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Transcranial Magnetic Stimulation (TMS)
In this scientific advisory report on public health policy, the Superior Health Council of
Belgium provides recommendations on efficacy and safety of Transcranial Magnetic
Stimulation.
This report aims at providing researchers and doctors with specific recommendations on
efficacy and safety of Transcranial Magnetic Stimulation.
This version was validated by the Board on
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SUMMARY
In this advisory report, the Superior Health Council (SHC) provides an answer to the
questions submitted by the Minister of Public Health regarding Transcranial Magnetic
Stimulation (TMS) and, more specifically, on the efficacy and safety of this technique, as well
as on the conditions for using it (setting and user training).
TMS involves delivering a magnetic pulse to the cerebral cortex through the skull using
a coil. According to the law of Lenz-Faraday, the rapid change in magnetic flux induces an
electric field which modifies neuronal activity in the area being treated. In clinical
applications repetitive TMS (rTMS), a type of TMS that occurs in a rhythmic and repetitive
form, is mostly used to treat neuropsychiatric illnesses. This makes it possible to diagnose
and provide treatment for neurological and psychiatric disorders. TMS also contributes to
neuroscientific research by providing a better insight into the role of specific regions in motor
or cognitive performance in human beings.
After a careful examination of the scientific research on this fairly new technique, the SHC
takes the view that there is sufficient scientific evidence in support of its effectiveness as a
means to treat (drug-resistant) major depression and neuropathic pain. Next, we can
conclude that rTMS is probably effective in the treatment of motor symptoms and depression
related to Parkinson’s disease (PD) as well as in the treatment of motor disorders after a
cerebrovascular accident (CVA). The literature also shows a possible effect in the treatment
of tinnitus, epilepsy, post-traumatic stress disorder (PTSD), negative symptoms and auditory
hallucinations in schizophrenic patients but further research is necessary to confirm these
data.
As regards the safety of (r)TMS, the SHC takes the view that this technique is fairly safe.
The most common adverse effects are epileptic seizures, but this risk is low (< 1% of all
TMS interventions), certainly when adhering to the current safety guidelines.
1
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The only contraindication is the presence of a metal object in the body of the patient
receiving treatment. TMS should therefore not be used in patients with an implant, unless
this is medically justified. Similarly, children and pregnant women should not undergo TMS
without a thorough medical assessment of the benefits/disadvantages ratio.
In view of an integrated care the use of (r)TMS for diagnostic or therapeutic purposes should
be conducted in a medical setting and should be in collaboration with a psychiatrist for
psychiatric disorders, a neurologist for neurological disorders or a specialist in physical
medicine for locomotor disorders who all succeeded in an additional training regarding
(r)TMS.
A medical setting (hospital or appropriately equipped outpatient clinic) is needed for all
clinical applications of (r)TMS (i.e. diagnostic or therapeutic procedures of neuromodulation).
Out-patient (r)TMS treatments can be delivered outside the hospital. However, it is strongly
advisable that in these settings and in other medical environments, appropriate life-support
equipment and emergency medical facilities are available.
Given that (r)TMS is a medical act, only certified healthcare professionals - as far as this falls
within the scope of their field of expertise - should apply (r)TMS, both in a clinical setting as
well as for (medical) research purposes.
Theoretically spoken, clinical psychologists and physiotherapists could also be allowed to
practice (r)TMS as far as this act falls within their respective field of application. But there
does not exist any official document stating the place that (r)TMS could occupy in their
respective field of application nor is precisely described what is understood by an
appropriate scientific clinically psychological or physiotherapeutical reference framework.
As this implementation framework does not exist until present the SHC proposes to reserve
the clinical applications of (r)TMS only for medical specialists (i.e. psychiatrist, neurologist
and specialist in physical medicine) who succeeded in an additional training regarding
(r)TMS. Clinical psychologists and physiotherapists (under certain conditions) could then be
allowed to practice (r)TMS once the respective implementation frameworks are filled in.
The SHC wants to stress its concerns about the absence up till now of any concrete and
practical regulation or even guideline related to the place of (r)TMS practice in the
application area of the clinical psychology and physiotherapy, if any.
Therefore, it is strongly advisable to consult the existing professional and scientific societies
of psychiatrists, neurologists, clinical psychologists and physiotherapists in giving (r)TMS a
place in today’s health care and scientific research practice.
Furthermore, scientific publications in the domain must be followed in order to update the
medical indications of (r)TMS use.
Since the exercising of a medical experiment is always linked with the Law of May 10th, 2015
regarding the exercising of a health care profession, the SHC proposes that the same health
care professionals as for clinical applications should apply (r)TMS for research purposes
involving patients.
A submission of research projects to the ethics committee (EC) recognized by law is legally
required. The EC has not only the obligation to thoroughly perform a risk assessment
regarding the experiments proposed by researchers but also to verify that all researcher
have obtained the necessary certifications. The EC should evaluate the procedure adopted
by the research institute to guarantee that appropriate medical interventions will be available
in the event of an emergency.

Superior Health Council
www.shc-belgium.be

−2−

In a conservative interpretation of the Belgian law concerning the exercising of a healthcare
profession only physicians, could use (r)TMS in an experimental setting involving other
subjects than patients. But since the current Belgian legislation is not clear whether other
professionals can carry out (r)TMS in research involving other subjects than patients, the
SHC proposes a distinction should be made between two classes of protocols.
Indeed, it is true that scientific and practical evidence shows that some forms of TMS (i.e.
single pulse TMS, paired-pulse TMS, rTMS at low frequency or rTMS at higher frequencies
for very short durations, with stimulation parameters that fall within the internationally
recognized safety guidelines) can be considered safe when administered to healthy
individuals2. The SHC proposes that other professionals than physicians - as far as this falls
within the scope of their field of expertise - should be able to apply those protocols in
settings involving other subjects than patients, as currently implemented worldwide.
Other protocols cannot be considered as being safe (although the risk might be still very
low). This is the case for rTMS protocols, using stimulation parameters that fall outside the
internationally recognized safety guidelines or when stimulation is applied to participants
suffering from conditions potentially related to brain dysfunction. In this case, a medical
setting and medical supervision is necessary.
There is currently no official training for TMS users in Belgium, nor does the literature offer
any training requirements. Still, the SHC strongly advises that all users (including physicians)
be trained at the existing university centres, and that such training be formally organized.

2
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articles for PubMed http://www.ncbi.nlm.nih.gov/mesh.
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I

INTRODUCTION AND ISSUE

The Minister of Public Health has requested the SHC to issue an advisory report on
Transcranial Magnetic Stimulation (TMS). TMS is a medical non-invasive technique which
involves placing a coil against the patient's head to generate a variable magnetic field which
in turn induces an electric current through a specific area of the brain. This method can be
used for the diagnosis and treatment of neurological and psychiatric disorders, as well as for
neuroscientific research purposes.
More precisely, the SHC was asked to provide an answer to the following questions on TMS:
- How safe is this technique as regards any short and long-term medical risks,
especially for pregnant women?
- What are the current scientific facts/what scientific evidence is there regarding the
efficacy of the therapeutic applications?
- What are the necessary qualifications and areas of expertise for using TMS?
- What are the requirements in terms of setting, supervision, and quality that must be
met to use TMS, both in a medical setting as well as for research purposes?
In order to provide an answer to these questions, an ad hoc working group was set up which
included experts in bioelectromagnetics, psychiatry, neurology, neurosciences,
physiotherapy, non-ionising radiation, ethics, and law.
II

CONCLUSION AND RECOMMENDATIONS

1. Efficacy for therapeutic purposes
In conclusion, after analysing the data from the scientific literature, the SHC takes the view
that the clinical use of repetitive transcranial magnetic stimulation (rTMS) is an effective
technique that can be used for some therapeutic indications when other treatments have
failed. These indications are evidence-rated from A (established as effective) over B
(probable effect) and C (possible effect) to D (no recommendation can be made). The
following provides an overview of these levels of evidence.
Level of evidence A
Depression:
rTMS is a definite effective technique in the treatment of unipolar major depression, also in
the event that antidepressants have failed. Further research on this subject is necessary to
optimize the stimulation parameters (number of sessions, number of stimulations per
session ...).
Neuropathic pain:
Definite analgesic effect of HF rTMS of M1 contralateral to pain side.
Level of evidence B
Cerebrovascular Accident (CVA):
rTMS has a positive effect on motor recovery in patients who have suffered a stroke,
especially a subcortical stroke / chronic motor stroke.
Parkinson's disease:
Probable antidepressant effect of HF rTMS of the left DLPFC.
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Level of evidence C
Parkinson’s disease:
Possible antiparkinsonian effect of HF rTMS of bilateral (multiple) M1 regions.
Motor stroke: Possible effect of LF rTMS of the contralesional motor cortex in (post-)acute
and chronic motor stroke.
Tinnitus:
Possible effect of repeated sessions of LF rTMS of the left (or contralateral to tinnitus) TPC.
Epilepsy:
Possible antiepileptic effect of focal LF rTMS of the epileptic focus.
Post-traumatic stress disorder (PTSD):
rTMS is possibly effective for PTSD (which is not the case for other anxiety disorders) but
more studies are needed.
Schizophrenia (Persistent auditory hallucinations):
Possible therapeutic effect with low-frequency stimulation of the left temporoparietal cortex.
Schizophrenia (negative symptoms):
The latest data show that rTMS is likely to have an effect on negative symptoms (blunted
affect, abulia, anhedonia ...).
Level of evidence D
There are not enough data yet to conclude that rTMS is effective for Obsessive-Compulsive
Disorder, generalized anxiety disorder, panic disorder and panic attack. Nor for fibromyalgia,
migraine, visceral pain, Alzheimer’s disease, dystonia, multiple sclerosis, amyotrophic lateral
sclerosis, Tourette’s syndrome and essential tremor.
2. Safety
In terms of safety, the only absolute contraindication to TMS/rTMS is the presence of
metallic hardware in close contact to the discharge coil. If the TMS coil is not near the
Internal Pulse Generator (IPG), (r)TMS can be applied. However, given the fact that the
required distance is unclear, patients with implanted stimulators should only receive TMS if
there are evidence-based medically compelling reasons to do so.
The most severe acute adverse effects are (r)TMS-induced seizures, though there is no
doubt that this risk is very low.
For patients with an additional risk of seizure, it is required to involve a physician with
expertise in the recognition and acute treatment of seizures.
The benefit/risk ratio of applying rTMS should be carefully considered prior to administering
it to patients on epileptogenic medication.
The most common side effect of (r)TMS is pain. Patients and subjects should be warned that
TMS may be unpleasant and may induce pain. Headaches may occasionally persist but no
TMS-associated migraine attacks have been described.
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Given the fact that there isn't a significant amount of data available on its potential for
adverse effects, (r)TMS should not be performed in children without compelling clinical
reasons for doing so, such as the treatment of refractory epilepsy or certain psychiatric
conditions.
It seems unlikely that foetuses could be directly affected by (r)TMS, but actually, there exists
no scientific consensus on this issue. Therefore, a conservative view of the use of (r)TMS in
pregnancy is to consider weighing the benefits against the risks for each single case.
Particular care should be taken to prevent (r)TMS-devices with an excessive induction field
from being available on the Belgian market. Indeed, the CE marking process doesn’t set any
limits in terms of patient exposure. Furthermore, the practitioner should weigh the benefits of
the treatment against the risk associated with the induced currents. Also, due to the
interaction of the induced voltages with the nervous system (working principal of (r)TMS), it
is recommended to keep the induced electric field in the head and the body below 0.4 V/m
around 1 kHz. Hence it should be recommended to the practitioners to avoid exceeding such
a level in the tissues which are not supposed to be excited. The device documentation
should provide information to the operator about this issue. As regards operator exposure:
- the exposure levels in Directive 2013/35/EU can be exceeded by some devices
under certain conditions;
- the current legislation doesn’t ensure that operator exposure does not exceed the
action levels of Directive 2013/35/EU;
- the action levels mentioned in Directive 2013/35/EU do not address the operators for
long-term effects;
- the level of exposure should be assessed for each type of device.
3. Necessary qualifications
In accordance with the current Belgian legislation, (r)TMS may only be carried out by
physicians in clinical applications (both for diagnostic and therapeutic purposes) and
experiments involving patients insofar as this falls within the scope of their respective field of
expertise. Besides, the overall ethical principle stating that one can only carry out those
medical acts falling within the scope of one’s field of expertise has certainly always to be
taken into account.
In view of an integrated care the use of (r)TMS for diagnostic or therapeutic purposes should
be conducted in a medical setting and should be in collaboration with a psychiatrist for
psychiatric disorders, a neurologist for neurological disorders or a specialist in physical
medicine for locomotor disorders who all succeeded in an additional training regarding
(r)TMS.
Theoretically spoken, clinical psychologists and physiotherapists are allowed to practice
(r)TMS as far as this act falls within their respective field of application. Indeed, the basic
legal reference framework does exist, but there does not exist any official document stating
the place that (r)TMS could occupy in their respective field of application nor is precisely
described what is understood by an appropriate scientific clinically psychological or
physiotherapeutical reference framework.
As this implementation framework does not exist until present the SHC proposes to reserve
the clinical applications of (r)TMS only for medical specialists (i.e. psychiatrist, neurologist
and specialist in physical medicine) who succeeded in an additional training regarding
(r)TMS. Clinical psychologists and physiotherapists (under certain conditions) could then be
allowed once the respective implementation frameworks are filled in.
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Experimental protocols must be submitted to an ethics committee (EC) recognized by law
which has the obligation to thoroughly perform a risk assessment. Experiments involving
subjects other than patients may be conducted in a non-medical setting with experienced
medical specialists who are aware of the potential adverse effects (although the risk is very
low) and are trained to detect them and provide the necessary initial support.
Since the exercising of a medical experiment is always linked with the Law of May 10th, 2015
regarding the exercising of a health care profession, the SHC proposes that the same health
care professionals as for clinical applications should apply (r)TMS for research purposes
involving patients.
For experiments involving other subjects than patients (e.g. movement and cognitive
neuroscience research in non-patients), things are strictly legally spoken less clear.
Interpreting the current Belgian law in a very conservative way implies that (r)TMS
experimental research involving other subjects than patients could only be carried out by
physicians, as far as this falls within the field of application of their respective expertise.
Interpreting the same Belgian law the other way than the very conservative way corresponds
to the topical internationally recognized daily practice in TMS research involving other
subjects than patients.
Indeed, for research involving other subjects than patients, a distinction has to be made
between two classes of protocols. Scientific and practical evidence shows that some forms
of TMS (i.e. single pulse TMS, paired-pulse TMS, rTMS at low frequency or (r)TMS at higher
frequencies for very short durations, with stimulation parameters that fall within the
internationally recognized safety guidelines) can be considered safe when administered to
healthy individuals4. Hence, the SHC proposes that other professionals than physicians
should be able to apply these protocols in non-medical settings, as currently done
worldwide.
Other protocols cannot be considered as being safe (although the overall risk is still low).
This is the case for rTMS protocols, using stimulation parameters that fall outside the
internationally recognized safety guidelines or when stimulation is applied to participants
suffering from conditions potentially related to brain dysfunction. In this case, a medical
setting and medical supervision is necessary.
In addition, the SHC unmistakably recommends setting up an official training program on the
use of TMS. This training program should cover among others the following topics: basic
mechanisms of (r)TMS, elementary knowledge of neuroanatomy, neurophysiology,
interactions with pharmacological products, physiological changes induced, and potential
risks of (r)TMS procedures. It should also include the ability to deal with potential acute
complications of TMS and certify these skills.

4

The stimulation parameters that are considered to be safe as described in the guidelines apply to single session studies. In
case of studies implying multiple sessions within the same participants it has to be taken into account that the accumulated
frequency and duration parameters do not exceed those defined by the single sessions.
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4. Precautional remark
Regarding the necessary qualifications for applying (r)TMS: this is only true from a strictly
legal point of view in relation to the autonomy of the clinical psychologist for example.
However, the SHC wants to stress its concerns about the topical absence of any concrete
and practical regulation or even guideline related to the place of (r)TMS practice in the
application area of the clinical psychology and physiotherapy.
Therefore, it is strongly advisable to consult the existing professional and scientific societies
of psychiatrists, neurologists, clinical psychologists and physiotherapists in giving (r)TMS a
place in today’s health care and scientific research practice.
Furthermore, scientific publications in the domain must be followed in order to update the
medical indications of rTMS use.
The overall ethical principle stating that a health care professional or scientific researcher is
only allowed to carry out those acts falling within the scope of his expertise has always to be
taken into account as a golden standard in everyday (r)TMS practice.
Therefore, the SHC emphasizes the utmost importance of an adequate training for every
user of (r)TMS, whether or not it concerns a physician.
The SHC further judges that the working out of for example a curriculum for (r)TMS users
does not belong to its primary area of competence but refers for this item among others to
the existing and future bodies and scientific associations representing clinical psychologists,
psychiatrists, neurologists and physiotherapists in order to establish practical guidelines to
guarantee a maximum of safety for all patients and research subjects.
III METHODOLOGY
After analysing the request, the Board identified the necessary fields of expertise. An ad hoc
working group was then set up which included experts in bioelectromagnetics, psychiatry,
neuroradiology, neurology, physiotherapy, psychology, electrical engineering, civil
engineering, ethics and law. The experts of this working group provided a general and an ad
hoc declaration of interests and the Committee on Deontology assessed the potential risk of
conflicts of interest.
This advisory report is based on a review of the scientific literature published in both
scientific journals and reports from national and international organisations competent in this
field (peer-reviewed), as well as on the opinion of the experts.
In this review the recent scientific literature is taken under scrutiny in order to determine
whether (r)TMS may be indicated as a treatment module. This critical investigation aims at
issuing recommendations on the efficacy and at justifying indications for (r)TMS. In order to
do so, we based our analysis among others on the findings by our French colleagues
(Lefaucheur et al., 2011). In late 2014, Lefaucheur et al. published evidence-based
guidelines regarding the therapeutic use of rTMS. Here, a group of European experts was
commissioned (by the first author) to establish guidelines on the therapeutic use of repetitive
transcranial magnetic stimulation from evidence published up until March 2014, regarding
pain, movement disorders, stroke, amyotrophic lateral sclerosis, multiple sclerosis, epilepsy,
consciousness disorders, tinnitus, depression, anxiety disorders, obsessive-compulsive
disorder, schizophrenia, and craving/addiction. This overview was completed with an
updated literature search from 2014 to 2017. Safety issues were based on the paper of
Rossi et al. (2009) which was the result of a A Consensus Statement from the International
Workshop on “Present and Future of TMS: Safety and Ethical Guidelines”, Siena, March 7-9,
2008 and the paper of Wasserman, 1998 which was the result of a June 1996 workshop
organized to review the available data on safety of rTMS and to develop guidelines for its
safe use. This article summarizes the workshop’s deliberation.
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In addition to issues of risk and safety, it also addresses the principles and applications of
rTMS, nomenclature, and potential therapeutic effects of rTMS.
For each proposed indication, the literature from 2005 - 2017 on was searched using
predefined keywords (Transcranial magnetic stimulation, repetitive transcranial magnetic
stimulation, safety, contra-indications, cerebral functions).
After analyzing the articles and evaluating the concerned studies they were classified
according to criteria set by the "European Federation of Neurological Societies" (EFNS)
(Brainin et al., 2004) as is showed in table 1.
Table 1: Classification of the rules for therapeutic procedures (Brainin et al., 2004)
Class I: An adequately powered prospective, randomized, controlled clinical trial with
masked outcome assessment in a representative population, or an adequately powered
systematic review of prospective randomized controlled clinical trials with masked outcome
assessment in representative populations. The following are required:
(a) randomization concealment
(b) primary outcome(s) is/are clearly defined
(c) exclusion/inclusion criteria are clearly defined
(d) adequate accounting for dropouts and crossovers with numbers sufficiently low to have
minimal potential for bias
(e) relevant baseline characteristics are presented and substantially equivalent among
treatment groups or there is appropriate statistical adjustment for differences
Class II: Prospective matched-group cohort study in a representative population with
masked outcome assessment that meets a–e above or a randomized, controlled trial (RCT)
in a representative population that lacks one of the criteria a–e
Class III: All other controlled trials (including well-defined natural history controls or patients
serving as own controls) in a representative population, where outcome assessment is
independent of patient treatment
Class IV: Evidence from uncontrolled studies, case series, case reports, or expert opinion.
Rating of recommendations
Level A rating (established as effective, ineffective, or harmful) requires at least one
convincing class I study or at least two consistent, convincing class II studies
Level B rating (probably effective, ineffective, or harmful) requires at least one convincing
class II study or overwhelming class III evidence
Level C (possibly effective, ineffective, or harmful) rating requires at least two convincing
class III studies
Level D rating implies that the information collected so far does not allow for any
recommendations to be made.
Once the advisory report was endorsed by the working group, it was ultimately validated by
the Board.
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IV ELABORATION AND ARGUMENTATION
1

Transcranial Magnetic Stimulation: definition

Transcranial Magnetic Stimulation (TMS) is a medical technique developed in the mid-'80s
for the diagnosis and treatment of neurological and psychiatric disorders, as well as for
neuroscientific research purposes.
This technique involves painless and non-invasive electrical stimulation, during which a
variable magnetic field is created by passing an electric current near the head via a coil. This
magnetic field will induce an electrical activity in the cortex, and thus alter the neuronal
activity. Low-frequency currents (< 1Hz) reduce this activity and have an inhibitory effect,
whilst high-frequency currents (> 5Hz) increase it, although this effect may vary, in particular
depending on the intensity of stimulation and the number of pulses delivered. Such a
classification is based on the different physiological effects and degrees of risk associated
with low- and high-frequency stimulation.
TMS can be applied one stimulus a time (single-pulse TMS), in pairs of stimuli separated by
a variable interval (paired-pulse TMS), or in trains (repetitive TMS or rTMS). rTMS most
often used in a clinical setting, will in turn emit several pulses during a certain period of time
to significantly alter the activity of a specific brain region.
Patterned rTMS refers to repetitive application of short rTMS bursts at a high inner frequency
interleaved by short pauses of no stimulation. Most used to date are the different theta burst
(TBS) protocols in which short bursts of 50 Hz rTMS are repeated at a rate in the theta range
(5 Hz) as continuous (cTBS), or intermittent (iTBS) trains (Rossi et al., 2009).
In the context of neuroscientific research (which is an example of a non-medical research),
the use of TMS makes it possible to improve our understanding of the role of specific brain
regions in human beings by subjecting them to a magnetic field and by observing the effect
on motor or cognitive performance. Moreover, the neuronavigation systems that are
currently used to guide these devices make it possible to pinpoint the site of stimulation.
2

Efficacy of rTMS in various therapeutic applications
2.1 Introduction

Repetitive Transcranial Magnetic Stimulation might be therapeutically used in various
psychiatric and neurological pathologies as there are: major depression, anxiety disorders,
schizophrenia, Parkinson’s disease, stroke, neuropathic pain, epilepsy, tinnitus.
2.2 rTMS in the treatment of psychiatric disorders
2.2.1

Introduction

A review of the current scientific literature on this subject reveals that several authors
suggest that rTMS could be an effective treatment strategy for major depression and other
psychiatric disorders. Given this potential efficacy and the relative ease of use of this
technique, the question arises whether it should be given a place as one of the modern tools
for the treatment of psychiatric patients. It should be noted that several countries, including
the United States and Canada, have already approved its use for some psychiatric
indications (mainly major depression) (Rossi et al., 2009; Milev et al., 2016). Also in Europe,
the number of rTMS centres is on the rise, though here; this treatment is not always
recognized nor refunded yet (with the exception of Finland, Germany and the Netherlands)
(De Graaf et al., 2017).
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2.2.2

Major Depression

Major depression is a common mental disorder with an annual prevalence among the
general population that varies between 5 and 15% (Nemeroff, 2007). Unfortunately, not all
depressed patients respond to the available pharmacotherapies. It follows that refractory
depression is not uncommon (Fava, 2003). It is estimated that therapy resistance occurs in
50% of depressed patients who are receiving proper treatment with first-line antidepressant
medication (Akil et al. in press). Over ten per cent of these patients remain resistant to
various psychopharmacological interventions, even when treatment guidelines are
consistently followed (Fagiolini & Kupfer, 2003).
Nevertheless, it is very important to provide proper care in the event of a major depressive
episode, as this psychiatric disorder tends to relapse (up to 85%) or to become chronic (on
average 20% of the cases). Here, therapeutic alternatives may be necessary, optimising
medication dosages, changing antidepressant medication, combining different types of
antidepressant medication, with or without additional psychotherapeutic care, such as
cognitive behavioural therapy or interpersonal therapy, or using electroconvulsive therapy
(ECT). Although the possible position of rTMS has not been clearly defined yet, it is
generally assumed that rTMS has a higher chance of success when it is administered in the
acute phase (an on-going depressive episode which has lasted for less than one year) to
relatively young people (<65 years) known to have a limited level of resistance to treatment
(one or two failed pharmacological trials, with or without psychotherapy) or only in case of
partial response to treatment (George and Post, 2011).
In the past decades, two clear directions for the treatment of depression with rTMS emerged:
high-frequency stimulation (inducing neuronal excitation) of the left dorsolateral prefrontal
cortex (DLPFC) (mainly hypoactive in case of depression) or low-frequency stimulation
(inducing neuronal inhibition) of the right DLPFC (presumably hyperactive in case of
depression) (De Raedt et al., 2015).
Methodology
A comprehensive PubMed literature search for publications on this subject (keywords:
repetitive transcranial magnetic stimulation AND depression AND efficacy) yielded 224
references. Upon entering three additional criteria: "(randomized) clinical trial”, “review", and
"meta-analysis", the number of selected studies dropped to 79. Only studies that met the
criteria (i) prospective, (ii) controlled (as opposed to a comparator and/or placebo (sham)),
(iii) a minimum of 10 patients per group, and (iv) published after 2005 were retained. With
the methodological quality of the studies published before 2005 being more heterogeneous
in terms of stimulation parameters and patient selection, the decision was made to focus
only on those published after 2005. Finally 40 controlled studies were retained by applying
this filter: 21 studies assessed the efficacy of high-frequency rTMS of the left DLPFC, 5
studies examined low-frequency rTMS of the right DLPFC, 5 other trials looked at the effect
of right vs. left DLPFC stimulation, and 9 studies compared bilateral rTMS (table 2).
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Table 2: rTMS studies for the indication of major depression
Articles

Number with
of

Control

antidepressant condition

patients medication

Stimulation

Number

frequency

pulses/session

of Results

and

and number of

intensity

sessions

Class
evidence

High-frequency rTMS of the left dorsolateral prefrontal cortex (DLPFC)
1.

Rossini

et

al.,

54

-

et

al.,

99

+

2005 a
2.

Rossini
2005 b

3.

Rumi

et

al.,

46

+

2005
4.

5.

Su et al., 2005

Avery

et

30

al.,

68

-

-

2006
6.

Anderson et al.,

29

+

2007

Raised

15Hz,

80-

600 pulses, 10

coil

100% RMT

sessions

Raised

15Hz,

900 pulses, 10

coil

100% RMT

sessions

Sham

5Hz, 120%

1250

coil

RMT

20 sessions

Raised

20/5Hz,

1600

coil

100% RMT

10 sessions

Raised

10Hz,

1600

coil

110% RMT

15 sessions

Sham

10Hz,

1000

coil

110% RMT

20

pulses,

pulses,

pulses,

pulses,
to

positive

II

positive

II

positive

I

positive

II

positive

I

positive

II

positive

III

negative

II

positive

I

positive

I

positive

II

positive

II

negative

I

negative

II

positive

I

positive

II

negative

II

positive

I

positive

III

30

sessions
7.

Bortolomasi

et

19

+

al.,

127

+

38

-

301

-

al., 2007
8.

Herwig

et

2007
9.

Loo et al., 2007

10. O’ Reardon et
al., 2007

Raised

20Hz, 90%

800 pulses, 5

coil

RMT

sessions

Raised

10Hz,

2000

coil

110% RMT

10 sessions

inactive

10Hz,

1500

coil

110% RMT

20 sessions

Sham

10Hz,

3000

coil

120% RMT

10

pulses,

pulses,

pulses,
to

30

sessions
11. Bretlau

et

al.,

49

+

2008
12. Jorge

et

al.,

30

-

2008
13. Mogg

et

al.,

59

+

2008
14. Carretero et al.,

28

+

2009
15. George

et

al.,

199

-

2010

inactive

8Hz,

coil

RMT

90%

1289

10 sessions

pulses,

Sham

10Hz,

1200

coil

110% RMT

10 sessions

Sham

10Hz,

1000

coil

110% RMT

10 sessions

Raised

20Hz,

1200

coil

110% RMT

20 sessions

Sham

10Hz,

3000

coil

120% RMT

10

Sham

10Hz, 90%

1600

coil

RMT

10 sessions

Sham

5Hz, 100%

2000

coil

RMT

10 sessions

Sham

10Hz,

3000

coil

120% RMT

20 sessions

Raised

10Hz, 90%

1200

coil

RMT

10 sessions

pulses,

pulses,

pulses,

pulses,
to

30

sessions
16. Paillere-Martinot

48

-

48

-

301

-

45

-

et al., 2010
17. Triggs

et

al.,

2010
18. Lisanby et al.,
2010
19. Ray et al., 2011
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pulses,

pulses,

pulses,

pulses,

20. Baeken et al.,

20

-

50

Left DLPFC

2013
21. Duprat

et

al.,

2016

Raised

20Hz,

1560

pulses,

coil

110% RMT

20 sessions

Sham

Accelerated

20 sessions in

stim

iTBS

4

crossover

RMT 100%

(5sessions

positive

II

No differences

I

days
a

day)

Recommendation: clearly demonstrable antidepressant effect of high-frequency rTMS of
the left DLPFC (level A rating)

Low-frequency rTMS of the right DLPFC
1.

Januel

et

al.,

27

-

Fitzgerald et al.,

60

+

2006
2.

2008 a

Sham

1Hz,

90%

120 pulses, 16

coil

RMT

sessions

Raised

1Hz (6 Hz

900 pulses, 20

coil

priming),

sessions

positive

I

positive

II

No difference

III

No difference

III

Positive

I

110% RMT
3.

Bares

et

al.,

60

+

2009
4.

Aguirre

et

al.,

60

+

2011
5.

Raised

1Hz, 100%

600 pulses, 20

coil

RMT

sessions

Raised

1Hz, 110%

1200

coil

RMT

20 sessions

pulses,

Brunelin et al.,

170

Right DLPFC,

Sham

1Hz,

360

2014

(active:

F8c

coil

120%RMT

10-30

Add-on

sessions

treatment

115;

pulses,

control:

No difference

55)

between rTMS,
venlafaxine and
rTMS +
Venlafaxine

Recommendation: clearly demonstrable antidepressant effect of low-frequency rTMS of
the right DLPFC (level B rating)
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Studies comparing high-frequency rTMS of the left DLPFC with low-frequency rTMS of the right
DLPFC
1.

Chistyakov

et

59

-

al., 2005

Raised

10/3Hz,

450 pulses, 10

coil

100/110%

sessions

No difference

III

positive

III

positive

III

positive

III

significant
reduction of
primary outcome
measures (HAM-D,
MADRS and CGI-S
total scores:
t=8.1,
P<0.001;

III

RMT
2.

Fitzgerald et al.,

50

-

2006

Raised

10/1Hz,

750 pulses (10

coil

110% RMT

Hz)

/

420

pulses (1 Hz),
10

-

30

sessions
3.

Fitzgerald et al.,

27

-

2009

Blinded

10/1Hz

1500

researcher

100%/110%

(10 Hz) / 720

pulses

RMT

pulses (1 Hz),
15 sessions

4.

Rossini et al.,

74

-

2010

Del’Osso et al.,

5.

33

Right or left

2015

Blinded

15/1Hz

600 pulses

researcher

100% RMT

10 sessions

None

10/1Hz

420 pulses/

110% RMT

900 pulses/

stim/

750 pulses

10/1Hz
110% RMT

20 sessions

13/10Hz,

t=8.6,

P<0.001;

80% RMT

t=4.6,

P<0.001

respectively)
No difference
Heterogeneity

of

population and low
power

of

high

frequency
stimulation

Recommendation: possibly no difference regarding the antidepressant effect of highfrequency rTMS of the left DLPFC vs. low-frequency rTMS of the right DLPFC (level C
rating)
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Studies combining high-frequency rTMS of the left DLPFC and low-frequency rTMS of the right
DLPFC (bilateral stimulation)
1.

Garcia-

30

+

Toro et

Raised

10Hz then 1

1200 pulses (10Hz) / 180

coil

Hz,

110%

pulses (1Hz), 10 sessions

Raised

1 and 10Hz

1000 pulses (10Hz) / 600

coil

randomised

pulses (1Hz), 10 sessions

al.,

positive

II

negative

III

negative

II

positive

I

positive

II

negative

II

No difference

I

II

RMT

2006
2.

McDon
ald

62

-

et

al.,

110% RMT

2006
3.

Palanti
et

60

+

Sham coil

al.,

10Hz,

2010
4.

then

420 pulses (1Hz) / 1000

110%

pulses (10Hz), 15 - 30

RMT

Fitzger
ald

1Hz

219

+

None

et

al.,

sessions

1Hz

then

1450 pulses (10Hz) or

10Hz,

100-

465 (1Hz) + 750 (10Hz)

120% RMT

pulses, 15 - 30 sessions

Raised

1Hz

then

1500

coil

10Hz,

100-

(sham) pulses or 900

2011
5.

Blumbe

74

+

rger et
al.,

120% RMT

(1Hz)

2012b
6.

Fitzger

66

+

Raised

1Hz

coil

10Hz,

al.,

then
120%

RMT

ald

1500

1500

900

(10Hz)

(10Hz)

+

900

(sham) pulses or 900
(1Hz)

2012
Fitzger

+

+

pulses, 15 - 30 sessions

ald et

7.

(10Hz)

+

1500

(10Hz)

pulses, 15 - 30 sessions
179

None

et

1Hz
10Hz,

al.,

then
120%

RMT

1500

+

900

(sham) pulses or 900
(1Hz)

2013

(10Hz)

+

1500

(10Hz)

pulses, 15 - 30 sessions
No difference

8.

Li et al.,

60

Left DLPFC

2014

(15 per

and

groups)

Titled coil

cTBS,

1800 pulses, 10 sessions

4

80%RMT

1800 pulses, 10 sessions

(cTBS,

DLPFC

iTBS

3600 pulses, 10 sessions

bilat, Sham)

(MRI

80%RMT

1800 pulses, 10 sessions

Positive

localization;

cTBS + iTBS

iTBS

junction

80%RMT

bilateral

Right

between

9

groups
iTBS,

left

for
and

Sham

and 46)
9.

Prasser
et

al.,

2014

56

Left DLPFC
and

Right

Sham

1HZ right +

2000 pulses, 15 sessions

No difference

10Hz

2400 pulses, 15 sessions

Trend to long

left

DLPFC

110%RMT

(6cm)

CTBS right +
iTBS

III

term effect for
TBS (W11)

left

80%RMT

Recommendation: possibly no antidepressant effect of bilateral rTMS in the following
combination: low-frequency (right) and high frequency (left) rTMS (level C rating)
DLPFC: dorsolateral prefrontal cortex; RMT: resting motor threshold; Hz: Hertz
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rTMS in the treatment of major depression
The selected studies show a considerable degree of heterogeneity. Whilst some studies
specifically compared different frequencies of rTMS at different stimulation sites and/or with
a placebo (sham) treatment, other studies looked at the influence of various stimulation
parameters (intensity, lateralization or priming). Finally, a number of studies investigated the
combination of rTMS and antidepressant medication.
When taking into account all placebo-controlled studies in which the DLPFC was stimulated,
we found 26 studies with positive results, 7 negative studies (including 12 Class I studies, 17
Class II studies, and 11 class III studies) and 7 studies showing no difference. Moreover, the
meta-analysis of Schutter et al. (2009) showed that a positive publication bias does not
affect the reporting of rTMS results, presumably because scientists want to publish every
finding (including negative ones).The two class I studies of the highest methodological
quality yielded positive results, showing the efficacy of high-frequency rTMS supplied to the
left DLPFC in the treatment of unipolar depression that does not respond to at least one
antidepressant medication (O'Reardon et al., 2007; George et al., 2010). These results were
a strong argument that led the Food and Drug Administration (FDA) in the United States to
approve the use of rTMS in 2009 for the treatment of major depressive episodes
unresponsive to at least one antidepressant medication. In addition, there are various metaanalyses that conclude that rTMS has a significant antidepressant effect, thus supporting the
use of rTMS for this indication (cf. the meta-analyses of Berlim et al., 2013 a and b). The
therapeutic efficacy or rTMS has clearly improved in more recent studies, which may simply
be due to the fact that the stimulation parameters are applied in a more effective manner. At
present, most clinical studies use multiple high-frequency rTMS sessions applied to the left
DLPFC (Brunoni et al., 2016).
rTMS versus antidepressant medication
One comparative study has been reported on (Bares et al., 2009), a comparison between
low-frequency rTMS of the right DLPFC versus venlafaxine (150-375 mg). No clinical
difference was found between the two groups. However, there was no control group, which
is typical of a class III study.
Moreover, antidepressant medication was not discontinued in many of the studies mentioned
above in which rTMS was found to have effects. Regarding the additive effect - when
medication was introduced during rTMS treatment ("add-on therapy") or was maintained
(enhancing effect) - 6 studies can be selected (Two Class I and four Class II studies)
(Bretlau et al., 2008, Garcia-Toro et al., 2006, Herwig et al., 2007, Rossini, Magri, Lucca et
al., 2005, Rumi et al., 2005; Brunelin et al., 2014). Based on these studies we can conclude
that the combined use of antidepressant medication and rTMS treatment has a positive
efficacy (level A evidence). For the analyses regarding the enhancing effect, six studies
were selected (one Class I, 3 Class II and two Class III) (Anderson et al., 2007, Bortolomasi
et al., 2007, Carretero et al., 2009, Fitzgerald et al., 2008, Mogg et al., 2008, Pallanti et al.,
2010). They confirm the enhancing effect of antidepressant medication combined with rTMS
treatment (level A evidence).
rTMS versus electroconvulsive therapy (ECT)
The greatest problem one encounters when comparing rTMS and ECT in the treatment of
major depression is the lack of controlled studies. In addition, the available studies (singleblind open studies) show a low level of evidence in terms of effects (Rosa et al., 2006, Eranti
et al., 2007, Hansen et al., 2011). Several meta-analyses show that rTMS is less effective
than ECT, especially in the case of depression with psychotic features (Slotema et al., 2010;
Ren et al., 2014). Hence, based on the actual state of scientific knowledge no formal
recommendation in favour of the use of rTMS compared to ECT can be formulated at the
moment.
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rTMS in the treatment of bipolar depression
Regarding bipolar depression, three class III studies (Nahas et al. 2003; Hu et al., 2016,
Fitzgerald et al., 2016) showed heterogonous outcome emphasizing that we do not currently
have sufficient data to draw conclusions and establish recommendations as regards rTMS
for bipolar disorder, especially since medication treatment was continued during this study
(including anti-epileptic drugs and mood stabilisers). Though there are other studies with
bipolar patients, unfortunately they always involved larger cohorts which also included nonbipolar depressed patients, which makes it impossible to make any comparisons. In sum,
there are currently insufficient data to formulate any recommendation regarding rTMS
treatment in bipolar depression. On the other hand no evidence was found suggesting that
rTMS is associated with an elevated risk for such a switch compared to sham treatment
Conclusions concerning rTMS as an indication for major depression
Based on a thorough review and on data from the literature, it can be concluded that highfrequency rTMS of the left prefrontal cortex and low-frequency rTMS of the right prefrontal
cortex have an established antidepressant effect, mainly in the acute phase of a unipolar
depression episode (<1 year) (level A evidence). This also applies to the treatment of mild
unipolar depression in patients who failed to respond to at least one class of antidepressant
medication. In summary, a similar efficacy was found for both types of stimulation (lowfrequency right and high-frequency left), in similar groups of patients (Table 2). These
recommendations for the use of rTMS in the treatment of mood disorders are consistent with
those of the American Psychiatric Association (APA), the Canadian Network for Mood and
Anxiety Treatments (CANMAT), and the World Federation of Societies of Biological
Psychiatry (WFSBP) (Kennedy et al. 2009; Milev et al, 2016). rTMS can be represented as a
useful technique in the treatment of major depression in the event of antidepressant
medication being discontinued, except for cases of depression with psychotic features, for
which the use of ECT is advisable. Notwithstanding the fact that the methodology has been
significantly improved since 2000, especially regarding the optimisation of the stimulation
parameters, there is still some variation in the number of proposed sessions (10 to 30) and
the number of stimuli per session (120 to 3000) in actual clinical practice, which requires
further investigation in the context of rTMS parameter optimisation.
2.2.3

Anxiety disorders

Anxiety disorders are among the most persistent psychiatric disorders. Prevalence estimates
range from 1.2% to 15% in general and from 1% to 28% in the medical environment. The
prevalence of clinically significant anxiety symptoms ranges from 15% to 52% in the
population and 15% to 56% in medical environments (Lenze and Wetherell, 2011). Anxiety
disorders, such as post-traumatic stress disorder (PTSD), panic disorder (PD), and
obsessive-compulsive disorder (OCD) are currently treated with antidepressant medication,
either with or without additional psychotherapy (cognitive behavioural therapy). The
traditional treatments have insufficient effect on the symptoms of many patients. As a result,
rTMS has a potential to treat (residual) anxiety symptoms.
2.2.3.1 Post-traumatic stress disorder (PTSD)
Only a few studies have been conducted on the therapeutic efficacy of rTMS in PTSD. The
PubMed literature search (keywords: repetitive transcranial magnetic stimulation and posttraumatic stress disorder), yielded only four controlled studies with at least 10 patients (Table
3). The right and/or left dorsolateral prefrontal cortex (DLPFC) was always the site of
stimulation, to which low- or high-frequency rTMS was applied. Although the results are fairly
straightforward, they are based on relatively small groups and show methodological
differences regarding stimulation site, stimulation parameters, and concomitant treatment
with psychopharmaceuticals.
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Three of these four studies are class II, a forth is a class III study. This allows us to give a
level C (possibly effective) recommendation for the treatment of PTSD with rTMS.
Table 3: rTMS studies for the indication post-traumatic stress disorder (PTSD)
Articles

Number

Site

of Control

of

stimulation condition frequency

patients

Stimulation Number

of Results

pulses/session

and

and number of

evidence

intensity

sessions

Cohen et al., 24

right

Raised

1/10Hz,

100 pulses (1Hz) positive

2004

DLPFC

coil

80% RMT

or

400

Class

III

pulses

(10Hz),

10

sessions
Boggio et al., 30

Right or left Raised

20Hz, 80% 1600

2010

DLPFC

RMT

coil

positive

II

positive

II

positive

II

pulses/session
10 sessions

Watts et al., 20

right

2012

DLPFC

George et al., 41

left DLPFC

Sham coil

1Hz,

400

90% RMT

pulses/session
10 sessions

Sham coil

2014

10Hz,

6000

1200%

pulses/session, 3

RMT

sessions

Recommendation: rTMS is probably possibly effective for post-traumatic stress
disorder (PTSD) (level C)
DLPFC: dorsolateral prefrontal cortex; RMT: resting motor threshold, Hz: Hertz
2.2.3.2 Obsessive-compulsive disorder
Only a few therapeutic studies have been conducted for this indication. Six controlled studies
that involved least 10 patients were selected from the literature search performed in PubMed
from 2005-2017 (keywords: repetitive transcranial magnetic stimulation and obsessivecompulsive disorder) (table 4).
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Table 4: rTMS studies for the indication obsessive-compulsive disorder
Articles

Number

Site

of

stimulation

of Control
condition

patients

Stimulation Number

of Results

frequency

pulses/session

and

and number of

intensity

sessions

10

Class
evidence

high-frequency rTMS
Sachdev et al., 18

left DLPFC

Raised coil

10Hz, RMT

20 negative

III

right DLPFC

Raised coil

10Hz, 110% 8000 pulses, 10 negative

II

right DLPFC

Raised coil

right DLPFC

Raised coil

2007

pulses,

sessions

Sarkhel et al., 42
2010

RMT

Mansur et al., 27
2011

sessions

10Hz, 110% 60 000 pulses, No difference
RMT

Gomes et al., 22
2012

III

30 sessions

1Hz, 110% 12 000 pulses, positive
RMT

III

10 sessions

No recommendation
low-frequency rTMS
Prasko et al., 33

left DLPFC

Raised coil

2006

1Hz, 110% 1800 pulses, 10 No difference
RMT

Ruffini

et

al., 23

et

al., 20

2009
Kang
2009

Left orbitofrontal Raised coil

1Hz,

cortex

RMT

Right

DLPFC, Raised coil

SMA

II

sessions
80% 600 pulses, 15 No difference

III

sessions

1Hz, 110% 1200 pulses, 10 No difference
RMT

sessions

low-frequency rTMS and high-frequency rTMS
Elbeh et al.,
2016

45

left

DLPFC, Tilted coil

Right DLPFC,

1Hz, 10Hz, 2000 pulses, 10 positive
100% RMT

II

sessions

Recommendation: no recommendation of high- or low-frequency rTMS of the DLPFC
in treating obsessive-compulsive disorders (level D).
DLPFC: dorsolateral prefrontal cortex; RMT: resting motor threshold, Hz: Hertz
The results of these studies are inconclusive, with two negative, one positive and four trials
with no difference. Given the small number of studies and patients included (especially of
Class III), it is only possible to provide a level D recommendation regarding the potential
inappropriateness of low-frequency rTMS applied to the prefrontal cortex in the treatment
of OCD. No recommendation can be made for other protocols.
2.2.3.3 Panic disorder and generalised anxiety disorder
The therapeutic application of rTMS in other anxiety disorders mainly concerns panic
disorder (PD) and panic attacks (five studies published to date, not retained according to our
selection criteria). Only one study has been conducted on panic disorder and one on
generalised anxiety disorder (GAD). The results of these studies are inconclusive. The
inclusion criteria, stimulation parameters and evaluation methods are very heterogeneous.
The level of evidence is still insufficient, with only two controlled studies displaying
heterogeneous results (Class III).
This evidence is not strong enough to suggest a recommendation for the therapeutic
use of rTMS in the treatment of panic disorder and generalised anxiety disorder.
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2.2.3.4 Conclusions concerning the indication for rTMS as a treatment for anxiety disorder
For the indication posttraumatic stress disorder, the results are fairly straightforward, despite
the limited number of studies that are available. With two Class II studies (Boggio et al.,
2010, Watts et al., 2012) and a third Class III (Cohen et al., 2004), the treatment of PTSD
with rTMS is possible to be effective. We can therefore issue a level C recommendation.
On the other hand, the current data from the literature are not conclusive to advise the
use of rTMS in the treatment of obsessive-compulsive disorder (level D). Regarding the
other anxiety disorders the level of evidence is still insufficient and therefore no
recommendation can be given.
2.2.4

Schizophrenia

Schizophrenia is a complex and debilitating condition that usually starts in late
adolescence/early adulthood and is marked by hallucinations and delusions (commonly
known as positive symptoms), social withdrawal, alogia, affective flattening (negative
symptoms), and cognitive impairments. Schizophrenia affects about 1% of the population
worldwide and is a long-lasting burden for the individuals and families concerned. In
addition, the costs for society are considerable, amongst other things as a result of shorter
life-expectancy (Gogtay et al., 2011). Schizophrenic patients who receive proper medication
treatment with antipsychotics may still experience hallucinations, which is not only liable to
be a source of stress, but also increases the risk of relapse.
2.2.4.1 Auditory hallucinations
Patients suffering from schizophrenia often experience paracusia or auditory hallucinations,
sometimes also other sensory experiences such as visual hallucinations (Fitzgerald et al.,
2005). During auditory hallucinations, brain areas involved in the perception of speech
(primary auditory cortex and language association areas in the left hemisphere) show
hyperactivity, mainly in the temporoparietal cortex (TPC). It follows that inhibiting neuronal
TPC excitability through low-frequency rTMS was the most commonly applied form of
treatment in patients with resistant auditory hallucinations (Hoffman et al., 1999).
A review of the literature in PubMed from 2005 on (keywords: repetitive transcranial
magnetic stimulation and auditory hallucinations and schizophrenia) yielded 69 publications.
With regard to the acute treatment of auditory hallucinations, 13 controlled studies were
selected. They are mentioned in Table 5. All of these studies are based on low-frequency
stimulation (1 Hz) of the left TPC, and involve more than 300 patients.
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Table 5: rTMS studies for the indication auditory hallucinations
Articles

Number

Site of stimulation

of

Control

Stimulation

Number

condition

frequency and

pulses/session

intensity

and number of

patients

of

Results

Class
evidence

sessions
Chibaro

et

16

al., 2005

Left

Raised coil

temporoparietal

1Hz,

90%

RMT

960

pulses,

4

positive

II

10

negativ

I

sessions

cortex
Fitzgerald

33

et al., 2005

Left

Raised coil

temporoparietal

1Hz,

90%

RMT

960

pulses,

sessions

e

480-960 pulses, 9

positive

I

1200 pulses, 10

negativ

II

sessions

e

1000 pulses, 10

positive

II

5

positive

II

10

negativ

II

cortex
Hoffman et

50

al., 2005

Left

Raised coil

temporoparietal

1Hz,

90%

RMT

sessions

cortex
Lee et al.,

39

2005

Left

and

right

Raised coil

temporoparietal

1Hz,

90%

RMT

cortex
Poulet

et

10

al., 2005

Left

Sham coil

temporoparietal

1Hz,

90%

RMT

sessions

cortex
Brunelin et

14

al., 2006

Left

Sham coil

temporoparietal

1Hz,

90%

RMT

1000

pulses,

sessions

cortex
Saba et al.,

18

2006

Left

Sham coil

temporoparietal

1Hz,

80%

RMT

300

pulses,

sessions

e

cortex
Vercammen

38

et al., 2009

Bilateral

or

left

Sham coil

temporoparietal

1Hz,

90%

RMT

1200

pulses,

6

positive

I

240-480 pulses, 3

negativ

III

sessions

e

1200 pulses, 20

positive

II

1200 pulses, 15

negativ

II

sessions

e

1200 pulses, 20

negativ

sessions

e

1080 pulses, 10

positive

sessions

cortex
Loo et al.,

18

2010

Bilateral

Vertex

1Hz,

temporoparietal

stimulation

RMT

cortex

,

90%

raised

coil
De Jesus et

17

al., 2011

Left

Raised coil

temporoparietal

1Hz,

90%

RMT

sessions

cortex
Slotema et

62

al., 2011

Left

Raised coil

temporoparietal

1Hz,

90%

RMT

cortex or site of
stimulation defined
by fMRI.
Blumberger
et

51

Left TPC

Raised coil

al.,

1Hz,

115%

RMT vs. 6Hz-

2012a

primed

III

1Hz,

90% RMT
Klirova

et

15

Left TPC

al., 2013
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100%

sessions

III

Recommendation: Possible effect of low-frequency rTMS of the left temporoparietal
cortex on auditory hallucinations (level C)
DLPFC: dorsolateral prefrontal cortex; RMT: resting motor threshold, Hz: Hertz
Based on the results of the studies summarized in Table 5 we can advise (evidence Level
C) a possible efficacy of low-frequency rTMS of the left temporoparietal cortex in the
treatment of auditory hallucinations. It is important that only a stimulation frequency of 1
Hz has been validated for this indication. For other stimulation parameters (other stimulation
sites or frequencies), no recommendation can be made because of a lack of data. A
minimum of 10 daily sessions is advisable. The stimulation intensity should generally be
90% of the RMT. In this respect, it is important that the therapeutic effect on auditory
hallucinations is significant. However, the impact of low-frequency rTMS on other aspects of
schizophrenia has not been demonstrated.
2.2.4.2 Negative symptoms
Schizophrenia is often described in terms of positive and negative (or deficit)
symptoms. Positive symptoms are those that most individuals do not normally experience
but are present in people with schizophrenia like there are disordered thoughts and speech,
delusions, tactile, auditory, visual, olfactory and gustatory hallucinations. Positive symptoms
generally respond well to medication (Sims et al., 2002). Negative symptoms are deficits of
normal emotional responses or of other thought processes, and respond less well to
medication (Carson et al., 2000). They commonly include flat expressions or little emotion,
poverty of speech, inability to experience pleasure, lack of desire to form relationships,
and lack of motivation.
Due to the potential “hypofrontality” in schizophrenia patients, it seems logical to restore
frontal cortex activity by using high-frequency rTMS (Novak et al., 2006). Implementing such
a strategy in schizophrenia aims at restoring cognitive decline and treating negative
symptoms.
A search in PubMed (keywords: repetitive transcranial magnetic stimulation and negative
symptoms and schizophrenia) yielded 8 controlled studies, which are mentioned in table 6.
All of these studies focused on the acute treatment of negative symptoms in patients with
schizophrenic disorders. A significant effect of active stimulation as opposed to "sham"
stimulation on these negative symptoms was observed in 7 out of 12 studies. No study was
conducted on the long-term effects of rTMS or the importance of the maintenance treatment.
However, if we consider HF rTMS (10Hz) of the left DLPFC, which is the most frequent
stimulation setting, seven studies (of Class II-III) provided positive results and one class I
and one Class III study was negative. Therefore, one could propose a Level C of
recommendation for a possible efficacy of HF rTMS of the left DLPFC.

Superior Health Council
www.shc-belgium.be

− 25 −

Table 6. rTMS studies for the indication negative symptoms of schizophrenia
Articles

Number

Site

of

of

stimulation

Control

Stimulation

Number

condition

frequency

pulses/session

and

and number of

patients

1.

Novak et al.,

16

left DLPFC

35

Bilateral
DLPFC

2006
2.

Jin et al., 2006

of

intensity

sessions

Not

20Hz,

2000 pulses, 10

mentioned

90% RMT

sessions

Disconnected

(8–13Hz),

120-800 pulses,

coil

3, or 20Hz,

10 sessions

Results

Class
evidence

negative

II

positive

III

positive

II

negative

II

positive

II

positive

II

negative

II

positive

II

negative

III

positive

II

positive

III

negative

I

80% RMT
3.

Goyal et al.,

10

left DLPFC

Raised coil

2007
4.

Mogg

et

al.,

17

left DLPFC

Sham coil

2007
5.

Prikryl et al.,

22

left DLPFC

Raised coil

2007
6.

Schneider

et

51

left DLPFC

Raised coil

al., 2008
7.

Fitzgerald

et

20

al., 2008 b
8.

Bilateral

Raised coil

DLPFC

Cordes et al.,

35

left DLPFC

Raised coil

2010
9.

Barr

et

al.,

25

2012

Bilateral

Raised coil

DLPFC

10Hz,

980 pulses, 10

110% RMT

sessions

10Hz,

2000 pulses, 10

110% RMT

sessions

10Hz,

1500 pulses, 15

110% RMT

sessions

10 or 1Hz,

2000 pulses, 20

110% RMT

sessions

10Hz,

1000 pulses, 15

110% RMT

sessions

10Hz,

1000 pulses, 10

110% RMT

sessions

20Hz,

750 pulses per

90% RMT

hemisphere, 20

10Hz,

2000 pulses, 15

110% RMT

sessions

10Hz,

2000 pulses, 15

90% RMT

sessions

10Hz,

1000 pulses, 15

110% RMT

sessions

sessions
10. Prikryl et al.,

40

left DLPFC

Raised coil

32

Bilateral

Raised coil

2013
11. Dlabac-de
Lange et al.,

DLPFC

2015
12. Wobrock et al.,

175

2015

left DLPFC

Raised coil

Recommendation: possible effect of HF rTMS of the left DLPFC on negative symptoms
of schizophrenia (Level C)
DLPFC: dorsolateral prefrontal cortex; RMT: resting motor threshold, Hz: Hertz
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2.2.4.3 Conclusions concerning the indication for rTMS as a treatment for schizophrenia
Level C evidence can be posited for using low-frequency rTMS (1Hz) of the left TPC to treat
schizophrenic patients who still have persistent auditory hallucinations despite their
receiving proper medication treatment. It follows that low-frequency rTMS can be proposed
as a complementary therapy to the usual pharmacotherapy for persistent hallucinations. Yet
it is possible for a relapse to occur after a successful rTMS treatment, on average within 8
weeks after stimulation. Still, no recommendation can be made on the basis of the current
state of knowledge regarding maintenance treatment to prevent relapse.
As regards the negative symptoms that are typical of schizophrenia, the current studies yield
contradictory results, which means that more research is necessary to draw any
conclusions. We can recommend a level C with regard to the indication of rTMS to treat
negative symptoms in schizophrenia.
2.2.5

Summary and conclusions on rTMS in the treatment of psychiatric disorders

This summary is an evidence-based synthesis of existing and potential therapeutic
applications of rTMS for well-defined psychiatric disorders (Table 7). For some indications
(major depression, negative symptoms in schizophrenia), there is sufficient evidence in
support of a therapeutic indication of rTMS that is useful for clinical practice with the
understanding that only level A evidence is exclusively reserved for treating major
depression. Negative symptoms in schizophrenia remains at level C (Table 7). Or to put
in other words, rTMS for the treatment of major depression has enough evidence to
conclude clear indication for rTMS treatment of this disorder. All level C suggest that there is
some potential of rTMS in treating these indications, but one should be more conservative
on the beneficial outcome.
Further controlled studies for other potential indications are necessary to extend the rTMS
application in psychiatric clinical practice. Although probably effective for post-traumatic
stress disorder, the efficacy of this technique still needs to be proven for other anxiety
disorders.
Table 7: Summary of the recommendations regarding the efficacy of rTMS in the most
important clinical psychiatric indications
Major Depression

Clearly demonstrable antidepressant effect of high-frequency rTMS of the left dorsolateral
prefrontal cortex or low-frequency rTMS of the right dorsolateral prefrontal cortex (level A).
Possibly no difference between left and right stimulation and no indication for bilateral dorsolateral
prefrontal stimulation (level C).

Anxiety disorders

rTMS of the dorsolateral prefrontal cortex is possibly effective for post-traumatic stress disorder
(level C).
Most probably no effect of low-frequency rTMS of the dorsolateral prefrontal cortex for obsessivecompulsive disorder (level D).

Schizophrenia

Possible effect of low-frequency rTMS of the left temporoparietal cortex for auditory hallucinations
in schizophrenia (level C)
Level C recommendation for rTMS to treat negative symptoms of schizophrenia
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2.3 rTMS in the treatment of neurological disorders
2.3.1

Stroke

Introduction
Stroke (cerebrovascular accident or CVA) is characterized by the loss of brain functions as a
result of a disturbance in the oxygen supply due to an interference in cerebral blood flow.
Much of the spontaneous recovery from stroke after the acute phase involves plastic
changes in the brain. The task for rehabilitation after stroke is to find ways to facilitate
plasticity so that the changes occur more rapidly and more completely. CVA deficits can be
divided in 3 broad clinical classifications: motor deficit, aphasia and hemineglect.
When given in form of pulse trains rTMS can be used to modulate cortical activity by either
up-regulating or down-regulating cortical excitability depending on rTMS parameters used.
Single- or repetitive-pulse stimulation of the brain causes the spinal cord and peripheral
muscles to produce neuroelectrical signals known as motor evoked potentials (MEPs).
Clinical application used for post-stroke motor rehabilitation
rTMS can be used to modulate cortical activity by either up-regulating or down-regulating
cortical excitability depending on rTMS parameters used. Normally the motor cortices in the
left and right hemispheres of the human brain are strongly interconnected, with each side
naturally inhibiting the activity of the other side achieving a natural balance. If one side is
lesioned as in stroke, however, its activation is decreased and its inhibition to the other side
is reduced, leading to increased activation in the non-lesioned side. Additionally, the nonlesioned side still provides inhibitory signals to the lesioned side, even more than in the prior
healthy balance situation. This mismatch leads to a condition where the lesioned
hemisphere cannot easily deliver action potentials to the lower motor neuron and the
corresponding muscles. As result, the ability to participate in motor training which is
necessary for recovery of function is severely challenged.
Thus, two potential roles have been described for rTMS in stroke recovery:
(1) excite the lesioned side (using for example 10 Hz rTMS);
(2) inhibit, i.e., down-regulate the non-lesioned side (using for example low frequent 1 Hz
rTMS).
Excitatory stimulation of the lesioned side (high frequent)
Since much of good recovery depends on plasticity in the lesioned hemisphere, one
therapeutic approach is to try to increase brain plasticity in the lesioned region with brain
stimulation. In one study (class II), either rTMS or sham stimulation was given over the
ipsilesional motor cortex daily for 10 days to two randomly assigned groups of 26 patients
with acute ischemic stroke (Khedr et al., 2005). Disability scales measured before rTMS, at
the end of the last rTMS session, and 10 days later showed that real rTMS improved
patients’ scores on various functional scales more than sham. In a cross-over, single blind,
sham controlled study (class III), 15 patients with chronic (at least more than 6 months after
stroke occurred) hemiparetic stroke practiced a complex, sequential finger motor task using
their paretic fingers either after 10Hz or sham rTMS over the ipsilesional primary motor
cortex (M1) (Kim et al., 2006). The basic hypothesis of this study was that focal 10Hz rTMS
to the motor cortex of the affected hemisphere in conjunction with motor practice intervention
paradigm would enhance the corticomotor excitability, which would improve the motor
performance in chronic stroke patients. As anticipated, high-frequency rTMS produced a
larger increase in corticospinal excitability than the sham stimulation. Moreover, this
corticomotor excitability change was associated with enhanced motor skill acquisition. These
findings are consistent with previous studies, which reported an enhancement of the
symptoms in stroke patients (Hummel et al., 2005; Uy et al.,2003).
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Both the changes in the behavior and corticomotor excitability before and after the
intervention were examined by measuring the movement accuracy, the movement time, and
the MEP amplitude rTMS resulted in a significantly larger increase in the MEP amplitude
than the sham rTMS, and the plastic change was positively associated with an enhanced
motor performance accuracy (Kim et al., 2006).
Another study by Emara et al. (2010) (Class II) with 40 patients (20 sham exposed included)
suffering from chronic stroke symptoms, applying a 5Hz ipsilesional motor cortex stimulation
showed a statiscal significant improvement of manual moto abilities and functional status
lasting at least 12 weeks.
Inhibitory stimulation of the non-lesioned side
rTMS can be used to deliver a low frequency, for example, 1Hz rTMS to down-regulate the
non-lesioned hemisphere with the goal of improving response to motor training by reducing
interhemispheric inhibition and potentially facilitating activity in the lesioned hemisphere. This
approach to brain stimulation targets the contralesional side of the CVA. The contralesional
M1 inhibits the ipsilesional M1 via transcallosal inhibition. One study of 20 patients using
sham control tested whether a decreased excitability of the contralesional M1 induced by 1
Hz rTMS could cause improved motor performance of the affected hand in stroke patients by
decreasing the transcallosal inhibition (Takeuchi et al., 2005). This study reported for the first
time that a noninvasive cortical stimulation using rTMS over contralesional M1 can reduce
the transcallosal inhibition and improve the motor function of the affected hand of stroke
patients.
When compared with sham stimulation, rTMS reduced the amplitude of motor-evoked
potentials in contralesional M1 and the transcallosal inhibition duration, and rTMS
immediately induced an improvement in pinch acceleration of the affected hand, although a
plateau in motor performance had been reached by the previous motor training. This
improvement in motor function after rTMS was significantly correlated with a reduced
transcallosal inhibition duration. Other studies showed similar results (Mansur et al., 2005).
The available literature that includes data of approximately 300 patients establishes the
capability of low-frequency 1 Hz rTMS delivery to the contralesional motor cortex to improve
upper limb motor recovery in patients with stroke (cfr. table 8).
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Table 8: Published studies evaluating effects of contralesional (non-lesioned) 1Hz rTMS on
motor function in post-acute patients suffering from stroke
Study

Patients (N)

rTMS
protocol

Outcome measures

Results

Class
evidence

Fregni et al.,
2006

10 rTMS, 5
sham

1Hz (100%)
5
daily
sessions
1200
pulses/train

Daily pre- and postrTMS and on day 14: 4
motor function tests.
Motor threshold (MT) on
day 5.

3 motor function tests improved
until day 14, 4th until d5. MT
decreased in affected, increased
in unaffected hemisphere. Sham
no effect.

III

Takeuchi et
al., 2005

10 rTMS, 10
sham

1Hz (90%),
1
25min
session
1500 pulses

Immediately and 30min
post-rTMS
administration:
pinch
force,
acceleration,
motor evoked potential
(MEP) amplitude and
TCI

Acceleration and MEP amplitude
improved, TCI decreased in
rTMS immediately post-rTMS,
changes not seen at 30min.
Sham no effect.

III

Mansur et
al., 2005

10 patients
Each
received
rTMS
to
motor
cortex,
rTMS
to
pre-motor
cortex,
sham
to
motor cortex

1Hz(100%)
The
3
different
sessions 1h
apart. 600
pulses each

Baseline and after each
rTMS. 4 motor function
tests

3 of 4 tests improved after rTMS
delivered to motor cortex, 1 had
positive trend. Sham no effect.

III

Kirton et al.,
2008

10
(pediatric)

1Hz (100%)

Baseline, d5, d10, d17:
upper extremity function,
grip strength, peg board,
finger tapping, in-hand
manipulation

Grip strength improved D10 and
D17

II

Hand Grip, Finger
tapping and Peg board

After 3 months, both TMS groups
superior to Sham. 1Hz group
superior to 3Hz group

II

5 rTMS, 5
sham
Khedr et al.,
2009

36 (12 each
in rTMS
1Hz, 3Hz
and Sham)
7-20 days
post stroke

1200 pulses
once a day
8 days
5 daily
sessions
1Hz(100%)
900 pulses;
3Hz(130%)
900 pulses

UEF improvement better with
rTMS than sham D10, not D17

NIHSS and Barthel
Index
Baseline, 2 days 5 days
1 mo, 2 mo, 3 mo.

Theilig S, et
al., 2011

24
Active 12
Sham 12
Both groups
received
also EMGtriggered
functional
neuromuscu
lar
stimulation

1Hz, 100%
MT,
900
pulses
to
motor
cortex.
10
daily
sessions
during
2
weeks.

Motor
function
and
spasticity measured at
baseline and
after 2
weeks of therapy. Wolf
Motor Function Test and
Tardieu scale for both
hands. TMS elicited
MEP size from first
dorsal
interosseus
muscle.

Wolf Motor Function test and
Tardieu scale improved in both
rTMS and sham groups. No
significant difference between
active rTMS and sham

III
.

Liepert J, et
al., 2007

12
Active and
sham rTMS,
single
session
crossover

1Hz
90%
MT,
1200
pulses
to
motor cortex

Grip strength Nine hole
peg test before and after
each rTMS session

Nine hole peg test results
improved by active but not sham
rTMS. No effect on grip strength.

III

Takeuchi N,
et al., 2008
(a)

20
10
active
rTMS
10 sham

1Hz,
90%MT
1500 pulses

Pinch
force
and
acceleration, pre and
immediately post-rTMs,
after 7 days.

Pinch force and acceleration
improved after rTMS. Effect
lasted for 1 week. Sham no
effect.

III
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Pomeroy et
al., 2007

27

1Hz, 120%
MT,
200
pulses,
8
sessions

No effect on
parameters

clinical

motor

II

Emara
et
al., 2010

40

1Hz,
110120%, MT,
150 pulses,
10 sessions

Augmentation
dexterity

of

manual

I

Theilig
et
al., (2011)

24

1Hz,
100% RMT

Similar improvement of motor
performance with active and
sham
rTMS followed by functional
electrical stimulation

III

Avenanti et
al., (2012)

30

1Hz,
90% RMT

Improvement in manual dexterity
(9HPT,
JTT,
grip
force);
rebalance of
interhemispheric
excitability;
clinical and neurophysiological

III

Etoh et al.,
(2013)

18

1Hz,
90% RMT

Improvement
in
motor
performance (ARAT); no change
in spasticity

III

Meta-analysis and final conclusion
A meta-analysis of effects of rTMS on motor function in patients with stroke has been
published a few years ago (Hsu et al., 2012). The goal of the analysis was to evaluate the
effects of rTMS on upper limb motor recovery by systematically reviewing available data. In
addition, as a secondary goal the analysis aimed at evaluating whether low frequency rTMS
targeting the healthy hemisphere or high frequency rTMS targeting the lesioned hemisphere
would have greater effects on motor function. The authors searched for randomized
controlled trials starting from January 1990 in PubMed, Medline, Cochrane, and CINAHL
using the following key words: stroke, cerebrovascular accident, and repetitive transcranial
magnetic stimulation. The mean effect size and a 95% CI were estimated for the motor
outcome using fixed and random effect models. The analysis included 18 randomized
controlled trials in a total of 392 patients.
A positive significant effect size of 0.55 was found for motor outcome (95% CI, 0.37–0.72).
Further subgroup analyses demonstrated more prominent effects for subcortical stroke
(mean effect size, 0.73; 95% CI, 0.44–1.02) or studies applying low-frequency (1Hz) rTMS
(mean effect size, 0.69; 95% CI, 0.42–0.95).
This meta-analysis concluded that rTMS has a positive effect on motor recovery in patients
with stroke, especially for those with subcortical stroke. Low-frequency rTMS over the
unaffected hemisphere may be more beneficial than high-frequency rTMS over the affected
hemisphere as the effect size of low-frequency rTMS was larger.
Some studies have reported that bilateral neuromodulation can more effectively facilitate
neural plasticity and induce motor recovery after stroke (Takeuchi et al., 2012). The clinical
efficacy of inhibitory (1Hz) rTMS targeting the healthy hemisphere maybe superior to that of
high-frequency (10Hz) rTMS of the lesioned hemisphere, although there is evidence for both
approaches and choice of implementation of which specific intervention should be
considered in the context of the clinical situation of the patient.
Based on the literature review rTMS use in stroke rehabilitation using parameters consistent
with the safety guidelines is safe both in general and as complementary therapy (Takeuchi et
al., 2012). These recommendations are conform the guidelines for rTMS in stroke
(Lefaucheur et al., 2014), and with recent meta-analyses (e.g. Dionísio et al., in press).
In summary, excitability-increasing HF rTMS of ipsilesional M1 in post-acute and chronic
motor stroke (level C) or excitability-decreasing LF rTMS of contra-lesional M1 in chronic
motor stroke (level B) is likely to improve motor abilities in stroke patients.
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However, the therapeutic value of either modality of stimulation remains to be determined
with respect to the phase of stroke recovery (acute or sub-acute vs. chronic) and that
statistical group effects may not reflect actual clinical benefit in daily practice.
2.3.2

rTMS in Parkinson’s disease

Introduction
Parkinson’s disease (PD) is the second most common neurodegenerative disorder with a
world-wide prevalence of approximately 10 million people.
Projecting on current
demographic changes, estimated prevalence of PD is expected to double by 2050 (Bach et
al., 2011). It is estimated that Parkinson’s disease affects approximately 30.000 or 1/400
people in Belgium.
As such, PD remains an important public health problem due to the chronic and progressive
nature of the disease for which there is no cure at present (Fox et al., 2011, Seppi et al.,
2011).
In PD large numbers of dopaminergic neurons located within basal ganglia circuitry
degenerate. Evidence suggests that symptoms in PD are related to a larger pathological
process. Clinical Parkinsonism can be responsive to pharmacological therapies other than
dopaminergic agents such as serotonergic and cholinergic drugs. As such, the
neuropathology of PD also involves non-dopaminergic systems or cortical structures of the
nervous system not directly involved in motor control. This results in clinical motor
symptomatology including the hallmark triad: bradykinesia, tremor, rigidity, as well as nonmotor symptoms (NMS). NMS may antedate motor symptoms and affect the majority -if not
all- of PD patients in time. Moreover, with PD progression, NMS can be more disabling than
the motor symptoms (Chaudhuri et al., 2006). NMS in PD include cognitive changes,
emotional dysregulation, anxiety, apathy, depression, and sensory symptoms such as pain.
Among these non-motor features of PD, depression is common with widely varying
prevalence rates. In Belgium, the PARKIDEP study group analyzed 1 086 patients with
idiopathic Parkinson’s disease. Based on the Mini-International Neuropsychiatric Interview
(MINI), 15.6% of the patients presented with a current major depressive episode. In this
study population, 30% of all patients had a history of mood disorders and 46% received
either an anxiolytic, antidepressant or an atypical neuroleptic medication either alone or in
combination (Vanderheyden et al., 2010).
Of importance is that it is not uncommon for PD patients with depression to be resistant to
pharmacological treatment. Depression in PD may be only partially a reactive process and
there is evidence that in addition it may be related to the neurodegenerative process of PD
itself (Lieberman et al., 2006). Thus, PD with depression remains a major public health
concern.
Moreover, virtually all persons with Parkinson’s will develop motor complications under
dopaminergic substitution therapy over time. These motor complications comprise wearing
off, on-off phenomenon, freezing of gait and dyskinesia. Since no cure for the disease exists
clinically managing Parkinson’s disease remains a challenge.
Prior clinical trials of rTMS in PD
Among studies that have applied rTMS in PD patients with clinical outcomes, the factors
under which rTMS is applied vary widely across 3 rTMS factors: site of stimulation,
frequencies tested, and overall treatment durations. While treatment durations vary between
studies, both single session and multisession studies have suggested benefit across a range
of cortical sites with most multisession studies following a model of daily sessions over 7-14
days. Study designs, patient populations, duration of follow-up, and outcome measures are
highly variable.
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For clinical outcome measures, all but one study (Mally et al., 2004) used the unified
Parkinson’s Disease Rating Scale (UPDRS) as clinical outcome measures. For particular
symptoms, additional rating scales for depression (Dragasevic et al., 2002; Okabe et al.,
2003; Fregni et al., 2004; Epstein et al., 2007) or dyskinesias (Brusa et al., 2006) were
employed. Many early studies were not placebo- or sham-controlled. Three meta-analyses
reveal an overall beneficial effect of rTMS, including a sub analysis restricted to shamcontrolled studies (Fregni et al., 2005; Elahi et al., 2009; Chung et al., 2016).
Different brain sites of stimulations can be targeted as there are: prefrontal cortex, primary
motor cortex and supplementary motor areas. The efficacy of rTMS regarding these
stimulation sites will be analyzed in next section.
Prefrontal cortex stimulation in PD
The DLPFC is a key cortical target for the prefrontal cortical-subcortical loop, a circuit that is
involved in mood regulation, attention and working memory. A majority of studies applying
rTMS as treatment for depression have employed high-frequencies to left DLPFC with focal
figure-8 coils. All DLPFC rTMS studies have been multisession studies and several have
focused on depressed PD patients. Some early DLPFC studies also used circular coils
centered over prefrontal regions (Dragasevic et al., 2002) using nonfocal coils with very low
frequencies (0.2 Hz) which, in normal control subjects, do not produce long-lasting
excitability change.
In PD, Fregni et al., (2004) using a 15Hz rTMS over the DLPFC with and without placebo
medication (SSRI fluoxetine, antidepressant) in a 10-day sham-rTMS intervention study
showed efficacy of rTMS on depression rating scales which were equivalent to fluoxetine
plus sham rTMS persisting over 10 weeks. Imaging studies using fluoxetine and rTMS
suggest a normalization or hypoacitivty of the DLPFC in depressed PD patients (Fregni et
al., 2006; Cardoso et al., 2008). Taken as a whole, 2 convincing Class II studies (one of
which was divided into several satellite Class III studies by the same group) justify a Level B
recommendation (‘‘probable efficacy’’) for the use of HF rTMS of the left DLPFC in the
treatment of depressive symptoms associated with PD.
Motor cortex stimulation in PD
The primary motor cortex (M1) is a common site for cortical neuromodulation to facilitate
deficient thalamo-cortical drive. M1 is often used as the cortical target for the motor corticalsubcortical loop. In the pathophysiology of PD the standard basal ganglia circuit model
implicates impaired basal ganglia-thalamo-cortical drive as a cause for motor PD symptoms.
The first encouraging report of rTMS in PD patients used subthreshold (low intensity) 5 Hz
rTMS over M1 and found improvement in reaction time and pegboard task performance
(Pascual-Leone et al., 1994).
A meta-analysis (Fregni, Simon, Wu, Pascual-Leone, 2005) and a systematic review of the
literature (Wu et al., 2008) demonstrate the potential for clinically significant motor benefits
from rTMS in PD. A separate meta-analysis (Elahi et al., 2009) reached a similar conclusion
that high frequency rTMS is effective in improving motor signs in PD whereas low frequency
rTMS is not. These results support the hypothesis that HF rTMS of the primary motor cortex
(M1) can yield clinically meaningful improvements in the motor symptoms of patients with
PD.
The mean magnitude of benefit in these studies was nearly 6 points on the UPDRS Part III,
representing an improvement of more than 20%, with even greater improvements seen in
the subset of studies that utilized multiple rTMS sessions. However, most of these studies
involved relatively few patients and varied greatly in terms of rTMS dosing regimens,
outcome measures, inclusion/exclusion criteria, use of sham-TMS, and rigorousness in
monitoring safety and tolerability.
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Additional open-label rTMS treatments (daily sessions for 3 days) at monthly intervals
appeared to sustain the benefits from previous rTMS treatments (Wu et al., 2008).
Combined motor and premotor
Due to the use of several cortical targets at the same time, results of such paradigms are
difficult to interpret and are for that reason not further treated in this text.
Supplementary motor area
To date, most studies have targeted the primary motor cortex (M1) or prefrontal cortex. In
contrast, the supplementary motor area (SMA) was used less, even though some evidence
indicates the involvement of the SMA in PD. Hamada et al. (2008, 2009) demonstrated the
efficacy of 5Hz rTMS at high intensity i.e. 110% of the active motor threshold, once a week
during eight weeks over the SMA in PD. A randomized, double-blind, sham-controlled,
multicenter study with a parallel design, examined the efficacy of a different frequency
stimulation over the SMA (Shirota et al., 2013). The effects were monitored up to 20 weeks.
Subjects were assigned to 1 of 3 arms of the study: low-frequency (1Hz) rTMS, high
frequency (10Hz) rTMS, and realistic sham stimulation. The primary end point was the score
change of the Unified Parkinson’s Disease Rating Scale part III (motor) from the baseline.
Several nonmotor symptom scales such as the Hamilton Rating Scale for Depression,
apathy score, and nonmotor symptoms questionnaire were defined as secondary end points.
The conclusion was that 1Hz rTMS over the SMA was effective for motor but not nonmotor
symptoms in PD providing class I evidence. As this study has still to be independently
replicated, no recommendation regarding stimulation of the SMA can be issued until present.
Treatment of PD complications
Dyskinesia is a motor complication of long term pharmacological dopaminergic treatment.
Over activation in the motor cortex (M1) is reported in advanced patients (Haslinger et al.,
2001, Sabatini et al., 2000). For PD dyskinisa rTMS of ≤ 1Hz over the M1 has been
proposed. Low-frequency rTMS (≤ 1Hz) has been reported to result in a decrease of cortical
excitability (Chen et al., 1997) and improvement in dyskinesia (Koch et al., 2005). In a
placebo controlled, single blinded cross-over study on 10 PD patients with prominent
dyskinesias using low frequency (1Hz) over the M1, a small but significant reduction in
dyskinesia was found following real rTMS but not placebo (Filipovic et al., 2009).
Non-motor symptoms in PD
No significant effects on any non-motor symptoms were reported by stimulating the SMA
(Shirotata et al., 2013).
Conclusion
rTMS could become an important adjuvant therapy in PD. While rTMS may not replace
pharmacologic therapy or deep brain stimulation surgery it has the potential to provide a safe
and non-invasive additional treatment to PD motor symptoms. This especially in the
moderate-to-advanced patients, with complications, in those whose symptoms are
insufficiently controlled by available medications, or those with concomitant depression who
remain resistant to first-line antidepressants. Recommendations made for the use of rTMS in
PD are summarized in Table 9. Probable (level B) here in clinical terms indicates that PD
patients with comorbid depression are likely to benefit from rTMS treatment, but the outcome
on motor symptoms is less univocal to be successful (level C).
Prospective studies are needed to determine the potential clinical benefits of rTMS
specifically in PD and depression. Today there is not enough published scientific evidence in
favour of the therapeutic use of rTMS in the stimulation of an isolated primary target.
Table 9: Recommendation regarding the use of rTMS in the treatment of Parkinson’s
disease
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Probable antidepressant effect of high-frequency rTMS of the left dorsolateral prefrontal
cortex in Parkinson’s disease (level B)
Possible antiparkinsonian effect (motor symptoms) of high-frequency rTMS of the
primary motor cortex stimulation (M1) (level C)
2.3.3

The use of rTMS in the treatment of severe neuropathic pain

Severe neuropathic pain is a debilitating chronic pain caused by damage to the peripheral or
central nervous system. It affects some 8% of the general population and occurs in various
pathologies after a destructive lesion or dysfunction of the peripheral or central sensory
pathways (amputation, nerve or plexus avulsion, stroke, etc.) (Zimmermann et al., 2001).
This type of pain can be difficult to treat because traditional painkillers usually have little
effect. The treatment is based primarily on the use of other types of medication, such as
some antidepressant medication or anti-epileptic drugs with potentially serious side effects
(Schwartzman et al., 2001, Finnerup et al., 2007). It follows that the constancy and intensity
of neuropathic pain and the side effects of the medication affect the quality of life of the
patients. Many of them find it difficult to perform their daily activities, with significant
psychosocial consequences (depression, loss of employment, social withdrawal,...) (Jensen
et al., 2007).
The cause of severe neuropathic pain is poorly understood but is probably related to the
compensatory plasticity mechanisms that disturb the balance between excitatory and
inhibitory activity in the different nerve structures.
In some patients, the pain does not respond to pharmacotherapy of any kind. In these cases,
the only potential long-term therapeutic alternative is motor cortical electrical stimulation
(MCES), which involves the surgical implantation of epidural electrodes. MCES has
significant analgesic efficacy in over 50% of patients (Garcia-Larrea et al., 2007).
Several studies also suggest that repetitive transcranial magnetic stimulation of the primary
motor cortex has a transient analgesic effect similar to MCES and that a positive response to
rTMS is predictive of a good response to MCES (Lefaucheur et al., 2006). A meta-analysis
of five prospective studies (class III) involving a total of 149 patients shows that rTMS of the
primary motor cortex provides a significant percentage reduction in pain (using a visual
analogue scale) compared to a placebo (sham stimulation) from 15 to 20% (average: 16.7
%) (Leung et al., 2009). The following effects on pain have been observed for different
anatomical locations: the trigeminal nerve (28.8% reduction), supraspinal stroke (16.7%),
spinal cord (14.7%), nerve root (10%), and peripheral nerve (1.5%). In addition, stimulation
protocols using multiple sessions and low stimulation frequencies (1-10 Hz) seem to give
better results than single sessions or sessions using higher stimulation frequencies (>10 Hz)
(Leung et al., 2009). A former meta-analysis accordingly suggested that rTMS may have a
possible analgesic effect on pain of central origin with low-frequency stimulation spread over
several sessions seeming to give the best results. However, the five studies included in this
meta-analysis involve small patient samples (12 to 60 patients) and use different
methodologies. These methodological differences also underline the importance of class I
prospective studies involving large patient populations in order to confirm the role of rTMS in
this potentially promising clinical indication. Indeed, based on the recent review including
larger patient samples Lefaucheur et al. (2014), concluded a Level A recommendation for
neuropathic pain (target: M1 contralateral to pain side). Nevertheless, maintenance studies
are needed to evaluate its effects on the long-term (Galhardoni et al., 2015). In other words
patients with chronic pain most likely may benefit from rTMS treatment (level A).
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2.3.4

The use of rTMS in the treatment of tinnitus

Tinnitus is a unilateral or bilateral auditory sensation (ringing, buzzing, hissing, whistling,
pure tones) that is unrelated to any auditory stimulation external to the body. Tinnitus affects
many people for short periods of time or more chronically.
Two forms can be distinguished: objective and subjective tinnitus (Jastreboff 1990, Møller
2007, KNO-vereniging 2016). In case of objective tinnitus the person hears a real sound that
is produced within his or her own body, e.g. by the cardiovascular system. In the latter case subjective tinnitus - there is a sound perception but no measureable sound. Subjective
tinnitus is the most common form.
Five to 15% of the general population suffers from permanent tinnitus in a way that it
disrupts daily activities like work and social life. In 1-3% of the general population (100.000
to 300.000 people in Belgium) tinnitus causes sleep or psychiatric disorders (Henry et al.,
2005). However, precise prevalence data are lacking. A recent review of world wide data
listed figures ranging from 5 to 40 % (McCormack et al 2016). Prevalence data are
commonly obtained using questionnaires to assess self-reported tinnitus. The wide range is
partly explained by differences in the questions used and reflects differences in tinnitus
definitions. Even in reports based on the most common type of question (‘tinnitus lasting for
more than five minutes at a time’) prevalence figures range from 10 to 30 %.
Most cases of permanent tinnitus are associated with hearing loss induced by auditory
trauma (concert, nightclub, firecracker, loud noise, etc.) or develop as a corollary of the
ageing process (Eggermont et al., 2004). However, tinnitus can also be associated with
emotions, depression and burn-out (Langguth et al., 2013, Van de Heyning et al., 2015).
A Cochrane report concluded that there is little support for the use of rTMS in tinnitus
patients (Meng et al 2011). Improvements on patients’ quality of life and tinnitus loudness
were observed, but are not very robust given the small size and methodological weaknesses
of the studies.
Further, different studies (class III or IV) show that rTMS of the auditory cortex significantly
reduces tinnitus severity in around 50% of patients (Theodoroff et al., 2013). It remains
unclear why rTMS has a beneficial effect in only 50% of patients. Most studies involve small
samples of patients (4 to 114 patients) and use different means to examine the effect of
treatment (duration, scales, etc.) as well as different control conditions. These
methodological differences probably account for the different results obtained on the effect of
rTMS on tinnitus. The authors also underline the importance of well-conducted prospective
studies that involve large patient populations in order to determine more accurately what the
significance of rTMS could be in this apparently promising clinical indication.
Two types of stimulation protocols are usually proposed in the literature, a session of highfrequency rTMS (10 Hz, motor threshold, 30-200 stimuli), which induces a transient
reduction or disappearance of the tinnitus (a few minutes to several days) in about 50% of
patients (cfr. Table 1 from Theodoroff & Folmer Otology & Neurotology, 2013) or several
sessions of low-frequency rTMS (1 Hz, 1200-2000 stimuli/ session, 1 session/day, 5-10
sessions), which induces a prolonged effect in the reduction of tinnitus severity (3-6 months)
in 50 to 80% of patients (cfr. Table 2 from Theodoroff & Folmer Otology & Neurotology,
2013). Based on these data, several sessions of low-frequency rTMS unilaterally applied to
temporal or temporoparietal cortical areas appear to lead to better clinical outcomes and are
therefore to be preferred (Theodoroff et al., 2013). As the studies mentioned in Table 1 and
Table 2 are classified as Class III and Class IV studies (Plewnia et al., 2007) we cannot
recommend the general use of rTMS in the treatment of tinnitus. Therefore, the working
group agrees in that prospect with a level C recommendation. This indicates that according
to the current stage of rTMS treatment it remains unsure that all patients will benefit. This is
in line with data mentioned in an earlier recommendation of the SHC on prevention,
diagnosis and therapy of tinnitus (Superior Health Council, 2017, Report nr. 9332).
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In general, two methods have been proposed to identify the optimal cortical target for this
type of stimulation without one method having been shown to be superior to another yet. On
the one hand a series of approaches suggest that rTMS should be guided by
neuronavigation by integrating data from functional neuroimaging (positron emission
tomography
(PET),
functional
magnetic
resonance
imaging
(fMRI),
magnetoencephalography (MEG)) that either identify the primary or secondary auditory
cortex or the auditory area of the brain with neural hyperactivity (Kleinjung et al., 2008,
Langguth et al., 2008). The other approach is to guide rTMS on the basis of the anatomical
landmarks for positioning electro-encephalography electrodes (10-20 EEG international
system) (Londero et al., 2006).
Further research is needed to confirm earlier results of this possibly effective technique in
the treatment of tinnitus. Because of the high variability of studies design and reported
outcomes replication studies with a large number of patients and long-term follow-up is
needed before further conclusions can be drawn (Soleimani et al., 2016).
2.3.5

The use of rTMS in the treatment of refractory epilepsy

Epilepsy is a chronic disorder characterized by recurrent seizures, which are defined as
clinical events resulting from excessive and transient activity of a group of neurons. There
are various causes of epilepsy. Its prevalence in the general population is 0.8% and its
incidence is about 50 per 100.000 population per year. The treatment of epilepsy is primarily
based on anti-epileptic drugs (Duncan et al., 2007). However, a surgical option may be
considered when the following criteria are met:
- persistent seizures despite well-conducted pharmacotherapy that impede the
patient's lifestyle, cognitive function or psychomotor development in the case of
children;
- the cause of the epilepsy is believed to be symptomatic, i.e. due to a structural brain
lesion.
These criteria are met in around 15% of patients.
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During the past decade, some studies have investigated the effect of low-frequency
repetitive transcranial magnetic stimulation on epileptic activity and the frequency of
seizures. The theoretical basis on which these studies are grounded is related to the putative
inhibitory effect of this type of stimulation on neuronal activity, which is therefore believed to
reduce or stop excessive neuronal activity in the epileptic focus. A (class III) prospective,
randomized, double-blind study using placebo stimulation ("sham stimulation") involving 21
patients with refractory focal epilepsy associated with malformations of cortical development
shows that rTMS (1 Hz, 70% of the maximum stimulation intensity, 20-minute
stimulation/session, 1 session/day for 5 days) significantly reduces the number of seizures
compared with placebo stimulation and that this anti-epileptic effect lasts for at least two
months (Fregni et al., 2006). In addition, rTMS induced a significant decrease in the number
of interictal epileptic discharges immediately after and one month after rTMS. Cognitive
assessments have also suggested that cognitive function improves following this treatment.
Another (class III) prospective, randomized, single-blind study involving 64 patients with
refractory focal epilepsy compares the effect of low-frequency rTMS (0.5Hz, 500
stimuli/session, 3 sessions at 10-minute intervals/day, 2 weeks of treatment) depending on
the intensity of stimulation (90% versus 20% of the motor threshold (Sun et al., 2012). This
study shows that high-intensity rTMS (90% of the motor threshold) resulted in a significant
drop in the frequency of seizures and interictal epileptic activity for up to 10 weeks after the
rTMS treatment was initiated and that low-intensity rTMS (20% of the motor threshold) had
no effect.
Other (class III) studies using protocols from the different methodologies have shown no
effect of rTMS on the frequency of epileptic seizures (Jo et al., 2007, Cantello et al., 2007).
This suggests that other class I studies involving larger numbers of patients are needed to
determine more accurately what the significance of rTMS could be in the treatment plan for
refractory focal epilepsy. Therefore, based on the actual state of scientific knowledge the
working group cannot yet recommend in a general way the clinical use of rTMS in the
treatment of refractory epilepsy. Though, this therapeutic approach may be an attractive
alternative to epilepsy surgery in some patients (level C recommendation) determined case
by case by the treating medical specialist. The evidence for efficacy of rTMS for seizure
reduction is still scarce despite that rTMS seems effective at reducing epileptiform
discharges (Chen et al., 2016). Again, level C indicates that it is unsure that the majority of
patients will benefit from rTMS treatment.
Interestingly, studies involving epileptic patients show that the side effects of this kind of
treatment are generally mild and occur in less than 20% of cases (mainly headaches in
about 10% of the patients). In a literature review on safety and tolerability of rTMS in patients
with epilepsy, Bae et al state that rTMS rarely induces epileptic seizures (4 out of 280
patients or 1.4%) and does not cause status epilepticus (Bae et al., 2007).
3

TMS in movement and cognitive neuroscience research

TMS is now a well-established investigative tool in the cognitive neurosciences to study
perception, attention, action control, learning, language, and awareness, among many other
psychological processes or functions. TMS’s popularity is due to the unique space it
occupies in the neuroscience methods. Unlike many other techniques, it can provide
excellent spatial and temporal resolution, allowing researchers to determine which brain
regions support specific human behaviours, and when they do so. However, it is not just the
spatial and temporal selectivity that make TMS a useful experimental approach; it is also its
ability to transiently influence brain functions (Walsh & Conway, 2000). Therefore, TMS also
allows causal inferences (i.e. it has functional resolution; Walsh & Conway, 2000), unlike
popular neuroimaging methods such as electroencephalography (EEG) and functional
magnetic resonance imaging (fMRI).
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In this section, we will briefly review the two main research applications of TMS, namely (1)
TMS to probe the current state of neural systems and (2) TMS to determine causal
relationships between brain and behaviour.
3.1 TMS to probe the current state of neural (motor) systems
Flexible and goal-directed human behaviour depends on an interplay between multiple basic
cognitive processes. A difficult challenge in humans is to isolate and characterize these.
In the action-control domain, major progress has been made thanks to TMS. When a brief
single pulse is applied to the primary motor cortex, TMS can cause minor contralateral
muscular responses (MEPs). These responses can be quantified using surface
electromyography and provide a measure of corticospinal excitability (Hallet, 2007). MEPs
are useful to examine influences on the (pre-)motor cortex because they can be measured
before a stimulus appears and provide an opportunity to examine how actions unfold with
millisecond precision (Bestmann & Duque, 2016).
Single-pulse protocols can be extended by providing a conditioning pulse first, and examine
how it modulates the effects of the second TMS pulse over motor cortex. Such paired-pulse
TMS protocols can reveal cortical interactions and the relative contribution of excitatory and
inhibitory neural circuitries (some other popular neuroscience methods cannot do). For
example, TMS has shown how efficient and controlled human behaviour involves
preparation of a select number of action options, combined with an inhibitory impulse control
mechanism to prevent their premature execution (Duque et al., 2017).
Single- and paired pulse TMS over motor cortex within the safety limits determined by the
Safety of TMS Consensus Group (Rossi et al., 2009) is considered to be safe (Di Iorio and
Rossini, 2017, p.68). Therefore, these protocols are currently being used in psychology,
movement science and neuroscience labs across the world without the involvement of
physicians or health-care professionals to provide unique insights in action control, and
human behaviour more generally.
3.2 TMS to determine causal relationships between brain and behaviour
TMS can also be used to temporarily alter the function of neurons in the underlying small
cortical brain territory. This can reveal whether and when the cognitive process carried out
by that region is crucial for performance. A distinction can be made between single, twin-coil,
and repetitive protocols.
In single-coil protocols, the coil is placed over a cortical region close to the scalp.
Researchers then examine how the delivery of a pulse at a certain point in time influences
behaviour or underlying neural processing (when combined with e.g. EEG). This can reveal
when a brain region or pathway is causally involved in various aspects of human behaviour.
For example, TMS revealed how a region in the parietal cortex mediates spatial orienting
during two distinct time periods after the onset of a behaviourally relevant event, suggesting
two critical neural pathways for visual attention (Chambers et al., 2004).
In case of twin-coil protocols, a “conditioning” pulse over one area is delivered to investigate
whether and how it modulates the effects of a subsequent TMS pulse to another area. Such
twin-coil designs can reveal cortico-cortical and cortico-spinal interactions (i.e. functional
networks of brain regions).The protocols are relevant to study interactions between brain
regions (Fujiyama et al., 2016).
As noted above, rTMS can be further subdivided in conventional (a train of pulses at a
certain frequency) and patterned (high bursts of pulses with short intervals without
stimulation) protocols.
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Unlike single- and twin-coil protocols, rTMS is usually delivered before behavioural or neural
measures are obtained. Therefore, these protocols lack temporal precision but may be more
robust (Derosière et al., 2017).
3.3 Safety of TMS protocols falling within the international safety guidelines
It is generally agreed that at low stimulation intensity, delivering one (single-pulse), two or
more (rTMS) pulses alters the signal-to-noise ratio in the underlying brain region (Walsh &
Conway, 2000). At higher intensities, TMS may also have transient inhibitory or facilitatory
effects on neural functioning (depending on the frequency and protocol). In the case of
single-pulse designs, the neural effects are very short-lived (typically milliseconds to a
second). In the case of rTMS, effects can last longer (typically seconds to minutes) (Harris et
al., 2008).
As noted in the recent review by Di Iorio and Rossini (Di Iorio and Rossini, 2017), “In almost
three decades of TMS experiments and for hundreds of thousands examined subjects, only
few cases of TMS-induced seizures have been reported, and the vast majority of seizures
were induced during rTMS (Rossi et al. 2009 ). The risk to induce a seizure with single-pulse
TMS is very low: it has been estimated that less than 5% of the known TMS-related seizures
occurred during single-pulse TMS studies and always in subjects having epileptogenic brain
lesions or under proactive medication (Groppa et al. 2012 ).” This led them to conclude:
“Single- or paired-pulse TMS or conventional LF or HF rTMS (…) with parameters of
stimulation within the 2009 safety limits” should be considered to be safe.
In case of single-pulse, paired-pulse, and low frequency rTMS, this is not surprising. For
example, in a study designed to uncover the mechanisms of TMS, it was found that adding
visual noise to a stimulus presented on a computer screen had similar or even larger effects
on human behaviour than the delivery of a TMS pulse (Harris et al., 2008). Similarly, actively
executing a motor action in response to an external stimulus will have a much larger effect
on cortical and electromyographic (EMG) activity than a single TMS pulse, and actively
withholding an action typically produces a larger decrease in EMG activity than the delivery
of a conditioning pulse in paired-pulse designs. In other words, the effects of single- and
paired-pulse TMS are generally subtle (compared with normal patterns of neural activity or
patterns of activity induced by other means).
Theoretically, the risk is higher for sustained high-frequency rTMS, patterned TMS, TMS
using non-standard coils (e.g. H-coils to stimulate deeper brain areas), or other protocols
that fall outside the safety limits (although it should be noted that even for such protocols, the
number of adverse effects is still very low;). Nevertheless, it is important to distinguish
between the different protocols when determining safety guidelines and terms of use.
3.4 Conclusions
TMS is a scientific device that allows researchers with various backgrounds to study human
brain-behaviour relationships. It is generally considered to be safe, and has many
advantages over other research methods. Unlike neuroimaging methods, it allows causal
inferences. In theory, such inferences are also possible via lesion studies (i.e. the study of
patients with specific brain lesions); however, the study of the abnormal brain is complicated
by neural reorganisation and compensatory strategies. Therefore, in the last two decades,
TMS work has provided unique and important insights in the normal functioning of the
human brain.
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4

Safety of TMS for patients and medical staff

Very few information is available about the effects of induced currents in the tissues not
supposed to be excited. Rossi (Rossi et al., 2009) states that it is unclear whether the high
intensity, pulsed stimulation of TMS has the same long-term effects of continuous, lowintensity, occupational exposure but that it is worth noting that chronic exposure to electromagnetic fields appears safe at levels even greater than those possible with TMS. This
statement is most probably true for the devices investigated by the author. Nevertheless,
nothing prevents to find (r)TMS devices with higher excitation fields on the market.
It has to be pointed out that, at the European level, the CE marking process for medical
devices under the scope of the 93/42/EEC directive (MDD) doesn’t require any safety
assessment concerning the induction of currents and voltages in the body. No harmonised
standard provide any assessment criteria for such phenomena. They do exist for microwave
radiations but not for the lowest part of the radiofrequency spectrum which is used with TMS.
The consequence is that a manufacturer of (r)TMS devices willing to work with a very high
level induction field will encounter no legal barrier before placing his product on the
European market. Hence particular attention should be considered by the Belgium
Government in order to avoid on the Belgian market TMS devices with an excessive
induction field.
On the other side, the practitioner should assess the compromise between the benefits of
the treatment and the risk encountered with the induced currents. Due to the interaction of
the induced voltages with the nervous system (working principle of TMS), the International
Commission of non-Ionizing Radiation Protection or ICNIRP (2010) recommends to keep the
induced electric field in the head and the body below 0.4 V/m around 1 kHz for the general
public. Hence it should be recommended to the practitioners to avoid exceeding such a level
in the tissues which are not supposed to be excited. The device documentation should
provide information to the operator about this issue.
4.1 Exposure of patients
4.1.1

Contraindications and side-effects

Present recommendations concerning contraindications and safety issues are mostly based
on the published guidelines by Rossi et al. (2009) and Lefaucheur et al. (2014).
As TMS is a neurostimulation and neuromodulation technique which can modulate cortical
excitability, the use of TMS has therefore some safety and ethical concerns to take into
account.
The only absolute contraindication to TMS/rTMS is the presence of metallic hardware in
close contact to the discharging coil (such as cochlear implants, or an internal pulse
generator (IPG) in case of deep brain stimulation for example or medication pumps). Under
these circumstances there is a risk of inducing malfunctioning of such implanted devices.
Nevertheless, based on ex vivo and in vivo studies, it appears that TMS can be safely
applied to patients who have implanted stimulators of the central and peripheral nervous
system when the TMS coil is not in close proximity to the internal pulse generator. However,
it is not clear what constitutes a safe distance between the TMS coil and the implanted
stimulator, and how coil shape and coil angulation influence this relation. Therefore, TMS
should only be done in patients with implanted stimulators if there are medically-scientifically
compelling reasons justifying it.
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All the known side effects linked with the use of TMS are summarized in Table 1 taken from
Rossi et al. (2009). TMS and rTMS can be considered as safe if published safety guidelines
are closely followed. First guidelines were issued by Wassermann during an International
Workshop on the Safety of Repetitive Transcranial Magnetic Stimulation in 1998. They were
slightly adapted based on the current state of knowledge by Rossi et al. (2009).

Induction of seizures is the most severe acute adverse effect regarding (r)TMS. Several
cases of accidental seizures (typically seizure duration < 1 minute) induced by rTMS have
been reported to date, most of them in the early days prior to the definition of safety limits
(Rossi et al., 2009). Considering the large number of subjects and patients who have
undergone (r)TMS studies since the safety guidelines published in 1998 (Wassermann et al.)
and the small number of seizures, we can assert that the risk of (r)TMS to induce seizures is
very low. Most of the seizures reported in the literature occurred in patients taking
epileptogenic medications or may represent non-epileptic events. It is important to note that
no episode of status epilepticus following (r)TMS has been reported.
A review on the safety of rTMS in epilepsy (Bae et al., 2007) indicates a 1.4% crude persubject risk to develop a seizure (4 out of 280 patients) and no cases of status epilepticus.
For patients with an additional risk of seizure (history of seizure, epileptogenic medication,
brain disorders that modify cortical excitability, sleep deprivation, alcoholism), rigorous
monitoring is still critical. In such instances, the involvement of a physician with expertise in
the recognition and acute treatment of seizures is recommended.
Rossi et al. (2009) states that single-pulse TMS is in general well tolerated; patients describe
the feeling during these sessions as painless. As some pain sensation is in fact the most
reported side effect, (r)TMS can be painful. Bae et al. (2007) and Maizey et al. (2013)
reported the absence of side effects in about 85% of cases. For the remaining 15% the main
side effect was transient headache. In a review by Loo et al. (2008) about nearly 30% of
patients experienced headache and nearly 40% complained about pain or discomfort. The
intensity of pain experienced varies from subject to subject, depending on individual
susceptibility, scalp location, coil design, intensity and frequency of stimulation.
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Patients and subjects should be warned that (r)TMS may not be pleasant and may cause
pain. In the majority of subjects/patients experiencing local pain during (r)TMS, the effect
rapidly vanishes. Headache may occasionally persist, however, after TMS application; in this
case, a common analgesic administered orally may be helpful. No migraine attacks have
been described following (r)TMS, neither in people without a headache history nor in
migraine patients who underwent rTMS applications as treatment (Brighina et al., 2004). It is
further reported by Anderson et al. (2009) that the local painfulness usually declines over the
first days of daily treatment. The cutaneous sensation could be caused by stimulation of the
scalp muscles which is described as uncomfortable by some and as painful by others. It is
not known until present what exactly causes the painfulness.
Drugs
Rossi et al. (2009) reports that intake of or withdrawal from certain central nervous system
(CNS) active drugs lowers seizure threshold. The actual risk for seizure induction may
depend on factors such as drug dose, speed of dose increase (or decrease), and
combination with other CNS active drugs. The majority of reported rTMS-induced seizures
have occurred in subjects/patients on drugs with seizure threshold lowering potential.
Therefore, careful consideration of the benefit/risk ratio of (r)TMS should be performed
before (r)TMS in participants who take epileptogenic drugs.
Pediatrics
Considering the absence of an appreciable volume of data on the potential for adverse
effects with (r)TMS, children should not be used as subjects for rTMS without compelling
clinical reasons, such as the treatment of refractory epilepsy or particular psychiatric
conditions.
Pregnancy
Magnetic fields attenuate rapidly with distance, so it seems unlikely that the foetus might be
directly affected by (r)TMS. Currently, there are anecdotal reports of pregnant women who
underwent successful rTMS treatment for depression, and no side effects to the child were
reported (Klirova et al., 2008). According to the actual state of the scientific research, there
exists no consensus whether rTMS might have a detrimental effect on the foetus (for
example epigenetic effects).Therefore, a conservative view of the use of (r)TMS in
pregnancy might consider to balancing the risk/benefit ratio for each single case by the
healthcare professional.
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4.2 Exposure of operators
Rossi (Rossi et al., 2009) states that safety issues are rarely addressed for operators who
are exposed to magnetic field several hours every day for years by performing TMS.
Only one study has been performed using the MagPro machine (Medtronic), MC-B70
butterfly coil, 5 Hz frequency, and stimulus intensity of 60–80% stimulator output (Karlström
et al., 2006). In these conditions, worker's exposure limits for the magnetic field pulses
(2013/35/EU directive) are transgressed at distances of about 0.7 m from the surface of the
coil. This single observation makes further research necessary to confirm it and to determine
the limiting distance to the coil according to the type of TMS machine, the type of coil, the
frequency/intensity of stimulation and the total exposure time. Furthermore, directive
2013/35/EU states explicitly that the levels given as action values do not protect the operator
against long term effects. Hence, the following consideration should be taken into account:
- the exposure levels of directive 2013/35/EU can be exceeded by some devices in case the
worker is located very close to the device (less than 1 m),
- the present legislation doesn’t ensure that the exposure level of the operators does not
exceed the action values of 2013/35/EU directive,
- the levels given as action values in 2013/35/EU directive do not protect the operators
against long term effects, if any,
- the exposure level should be assessed for each type of device.
5

Terms of use in clinical practice and research

The increasing use of (r)TMS makes it necessary to consider places where it can be carried
out safely, taking into consideration both clinical needs and research.
The overall ethical principle – which is also mentioned in article 31/1 of the Law of May 10th,
2015 - stating that a health care professional or scientific researcher is only allowed to carry
out those acts falling within the scope of his expertise has always to be taken into account as
a golden standard in everyday (r)TMS practice.
5.1 Clinical applications
Based on literature review and expert opinion, the SHC agrees with the fact that a medical
setting (hospital or appropriately equipped outpatient clinic) is needed for all clinical
applications of (r)TMS (i.e. diagnostic or therapeutic procedures of neuromodulation). Outpatient (r)TMS treatments can be delivered outside the hospital. However, it is strongly
advisable that in these settings and in other medical environments, appropriate life-support
equipment and emergency medical facilities are available.
Based on the strict Belgian legislation, all medical applications of (r)TMS are to be
considered as medical acts and therefore should be done by a physician, responsible for
handling all adverse events and complications. Within the legal framework of the Law of May
10th, 2015 regarding the exercising of the health care professionals, competent health care
staff, such as nurses, etc., can assist the physician.
Article 23 of the Law of May 10th, 2015 foresees the possibility to delegate particular tasks
to other professionals, but this can only be done on the base of a Royal Decree. And up till
now such a delegation regarding (r)TMS has not been allowed by any Royal Decree. Thus
legally there are no arguments in favour of letting practice (r)TMS by other professionals
than physicians, even in the framework of a medical research activity.
Theoretically, clinical psychologists could be legally competent within the scope of the Law
of May 10th, 2015 to perform these applications of (r)TMS which fall into their field of
application.
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Indeed, from September 1st, 2016 on, clinical psychologists fall within the scope of the Law
of May 10th, 2015 according to the Law of July 10th, 2016 amending the Law of April 4th,
2014 regulating the mental health professions and amending the Royal Decree nr. 78 of
November 10th, 1967 concerning the exercising of health care professions coordinated May
10th, 2015.
As a matter of fact according to the Law of May 10th, 2015 (article 43) also physiotherapists
may apply non-invasive physical stimuli like electromagnetic radiation in order to treat
musculoskeletal, neurophysiological and psychomotor functional problems among others.
As a physiotherapist is not allowed to do this autonomously, it has always to take place in
the framework of a referral by a physician, provided that (r)TMS falls within the field of
application of physiotherapy.
Thus, theoretically and legally spoken, clinical psychologists and physiotherapists are
allowed to practice (r)TMS as far as this act falls within their respective field of application.
Indeed, the basic legal reference framework does exist, but there does not exist any official
document stating the place that (r)TMS could occupy in it; nowhere is determined or
described what is meant by an appropriate scientific clinically psychological or
physiotherapeutical reference framework.
As this implementation framework does not exist until present the SHC proposes to reserve
the clinical applications of (r)TMS only for medical specialists with a particular field of
application related to scientifically indicated pathologies (i.e. psychiatrist, neurologist and
specialist in physical medicine) who succeeded in an additional training regarding (r)TMS.
Clinical psychologists and physiotherapists (under certain conditions) could be allowed once
the respective implementation frameworks are filled in.
Therefore, the SHC wants to stress its concerns about the topical absence of any concrete
and practical regulation or even guideline related to the place of (r)TMS practice in the
application area of the clinical psychology and physiotherapy.
It is strongly advisable to consult the existing professional and scientific societies of
psychiatrists, neurologists, clinical psychologists and physiotherapists in giving (r)TMS a
place in today’s health care and scientific research practice.
Furthermore, scientific publications in the domain must be followed in order to update the
medical indications of rTMS use.
5.2 Research
The Belgian Act of May 7th, 2004 concerning experiments to the human person has to be
applied when the purpose of the human-based (r)TMS research is the development of
knowledge concerning health care (Article 2, 11°).
If (r)TMS is carried out with this goal, the obligation to submit the experiment to an ethics
committee (EC) recognized by law (Article 2, 4°) is legally required. This committee is tasked
with verifying whether the participants are well protected and not subjected to any risk, as
well as whether all precautions have been taken and whether an insurance has been
underwritten (Article 11 § 4). If this is not the case, those conducting the study are liable to
prosecution (Article 33). The ethics committee has the obligation to thoroughly perform a risk
assessment regarding the experiments proposed by researchers. A licensed physician who
is intimately familiar with the study protocol, the risks of (r)TMS, the treatment of any of its
possible complications and side effects, and the condition of any patients undergoing
(r)TMS, should be involved in the design and conduct of study protocols.
In article 2, 17° of the Act of May 7th, 2004 regarding experiments to the human person a
healthcare researcher is defined as: physician or other person exercising a profession like
stipulated in the Law of May 10th, 2015 regarding the exercising of a profession in the health
care and who is qualified to carry out an experiment. The researcher is responsible for the
performing of the experiments on a certain location.
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5.2.1. Experiments involving patients
A person carrying out (r)TMS in the framework of an experiment is legally authorized to do it
only when he is authorized to do it within the Law of May 10th, 2015. As already mentioned,
in the most strict interpretation of this law, only physicians are allowed to carry out (r)TMS
since it is a medical act.
Since the exercising of a medical experiment is always linked with the Law of May 10th, 2015
regarding the exercising of a health care profession, the SHC proposes that the same health
care professionals as for clinical applications should apply (r)TMS for experiments involving
patients.
Be trained and/or already having experience in the field does not allow to perform (r)TMS
experiments when the researcher does not comply with the conditions foreseen in the Law of
May 10th, 2015.
Experiments involving patients should be conducted in a medical environment adapted to
the conditions of the patients involved.
5.2.2. Experiments involving other subjects than patients
Considering the fact that there is on the international level more than sufficiently convincing
scientific and practical evidence in daily worldwide (r)TMS practices to claim that some
(r)TMS protocols can be used safely by professional users other than physicians (Harris et
al., 2008) and considering the fact that there are internationally recognized safety guidelines
(Rossi et al., 2009) (developed by world-leading experts, various stake holders, and public
bodies) which, if adhered to, makes the (r)TMS protocol safe (Di Iorio et al., 2017), the SHC
proposes that for experiments involving other subjects than patients a distinction should be
made between two types of TMS.
First, single-pulse and paired-pulse TMS and rTMS at frequencies lower than or equal to 1
Hz or (r)TMS at higher frequencies for very short durations, with stimulation parameters that
fall within the internationally recognized safety guidelines (i.e. conventional LF and HF rTMS
with parameters of stimulation within the 2009 safety limits (Rossi et al., 2009)) on healthy
volunteers - i.e. non patients – could be carried out by trained professionals other than
physicians (e.g. biologists, engineers, technicians, movement scientists) in a non-medical
setting under the responsibility of the principal investigator of the study5. It is not mandatory
that the latter is a physician, but this person should be an expert in TMS with knowledge
about principles, physiology and potential side effects.
Second, other (r)TMS protocols outside the 2009 safety limits require a medical setting and
medical supervision.
Appropriate emergency medical attention for possible (r)TMS
complications should always be planned for.
Thus, regarding the safe use of (r)TMS by other professionals than physicians (insofar as
this falls within the scope of their respective field of expertise), the specific combination of at
least the following experimental parameters has to be evaluated referring to the
internationally recognized safety guidelines (Rossi et al., 2009): frequency TMS, pulse train
duration, and intensity of stimulation (expressed in % of the rest motor threshold).
Experiments involving other subjects than patients may be conducted in a non-medical
environment with experienced medical specialists aware of the possible undesirable side
effects and trained to detect these effects and to provide initial necessary medical support.
5

The stimulation parameters that are considered to be safe as described in the guidelines apply to single session studies. In
case of studies implying multiple sessions within the same participants it has to be taken into account that the accumulated
frequency and duration parameters do not exceed those defined by the single sessions.
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Depending on the type of TMS, the EC might request for each participant a medical
screening that has confirmed the absence of medical conditions bearing a higher risk of
undesirable side effects. The EC will also evaluate the procedure adopted by the research
institute to guarantee the availability of appropriate medical intervention in case of
emergency.
Both research and clinical practice must be carried out on an informed consent base. A
person’s decision to participate must be voluntary while all relevant information including
potential risks has been provided. Besides, the likelihood of a research or clinical benefit
must similarly outweigh the potential adverse effects or risks.
5.3 Training
To date, there does not exist any officially recognized training regarding to (r)TMS use, nor
any criterion to be met. In anticipation of such a training, the SHC vigorously recommends
that all users of (r)TMS, including physicians, should go for a training in the academic
centers already involved in TMS practice in Belgium. Topics should include, but are not
limited to: basic mechanisms of (r)TMS, elementary knowledge of neuroanatomy,
neurophysiology, interactions with pharmacological products, physiological changes
induced, and potential risks of (r)TMS procedures. The principal investigator of a study or the
physician in charge of the diagnostic or therapeutic (r)TMS procedure is responsible for
guaranteeing the proper training of (r)TMS operators working with him/her. Such a training
should also include the ability and certification to deal with potential acute complications of
(r)TMS.
The SHC highly recommends installing an officially recognized (r)TMS training course
regarding the topics cited here above.
The overall ethical principle stating that a health care professional or scientific researcher is
only allowed to carry out those acts falling within the scope of his expertise has always to be
taken into account as a golden standard in everyday (r)TMS practice.
Therefore, the SHC emphasizes the utmost importance of an adequate training for every
user of (r)TMS, whether he is a physician or not.
The SHC further judges that the working out of for example a curriculum for (r)TMS users
does not belong to its primary area of competence but refers for this item among others to
the existing and future bodies and scientific associations representing clinical psychologists,
psychiatrists, neurologists and physiotherapists in order to establish practical guidelines to
guarantee a maximum of safety for all patients and research subjects
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