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� Laboratories and clinics who conduct TMS completed a survey about the risk of seizures from TMS.
� TMS within published guidelines poses a very low seizure risk to individuals without risk factors.
� Repetitive TMS within published guidelines appears no more likely to cause seizures than single-pulse

TMS.

a b s t r a c t

Objective: Transcranial magnetic stimulation (TMS) can cause seizures in healthy individuals and
patients. However, the rate at which this occurs is unknown. We estimated the risk of seizure and other
adverse events with TMS.
Methods: We surveyed laboratories and clinics about seizures and other events observed between 2012
and 2016 (inclusive). Respondents (N = 174) reported an estimated 318,560 TMS sessions.
Results: Twenty-four seizures were reported (.08/1000 sessions). TMS delivered within published guide-
lines to subjects without recognized risk factors caused 4 seizures (<.02/1000 sessions). High-frequency
(>1 Hz) rTMS delivered within published guidelines to individuals without known risk factors was no
more likely to cause seizures than low-frequency and single/paired-pulse TMS. Subject risk factors (e.g.,
brain lesions and epilepsy) increased seizure risk substantially. Seizures appeared more common when
safety guidelines were exceeded. Seizures were most likely to occur within the first few exposures to TMS.
Conclusions: TMS delivered within published guidelines to individuals without risk factors appears to
cause fewer than 1 seizure per 60,000 sessions. The assumption that repetitive TMS is riskier than single
and paired pulses under these conditions should be reevaluated.
Significance: This information should help laboratories, clinics, and regulatory authorities form updated
safety policies for TMS.
� 2019 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction science, and psychiatry. Like an earlier transcranial electrical brain
Transcranial magnetic stimulation (TMS) has been commer-
cially available for over three decades. In this time, it has become
a mainstream technique in human neurophysiology, cognitive
stimulation technique (Merton and Morton, 1980), TMS went
directly into human use without animal testing or more than a
qualitative knowledge of its safety. Since then, there have been
notable attempts to assess the safety of TMS (Rossi et al., 2009;
Wassermann, 1998). However, continual re-evaluation is impor-
tant, given the continuing spread of the technique to new seg-
ments of the scientific and clinical communities, and the
development of new stimulation paradigms in recent years.
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The most serious safety hazard of TMS is its potential to cause
epileptic seizures. Early in its history, widely spaced ‘‘single” TMS
pulses were found to be capable of triggering epileptic events under
rare circumstances. The first events of this kind were reported,
unsurprisingly, in individuals with potentially epileptogenic corti-
cal lesions (Hömberg and Netz, 1989). Repetitive TMS (rTMS;
defined as TMS pulses delivered in consecutive trains) was first
used at the University of Minnesota in pioneering attempts at non-
invasive language mapping and epileptic focus activation in
patients (Dhuna et al., 1991). These researchers were unable to acti-
vate epileptic foci, but they did produce a partial motor seizure
from the motor cortex in one patient. Later, a seizure occurred in
the first rTMS study of the motor cortex in healthy volunteers
(Pascual-Leone et al., 1993). The authors also noted evoked elec-
tromyographic activity occasionally persisting after the stimulation
was stopped. This was interpreted as self-sustaining cortical excita-
tion analogous to the ‘‘afterdischarges” seen after direct cortical
stimulation, a sign that the inhibitory capacity of the cortex had
been saturated, and as potentially epileptic in character. Prelimi-
nary limits on the combinations of stimulation frequency, intensity,
and train duration were established by researchers at the National
Institute of Neurological Disorders and Stroke (NINDS) based on
these data, but additional seizures occurred (Wassermann, 1998).

These researchers convened the first international workshop to
address the safety of rTMS in 1996, where the limitswere formalized
and integrated into a comprehensive set of guidelines for conducting
research with TMS (Wassermann, 1998). Following another seizure
at theNINDS, additional guidelines on the inter-train interval param-
eter, neglected in the original recommendations, were established
(Chen et al., 1997). TMS safety was reviewed again at a meeting in
2008, bywhich time rTMS use had expanded greatly, spreading from
its base in clinical neurophysiology to cognitive neuroscience labora-
tories andpsychiatric clinics aswell. The report of thismeeting (Rossi
et al., 2009) addressed the safety and ethics of TMS administration,
including subject-based risk, and questions about how, where, and
bywhomTMS should be delivered. It also noted that seizures contin-
ued to occur occasionally, even when dosing parameters were kept
within the previously published guidelines.

Such efforts have made TMS safe enough for use in a wide range
of applications and settings. However, there has yet to be a quan-
titative assessment of TMS risk since the early NINDS experience
and the adoption of the 2009 guidelines. Thus, researchers have
limited information on the true number of seizures and, crucially,
the risk ratio (i.e., seizures per exposure). Consequently, human
research ethics boards and other regulatory authorities are cur-
rently assigning TMS paradigms, studies, and devices, to risk cate-
gories in the absence of quantitative data.

This paper reports the first attempt to quantify the seizure risk
of TMS, as well as the occurrence of other adverse events, in a sam-
ple of laboratories and clinics. We conducted a survey of clinicians
and researchers who published on or used TMS in the years 2012
through 2016. This report of that survey offers a comprehensive
assessment of the safety of TMS, and in particular, the rate at which
seizures occur across a variety of stimulation protocols.
2. Methods

2.1. Distribution

We aimed to assess TMS safety from a representative set of
researchers and clinicians. We recruited respondents through three
routes. First, we used PubMed’s e-utilities application to obtain e-
mail addresses for the corresponding authors of publicationswhose
PubMed entries included the term ‘‘transcranial magnetic stimula-
tion” in the title or abstract. Using Qualtrics� software, we emailed
each of these addresses with a cover letter explaining the purpose
of the survey and a personalized link to the survey. This link
allowed us to see whether a respondent had completed the survey,
but it did not allow us to associate a survey response with the iden-
tity of the respondent. Second, we sent individualized follow-up
emails to investigators who had published reports of seizures, but
did not respond after our initial general email. Third, we contacted
four clinical TMS associations—The Clinical TMS Society, The Inter-
national Federation of Clinical Neurophysiology, The International
Society for ECT and Neurostimulation, and The National Network
of Depression Centers TMS Task Group—asking them to distribute
a survey link to their members.

PubMed’s e-utilities application generated 3214 unique email
addresses. All of these were contacted with a request to participate.
Of these, 2510 were valid email addresses. Direct email requests to
authors resulted in 158 survey responses. Letter appeals to TMS
associations and word of mouth generated 16 survey responses.
Finally, two groups who had published seizure reports (Boes
et al., 2016; Cullen et al., 2016) responded to follow-up emails
requesting participation. In total, we received responses from
174 respondents, comprising 318,560 TMS sessions (Table 1). We
sent individualized follow-up emails to respondents to clarify
any errors or ambiguities in survey responses, as necessary.

2.2. Measures

The survey covered TMS sessions conducted at the lab or clinic
for the five-year period 2012–2016. The survey asked about sei-
zures and other serious adverse effects from TMS across conditions
that may influence risk and safety. Participants reported on the fol-
lowing seven measures:

1. The setting in which they administered TMS (clinic or research
lab)

2. Whether pregnancy tests were performed for women of child-
bearing potential before every rTMS session or before a course
of rTMS treatment

3. Total number of TMS sessions conducted, reported separately
for each coil type (round coil/figure-8 coil, double-cone coil,
H-coil), and whether subjects had increased subject-risk or
protocol-risk factors according to 2009 safety guidelines. We
report each type of risk factor (subject-risk and protocol-risk)
separately

4. Total number of seizures participants experienced while receiv-
ing TMS. In addition, details about each seizure (clinical seizure
type, stimulation settings in use, coil type, stimulation site,
qualifications of TMS operator), and any available medical infor-
mation on the participant who experienced seizures

5. Total number of times TMS caused motor activity persisting
after TMS

6. Any other serious adverse effects participants experienced dur-
ing or after TMS

7. How any serious adverse events were handled by staff in non-
clinical settings

Respondents were allowed to estimate their numbers of ses-
sions, but were required to state whether their responses were
based on estimates or written records. Survey responses were
included only when both of the following conditions were met:
(1) the responses were complete and interpretable or could be clar-
ified by subsequent direct query, and (2) the responses did not con-
tain data previously reported to us by others.

See Supplementary Materials for the complete list of questions
and answer choices. The Institutional Review Board at Princeton
University approved this research. All respondents provided
informed consent prior to completing the survey.
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3. Results

One hundred seventy-four respondents reported on 318,560
TMS sessions (Table 1). Some of these sessions were consecutive,
as when thresholding with single pulses was performed before
rTMS treatment, and, therefore, do not represent separate sessions.
Of the responses on numbers of sessions, 67 respondents reported
solely from written records and 107 made estimates of the number
of sessions in at least one category.

3.1. Setting

Eighty-seven groups (50%) reported performing TMS in a clinical
setting. Of the others, 31 (18%) reported performing TMS in a non-
clinical settingwith a licensed, independent health care practitioner
in the room or on premises, 13 (7%) reported performing TMS in a
non-clinical setting with a specific coverage arrangement with a
nearby clinic. Thirty-seven groups (21%) performed TMS without
clinical support, and five (3%) did not report their setting. Due to
rounding, percentages here and elsewhere to do not add to 100%.

3.2. Pregnancy tests

Out of the 174 responding laboratories and clinics, 17 (10%) per-
formed pregnancy tests in female participants of childbearing
potential before a course of rTMS treatment and 8 performed preg-
nancy tests (5%) before each rTMS session. Five groups (3%)
reported treating pregnant women. One hundred forty-three
groups (82%) reported not doing pregnancy tests and six (3%) did
not report their policy.

3.3. Seizures

Our primary aim was to assess the seizure risk of various TMS
protocols. In total, respondents reported 24 TMS-provoked sei-
zures in 318,560 sessions (.08 seizures per 1000 sessions; see
Tables 1 and 2). One seizure (#7, Table 2) was documented in a
published report (Groiss et al., 2017). However, the authors of this
report did not complete our survey, so we did not include this sei-
zure in the risk analyses.

Subject factors and TMS protocol played a large role in seizure
risk. Only 4 of the 24 seizures (17%) occurred in individuals with-
out elevated seizure risk and with TMS delivery parameter values
within published safety guidelines. Nineteen seizures occurred in
subjects at increased risk according to the 2009 criteria (Tables 1
and 2). One additional seizure occurred in a session with both ele-
vated subject and protocol risk. We report the seizure rates for
each type of risk factor below.

3.4. Subject risk factors

The occurrence of seizure with single/paired and repetitive TMS
was greater in subjects with previously identified risk factors
(Rossi et al., 2009; Table 2). In subjects with elevated risk, but no
elevated protocol risk, the rate of seizures was .33/1000 sessions.
In comparison, the risk of seizure was .02/1000 in sessions without
elevated risk of either kind. The difference between sessions with
and without elevated subject risk was especially large for single/
paired-pulse stimulation: for sessions with elevated subject risk,
the risk of seizure was .82/1000 sessions, compared to .03/1000
for sessions without elevated risk of either kind.

Of the 24 reported seizures, 7 (29%) were experienced by
patients with congenital epilepsies. All epileptic individuals were
on antiepileptic medication at the time of TMS. Four additional
predisposing conditions were associated with seizures: stroke



Table 2
Characteristics of reported seizures and subjects.

Seizure description Frequency Target Diagnosis Medications Previous TMS

1. ‘‘Clinical seizure” Single/Paired-
pulse

Frontal cortex Epilepsy Valproate, zonisamide None

2. Myoclonic Single/paired-
pulse

M1 Myoclonus epilepsy Antiepileptic(s) Some
(unspecified)

3. Myoclonic Single/paired-
pulse

M1 Myoclonus epilepsy Antiepileptic(s) Some
(unspecified)

4. Secondary generalized Single-pulse M1 Epilepsy Topiramate, valproate, clobazam None
5. Partial Single-pulse M1 Multiple sclerosis (possible) None None
6. Complex partial Single-pulse M1 None None 1 session
7. Partialy Single-pulse M1 Tumor Sertraline 2 sessions
8. Partial* Single-pulse M1 Tumor Levitiracetam, lamotrigine 1 session
9. Partial Single-pulse M1 None None None

10. Secondary generalized Single-pulse IPS None Oral contraceptives None
11. Generalized Single-pulse M1 (round coil at

vertex)
Paraparesis None None

12. Generalized* Single-pulse M1 Epilepsy Clobazam, pregabalin, zonisamide,
levetiracetam, valproate, hydantoin

None

13. Not reported Single pulse M1 Stroke Not reported None
14. Partial Single-pulse M1 Arteriovenous

malformation
None None

15. Myoclonic 0.3 Hz M1 (round coil at
vertex)

Myoclonus epilepsy Valproate, zonisamide, levetiracetam,
clobazam

None

16. Generalized 1 Hz DLPFC Stroke Atorvastatin, warfarin None
17. Partial* 7 Hz M1 Epilepsy Valproate, eslicarbazepine, lacosamide,

levetiracetam
None

18. Partial then generalized 10 Hz M1 Stroke Some (unspecified) Some
(Unspecified)

19. Secondary generalized 10 Hz M1 Stroke Trifluoperazine None
20. Secondary generalized 15 Hz DLPFC Schizophrenia Risperidone 4 sessions
21. Secondary generalized 18 Hz DLPFC Depression None 7 sessions
22. Secondary generalized 18 Hz DLPFC Depression

Alcoholism
None 12 sessions

23. Generalized 18 Hz DLPFC Depression/rheumatoid
arthritis

Methotrexate Unreported

24. Secondary generalized 20 Hz DLPFC Depression Mirtazepine None
25. Secondary generalized iTBS M1 Stroke None None

* Likely spontaneous seizures (see text). Not included in Table 1.
y Reported in Groiss et al. (2017) (see text). Not included in Table 1.
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(#13, #16, #18, #19, #25, Table 2), tumor (#7, #8), arteriovenous
malformation (#14), and psychiatric disorders treated with medi-
cations known to lower the seizure threshold (#20, #23, #24). A
total of 4 seizures occurred in 242,067 sessions with individuals
without identifiable risk factors.

Respondents described three of the reported seizures (two in
refractory epilepsy and one in a tumor patient) as spontaneous
events, unrelated to the TMS procedure, since these patients had
been experiencing frequent seizures during the time they received
TMS. However, in order to minimize the chance of underestimating
seizure risk, we include these seizures in our estimate of TMS-
induced seizures for subjects with elevated risk.

Among the 24 seizures reported, 15 occurred on the first TMS
exposure, two on the second session, and one on the third session
(Table 2).
3.5. Stimulation parameters

The most frequent mode of stimulation was single/paired-pulse
(112,897 of 318,560 sessions; 35%), followed by low-frequency
rTMS (�1 Hz; 90,631 sessions; 28%), high-frequency rTMS
(>1 Hz; 82,588, 26%), intermittent theta burst (iTBS; 16,952; 5%),
and continuous theta burst (cTBS; 8,568, 3%).

Risk of seizure in TMS sessions conducted without elevated pro-
tocol or subject risk ranged from 0 for low-frequency (�1 Hz)
rTMS, iTBS, and cTBS, and conventional high-frequency (>1 Hz)
rTMS, to .03/1000 for single/paired-pulse, and .32/1000 for high-
frequency rTMS conducted with an H-coil. Of 318,560 total TMS
sessions, 19,308 (6%) were conducted with delivery parameter val-
ues outside the 2009 guidelines (which applied only to frequen-
cies > 1 Hz) and thus with elevated protocol risk. These sessions
resulted in one seizure, in a subject who also had risk factors
(#20, Table 2). However, the numbers of TBS and H-coil sessions
reported were relatively small and may not have provided a reli-
able estimate of risk.

3.6. Coil type

Of 318,560 reported sessions, 303,183 (95%) were conducted
with conventional figure-8 or round coils. 8453 sessions (3%) were
conducted with the ‘‘double cone” coil. Use of the H-coil was
reported in 7577 sessions (2%), 6924 of which involved conven-
tional high-frequency rTMS.

The risk ranged from .08/1000 for conventional figure-8 or
round coils, to .12/1000 for double cone coils, and .43/1000 for
H-coils. Double cone coils were associated with one seizure (#14,
Table 2); H-coils were associated with three seizures (#21, #22,
#23). Two of these seizures occurred in individuals with subject
risk factors (concurrent pharmacological treatment for depres-
sion). As such, the risk ratio for the H-coil appears higher than
for conventional coils. However, there may not have been a suffi-
cient number of H-coil or double cone sessions in the sample to
assess their risks accurately.

3.7. Stimulation site

Information about stimulation site was available only for ses-
sionswhere seizures occurred. Sixteen of 24 seizures (67%) occurred
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during primarymotor area stimulation, 7 during prefrontal stimula-
tion (29%), and 1 (4%) during parietal stimulation. This distribution
may reflect the popularity of these regions as stimulation targets
rather than the relative risk of stimulating these areas.

3.8. Persistent evoked motor activity

We received reports of 41 cases of evoked activity, such as MEPs
or twitching, which persisted after the end of TMS. While we have
included them for completeness (Table 3), we note that we believe
that the manner in which we asked this question raises questions
about how to interpret this data (see discussion).

3.9. Other adverse events

Respondents were given the opportunity to list other types of
adverse events. However, unlike seizures, we did not ask for num-
bers of events. Syncope or presyncope was the most common
adverse event, reported by 29 of 174 respondents (17%). Many
respondents reported multiple such events and some mentioned
that this occurred in subjects new to TMS. Headache or pain at
the stimulation site was also a common adverse effect, reported
by 28 respondents (16%). Nine respondents (5%) reported nausea
or nausea with vomiting, but in two cases, respondents reported
that this was likely caused by intercurrent illness or medication.
In addition, four respondents (2%) reported hypomania or mania
in patients being treated for depression. Four respondents reported
persistent twitching, which lasted or occurred after the TMS ses-
sion. Other rare complaints include worsening of psychotic symp-
toms requiring hospitalization (one respondent); anxiety,
irritability, and insomnia (one respondent); temporomandibular
joint pain (one respondent); and tinnitus (one respondent).

3.10. Responses to adverse events

Only four respondents reporting seizures in non-clinical set-
tings reported how these seizures were managed.

4. Discussion

This study is the first systematic and empirical study of TMS
safety since safety guidelines for rTMS were first published in
1996. Since then, there has been widespread adoption of TMS in
research and clinical settings. In our estimated sample, seizures
occurred at a rate of .08 per 1000 sessions. Because respondents
may have misdiagnosed some events as epileptic seizures, some
primarily syncopal events might have been counted among the sei-
zures. Most of the TMS-related seizures reported to us occurred in
individuals with risk factors, such as congenital epilepsies,
anatomical lesions, and medications. In our sample, TMS delivered
within published guidelines to subjects with no elevated seizure
risk carried a risk of .02 seizures per 1000 sessions. To put these
rates in context, in 2013 the mean annual risk to a member of
Table 3
Persistent motor activity.

TMS Protocol Total Elevated subject risk Elevate

Single-pulse 6 5 0
Paired-pulse 3 3 0
Low-frequency (rTMS � 1 Hz) 3 0 0
High-frequency (rTMS > 1 Hz) 18 4 7
Intermittent theta burst 2 0 2
Continuous theta burst 2 0 2
Other 0 0 0
H-coil high-frequency 7 2 2

Number of episodes of evoked muscle activity (MEPs or twitching) persisting after TMS
the US population of dying in a traffic accident was .11 in 1000
(http://www.iii.org/fact-statistic/mortality-risk). The annual risk
of developing epilepsy in the US population is approximately .47
in 1000 (Hirtz et al., 2007). Hence, these data support the general
impression that TMS is a safe intervention.

TMS was consistently safe across a range of stimulation param-
eter values. Notably, the risks for single/paired-pulse and rTMS
at � 1 Hz appear comparable to those for rTMS at > 1 Hz, when
delivered within published guidelines and to subjects with no ele-
vated seizure risk. The risk of seizure for single/paired-pulse was
.03 per 1000 sessions, and no seizures were reported in either rTMS
at � 1 Hz or rTMS at > 1 Hz. This finding should inform the future
risk stratification for TMS studies. However, the findings confirm
that exceeding the 2009 guidelines for delivery parameters
increases the risk of seizures. Our respondents reported 19,308 ses-
sions of rTMS (6%) outside the 2009 stimulation parameter guide-
lines. These treatments were associated with an elevated risk of
seizure.

Of the 10 seizures we reported occurring with rTMS at 1 Hz or
above, 9 occurred in individuals with risk factors identified in the
2009 guidelines (#s 16–20 and #s 22–25, Table 2). Of these, only
three (#20, #23, #24)—all in individuals being treated for psychi-
atric illness—had medications as the only risk factor, while the rest
had epilepsy, anatomical lesions, or alcoholism. This was despite
the presumably large number of medicated individuals being trea-
ted with TMS for psychiatric illness worldwide during this period.
Two individuals from the psychiatric population had seizures (#21,
#22) during rTMS despite being on no medications. These data do
not support the common view that psychiatric medications
increase risk of TMS-induced seizure.

Subject factors also elevated the risk of seizure. Of the seizures
provoked by single/paired-pulse and low-frequency rTMS, 81%
occurred in subjects with risk factors. Individuals with risk factors
similarly accounted for 87.5% of the seizures produced by the dif-
ferent varieties of high-frequency and patterned rTMS. The greater
number of seizures reported with single/paired-pulse and � 1 Hz
rTMS may have been due to the population, e.g., epilepsy patients,
undergoing this protocol.

A striking finding was that over 62% of seizures occurred on the
first exposure to TMS, and 75% occurred within the first three
exposures. These data show that subjects who have undergone
TMS safely are at much less risk than first-time participants, even
in the presence of risk factors. This factor could be considered
when determining the level of seizure precautions.

We asked about persistent motor activity in the survey, but we
did not make it clear enough that this referred specifically to the
phenomenon described by Pascual-Leone et al. (1993), and we
believe our question may have been misinterpreted in some cases.
For example, persistent motor activity was reported after single-
pulse TMS in 6 instances. Rhythmic, afterdischarge-like activity
of the type we had in mind has not been previously described after
single-pulse TMS. Therefore, the data in Table 3 should be inter-
preted with caution.
d protocol risk Elevated protocol and subject risk No elevated risk

0 1
0 0
3 0
0 7
0 0
0 0
0 0
0 3

. (See discussion.)

http://www.iii.org/fact-statistic/mortality-risk
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This study has three significant limitations, all of which should
temper the confidence of any conclusions drawn from the data.
First, the sample is small relative to the population and potentially
unrepresentative. We received 174 responses to our emails and
announcements from a potential population of thousands of labo-
ratories and clinics. It is possible that those who failed to respond
had more seizures or other reasons to avoid exposure. The
response from non-research clinics was also sparse and it is possi-
ble the rate of seizures or other serious adverse events is different
in non-research clinical settings. Finally, there were categories of
stimulation (e.g., continuous theta burst in subjects with elevated
risk; asterisks in Table 1) where no seizures occurred, but where
the sample of sessions was so small that no conclusions about
safety can be drawn. Therefore, the data must be regarded as only
semi-quantitative. In addition, the small numbers of sessions
reported for some protocols, notably theta burst, may be so small
as to underestimate their risk in absolute terms and relative to
other protocols.

Second, we allowed respondents to estimate the numbers of
TMS sessions they had delivered in the last 5 years and 63% did
so. We recognize the potential for bias in these estimates. Respon-
dents reporting seizures, in particular, may have had a motivation
to inflate their session numbers to reduce the apparent risk. The
recordkeeping on the absolute numbers of seizures, which, as seri-
ous adverse events, are usually reported to research oversight
authorities, is more likely to be accurate. Could reporting bias have
contributed to the seeming risk parity of high and low frequency
TMS? Yes, but this is unlikely, since regulatory requirements for
record keeping are generally stricter for higher-risk procedures,
particularly in clinical trials, allowing any bias toward denomina-
tor inflation to operate more on data from lower-risk studies.

Lastly, the questionnaire was designed to capture the rate of
seizures per exposure, not per subject. That is, since our data show
that seizures tend to occur on the first few exposures to TMS, sus-
ceptible individuals are filtered out of the subject pool and
repeated sessions occur in non-susceptible individuals. However,
this does not weaken the finding that, in low-risk individuals stim-
ulated at parameter combinations within the 2009 guidelines,
stimulation frequency does not affect the likelihood of seizures.

Although seizures pose the most serious acute risk from TMS,
there are additional adverse effects worth noting. For example,
syncope and presyncope occur far more often than seizures. While
syncope is an emergency, it can be handled safely by lay personnel
who are trained to recognize and treat it. Approximately 17% of
respondents reported the occurrence of syncope in at least one par-
ticipant, with several reporting multiple episodes. We have no
measure of the rate, but, for comparison, in one large study
(Bravo et al., 2011), venipuncture for blood donation caused com-
plete syncope at a rate of .27%. A similar rate for TMS, would have
resulted in over 860 cases of syncope in our study. In blood dona-
tion, as in TMS, first time donation and young age were predictors
of syncope. Discomfort at the stimulation site and headache were
also common side effects of TMS in our data.

Assuming they approximate the true seizure risk of TMS, how
should these findings affect the community of TMS users and reg-
ulators? Our data suggest that single/paired-pulse and repetitive
TMS, conducted within the published guidelines pose a very small
increment over the background risks of everyday life to subjects
without known risk factors. We hope that this new and reassuring
information will inform policies enabling wider use of TMS.

Conflict of interest

None of the authors have potential conflicts of interest to be
disclosed.
Acknowledgments

Dr. Wassermann was supported by the Clinical Neurosciences
Program of the National Institute of Neurological Disorders and
Stroke (Project number 1ZIANS002977-19).

The authors wish to thank the Executive Committee of the
International Federation of Clinical Neurophysiology for their
endorsement of this survey and for allowing us to disseminate it
under the auspices of the IFCN.

The authors wish to thank Tony Phan for assistance collecting e-
mail addresses from PubMed for survey distribution.

The following individuals and groups agreed to allow us to
thank them publicly for their participation:

Ambulatorio, UOC Psichiatria, Sant’Andrea Hospital, Sapienza
University, Rome, Italy; Zsuzsanna Arányi, Semmelweis Unversity,
Department of Neurology, Laboratory of Clinical Neurophysiology,
Budapest, Hungary; Alessio Avenanti, Center for Studies and
Research in Cognitive Neuroscience, University of Bologna; Sergio
Bagnato, Neurophysiology Unit, Fondazione Istituto Giuseppe
Giglio, Cefalù, Italy; Leonie Bais, Cognitive Neuropsychiatry,
Department of Neuroscience, University Medical Center Gronin-
gen, The Netherlands; Behavioral Neurology Unit, NINDS; Daniel
Blumberger, Temerty Centre for Therapeutic Brain Intervention,
Centre for Addiction and Mental Health, Toronto, ON, Canada; Jef-
frey Borckardt; Michael Borich, Neural Plasticity Research Labora-
tory; Brain Stimulation Lab, Department of Psychology, Institute
of Psychiatry, Psychology & Neuroscience, KCL; Gianluca Campana,
BrainVisionLab, University of Padova; Linda Carpenter, MD, Butler
Hospital TMS Clinic, Providence, Rhode Island; Centre for Integra-
tive Neuroscience and Neurodynamics, School of Psychology and
Clinical Language Sciences, University of Reading; Centre Hospital-
ier Régional Universitaire de Caen, France; Andrei Chistyakov, Neu-
rosurgical Laboratory, Rambam Health Care Campus, Haifa;
Massimo Cincotta, SC di Neurologia di Firenze, AUSL Toscana Cen-
tro, Ospedale San Giovanni di Dio, Florence, Italy; Brian Clark, Ohio
Musculoskeletal and Neurological Institute at Ohio University;
Joseph Classen, Department of Neurology, Leipzig University; Luca
Cocchi, Queensland Brain Institute, The University of Queensland;
Cognitive Neuroscience Research Unit, Psychology Department,
Durham University, UK; Cognitive Psychology Group, Department
of Psychology, University of Exeter; Adriana Conforto, Neurostimu-
lation Laboratory, Hospital das Clínicas da Faculdade de Medicina
da Universidade de São Paulo, and Neurostimulation Laboratory,
Hospital Israelita Albert Einstein, São Paulo; Cheryl Corcoran, Divi-
sion of Experimental Therapeutics, Department of Psychiatry,
Columbia University; Emiel Cracco, Ghent University; David Czell,
Department of Neurology, Kantonal Hospital Winterthur, Switzer-
land; Department of Neuromodulation and Neurosurgery, Osaka
University; Department of Neuroscience, Faculty of Medicine,
NTNU, Norwegian University of Science and Technology, Trond-
heim, Norway; Department of Neuroscience, University Medical
Center Groningen, The Netherlands; Department of Physical and
Rehabilitation Medicine, Samsung Medical Center, Seoul, South
Korea; Department of Psychiatry, University Hospital Brno, Czech
Republic; Department of Psychology, University of Milano Bicocca,
Italy; Alessia Di Sapio, Neurophysiology Laboratory of MS Centre,
San Luigi Gonzaga Hospital; Marco Diana, ‘‘G. Minardi” Cognitive
Neuroscience Lab, University of Sassari ; Dr. Adam Aron, AronLab,
Department of Psychology, UC San Diego; Esme Ekizoglu, Depart-
ment of Neurology, Istanbul Medical School, Turkey; Poul Erik
Buchholtz, Department for Depression and Anxiety Disorder, Aar-
hus University Hospital, Risskov, Denmark; Miguel Fernandez del
Olmo, Department of Physical and Sports Education, University of
Coruña; Mirta Fiorio, Action-Perception Lab, University of Verona;
Dr. Lázaro Gómez Fernández, Non Invasive Brain Stimulation Unit.



A.J. Lerner et al. / Clinical Neurophysiology 130 (2019) 1409–1416 1415
International Center for Neurological Restoration; Monica Goras-
sini, Motor Control Laboratory, University of Alberta; Christian
Grefkes, Neuromodulation & Neurorehabilitation, University of
Cologne; Yuzhou Guan, EMG and EP Lab of Peking Union Medical
College Hospital; Lauren V. Hadley, The MARCS Institute - Music
Cognition and Action group; Masashi Hamada, Masashi Hamada;
Robert Henkin, The Taste and Smell Clinic, Washington D.C.; Anu
Holm, Satakunta Central Hospital, Pori, Finland; Nicholas Holmes,
The Hand Lab, Nottingham University; Human Cortical Physiology
and Neurorehabilitation Section, NINDS; Tihomir Ilić, Military
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