of the informed consent process (see templates in Appendices III and IV). As with any research study, if subjects feel uncomfortable or uneasy at any time, they must be able to discontinue their participation. 

Below are details of the potential adverse effects, the safeguards that must be in place to prevent or minimize each risk, and a response plan for each potential adverse event. The ethics application must specify that these safeguards will be adhered to.

Details of potential adverse effects:

a) Adverse effect: Headache. Although the procedure is painless, it can cause facial muscles to contract, which may lead to residual soreness. Approximately 1 in every 10 subjects undergoing TMS experience headaches, which are believed to be due excessive muscle tension. Headaches may also be due to the pressure of the tightly fitting EEG cap that subjects wear in order to mark proper sites for stimulation.

Safeguards: Participants will be fitted with an appropriate sized EEG cap and periodically asked about their comfort level. Every effort will be made to make the participant as relaxed as possible during the procedure to reduce muscle tension.

Management of Adverse Events: Participants will be advised to use any pain relief they would normally take for a headache, and told to follow up with Student Health Services or their GP if it persists.


b) Adverse effect: Neck pain. Approximately 1 in every 100 subjects undergoing TMS experiences neck stiffness and pain. This is believed to be due to the straight posture of the head and neck, which must be maintained for several minutes at a time during the application of TMS.

Safeguards: Every effort will be made to make the participant as relaxed as possible during the procedure to reduce muscle tension.

Management of Adverse Events: Participants will be advised to use any pain relief they would normally take for soreness, and told to follow up with Student Health Services or their GP if it persists. 


c) Adverse effect: Noise. TMS produces a clicking noise when the current passes through the coil. This click can be uncomfortably loud for some people.

Safeguards: Participants and researchers will wear hearing protection (ear plugs) during stimulation.

Management of Adverse Events: None expected given appropriate safeguards.

	
d) Adverse effect: Seizure. In extremely rare incidences, seizures have been known to occur with TMS. Most of these cases occurred during the early days of TMS prior to the definition of safety guidelines and with a particular form of TMS called high frequency repetitive TMS. However, the risk is very low except in people with epilepsy or people taking certain medications. Only 16 cases of convulsions induced by TMS in subjects without risk factors for epilepsy have been reported despite the fact that many thousands of subjects have been studied in the past three decades world-wide. The overall risk for seizures during repetitive TMS is thought to be in the order of 1 in 1,000 studies (or 1 in less than 15,000 participants); with appropriate safeguards, as detailed below, the risk is negligible.

Safeguards: Participants are first screened for contraindications for TMS, following guidelines set out by Rossi et al. (2009; see [1]) at the International Workshop on the Safety of Transcranial Magnetic Stimulation in 2008. Specifically, these include epilepsy or other neurological disorder, heart condition, frequent headaches, fainting spells, pacemakers, metal or magnetized objects in the body, pregnancy, or taking psychoactive medications (see screening form, Appendix V).  The risk of seizure in participants without these risk factors is extremely low. Additionally, seizures have only been associated with very high frequency TMS. The TMS system (MagStim Rapid2) currently in use at The University of Edinburgh does not have the capacity to deliver the same levels of high frequency repetitive TMS that have been linked to those few cases of TMS-induced seizures. All TMS studies at The University of Edinburgh must use stimulation parameters that are well within the limits recommended by the guidelines (see Section 5.2.1 and references [1,5,6]).

Management of Adverse Events:  As with seizures in general, the seizures induced by repetitive TMS are usually brief and without serious physical sequelae. The forms of magnetic stimulation that have known to induce seizures are mostly high frequency repetitive TMS. In the very unlikely case of such an event, an emergency plan for dealing with seizures is in place. The following is a detailed protocol of our medical management of seizures:

a. First responder manages the seizures and provides the following care:

· Reclines the laboratory chair to lay the person down 
· Removes harmful objects from surrounding area 
- 	Loosens restrictive clothing around the neck
- 	Does not restrict movements unless it is necessary to keep the person safe 
· Does not place anything in the mouth of person

b. Either the first or second responder calls for help using the phone in the Brain Stimulation Lab: 

· States medical emergency: i.e., seizure induced by TMS
· States location: (e.g., Brain Stimulation Lab, Basement of 7 George Square, University of Edinburgh).

In the event of a seizure, the researchers will verify that the participant follows up with Student Health Services or their GP.

The ethics application must specify that these guidelines, as well as the general guidelines described in detail in Section 5.1, will be adhered to (Checklist item #5).


5.3. TCS

Transcranial Current Stimulation (TCS) is a non-invasive brain stimulation technique that is in wide use in a large number of labs around the world. It involves the application of weak electrical currents to the scalp. TCS is a broad term covering Transcranial Direct Current Stimulation (TDCS), Transcranial Alternating Current Stimulation (TACS) and Transcranial Random Noise Stimulation (TRNS). 

The vast majority of researchers working with TCS believe that the potential risks are negligible and that effective guidelines have been long established and are clearly specified (see [2], [7-10]), making TCS essentially safe. This fact is reflected in the absence of serious adverse effects reported in the literature. 

The techniques under the title of TCS (TDCS, TACS and TRNS), directly and non-invasively stimulate the brain by applying electrical currents to a small region of the scalp [11]. The current is generated by a battery-powered stimulator and passed through rubber electrodes and conductive material (gel or saline-soaked sponges).  At least one electrode is attached to the scalp. The other electrode may be positioned on the scalp also or on the body (e.g. shoulder). The electrode size of the stimulators in use by research groups at present is large (~25-35 cm2) and the current strengths used are low (~1-3 mA) resulting in very low current densities (0.029 - 0.12 mA/cm2). Typical protocols apply no more than 20 minutes of stimulation in a single session.

Unlike TMS, TCS does not induce action potentials but instead may be considered neuromodulatory. TDCS modifies spontaneous neuronal excitability and activity by tonic de- or hyper-polarisation of resting membrane potential [7]. The effects of TDCS depend upon the polarity, duration and intensity of the stimulation. TACS and TRNS are normally used to interfere with, induce or entrain the on-going oscillatory activity of neuronal populations, but can induce neuroplastic effects similar to TDCS if applied in an appropriate manner.


5.3.1 Paradigms and parameters of electric brain stimulation (TCS)

The present guidelines refer to three paradigms that are widely used in TCS studies. These paradigms are:

(i) TDCS – transcranial direct current stimulation
(ii) TACS – transcranial alternating current stimulation
(iii) TRNS – transcranial random noise stimulation

TDCS (paradigm i) alters spontaneous cortical activity, and involves passing a weak electric current in the order of 1-2 mA through the skull and the underlying cortex via electrodes attached to the scalp. The active electrode is placed over the target region (e.g., left motor cortex) and the reference electrode is placed in task neutral position (e.g., over the contralateral supraorbital ridge). The polarity of the current flow induces a focal, prolonged but reversible change in the excitability of the stimulated brain area. Anodal TDCS (where the positive electrode is placed over the target region) increases excitability; cathodal TDCS (where the negative electrode is placed over the target) decreases excitability. ‘Sham’ stimulation is often used as a control condition, where the current is applied for a sufficiently brief duration to avoid any change in cortical excitability (up to 30 seconds), but long enough to produce the transitory sensation on the skin associated with TDCS. Sham stimulation allows the participants to perform tasks ‘blind’ to (i.e. unaware of) whether they are being stimulated, as participants habituate to the tingling sensation caused by stimulation within a shorter period than the duration of the sham stimulation, making it hard to tell the difference between stimulation and sham conditions.

TDCS studies carried out under these guidelines will use current strengths not exceeding 2mA, electrode sizes not smaller than 9cm2 (3*3 cm) and the duration of stimulation in a single session will not exceed 20 minutes.

TACS and TRNS (paradigms ii & iii) influence brain activity by a different mechanism to TDCS: TACS works by interfering with, inducing or entraining the oscillations of cortical networks [12]. The delivery of both TACS and TRNS uses the same experimental set up as described above for TDCS, with stimulating and reference electrodes; though the reference electrode is often placed away from the brain, for example on the trapezius muscle (shoulder). In TACS and TRNS, however, both electrodes can be used to stimulate either in homologous locations bilaterally or at different regions simultaneously.  

Depending on the frequency of stimulation, TACS can modulate the activity of the brain area targeted by inducing, entraining or interfering with its intrinsic oscillatory activity [13]. This important feature of TACS has enabled experimenters to modify both motor and sensory responses with frequency-specific results [14,15].

TRNS can be used to stimulate a region with a current that varies randomly in time. Such stimulation can induce excitability that lasts up to 60 minutes per 10 minutes of stimulation. TRNS can also be used to disrupt specific neural rhythms [11,16]. 

TACS and TRNS studies carried out under these guidelines will use peak-to-peak amplitudes of the current that do not exceed 3mA, electrode sizes not smaller than 9cm2 and the duration of stimulation in a single session will not exceed 20 minutes.

The ethics application must specify the stimulation paradigm (i, ii, or iii), as well as all the stimulation parameters described above, and must state how these conform to the present guidelines (Checklist item #3).


5.3.2 Combining TCS with other methods or measurement

TCS may be performed in conjunction with other measurement or stimulation techniques. Most studies will incorporate some form of behavioural measure (captured by keyboard responses, eye-tracking, motion-tracking, or any other relevant method. The use of behavioural measures is straightforward and safe with all TCS paradigms and parameters described above. TCS stimulation studies can also be combined with TMS, EEG, NIRS, MEG or fMRI since these can give a valuable insight into the nature of the cortical effects of the stimulation. 

Most TCS paradigms aim to induce effects in cognitive functioning lasting beyond the period of stimulation. Therefore, participants’ involvement in studies may last an entire morning/afternoon and measurements of effects may take place in sessions separated by hours, days, weeks or even months. For durations of stimulation that result in long-lasting aftereffects (1 hour or more), an intersession interval of 48 hours to 1 week is recommended (see Nitsche et al., 2008). 

The ethics application must specify what other measures or stimulation methods (if any) will be employed in conjunction with TCS, and state how this conforms to the guidelines in this subsection (Checklist item #4).


5.3.3 Potential adverse effects of TCS and their management

Large meta-analyses of the adverse effects of TCS have shown no such effects reported for TCS [8,9]. Additionally, safety studies have been undertaken for frequently used TCS protocols. When the stimulation parameters used in these protocols were tested they did not: (a) cause heating effects under the electrode; (b) elevate serum levels of neuron-specific enolase (NSE), which is a sensitive marker of neuronal damage; or (c) result in changes of diffusion-weighted or contrast-enhanced MRI brain scans, EEG activity, or cognitive distortion. Moreover, the protocols examining TCS were tested in more than 2000-3000 subjects in laboratories worldwide with no serious side effects, except for a slight itching or tingling under the electrode, and seldom-occurring headache, fatigue, and nausea. Therefore, there are no significant safety issues with TCS when it is carried out within the standard parameters described above.

With respect to the skin contact, there is the possibility of electrochemically-produced toxins and electrode dissolution products at the electrode tissue interface. The use of water-soaked sponge electrodes should minimize any chemical reactions at the interface; however, repeated TCS over several days has been reported to cause clinically significant skin irritation under the electrodes in some individuals. Participants should therefore be interviewed for the existence of skin diseases (using the question provided in the pre-stimulation screening form; Appendix V) and the condition of the skin under the electrodes should be inspected before and after stimulation. Researchers will inform participants of the likely irritation caused in sensitive individuals and assess on a case-by-case basis whether to proceed with the experiment. Proneness to skin reactions is not a contra-indication.

Because TCS neither causes epileptic seizures nor reduces the threshold for induced seizures in animals, seizures do not appear to be a risk for healthy subjects. However, this may not be true for patients with epilepsy. As a result, for TCS studies with healthy subjects, general exclusion criteria available for electrical and magnetic stimulation apply: subjects should be free of unstable medical conditions, or any illness that may increase the risk of stimulation, for example, neurological diseases such as epilepsy or acute eczema under the electrodes. Furthermore, subjects should have no metallic implants near the electrodes. They should be informed about the possible side effects of TCS, such as headache, dizziness, nausea, and an itching sensation as well as skin irritation under the electrodes.

The ethics application must specify that these guidelines, as well as the general guidelines described in detail in Section 5.1, will be adhered to (Checklist item #5).


6. Data protection and privacy

All written materials (consent forms, questionnaires) will be kept in locked rooms and/or filing cabinets; all electronic data will be kept on password-protected computers. Both types of data will only be accessible to members of the research team, and will be under the direct responsibility of the PI. Data storage and safety will be in accordance with the University of Edinburgh’s data protection policy (http://www.ed.ac.uk/schools-departments/records-management-section/data-protection/data-protection-policy).
Participant anonymity will be maintained by assigning each participant a unique Participant Reference Number. This number will only appear alongside the participant’s name on the consent form, which will be stored separately from all other materials. All other materials will only state the Participant Reference Number. 

Data collected in each study will be aggregated for the purpose of performing statistical analyses across participants. Findings may be reported in peer-reviewed journal articles, conference presentations, or as part of research degree dissertations. In all cases, average data across participants will be reported; if individual data are reported for illustrative purposes, they will never be accompanied by information that would enable identification of the individual participant.

[bookmark: _Hlk117158696]6.1. Storing and re-use of MRI/fMRI data

Some TMS experiments require the use of anatomically and/or functionally localised stimulation targets using MRI/fMRI data acquired prior to the TMS experiment. To reduce unnecessary reacquisition of data, we have a TMS Participant Panel (PPLS REC reference: 233-1920/4). Participants with scans are invited to join the panel and, if they consent to do so, they agree to be contacted regarding future TMS studies. Their contact details and brain scans are stored securely to allow for future participation. These data are stored on secure university servers (DataStore) and only those researchers who are approved users of TMS have access. 

7. Security

The University of Edinburgh’s brain stimulation equipment is housed in a locked lab in 7 George Square, with access via a numerical code. The code is available only to principal investigators and trained researchers. 


8. Checklist to be consulted before submission of an ethics application for a NIBS study:

1. Have you stated the participant-type study category? (see Section 2, and in particular sub-section 2.1)
If the category is B or C – are additional criteria fully defined by a consulting physician?

2. Have you stated the names of qualified users on the research team? (See Section 5.1)

3. Have you clearly stated all the stimulation parameters to be used in your study? (See details below)

For TMS – see Section 5.2.1. Specifically, state:
- Paradigm (i, ii, iii or iv)
- Duration
- Frequency
- Inter-trial interval
- Number of trials
- Intensity

For TCS: see Section 5.3.1. Specifically, state:
- Paradigm (i, ii, or iii)
- Duration
- Frequency (if TACS)
- Intensity

4. Have you clearly described what other measures or techniques (if any) are being used in combination with NIBS? (see Section 5.2.2 for TMS, and 5.3.2 for TCS)

5. Have you stated that the general (Section 5.1) and technique-specific (Section 5.2.3 or 5.3.3) safety guidelines will be adhered to?

6. Have you uploaded all relevant materials alongside your application? These include:
- Information and consent form
- All relevant questionnaires (i.e., BSSSQ & Adverse effects questionnaire))
- Recruitment materials, if such materials (e.g., poster; email) will be used
Templates for all the above can be found in the appendices to the TMS/TCS ethics guidelines.
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Appendix I: Template Recruitment Poster 

Participate in a
Transcranial Magnetic/Electric Stimulation
study of [insert study topic]


WHAT IS IT?
We are measuring the effects of [(insert as appropriate:) Transcranial Magnetic Stimulation (TMS) / Transcranial Current Stimulation (TCS)], a non-invasive brain stimulation technique, on [insert topic]. 

WHAT DO I DO?
First, we will need you to come to a screening interview lasting about half an hour; [(only for TMS studies requiring a structural scan:) if you participate in the study itself, this will involve going for a 20 min structural MRI scan at the Western Genera l Hospital]. This will be followed by three or four one-hour long sessions, on consecutive days, in which we will examine the effect of [(as appropriate:) TMS/TCS] to different parts of the brain on [insert topic].

WHO CAN TAKE PART?
Anyone who is hea lthy and aged 18-50 and does not meet any of our exclusion criteria. Unfortunately, you cannot participate in this study if you suffer from neurologic al disorders, epilepsy, depression, sleep deprivation, alcoholism or if you are pregnant or taking medication that is not for allergies or birth control. 

WHAT DO I GET?
We offer payment of £5 for the initial screening session; if you take part in the full study, [(if study requires structural MRI:) we will pay you £15 for the MRI scan (plus transport)], and [(as appropriate:) £12 for each TMS/ £10 for each TCS] session. Plus, you get to be a vital part of fundamental research!

HOW DO I SIGN UP?

Contact [name of PI or associate researcher] at [email address and/or phone number]


Appendix II: Template Recruitment Email


Subject line: Invitation to participate in a [(as appropriate:) TMS/TCS] study

Body of email:

Dear [Insert Name]

We would be delighted to hear from you regarding our [(as appropriate:) Transcranial Magnetic Stimulation (TMS)/ Transcranial Current Stimulation (TCS)] experiment. As you may know from our recruitment materials, we are studying the effect of this technique on [(insert topic)]. 

This experiment will require an initial screening session (which will take about an hour in the George Square campus), [(in studies that require a structural MRI:) a structural MRI scan (2 hours including transport from George Square; the MRI scan will require you to lie still in a relatively enclosed space for around 20 minutes)] and three or four [(as appropriate:) TMS/TCS] sessions lasting on average just over an hour each (these sessions will take place at the George Square campus and should be on consecutive days/weeks at roughly the same time of day).

Please read the following important information regarding eligibility carefully:

[(for TMS studies:) The TMS sessions involve placing a conducting coil over your head. Electric pulses passed through the coil will induce a magnetic field that will influence activity in a very localised part of your brain. Within well-defined guidelines we adhere to, TMS is very safe and has been used in hundreds of studies all over the world during the past 30 years. Some people find that they have a headache or pain at the application site during or immediately after TMS, and some experience mild discomfort from sitting still, with their chin in a chin-rest, to report their perceptual experience for the duration of the experiment [delete if not applicable to study]. These effects, when experienced, are transient and disappear completely within a few hours (usually much less) after TMS.  You may, of course, withdraw from the study at any time, should you find it too uncomfortable.]

[(for TCS studies:) The TCS sessions involve placing two conducting electrodes (the positive anode and the negative cathode) on specific locations on your head, and applying a very low electric current between these electrodes. You are likely to feel this current as a tingling sensation that should subside after a few seconds. The general effect of TCS is to slightly alter the excitability of brain areas under the electrodes. Within well-defined guidelines we adhere to, TCS is very safe and has been used in hundreds of studies all over the world during the past 10 years. Some people find that they experience mild discomfort during TCS, either from the current itself or – more commonly – from sitting still, with their chin in a chin-rest during the experiment. These effects, when experienced, are transient and disappear completely within a few hours (usually much less) after TCS.  You may, of course, withdraw from the study at any time, should you find it too uncomfortable.]

To take part:
You must be aged 18­ - 60.
You should have normal or corrected to normal vision, but not with glasses that are made from non­titanium metals.
If you are a woman, you must not be pregnant or suspect that you might be. 
You must be healthy and NOT:
1.	Suffer from a neurological disorder, epilepsy, syncope, depression, alcoholism or sleep deprivation
2.	Have a family history of epilepsy, convulsions or seizures.
3.	Take any medication, other than for allergies or oral contraceptives
4.	Have metal head implants (other than fillings)
5.	Have any hearing problems

If you can take part in the experiment, you will be paid [(if the study requires a structural MRI:) £15 for the MRI session and] £15 for each [(as appropriate:) TMS/TCS] session.

We would like you to attend a session on one of the following dates: [Insert Times]
Please get back to us as soon as you can. Best wishes
[Name and contact details of PI and/or associate researcher]
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Appendix III: Template PIS and consent form for a TMS study
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[bookmark: _Hlk117158483]TMS Information sheet for participants

	Study title:
	

	Principal Investigator:
	

	Researcher collecting data:
	



What is this document?  This document explains what kind of study we’re doing, what your rights are, and what will be done with your data. You should keep this page for your records. After you read this, continue to the consent form.

Nature of the study.  You are being asked to participate in a study which uses Transcranial Magnetic Stimulation (TMS) to investigate [INSERT TOPIC]. You will be given full instructions and will be able to ask any questions you may have before agreeing to take part.  

Who can participate? You must between 18 and 60 years old to participate in the experiment. There are a number of conditions that mean you should not take part. These include: 
-	You have metal implants in your head, though fillings are acceptable
-	You have been diagnosed with a neurological disorder
-	You suffer from epilepsy or syncope (fainting spells, blackouts)
-	You have a family history of epilepsy, convulsions or seizures.
-	You are taking any medication other than oral contraceptives or allergy medication
-	You are, or might be, pregnant
We will ask you to complete a questionnaire to determine whether you can take part in the study.

What is involved for the participants? Before you can part in the TMS study, you may need to have a MRI scan of your brain. In some studies, we use the information in the scan to target the brain stimulation. If this is the case, we will give you information about this separately, and you will be asked if you are willing for us to share these data with other researchers using TMS.

For the TMS part of the study, you will attend the brain stimulation lab on [INSERT NUMBER OF SESSIONS] separate occasions. On each occasion, you will receive TMS stimulation and will be asked to complete some cognitive tasks. Each session will take around an hour. If you would like to visit the brain stimulation lab and see the procedure before deciding whether to take part, this can be arranged.

How should I prepare for each TMS session? We cannot administer TMS to you if any of the following apply:
-	You have drunk any alcohol on the day of TMS, or more than 3 units of alcohol in the preceding 24 hours
-	You have taken any recreational drugs in the preceding 24 hours
-	You have drunk more than one cup of coffee (or other sources of caffeine) in the hour before TMS
-	You have had very little sleep
-	You are feeling unusually anxious about the experiment
-	You have already received TMS on the same day, as part of another study
We will ask you to complete a questionnaire before each session to ensure that none of these factors apply to you. We therefore request that you get a good night’s sleep before each session and avoid any activities that would prevent you from completing the session.

What are the risks related to TMS? Within well-established guidelines that we follow, TMS is very safe and has been used in hundreds of studies all over the world during the past 30 years. In this study, application of TMS will involve a trained researcher placing the TMS coil on the appropriate position against your head and a current being fed to it (the current stays within the coil, which is electrically isolated). Through electromagnetic induction, this current generates a magnetic field that in turn creates a small electric field across part of your brain, slightly influencing activity at that location. This influence is very localised and slightly enhances or reduces activity, rather than changing what part of the brain is activated at what time. Unfortunately, TMS cannot safely be used with people who have metal implants in their head, as the implants can conduct currents from the magnetic field. 

Some people find that they experience a headache during or immediately after TMS, or mild discomfort from sitting still during the task. Slight induced twitching from the electric field can sometimes cause soreness in the scalp muscles. These effects, when experienced, are transient and disappear completely within a few hours (usually much less) after TMS. In extremely rare cases, TMS has induced a seizure. In the present study, the stimulation intensity will be at a much lower level than those that have induces seizures in the past, and is considered safe and very unlikely to result in a seizure.

What precautions are taken? The screening questionnaire will minimise the risk to you as a participant, as you will not be allowed to take part in the study if you meet any of the criteria for exclusion. As TMS is noisy, you will be required to wear hearing protection, which we will provide, for TMS sessions.

If you find TMS gives you an unbearable headache, pain or discomfort you must withdraw from the experiment by notifying the researcher to stop administering the TMS immediately. You may also decide to stop participating at any point for any other reason. In the event of a headache, we advise you to take over-the-counter Ibuprofen/Paracetamol headache relief pills. As a precaution for the highly unlikely event that the researchers need to call emergency services, the laboratory is equipped with a telephone with an external line.

What are the benefits? There are no personal benefits to you, other than the payment you will receive. However, you will contribute to fundamental research in psychology and cognitive neuroscience.

Compensation. Your participation in this study is voluntary, but you will receive financial compensation for your time. You will receive £20 for each TMS session you complete. If you have an MRI scan for this study, you will also receive £20 for completing the scan.

Confidentiality and use of data. All the information we collect during the course of the research will be processed in accordance with Data Protection Law. In order to safeguard your privacy, we will never share personal information (like names or dates of birth) with anyone outside the research team; if you agree and want to be contacted for future studies, we will add your contact details to our secure participant database. Your data will be referred to by a unique participant number rather than by name. We will store any personal data (e.g., audio/video recordings, brain scans, signed forms) on password-protected computers or in a locked filing cabinet at the University of Edinburgh. The anonymised data collected during this study will be used for research purposes and may be shared with other researchers by posting to online data repositories. With your permission, identifiable data such as recordings may also be used for research or teaching purposes, and may be shared with other researchers or with the general public (e.g., we may make it available through the world wide web, or use it in TV or radio broadcasts).
What are my data protection rights? The University of Edinburgh is a Data Controller for the information you provide.  You have the right to access information held about you. Your right of access can be exercised in accordance Data Protection Law. You also have other rights including rights of correction, erasure and objection.  For more details, including the right to lodge a complaint with the Information Commissioner’s Office, please visit www.ico.org.uk.  Questions, comments and requests about your personal data can also be sent to the University Data Protection Officer at dpo@ed.ac.uk.

Voluntary participation and right to withdraw. Your participation is voluntary, and you may withdraw from the study at any time and for any reason. If you withdraw from the study during or after data gathering, we will delete your data and there is no penalty or loss of benefits to which you are otherwise entitled.

If you have any questions about what you’ve just read, please feel free to ask, or contact us later. You can contact us by email at [insert researcher contact info]. This project has been approved by PPLS Ethics committee. If you have questions or comments regarding your rights as a participant, please contact the School Research Ethics Convenor at ppls.rec@ed.ac.uk.


Additional Information about having an MRI scan
The researcher will tell you whether this section applies to you

Why do I need to have an MRI scan? In some TMS studies, stimulation is directed to the correct area of the brain by taking measurements on the participant’s skull. But in some studies, we need to target specific brain co-ordinates and for this we require an MRI scan of each participant’s brain. 

What is MRI? Magnetic resonance imaging (MRI) uses the combination of a powerful magnet and radio waves to create very high quality images of the human body. MRI is in common use in hospitals and does not use X-rays or radiation.

Where will my MRI scan take place? The scan will take place in the University’s Edinburgh Imaging facilities at the Royal Infirmary of Edinburgh, Little France.

What will happen? You will be asked to get changed into a hospital gown and to put all metal objects, such as keys, watches, coins, credit cards and jewellery, in a locker. The radiographer will ask you to lie on a bed that moves into the middle of the scanner while a series of images are taken. The scanner makes loud noises while taking images so you’ll be given some hearing protection to wear.

How long will it take? You will be in the scanner for around 10 to 15 minutes. Sometimes you’ll need to wait a while before it’s your turn to be scanned, so you should expect to be at the hospital for around an hour in total.

What information will be collected about me? We will need to know your name and address, and the name and address of your GP. We will also record your Community Health Index (CHI) number.

What if you find something unusual on my MRI scans? Your scan will be reviewed by a clinical radiologist and there’s a small chance that it will show an abnormality. Research shows that for every 1,000 people who volunteer for an MRI scan, 50 will have a scan that needs to be looked into. Mostly, these investigations show that nothing more needs to be done, but there may be people who need immediate medical attention or need their GP to be informed. A medical report of your scan will always be made, and in the unlikely event that we find an abnormality we will inform your GP.



If you have any questions about what you’ve just read, please feel free to ask them now.
Thank you for your help! Now please continue to the next page.
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Participant consent and agreement to data usage

	Study title:
	

	Principal Investigator:
	

	Researcher collecting data:
	




PLEASE MARK EITHER ‘YES’ OR ‘NO’ TO THE STATEMENTS BELOW:
	Consent for participation:
	Yes
	No

	I have read and understood the Participant Information Sheet.
	
	

	
	Yes
	No

	Questions about my participation in this study have been answered satisfactorily.
	
	

	
	Yes
	No

	I am aware of the potential risks.
	
	

	
	Yes
	No

	I am taking part in this research study voluntarily (without coercion).
	
	

	
	Yes
	No

	The anonymised data only may be shared in public research repositories.
	
	

	
	Yes
	No

	Delete if not applicable:
I consent to have an MRI brain scan as part of this study.
	
	

	
	Yes
	No

	I consent to take part in this study.
	
	







	
	
	
	
	

	Participant name
	
	Participant signature
	
	Today’s date

	


	Unique participant code (researcher will complete)





Appendix IV: Template PIS and consent form for a TCS study
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TCS Information sheet for participants

	Study title:
	

	Principal Investigator:
	

	Researcher collecting data:
	



What is this document?  This document explains what kind of study we’re doing, what your rights are, and what will be done with your data. You should keep this page for your records. After you read this, continue to the consent form.

Nature of the study.  You are being asked to participate in a study which uses Transcranial Current Stimulation (TCS) to investigate [INSERT TOPIC]. You will be given full instructions and will be able to ask any questions you may have before agreeing to take part.  

Who can participate? You must between 18 and 60 years old to participate in the experiment. There are a number of conditions that mean you should not take part. These include: 
-	You have metal implants in your head, though fillings are acceptable
-	You have been diagnosed with a neurological disorder
-	You suffer from epilepsy or syncope (fainting spells, blackouts)
-You have a family history of epilepsy, convulsions or seizures.
-	You are taking any medication other than oral contraceptives or allergy medication
-	You are, or might be, pregnant
We will ask you to complete a questionnaire to determine whether you can take part in the study.

What is involved for the participants? You will attend the brain stimulation lab on [INSERT NUMBER OF SESSIONS] separate occasions. On each occasion, you will receive TCS stimulation and will be asked to complete some cognitive tasks. Each session will take around an hour. If you would like to visit the brain stimulation lab and see the procedure before deciding whether to take part, this can be arranged.

How should I prepare for each TCS session? We cannot administer TCS to you if any of the following apply:
-	You have drunk any alcohol on the day of TCS, or more than 3 units of alcohol in the preceding 24 hours
-	You have taken any recreational drugs in the preceding 24 hours
-	You have drunk more than one cup of coffee (or other sources of caffeine) in the hour before TCS
-	You have had very little sleep
-	You are feeling unusually anxious about the experiment
-	You have already received TCS on the same day, as part of another study
We will ask you to complete a questionnaire before each session to ensure that none of these factors apply to you. We therefore request that you get a good night’s sleep before each session and avoid any activities that would prevent you from completing the session.

What are the risks related to TCS? Within well-established guidelines that we follow, TCS is very safe and has been used in hundreds of studies all over the world during the past 10 years. In this study, application of TCS will involve a trained researcher placing two electrodes on appropriate positions on your head, and a low electric current being passed through them. This creates a small electric field across part of your brain, slightly influencing activity there. This influence is very localised and slightly enhances or reduces activity, rather than changing what part of the brain is activated at what time.

Unfortunately, TCS cannot safely be used with people who have metal implants in their head, as the implants can conduct currents from the electric field.

Some people find that they experience a slight sense of tingling and warmth, which may cause a certain level of discomfort, during TCS, or mild discomfort from sitting still and upright during the task. These may be accompanied, rarely, by headache, dizziness and/or nausea, as well as skin irritation around the location of the electrodes. These effects, when experienced, are transient and disappear completely within a few hours (usually much less) after TCS. However, the chances of such discomfort, and in particular skin irritation, are increased for people with skin conditions. Therefore, if you suffer from any condition that makes your skin irritable (such as eczema), you should not take part in this study.

What precautions are taken? The screening questionnaire will minimise the risk to you as a participant, as you will not be allowed to take part in the study if you meet any of the criteria for exclusion.

If you find TCS gives you an unbearable headache, pain or discomfort you must withdraw from the experiment by notifying the researcher to stop administering the TCS immediately. You may also decide to stop participating at any point for any other reason. In the event of a headache, we advise you to take over-the-counter Ibuprofen/Paracetamol headache relief pills. As a precaution for the highly unlikely event that the researchers need to call emergency services, the laboratory is equipped with a telephone with an external line.

What are the benefits? There are no personal benefits to you, other than the payment you will receive. However, you will contribute to fundamental research in psychology and cognitive neuroscience.

Compensation. Your participation in this study is voluntary, but you will receive financial compensation for your time. You will receive £15 for each TCS session you complete.

Confidentiality and use of data. All the information we collect during the course of the research will be processed in accordance with Data Protection Law. In order to safeguard your privacy, we will never share personal information (like names or dates of birth) with anyone outside the research team; if you agree and want to be contacted for future studies, we will add your contact details to our secure participant database. Your data will be referred to by a unique participant number rather than by name. We will store any personal data (e.g., brain scans, signed forms) on password-protected computers or in a locked filing cabinet at the University of Edinburgh. The anonymised data collected during this study will be used for research purposes and may be shared with other researchers by posting to online data repositories. With your permission, identifiable data such as recordings may also be used for research or teaching purposes, and may be shared with other researchers or with the general public (e.g., we may make it available through the world wide web, or use it in TV or radio broadcasts).

What are my data protection rights? The University of Edinburgh is a Data Controller for the information you provide.  You have the right to access information held about you. Your right of access can be exercised in accordance Data Protection Law. You also have other rights including rights of correction, erasure and objection.  For more details, including the right to lodge a complaint with the Information Commissioner’s Office, please visit www.ico.org.uk.  Questions, comments and requests about your personal data can also be sent to the University Data Protection Officer at dpo@ed.ac.uk.

Voluntary participation and right to withdraw. Your participation is voluntary, and you may withdraw from the study at any time and for any reason. If you withdraw from the study during or after data gathering, we will delete your data and there is no penalty or loss of benefits to which you are otherwise entitled.

If you have any questions about what you’ve just read, please feel free to ask, or contact us later. You can contact us by email at [insert researcher contact info]. This project has been approved by PPLS Ethics committee. If you have questions or comments regarding your rights as a participant, please contact the School Research Convenor at ppls.rec@ed.ac.uk.

If you have any questions about what you’ve just read, please feel free to ask them now.
Thank you for your help! Now please complete the consent form on the next page.
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Participant consent and agreement to data usage

	Study title:
	

	Principal Investigator:
	

	Researcher collecting data:
	




PLEASE MARK EITHER ‘YES’ OR ‘NO’ FOR EVERY STATEMENT BELOW:
	Consent for participation:
	Yes
	No

	I have read and understood the Participant Information Sheet.
	
	

	
	Yes
	No

	Questions about my participation in this study have been answered satisfactorily.
	
	

	
	Yes
	No

	I am aware of the potential risks.
	
	

	
	Yes
	No

	I am taking part in this research study voluntarily (without coercion).
	
	

	
	Yes
	No

	The anonymised data only may be shared in public research repositories.
	
	

	
	Yes
	No

	I consent to take part in the above study.
	
	







	

	
	
	
	

	Participant name
	
	Participant signature
	
	Today’s date

	


	Unique participant code (researcher will complete)





Appendix V: Brain Stimulation Suitability Questionnaire
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BSSSQ: Brain Stimulation (TMS and TCS) Study Suitability Questionnaire
v2.0, 25/09/2019
Please answer the following questions carefully. The purpose of these questions is to ensure that you can safely receive brain stimulation today. Answer “Yes” or “No” by ticking the appropriate box.

	
	
	YES
	NO

	1
	Do you have epilepsy or have you ever had a convulsion or a seizure?
	
	

	2
	 Do you have a family history of epilepsy or convulsions/seizures?
	
	

	3
	Have you experienced a fainting spell, “blackout” or syncope in the last year?
	
	

	4
	Have you fainted more than once in your lifetime?
	
	

	5
	Have you ever had a head trauma that was diagnosed as a concussion or was associated with loss of consciousness? 
	
	

	6
	Do you have cochlear implants? 
	
	

	7
	Are you pregnant or is there any chance that you might be?
	
	

	8
	Do you have metal in your brain, skull, head or shoulders (e.g., splinters, fragments, clips, etc.)?
	
	

	9
	Do you have an implanted neurostimulator (e.g., DBS, epidural/subdural, VNS)?
	
	

	10
	Do you have a cardiac pacemaker or intracardiac lines?
	
	

	11
	Do you have a medication infusion device?
	
	

	12
	Do you have any hearing problems or ringing in your ears? 
	
	

	13
	Are you taking any medications, other than oral contraceptives or anti-allergy medicine?
	
	

	14
	Do you suffer from frequent or severe headaches? 
	
	

	15
	Have you ever had an adverse reaction to TMS or TCS in the past?
	
	

	16
	Have you ever suffered from a neurological illness?
	
	

	17
	Are you currently diagnosed with any psychiatric conditions?
	
	

	18
	Do you have any metal implants in your body, other than your head and shoulders?
	
	

	19
	[ONLY IN TCS STUDIES] Do you suffer from any skin condition or disease (e.g., eczema)?
	
	

	20
	Have you already participated in a TMS or TCS experiment today?
	
	

	21
	Are you feeling unusually anxious about taking part in the experiment today?
	
	

	22
	Have you had more than 1 cup of coffee or other sources of caffeine, in the last hour?
	
	

	23
	Have you drunk any alcohol today?
	
	

	24
	Have you drunk more than 3 units of alcohol in the last 24 hours? (e.g., 2 small (125ml) glasses of wine or 1.5 pints of regular beer)
	
	

	25
	Have you taken any recreational drugs in the last 24 hours?
	
	

	26
	Did you have very little sleep last night?
	
	


I have read and understood the questions above and have answered them correctly.

SIGNED: _________________________NAME:_________________________ DATE:______________


Appendix VI: Safety parameters in TMS application

Relevant tables reproduced from Rossi S, Hallett M, Rossini PM, Pascual-Leone A and The Safety of TMS Consensus Group. (2009) Safety, ethical considerations, and application guidelines for the use of transcranial magnetic stimulation in clinical practice and research. Clinical Neurophysiology 120, 2008–2039.
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form of percentage of correct responses, reaction time or signal
detection measures. Such effects, which generally follow a single
application of rTMS, can be produced by random neural noise or
brain signal suppression (Harris et al., 2008), are small and, reason-
ably, do not raise particular safety issues (see Rossi et al., 2007c).



In several studies, certain cognitive tasks have been demon-
strated even to be enhanced by rTMS revealing the potential of
TMS-induced paradoxical functional facilitation (Theoret et al.,
2003). Changes are reported to be small and only temporary,
although the time-course has not been followed in detail in all
studies. The mechanisms of cognitive enhancement are not under-
stood and remain an intriguing area of research. With the caveat
that observation in the motor system may not be applicable to
other domains of behavior these mechanisms may include local
enhancement of neuronal excitability (changes of intracortical
inhibition, ionic membrane conductance, changes of synaptic effi-
cacy) and network effects (release of remote inhibition, change of
balance). Indeed, rTMS applied to Wernicke’s or Broca’s area led,
respectively, to inhibition or facilitation of language (Dräger
et al., 2004). The same subthreshold rTMS protocol applied to the
same prefrontal brain regions have led to facilitation of action
naming in one study (Cappa et al. 2002) and inhibition of episodic
encoding in others (Rossi et al., 2001, 2004a,b, 2006). These obser-
vations suggest that the same protocol may induce opposite effects
in slightly different circumstances, and that no extrapolation may
be made from one cortical region to another or from one cognitive
function to a related one.



We performed a survey of the studies that have used TMS
trains to interact with task performance in cognitive science from
1999 to December 2008. In these protocols, short trains of a few
hundreds of ms are applied online to task performance on the
sub-trial level (usually aligned to trial onset), in order to cover
much of the time-interval between sensory input and motor out-
put in which task-related cognitive processing is expected to
occur. These protocols have been interchangeably referred to,
for instance, as online rTMS interference approach, or triple-pulse
TMS for trains of three pulses, among other nomenclature. We
propose to use the operationally defined terminology of online
rTMS interaction protocols.



These protocols have been widely employed in healthy volun-
teers without side-effects, following the publication of the previ-
ous 1998 safety guidelines (Wassermannn, 1998) and after
screening via the safety questionnaire to eliminate contraindica-
tions (see Section 7.5). This has resulted in a large collection of
empirical data for TMS applications beyond single-pulse, double-
pulse and 1-Hz TMS in psychology and cognitive sciences (see Sup-
plemental material, Table S3).



Over the last 10 years, 4 Hz- to 25 Hz-trains have been tailored
to cover usually 0.1–1 s and exceptionally up to 30 s of task perfor-
mance. More than 50 studies used 10 Hz, more than 20 have em-
ployed 20–25 Hz and more than 10 studies used 4–9 Hz.
Parameters to consider for designing experiments are the duration
of the TMS-train, the stimulation rate (in Hz), the inter-train inter-
val and the number of trials within the experiment (summarized in
Supplemental material, Table S3). For safety aspects, the combina-
tion of parameters is important, with short train durations and
long inter-train intervals carrying less risk (Table 3).



The most frequently used parameter-combination for 10 Hz
protocols has been 5–6 pulse-trains for 400–500 ms, applied with
a mean inter-train interval of 3.2 s over an average of 250 trials.
The most frequently used parameter-combination for 20–25 Hz
protocols has been 10–11 pulse-trains for 400–500 ms, applied
with a mean inter-train interval of 17.1 s over an average of 80 tri-
als. Parameter combinations for 4–9 Hz applications have been
more variable. Applications with longer train durations (>500 ms)
have been used with 4–20 Hz without side-effects (see Table 3).
For 10 Hz protocols, those that applied the highest number of
pulses within a train (n = 30 for 3 s), also employed long inter-train
intervals (10–12.5 s; see Supplemental material, Table S3), as was
the case for 20–25 Hz application (n = 20 pulses for 1 s, at least
10 s inter-train interval; Supplemental material, Table S3).



To avoid possible side-effects also in the future and to remain
within safe margins, future studies using the online interaction
protocols could design their parameters to fall within the range
summarized here (Table 3, see also Supplemental material, Table
S3).



4.6.2. rTMS for therapy
Possible hazards regarding long-lasting cognitive changes are



related to the cumulative effects of repeated sessions of rTMS, in
the frame of therapeutic applications for neurological and, mainly,
psychiatric diseases. Two recent articles examined extensively this
issue: in a meta-analysis of 173 papers published from January
1998 to December 2003 (more than 3000 subjects/patients) that
reported application of rTMS to non-motor areas, side-effects va-
guely related to cognition included excessive tiredness, concentra-
tion difficulties, memory difficulties and were reported to be mild,
transient and to be ‘‘very rare” (see Table 4 of Machii et al., 2006).
Another comprehensive review of sham-controlled rTMS studies in
major depression identified 39 studies (more than 1200 patients
overall), of whom 12 reported cognitive improvement. In 3 studies
at least 1 cognitive test deteriorated, among vast batteries of cog-
nitive examinations, while improvements were noted in other
tests (Loo et al., 2008). Therefore, unequivocal unintentional cogni-
tive deterioration has not been noted in any studies.



One issue particularly relevant to studies of psychiatric patients
is mood changes (Loo et al., 2008). Even when such changes were
induced in patients, no correlation emerged between mood and
cognitive performance.



While most studies have focused on static cognitive functions,
others have shown that rTMS may modulate the acquisition of
new skills or memory. rTMS-induced changes have been found to
last in the order of several tens of minutes maximally. However,
the possibility of very-long (>24 h) lasting stimulation-induced
cognitive changes cannot be entirely excluded.



Cognitive function was additionally assessed in one large multi-
center sponsored study examining the effect of rTMS (120% MT,
10 Hz, 3000 pulses, maximal number of total pulses 216,000) in
325 patients with major depression by three different tests (Mini
Mental State Examination, Buschke selective reminding test, Auto-
biographical memory interview). No cognitive changes were noted
(Janicak et al., 2008). In another recent study, massed application
of max 38,880 magnetic pulses over 1 week did not lead to cogni-
tive changes (Anderson et al., 2006). However, absence of cognitive



Table 3
Summary of the most employed average stimulation parameters in online interaction rTMS protocols and found to be safe. Consensus has been reached for this table.



rTMS frequency Number of studies Average train duration Average inter-train interval Average number of trials



4–9 Hz >10 Variable (see Supplemental material, Table S3)
10 Hz >50 5–6 pulse-trains for 400–500 ms 3.2 s 250



20–25 Hz >20 10 pulse-trains for 400–500 ms 17.1 s 80
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changes must not be taken as evidence of absence of changes in
neuronal function. Experiments using functional imaging and
dual-site TMS have revealed unequivocal evidence of extremely ra-
pid plasticity (e.g., O’Shea et al., 2007), which may mask local inter-
ference effects.



As emphasized already, one issue particularly pertinent to
rTMS-protocols in therapeutic sessions is the question of whether
multiple sessions, performed within a short time span such as over
1 week, will lead to cumulative effects. In the visuo-spatial domain,
such phenomena have been demonstrated in cats (Valero-Cabré
et al., 2008), when rTMS stimulations were applied on a daily basis,
whereas previous studies with rTMS sessions spaced apart by 48 h
failed to produce such effects. Studies in the motor system in hu-
mans have reported a similar phenomenon, demonstrating that
cumulative effects have to be considered in humans also (Lomarev
et al., 2006).



Among the ‘‘new” protocols of brain stimulation such as TBS,
QPS and PAS, only the former has been used to intentionally mod-
ulate cognitive capacities. Its efficacy to induce cognitive changes
appears to be somewhat weaker than 1-Hz rTMS, at least in the
motor cortex (Mistry et al., 2007), although both protocols were
not compared head-to-head in the same study. The duration of
TBS-induced cognitive changes does not appear to differ substan-
tially from 1-Hz rTMS and lies in the range of several tens of min-
utes. However, further studies on this issue are needed.



The methodology used for the application of rTMS is such that it
may easily induce a placebo effect in some patients. This effect, as
it is the case with other medical interventions, may add to the ef-
fects induced through activation of neural structures and may con-
tribute to the subjective feeling of improvement in some instances.
Although many studies included sham-stimulation as control,
there is nowadays no guarantee that a true sham-rTMS condition
is available and, therefore, the relative size of the placebo effect
may be difficult to determine in any rTMS treatment. This is likely
to be more difficult when testing functions depending on subjec-
tive assessment than when testing quantifiable changes (Fregni
et al., 2006a,b).



4.7. Acute psychiatric changes



Treatment-emergent mania has been reported for low and high
frequency rTMS in patients with uni- and bipolar depression (Xia
et al., 2008) after stimulation of the left prefrontal cortex. Although
single cases suggest a causal relationship between rTMS and man-
ia, the overall rate (13 cases) across 53 randomized controlled
studies in depression appears to be low (0.84% mania for active
rTMS vs. 0.73% for sham rTMS) and even below natural switch
rates in patients with bipolar disorders receiving mood stabilizers
(2.3–3.45%) (Xia et al., 2008).



Similarly, cases of rTMS induced psychotic symptoms, anxiety,
agitation, suicidal ideation and insomnia (Zwanzger et al., 2002;



Janicak et al., 2008) have been reported, but it is unknown whether
these occur at higher rates compared to the natural course of
disease being treated or associated with other interventions. Psy-
chotic symptoms and suicidal ideation have been never described
in normal subjects during or after rTMS.



In all the above cases the psychiatric side effects induced by
TMS were transient, with a spontaneous resolution after TMS
cessation or promptly controlled by pharmacological treatment.
Nevertheless, patients with depression undergoing rTMS should
be informed about the unlikely possibility of developing such acute
side effects depending on type and severity of disease.



In 24 normal subjects who underwent different TBS protocols to
dorsolateral and medial prefrontal cortex no mood changes were
noted (Grossheinrich et al., 2009).



Whereas these acute side effects are relatively well character-
ized, there is no systematic research on cumulative side effects
which may occur when cumulative ‘‘therapeutic” aftereffects are
expected, with the exception of one sponsored study that did not
document late-appearing adverse events for up to 6 months after
the acute clinical benefit (Janicak et al., 2008).



4.8. Other biological effects possibly related to safety concerns



4.8.1. The need of animal models
Given the increase in TMS use in neuroscience research and pro-



gressive mainstream spread of TMS based-therapeutic approaches,
the use of adequate animal models to pre-assess acute and long-
term safety would be extremely valuable. A useful animal model
needs to allow for the combination of a precise and reliable stim-
ulation method with monitoring tools of high spatial and temporal
resolution to capture the physiologic impact. Monitoring methods
of high spatial resolution include metabolic/pharmacologic label-
ing, optical imaging, and high-field fMRI. Monitoring methods of
high temporal resolution are field- or single-unit electrophysiolog-
ical recording. Ideally, both of these types of monitoring methods
should be combined and applied simultaneously. Furthermore, an
ideal animal model should allow for the exploration of the behav-
ioral correlates of the stimulation in the awake freely moving ani-
mal. A pre-existing knowledge on the anatomical connectivity
between regions and the effects of other types of brain manipula-
tion in the same regions, such as lesion studies, pharmacologic
deactivations, microstimulation or cooling deactivations is
obviously helpful in the interpretation of the results.



Rodents, felines, and in a very limited fashion non-human pri-
mates have been all used in TMS studies aimed at understanding
the physiology underlying its effects. However, the ratio between
head size and coil size remains the main issue precluding an easy
interpretation and transferability of animal results into human
applications, since the induced current density distribution and
the spatial selectivity of the impact is strongly affected by the
thickness and size of the brain (Post and Keck, 2001). This is partic-
ularly critical for rodent models, in which spatially selective repet-
itive stimulation of specific neural networks requires specially
designed smaller TMS coils (Luft et al., 2001). The use of standard
coils, like in early studies, raises two types of problems. The first
one is a loss of stimulation specificity, and in most cases the whole
brain or even the body of the animal is stimulated with the risk of
inducing irrelevant results. Second, and most important, is that the
efficiency of magnetic stimulation is drastically reduced in smaller
brains (Weissman et al., 1992) since rTMS-induced current de-
pends, besides brain size, by conductivity of brain structure. There-
fore the direct comparison based only on frequency and intensity
of stimulation used in some animal studies may not be valid for
humans.



The issue of brain tissue heating due to TMS has been addressed
in Section 3 of the current manuscript. As reviewed by Post and



Table 4
Maximum safe duration (expressed in seconds) of single trains of rTMS. Safety
defined as absence of seizure, spread of excitation or afterdischarge of EMG activity.
Numbers preceded by > are longest duration tested. Consensus has been reached for
this table.



Frequency (Hz) Intensity (% of MT)



90% 100% 110% 120% 130%



1 >1800a >1800 >1800 >360 >50
5 >10 >10 >10 >10 >10



10 >5 >5 >5 4.2 2.9
20 2.05 2.05 1.6 1.0 0.55
25 1.28 1.28 0.84 0.4 0.24



a In Japan, up to 5000 pulses have been applied without safety problems (com-
munication of Y. Ugawa).
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should not ordinarily participate in such studies, and the risk
level for patients can be theoretically high for stimulation proto-
cols that have been not yet tested for safety.



– Class 2 (indirect benefit, moderate risk): studies in patients
where the potential clinical benefit is more speculative or where
no clinical benefit is expected, but the study is anticipated to
yield valuable data for the development of treatments, safety
assessment of a cortical stimulation protocol, or improved
understanding of pathophysiological mechanisms of neurologi-
cal or psychiatric diseases. Normal subjects may participate as
control subjects. In these studies, regimens that will place sub-
jects at significant risk of seizures or other serious adverse
effects should employ only patients and not normal subjects,
because exposure to adverse effects is unacceptable for normal
subjects when clinical benefit is questionable.



– Class 3 (indirect benefit, low risk): studies in normal subjects
and patients that are expected to yield important data on brain
physiology or on safety, but have no immediate relevance to
clinical problems. Normal volunteers should be permitted to
participate in rTMS research when it is likely to produce data
that are of outstanding scientific or clinical value.



In all classes, every appropriate and feasible safety measure
must be instituted, and stimulation parameters and schedules
must be chosen with clinical goals and safety considerations in
mind. Specifically tailored regimens may pose significant risks in
some cases, and, indeed, there could be instances where stimula-
tion parameters outside present safety recommendations could
be delivered and adverse effects might be expected and prepared
for (i.e., Class 1 studies). Nevertheless, the risks should be out-
weighed by the potential benefit in serious disorders where alter-
native therapies also have significant risks (e.g., electroconvulsive
therapy or other neuromodulatory techniques which requires neu-
rosurgical procedures). In Class 2 and 3 studies the responsibility
rests on the Principal Investigator to prove how the participation
of normal subjects will enhance the understanding of brain func-
tion or advance the understanding or treatment of a disease, in
an important way.



Safety studies of new rTMS devices or alternative procedures of
TMS must continue to be performed in normal subjects in a man-
ner analogous to toxicity studies of new drugs.



All studies, including safety studies, in normal subjects and
patients for whom there is no potential clinical benefit should pro-
ceed only with maximally stringent safety measures and limits on
stimulation parameters.



The group could not reach consensus about what constitutes a
‘‘normal subject”. One view is that such persons should have a nor-
mal neurologic examination. Another view is that self-reported
information is sufficient to establish normalcy. What is appropriate
might depend on the investigation. The definition of normalcy
should be considered and approved for each study by the referring
IRB.



7.2. Stimulation parameters



Previous guidelines (Wassermannn, 1998) have proven effica-
cious in preventing spread of excitation and seizures, both in nor-
mal subjects and in patients with neurological and psychiatric
diseases, despite the fact that such guidelines were based on a rel-
atively restricted sample of normal subjects and considered only
conventional rTMS.



7.2.1. Conventional rTMS of the motor cortex
Table 4 is restricted to intensities of stimulation from 90% to



130% of resting MT, using a Figure 8 coil. Indeed, intensities higher
than 130% of MT have not been reported for research/clinical pur-
poses, nor have other coils. Future studies eventually exceeding
this limit (i.e., from 140% to 220% of MT) should refer to previous
guidelines (Table 3, Wassermannn, 1998).



In case the individual MT of stimulation cannot be determined
due to concomitant drugs, underlying pathology or other anato-
mo-physiological reason, a consensus emerged for the use of an
intensity of stimulation that corresponds to the lower 95% confi-
dence interval of the average value of the MT in the remaining sub-
jects/population, for the specific coil/stimulator combination.



Another aspect relevant for safety is the length of inter-train
intervals in case of repeated applications of rTMS on the same
day. To date, no studies have specifically addressed this issue fol-
lowing the original work (Chen et al., 1997). Therefore, we again
suggest adopting previous guidelines, at least for motor cortex
stimulation, which are summarized in Table 5.



Data of Tables 4 and 5 should provide investigators with the ba-
sis for constructing tables with margins of safety appropriate to
various types of rTMS studies. Safety margins should be conserva-
tive for the protection of subjects in Class 2 and 3 studies. In Class 1
studies, which are of potential direct clinical benefit to the sub-
jects, higher degrees of risk are clearly tolerable, so that stimula-
tion parameters outside these recommendations could be
delivered if the benefits are reasonably expected to outweigh the
risks. It is also probable that the values in this set of guidelines



Table 5
Adapted from Table 4 (Part A) and Table 3 (part B) of Chen et al., 1997, with permission from the authors. Safety recommendations for inter-train intervals for 10 trains at <20 Hz.
The maximum duration of pulses for individual rTMS trains at each stimulus intensity should not exceed those listed in the Part B of the table. A consensus has been reached in
adopting this table at this point. However, there is a need to extend these investigations and provide more detailed guidelines that may apply also to non-motor areas.



Inter-train interval (ms) Stimulus intensity (% of MT)



100% 105% 110% 120%



Part A
5000 Safe Safe Safe Insufficient data
1000 Unsafe (EMG spread after 3 trains) Unsafea Unsafe (EMG spread after 2 trains) Unsafe (EMG spread after 2 trains)
250 Unsafea Unsafea Unsafe (EMG spread after 2 trains) Unsafe (EMG spread after 3 trains)



Frequency (Hz) 100% 110% 120% 130%



Duration (s)/pulses Duration (s)/pulses Duration (s)/pulses Duration (s)/pulses



Part B
1 >270 >270 >270 >270 >180 >180 50 50
5 10 50 10 50 10 50 10 50



10 5 50 5 50 3.2 32 2.2 22
20 1.5 30 1.2 24 0.8 16 0.4 8
25 1.0 25 0.7 17 0.3 7 0.2 5



a These stimulus parameters are considered unsafe because adverse events occurred with stimulation of lower intensity or longer inter-train interval, but no adverse effects
were observed with these parameters.



S. Rossi et al. / Clinical Neurophysiology 120 (2009) 2008–2039 2029











image6.emf



may be safely exceeded in subjects receiving anticonvulsant med-
ications, as suggested by a recent study (Rotenberg et al., 2009).



7.2.2. Conventional rTMS outside the motor cortex
The above suggested safety parameters are derived from rTMS



applied to the motor cortex. Since the threshold for induction of
after-discharges is lowest in the motor cortex compared to other
cortical areas when stimulated electrically (Penfield and Jasper,
1954), they are reasonably safe also for rTMS applications on cor-
tical areas outside the motor cortex. However, the exact relation-
ships between the excitability of motor and non-motor brain
regions are still to be determined. Unfortunately, no studies have
specifically addressed this issue, hence definitive safety tables for
rTMS application outside the motor cortex cannot be provided.
There are still no studies addressing the safety of rTMS as a func-
tion of the threshold to evoke phosphenes.



Nevertheless, certain combinations of parameters of stimula-
tion that have been applied outside the motor cortex without seri-
ous adverse effects can be found in two recent reviews (Machii et
al., 2006; Loo et al., 2008). Thus, the accumulated experience in the
past 20 years provides a strong substrate that investigators can use
to inform arguments about the safety and relative risk of rTMS
protocols.



7.2.3. Patterned repetitive TMS
TBS protocols are increasingly used, both in research and for clin-



ical applications. There is only one study specifically addressing the
safety of TBS in 24 healthy subjectswho received stimulation on left
dorsolateral and medial prefrontal cortices (Grossheinrich et al.,
2009): no serious adverse effects were noted, apart from lipotimic-
like reactions in three subjects. However, due to the paucity of safety
studies on TBS, safety guidelines cannot be currently provided.



Table 6 summarizes TBS protocols used up to now in published
studies on normal subjects. As described above, a single seizure has
been reported, induced by cTBS in a normal volunteer (Obermann
and Pascual-Leone, 2009). In that instance cTBS was applied at an
intensity of 90% of resting motor threshold which might translate
to an intensity of approximately 120% of active motor threshold,
thus much higher than most published trials of cTBS. Table 6 also
summarizes available studies using QPS paradigms. It is important
to note that the safety of these protocols in patients with neurolog-
ical or psychiatric brain diseases, or when applied under pharma-
cological treatments or outside the motor cortex, is still to be
determined.



Several aspects still need to be evaluated in terms of safety,
even in normal subjects:



(i) Total pulse number: traditional TBS protocols pose the cur-
rent limit at 600, but 900 has been safely performed (J. Roth-
well, personal communication);



(ii) Interval between repeated TBS sessions: 15 min being safe in 6
normal subjects (Nyffeler et al., 2006);



(iii) Intensity of stimulation: the maximal intensity safely used so
far being 60% of the maximal stimulator output over the
visual cortex (Silvanto et al., 2007) and 80% of the resting
MT for prefrontal cortex stimulation (Grossheinrich et al.,
2009);



(iv) Cumulative daily or weekly applications for therapeutic
purposes.



7.2.4. Physiological monitoring
Physiological monitoring of every subject undergoing conven-



tional or patterned repetitive TMS is desirable when parameters
of stimulation exceed previous tables. This applies to studies of
Classes 1, 2 and 3.



Two measures have been proposed to detect potential early
signs of increasing brain excitability that might lead to a seizure:
spread of excitation to neighboring cortical areas and possible
manifestations of EEG afterdischarges.



In studies where rTMS is not expected to elicit MEPs (e.g., stim-
ulation of the motor cortex below threshold, or of a scalp site out-
side it at any intensity), the EMG can be monitored continuously
from a hand muscle, such as the abductor pollicis brevis or the first
dorsal interosseous muscle, on the side contralateral to rTMS.
These muscles have the lowest threshold for the production of
MEPs, and the appearance of MEPs during an experiment may indi-
cate the spread of excitation from neighboring areas to the motor
cortex.



In studies where the stimulation is expected to produce MEPs in
a distal muscle (i.e., the hand), an additional muscle at a proximal
segment of the same limb can be monitored. The appearance of
‘‘proximal” MEPs in a forearm muscle (such as the extensor carpi
radialis) or in an arm muscle (as the deltoid), would indicate the
intra-cortical spread of excitation or lowering of the MT.



Visual monitoring of subjects during rTMS is mandatory. Mus-
cle twitching time-locked to the stimulus provide a potentially
important indication of spread of evoked motor activity, albeit less
sensitive than EMGmonitoring (Lorenzano et al., 2002). It might be
advisable to use video monitoring in high-risk studies. Subjects
should be observed by a qualified individual at all times during
rTMS.



Theoretically, the EEG would seem the most appropriate tool for
physiological monitoring of rTMS effects, since afterdischarges
following the cessation of cortical stimulation are traditionally
considered the first indicator of induced epileptic activity
(Ajmone-Marsan, 1972), and are routinely used as a safety feature
in subdural cortical stimulation and recording. However, routine
EEG monitoring in normals and patient populations is unlikely to
increase safety of TMS significantly, given the low incidence of



Table 6
Published TBS (biphasic pulses) and QPS (monophasic pulses) protocols on normal subjects. No significant side effects reported, apart vagal reactions after prefrontal cortex
stimulation. Consensus reached for this table.



Pulses in the burst Total train pulses Intensity Stimulation site



‘‘Standard” cTBS (following Huang et al. 2005) 3 at 50 Hz, repeated at 5 Hz 600 (40 s) 80% of active MT Motor cortex, PFCc



Silvanto et al. 2007 8 at 40 Hz, repeated every 1.8 s 200 60% of the maximal
stimulator output



Visual cortex



Nyffeler et al. 2006a 3 at 30 Hz, repeated at 10 Hz 200 80% of resting MT Frontal eye fields
”Standard” iTBS protocols (following



Huang et al. 2005)
3 at 50 Hz, repeated at 5 Hz for 2 s 600 80% of active MT Motor cortex, PFCc



QPS b (following Hamda et al., 2008) 4 (ISI ranging 1.5 ms–1.25 s),
repeated every 5 s



1440 90% of active MT Motor cortex



a Also repeated TBS in the same session (at 5, 15, 60, 75 min).
b 2000 maximal total pulse number per day; highest intensity used resting MT (Y. Ugawa, personal communication).
c PFC = prefrontal cortex (Grossheinrich et al. 2009).
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