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Abstract
Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive brain stimulation
technique first introduced by Barker et al. in 1985. The principle of rTMS is based on
a cortical neuronal transmembrane potential stimulated by a pulsative magnetic field.
This magnetic field is induced by a direct electrical current sent through a circular coil.
rTMS is an effective and widely used therapeutic stimulation method for psychiatric
disorders, primarily for unipolar depression. Cost-effectiveness, minor side effects and
well-tolerated profile of rTMS with no need to hospitalization for administation are the
prominent features of this method. Beside the information for depression, rTMS has
been reported to have some remarkable impacts in alleviating symptoms of anxiety
disorders. Although data regarding efficacy of rTMS in anxiety disorders is conflicting,
there are positive outcomes about generalized anxiety disorder, post-traumatic stress
disorder and panic disorder whereas results of rTMS treatment in obsessive-compulsive disorder are generally not favorable. Since low frequency stimulation techniques
have been found to be effective in treatment of auditory hallucinations, methodological similarity in concerned studies could be accepted as a supportive aspect of efficacy.
Additionally, high frequency stimulation techniques applied to prefrontal area have a
potential to impact negative symptoms of schizophrenia. With improving novel techniques of this stimulation method, rTMS is being used increasingly in psychiatric disorders. However, some issues concerning rTMS treatment such as maintenance or prophilactic therapy procedures, duration of effect are remain unclear. Hence, we conclude
that multicenter sham controlled studies including similar designs, sociodemographic
and clinical variables, methodological protocols with larger sample sizes and studies
guieded by imaging methods are warranted to determinate efficacy and side effects of
rTMS use in psychiatric disorders.

Introduction
Repetitive Transcranial Magnetic Stimulation
(rTMS) is a non-invasive brain stimulation technique
first introduced by Barker et al. in 1985. The principle
of rTMS is based on a cortical neuronal transmembrane
potential stimulated by a pulsative magnetic field. This
magnetic field is induced by a direct electrical current
sent through a circular coil(1,2). This stimulation can be
applied as a single pulse or repetitive mode and be effective in cortical and subcortical areas up to a depth
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of 1.5-3 cm beneath the scalp. Repetitive pulse protocols are more preferable and widely used owing to its
long lasting effects caused by LTD (Long-term depression) and LTP(Long-term potentiation) in neuronal synaptic areas. Beside the fact that TMS has been used as
a diagnostic tool in several neuropsychiatric disorders
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since its first description, rTMS took an important place
between somatic treatment methods in psyhiatric disorders in last two decades, particularly in refractory
depression treatment, as a candidate of alternative to
electroconvulsive therapy (ECT). Although the efficacy
of rTMS has been proved by several meta-analyses and
reviews, a remarkable heterogenity in treatment outcomes exists (3). We think that the reason of this heterogenity is the use of different treatment protocols in
these studies.
There are some theories about the mechanism
of rTMS. Neuromodulation, neuroplasticity, neuronal
excitability, modulation in secretion of endogenous
dopamine and some neurotrophic factors like BDNF
(Brain-derivated neurotrophic factor) and alteration of
serotonergic and dopaminergic receptor levels are the
main ones to explain the mechanism of this treatment
(4-7). Positive impact of first rTMS applications yielded
improvements in magnetic stimulation technology.
“Theta burst rTMS” and “Deep TMS” are novel forms of
rTMS (8). Theta-burst rTMS has ability to induce strong
and long lasting cortical excitability with lower stimulation intensity and shorter stimulation time compared
to conventional rTMS protocols (9). Deep TMS enable
neuronal stimulation up to a depth of 6 cm including
subcortical areas using H coil. There are some studies
demonstrated the efficacy and safety of deep TMS in
depression and cognitive functions (10,11).
Application of rTMS
In rTMS application circular coil is usually placed
upon scalp with 450 degree angled to midsagittal line.
Figure-of-eight shaped or butterfly coil is the most used
coil in this procedure. Beside butterfly coil, some round
coils can be used but their efficacy is low. The most
studied psychiatric disorder about efficacy of rTMS is
major depression while dorsolateral prefrontal cortex (dLPFC) was chosen as application area in most of
previous studies. “5 cm method” is the most preferred
procedure for the coil positioning to dLPFC. In this
method single pulse stimulation is delivered the precentral cortex to determinate motor cortical site and motor threshold by observing consecutive 5 controlateral
hand muscle contraction (particularly abductor pollicis
brevis and interosseous muscles) during stimulation.
Afterwards, coil is moved forward 5 cm anterior to hand
motor hotspot in parallel line to parasagittal axis. Because the reliability of this method is obscure, and it is
Disease and Molecular Medicine - www.dismolmed.org
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subjective, determination of motor threshold should be
done by performing EMG to get objective and reliable
outcomes (13,14). Motor threshold is described as lowest intensity of stimulation to produce 50 µV amplitude
MEP (motor evoked potential) in EMG practice. Neuronavigation procedures of rTMS have been studied in
recent trials. Despite the fact that neuronavigation systems appeared to be superior to conventional method
of rTMS applications in some studies (24), therapeutic
value of these systems remain unclear(14).
Variable Parameters in Practice
Repetitive Transcranial Magnetic Stimulation procedure includes some parameters particular in response
such as frequency, intensity and number of pulses. The
treatment response found to be superior in recent trials used protocols including more number of sessions
higher intensity and frequency of stimulation, compared to earlier studies in which protocols were with
less number of sessions, lower frequency and intensity
of stimulation. Based on this data, it is accepted that
protocols of rTMS with longer treatment periods and
with higher intensity and frequency of stimulation are
more effective in terms of treatment response. There
are two main types of stimulation in rTMS clinical practice: low frequency (<1 Hz) and high frequency(>1 Hz)
stimulation. These two types of stimulation have opposite effects that high frequency stimulation increase
neuronal excitability while low frequency stimulation
induce inhibitory effect in neuronal transmembrane potential. It is supposed that right and left hemispheres
have contrasting roles in mood regulation and depression. Because the reduced left prefrontal activity seem
to be significant in depression, many of studies have
been designed with high frequency protocols. Beside to
this information, in literature, there are several studies
used low frequency protocols based on the theory that
stimulation at low frequency to right prefrontal cortex
can reduce excessive activation in this region by its inhibitory effect.
Side Effects of rTMS in Clinical Practice
Repetitive Transcranial Magnetic Stimulation is
generally regarded as a safe stimulation method hence
it is approved technique and used widely in several
neuropsychiatric disorders. Because it is a stimulation
method, some constraints bring along in clinical practice. First of all, owing to possibility of induced epileptic
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seizures particularly in high frequencies, it can be dangerous in epileptic patients or in clinical situations associated with developing seizure (increased intracerebral
pressure, using drugs lowering seizure threshold). This
method is not offered to patients with epilepsy or with
increased intracerebral pressure especially with high
frequency protocols. Additionally protocols with higher
intensity more than 130 MT, 25 Hz frequency are associated with increased risk of seizure. Therefore, safety of
protocols which include parameters exceeding the limits that are given (130 MT,25 Hz) is not studied well and
remain unclear(14). Although it was reported that rTMS
applications are with increased risk of epileptic seizure,
it was found that risk of seizure induced by rTMS is as
low as %1.4 percent in epileptic patients(16). There are
limited number of reports about seizures induced by
low or high frequency applications in literature (15). It
was revealed that most of cases in which seen seizures
induced by rTMS have predisposed features to develop
seizure and that seizures were transient with short duration while EEG abnormalities accompanied by seizures
were overed following a couple of days(13). However,
contrarily to this data, there are some reports about the
use of low frequency rTMS based on its inhibitory effect in epilepsy treatment(12). Although rTMS is often
regarded as safe, there are some reported side effects
of this application. Seizures induced by stimulation are
the most severe acute side effect of this method. Headache and local discomfort, transient changes in auditory threshold, vasodepressor syncope, facial twitching, tearfulness, local erythema and dizziness are the
other side effects seen more often in high frequency
applications(17). The side effects associated with rTMS
are generally transient and occur in %15-20 percent of
patients. Headache is the most often side effect after
this treatment with %10 percent of occurence while it
can be relieved by a simple analgesic medication(16,17).
Both operator and subject should wear earplug with
a rating of 30 dB of noise reduction during treatment
for their comfort and hearing protection. The other
dimension of side effects seen in rTMS, cognitive side
effects such as dizziness, concentration difficulties and
memory problems, were reported to be transient and
mild in a meta-analysis(19). Contrary to this, posttreatment cognitive improvement were reported in 12 of 39
sham controlled studies were included in a recent review of rTMS safety in clinical depression(20). Janicak
et al. reported no cognitive effect of TMS in subjects
79
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with major depression in a randomized sham controlled
trial over 10.000 cumulative treatment sessions administered in(21). Another concerning side effect of this
stimulation method is induced manic shift in depressive
subjects. Although there are some single case reports
about treatment-emerged mania, overall rate appears
to be as low as percent of %0.84 regarding to depression studies(14). Similarly there are some cases reported about treatment emerged psychotic symptoms or
suicidal thoughts in literature but whether these occur
due to the natural course of disease or interventions
during treatment is remain unknown(14). Treatment
emerged suicidal ideation or psychotic symptoms have
never been in healthy subjects. Neuroendocrinological impacts of rTMS is another aspect of after-effects
in treatment. rTMS was found to be associated with
measurable changes in serum levels of cortisol, prolactin, BDNF and TSH(14,22). Effects of rTMS on immune
system is remain obscure at this time. There are few
papers adressing this issue in literature. Left and right
hemispheres play contrasting regulatory role on immune system. Left hemisphere stimulation can increase
circulating lymphocytes numbers whereas right hemisphere stimulation can decrease them. An increase of
CD8-T lymphocytes was determinated after left-sided
single pulse stimulation whereas decrease after right
sided single pulse stimulation in a study as a support to
this information(13).
Important Considerations During Application
Metallic objects in the head can be moved or heated
by magnetic field. Therefore persons who have implanted or non-removable metallic objects in the head (e.g.
cochlear implants, implanted brain stimulators, ocular
implants, aneurysm clips or stents),except the mouth,
should be excluded. Individuals with cardiac pacemakers and implanted medication pumps also should not
get rTMS therapy. Subjects diagnosed with epilepsy,
serious cardiac or metabolic diseases, intracranial
problems (e.g. increased intracranial pressure, central
nervous system tumors, cerebrovascular disease, head
trauma), alcoholism, those who use medications lowering seizure threshold or are sleep deprivated should be
evaluated and informed carefully about the risk/benefit
ratio of rTMS therapy. Although the safety of rTMS in
pregnancy is not well known yet, there are some reports presented positive outcomes and supporting the
data that includes this method can be a good alternaDisease and Molecular Medicine - www.dismolmed.org
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tive for pregnant women diagnosed with major depression (23).
Featured Factors in Application
Primarily, chosen parameters of application are
very important in treatment response. The parameters
of rTMS consist of intensity, frequency, train duration,
intertrain interval, number of pulses per session and
total number of sessions. In a recent review, it was
emphasized that rTMS applications administered with
parameters included more than % 100 MT,1000 pulses
per session and 10 of total session are more efficient in
treatment of depression(25). There are different types
of application in clinical practice of rTMS such as HF session applied left dLPFC following LF right dLPFC session
or bilateral HF dLPFC session apart from HF dLPFC application. There are several factors, including menstrual
cycle, age,alcohol/susbtance use comorbidity, sleep
deprivation,current medications, anxiety level, that can
be efficient in neuronal activation of application area.
Additionally, position of coil, stimulation area, coil-cortex distance which can be important especially in old
patients due to presence of cortical atrophy, clinical
severity are the other main factors that can influence
treatment outcome(14,26). History of response to rTMS
has been reported to be a positive predictor for the following rTMS applications(25,27). There are some imaging trials emphasized that metabolic findings including
decreased activity and hypoperfusion in left dLPFC and
temporal region can play a role in response to rTMS
treatment(25,28,29). Improvement of decreased
metabolic activity in cerebellar, temporal, anterior cingulate and occipital regions after two weeks of 20 Hz
rTMS application is another reported metabolic finding showed by imaging trials(25). Additionally, in some
recent studies it has been reported that resting motor
threshold(RMT) changed by rTMS is related to clinical
response(33,34).
rTMS and Depression
The most well known and accepted clinical indication of rTMS application is depression. Moreover, it
is the clinical disorder which has the most number of
rTMS studies in literature. In 2008, FDA has approved
rTMS for depression in cases of inadequate response
to one antidepressant medication adminisitered with
adequate dosage and period. It is obvious that majority of studies target left dLPFC as stimulation area in
Disease and Molecular Medicine - www.dismolmed.org
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treatment of depression. As depression and prefrontal
cortex is considered to be relevant , ventromedial prefrontal cortex (vmPFC) and dLPFC play significant role
in pathophysiology of depression. dLPFC is responsible for executive functions, sensory cortical inputs and
voluntary emotion regulation, while vmPFC is rather
associated with affective components including involuntary emotion regulation, visceral autonomic activity
and reward mechanism by its intensive reciprocal connections with amygdala and hypothalamus(35,36). As
it is well known that executive functions impair considerably in depression. Supporting to this data, in some
studies, hypoactivity of dLPFC whereas hyperactivity of
vmPFC was reported in depression(37,38). In addition
to dLPFC, reductions in hippocampal volume and anterior cingulate cortex (ACC) activity are other reported
changes thought to be yielding decrease of inhibitory
effect on amygdala, hence stimulation at HPA axis by
hyperactivity of amygdala and concomitant hypercortisolemia emerged neurotoxicity resulting cell loss in
prefrontal region and hippocampus , onset of depressive symptoms including apathy, psychomotor retardation, impairment in executive functions and emotion
regulation(39-41). The theory including most used and
approved stimulation method in depression, HF stimulus to left dLPFC, emerges cortical neuronal activity in
application area, thus improves depressive symptoms
and comorbid executive functions, is one of acceptable theories regarding mechanism of rTMS in depression. LF stimulation to right dLPFC is the second most
used method in depression subsequently. This method
is based on the principle of decreasing the overactivity in right hemisphere by inhibitory effect to ameliorate left hemisphere activity reduced by right hemisphere(3,30,42,43). It was reported that LF method is
more favorable regarding its better side effect profile,
that it is well tolerated and has similar efficacy compared
to HF method(8,30,44). Bilateral stimulation methods
were also found to be effective in depression(8,30). Although studies evaluated the efficacy of these alternate
methods in rTMS treatment are promising, a recent
review point out the need of further trials with larger
sample size(30). Efficacy of rTMS that was approved in
depression is limited by medication free patient group.
However, particularly recent studies showed that rTMS
augmentation is effective as much as monotherapy
in treatment of depression. A meta-analysis reported
that efficacy of rTMS monotherapy is superior to add80
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on treatment in depressive subjects(17). Psychomotor
retardation, high level of sleep disturbances, low level
of agitation, young age, existing no psychotic features,
positive outcome of rTMS/ECT treatment before, low
score of treatment resistance were reported to be positive predictors of rTMS treatment response whereas
feelings of guilt, high level of depressed mood were
negative predictors(31). Clinical trials comparing the efficacy of rTMS and ECT have yielded that rTMS is significantly efficient stimulation method but inferior to ECT
for treating major depression and depression with psychotic features(17). Therefore, rTMS can be considered
as an alternative option prior to ECT in management of
treatment resistant depression(32). Along with there is
insufficient data considering rTMS application as a conservative or maintenance therapy(45), mean duration
of antidepressant efficacy was reported approximately
5 months(46,47).
rTMS and Bipolar Disorder
Although together with unipolar depression rTMS
particularly including novel methods like H-coil application has been reported efficient in bipolar depression, larger controlled studies are needed to optimize
stimulation parameters of rTMS use in bipolar disorder(45,48,49,52). To the best of our knowledge, direct
comparison of efficacy of rTMS in unipolar and bipolar
depression has not been reported yet. Therefore efficacy of rTMS in bipolar depression needs to be clarified
and confirmed by future studies. There are only a few reports about efficacy of rTMS in bipolar mania(50-52,54).
Along with worsening of manic symptoms by HF stimulation applied to left PFC has been reported(50), most
of manic cases with positive outcome after rTMS treatment were applied HF stimulation to right PFC. rTMS induced manic shift is a considerable complication similar
to other antidepressant therapies, and particularly in
bipolar depression management. Total of 13 cases with
manic shift after rTMS therapy were reported in a review published in 2008, whereas manic shift risk was
estimated approximately percent of %0.89 and %0.73 in
patient and sham group respectively, concluding manic
shift risk is not statically significant but with a mild raising after rTMS treatment of bipolar depression(55).
rTMS and Auditory Verbal Hallucinations(AVH)
Another clinical condition that rTMS treatment
can be used in is auditory verbal hallucinations(AVH).
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There are already remarkable reports regarding low
frequency rTMS applied over temporoparietal (TP) region as a therapeutic tool in treatment of AVH by inhibitory effect. In clinical trials confirmed efficacy of rTMS
in auditory hallucinations, similar protocols including 1
Hz frequency, TP region, %80-100 of MT intensity, 4 to
10 days of course, 900-1600 pulse per session were performed(17,60). However, trials with larger sample sizes
have demonstrated no superiority of rTMS as compared
to sham. A meta-analysis published in 2010, including 7
randomized sham-controlled studies of rTMS for AVH in
mostly treatment resistant patients , 6 of those with LF
(1 Hz) stimulation applied over left TP region whereas 1
of those with LF to right TP region, concluded rTMS as a
treatment method for AVH with moderate efficacy(17).
A recent meta-analysis consisting of 17 randomizedcontrolled studies of rTMS for AVH revealed that number of dropouts in real rTMS group was not higher than
sham group in addition to finding of duration of effect
was not more than one month. In 2011, Slotema et al.
performed a clinical trial considering efficacy of rTMS in
AVH and whether fMRI guided rTMS method could enhance clinical outcome with 62 treatment resistant AVH
patients and it was reported that neither LF-rTMS to left
TP region nor to maximal hallucinatory activation area
detected by individual fMRI scans was not more efficient than sham treatment(58). Even though it was suggested that “priming” method that is characterized by
pretreatment brief (5 minutes) HF (6 Hz) rTMS phase
prior to LF-rTMS could enhance the response to rTMS in
treatment of AVH, conflicting data also present in available literature. Blumberger et al. reported that neither
priming nor LF left sided rTMS Heschl’s gyrus within
TP region is effective in treatment of refractory AVH in
schizophrenia(59). Nevertheless rTMS use has been
proposed as a good alternative option for particularly
refractory AVH, evidence is still lacking in terms of protocol of application, duration of treatment, prophilactic and maintenance treatment modalities. HF rTMS to
left dLPFC has been investigated in positive symptoms
(apart from AVH) of schizophrenia based on theory that
hypofrontality could play a role in positive symptoms
by disinhibition of temporal cortex, but results found
to be conflicting. There are reported positive outcomes
whereas neutral and even negative outcomes of rTMS
with worsening after applied for positive symptoms of
schizophrenia in literature (60).
Disease and Molecular Medicine - www.dismolmed.org
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rTMS and Negative Symptoms of Schizophrenia
Negative symptoms of schizophrenia are commonly associated with hypofrontality(60). There are
some open label and randomized controlled clinical trials for treatment of negative symptoms, based on the
theory that HF-rTMS could induce cortical excitability
and hence improve hypofrontality, yielded positive and
some negative outcomes(60). In these studies variability in design and protocols is prominent and could
be responsible for obscure outcome whereas possible
overlap of depressive smyptoms –on which rTMS has
an apparent efficacy potential- and deficit symptoms
also should be considered. A recent randomized double blind sham controlled study enrolled 25 schizophrenia patients with 22 healthy controls and aimed to
compare pre and post-treatment changes with rTMS
method (including parameters of 10 Hz, %110 MT and total of 15 sessions) in working memory (a core cognitive
function that can be impaired in schizophrenia) evaluated by fMRI findings showed no significant differences
between two groups(61). However, in another recent
sham controlled trial showed a favorable impact of HF
rTMS application on cognitive functions in 19 patients of
schizophrenia and it is well tolerated stimulation method(62). A meta-analysis including 9 randomised controlled studies, published in 2010, reported that rTMS
was efficient in impaired cognitive functions of schizophrenia whereas efficacy was correlated with treatment course(63). Nevertheless, rTMS could have some
remarkable positive effects on cognitive functions with
increased excitability of prefrontal area in treatment of
negative symptoms of schizophrenia, futher sham controlled studies with larger sample sizes are warranted in
order to clarify optimal parameters of this stimulation
method in negative symptoms of schizophrenia(60,63).
rTMS and Anxiety Disorders
Although anxiety disorders are common and important mental illness as depression, efficacy of rTMS
treatment on anxiety disorders is less well established(64,67). On the other hand, since the most of
protocols used commonly in rTMS applications are to
stimulate the cortical area whereas pathophysiology of
anxiety disorders are thought to be included predominantly subcortical areas indicate the need of further
studies even with imaging guides(64). An fMRI-guided
study conducted by Bystritsky et al. enrolled 10 samples
reported that rTMS was effective in treatment of genDisease and Molecular Medicine - www.dismolmed.org
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eralized anxiety disorder (GAD)(65). As there are some
reports regarding right-sided high frequency rTMS as an
effective method in treatment of post traumatic stres
disorder (PTSD), right sided low frequency (1 Hz) total
of 10 session applied to dLPFC rTMS has been also reported to be efficient in alleviating symptoms of PTSD
in a recent sham controlled study(66,67,68). A review
mentioned some data considering particularly HF rightsided rTMS applied to prefrontal area efficacy in treatment of panic disorder (PD) and PTSD(72). However,
reports about efficacy of rTMS treatment in obsessive
compulsive disorder (OCD) are mainly with negative
outcomes. In a meta-analysis, published in 2010, total of
3 sham controlled studies conducted in 2001, 2006 and
2007, two of with low frequency (1 Hz) whereas one of
with high frequency (10 Hz) , were included to evaluate
whether rTMS is effective method in treatment of OCD
and results in all confirmed that rTMS was not significantly effective therapeutic tool in OCD. In these studies sample sizes were small (17). Additionally, in a trial,
30 sessions of real rTMS applied to right dLPFC was not
superior to sham in refractory OCD(70). Although results considering efficacy of rTMS is OCD are not promising, depressive symptoms that can be seen oftenly comorbid with OCD may improve by rTMS application(71).
In an open label trial included 6 PD samples, right sided
LF rTMS was found to be effective in relieving depression and panic symptoms, additionally in reducing cortical excitability also(73). Contrary to this data, efficacy of
right sided LF rTMS applied to dLPFC in 15 PD patients
under SSRI medication has been reported as not significant in a randomized sham controlled study(74).
Other Therapeutic Uses of rTMS
There are some data regarding efficacy of rTMS as
a therapeutic tool in treatment of depression in Parkinson’s disease or after cerebrovascular accident, cognitive decline causes such as Alzheimer disesase in elderly
patients(31). It is important to consider cortical atrophy
in elderly population hence higher intensity protocols
could be needed for sufficient efficacy. It was reported
that, based on its endodopaminergic effect, HF rTMS
applied to right dLPFC could be a novel alternative
method that should be investigated by future research
in ameliorating smyptoms of attention and hypreactivity disorder(ADHD)(75). A review of 2011 reported that
HF rTMS have a potential to reduce craving in alcohol,
tobacco and cocain dependence but confirming data in
82
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literature is not sufficient yet(76). As it is supported by
some studies, rTMS can be also a considerable alternative method for pregnant women owing to limitation of
pharmacotherapy(23,79).
Magnetic Seizure Therapy (MST)
Magnetic Seizure Therapy is a method that can be
described as inducing a seizure by magnetic stimulation, rather than by electrical current as occurs with ECT
under anesthesia. In some recent trials, this novel method has been reported as a promising tool in treatment
of depression with better cognitive side effect profile
than ECT(77). This method is able to produce a more
focal seizure expression than ECT and thus, other brain
regions like temporal area may remain intact resulting
minimal side effect(78). Although it is early to conclude
MST as a treatment option for depression, further studies are supposed to be conducted for optimizing this
method in future.
Conclusion
Repetitive Transcranial Magnetic Stimulation is an
effective and increasingly being used therapeutic stimulation method for psychiatric disorders, primarily unipolar depression. Cost-effectiveness, benign side effect
and well-tolerated profile of rTMS with no need to hospitalize for administation are the prominent features of
this method. Most of studies that concluded rTMS as
a therapeutic tool for major depression were designed
as monotherapy of rTMS whereas recent trials have
showed also its significant efficacy as an add-on treatment method for refractory depression. Beside the information for depression, rTMS has been reported to
have some remarkable impacts in alleviating symptoms
of anxiety disorders. Although data regarding efficacy of
rTMS in anxiety disorders is conflicting, there are positive outcomes about GAD, PTSD and PD whereas results
of rTMS treatment in OCD are generally not favorable.
Since low frequency stimulation techniques have been
found to be effective in treatment of auditory hallucinations, methodological similarity in concerned studies
could be accepted as a supportive aspect of efficacy.
Additionally, high frequency stimulation techniques
applied to prefrontal area have a potential to impact
negative symptoms of schizophrenia possibly through a
reversal of hypofrontality but further studies on larger
groups with sham controlled design are needed. With
improving novel techniques of this stimulation method,
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rTMS is being used increasingly in psychiatric disorders.
However, some issues concerning rTMS treatment such
as maintenance or prophilactic therapy procedures, duration of effect are remain unclear. Hence, we conclude
that multicenter sham controlled studies including similar designs, sociodemographic and clinical variables,
methodological protocols with larger sample sizes and
studies guieded by imaging methods are warranted to
determinate efficacy and side effects of rTMS use in psychiatric disorders.
References
1.

Barker At, Jalinous R, Freeston IL. Non-invasive magnetic stimulation of the human motor cortex. Lancet.
1985;1:1106-110
2. Roth BJ, Cohen LG, Hallett M.The electric field induced
during magnetic stimulation. Electroencephalogr Clin
Neurophysiol Suppl. 1991;43:268-78.
3. Ridding M, Rothwell J. Is there a future for therapeutic
use of transcranial magnetic stimulation?. Nat Rev Neurosci. 2007;8:559-67.
4. Pell GS, Roth Y, Zangen A. Modulation of cortical excitability induced by repetitive transcranial magnetic
stimulation:Influence of timing and geometrical parameters and underlying mechanisms. Progress in Neurobiology. 2011;93:59–98.
5. Gersner R, Kravetz E, Feil J, Pell G, Zangen A. Long-term
effects of repetitive transcranial magnetic stimulation on
markers for neuroplasticity: differential outcomes in anesthetized and awake animals. J Neurosci. 2011;31:7521-6.
6. Müller MB, Toschi N, Kresse AE, Post A, Keck ME. Longterm repetitive transcranial magnetic stimulation increases the expression of brain-derived neurotrophic
factor and cholecystokinin mRNA, but not neuropeptide
tyrosine mRNA in specific areas of rat brain. Neuropsychopharmacology. 2000;23:205-15.
7. Baeken C, De Raedt R, Bossuyt A, Van Hove C, Mertens J,
Dobbeleir A, et al. The impact of HF-rTMS treatment on
serotonin(2A) receptors in unipolar melancholic depression. Brain Stimul.2011;4:104-11.
8. Fitzgerald PB, Daskalakis ZJ. The effects of repetitive
transcranial magnetic stimulation in the treatment of depression. Expert Rev Med Devices. 2011;8:85-95.
9. Cárdenas-Morales L, Nowak DA, Kammer T, Wolf RC,
Schönfeldt-Lecuona C. Mechanisms and applications
of theta-burst rTMS on the human motor cortex. Brain
Topogr. 2010;22:294-306.
10. Levkovitz Y, Harel EV, Roth Y, Braw Y, Most D, Katz LN,
et al. Deep transcranial magnetic stimulation over the
prefrontal cortex: evaluation of antidepressant and
cognitive effects in depressive patients. Brain Stimul.
Disease and Molecular Medicine - www.dismolmed.org

DOI:10.5455/dmm.20131210021723

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2009;2:188-200.
Bersani FS, Minichino A, Enticott PG, Mazzarini L, Khan
N, Antonacci G, et al. Deep transcranial magnetic stimulation as a treatment for psychiatric disorders: A comprehensive review. Eur Psychiatry. 2013;28:30-9.
Sun W, Mao W, Meng X, Wang D, Qiao L, Tao W, et al.
Low-frequency repetitive transcranial magnetic stimulation for the treatment of refractory partial epilepsy: a
controlled clinical study. Epilepsia. 2012;53:1782-9.
Wassermann EM. Risk and safety of repetitive transcranial magnetic stimulation: report and suggested guidelines
from the International Workshop on the Safety of Repetitive Transcranial Magnetic Stimulation, June 5–7, 1996.
Electroencephalogr Clin Neurophysiol. 1998;108:1-16.
Rossi S, Hallett M, Rossini PM, Pascual-Leone A. Safety
of TMS Consensus Group.Safety, ethical considerations,
and application guidelines for the use of transcranial
magnetic stimulation in clinical practice and research.
Clin Neurophysiol. 2009;120:2008-39.
Rotenberg A, Bae EH, Muller PA, Riviello JJ Jr, Bourgeois BF, Blum AS, et al. In-session seizures during lowfrequency repetitive transcranial magnetic stimulation in
patients with epilepsy. Epilepsy Behav. 2009;16: 353–355.
Bae EH, Schrader LM, Machii K, Alonso-Alonso M, Riviello
JJ Jr, Pascual-Leone A, et al. Safety and tolerability of
repetitive transcranial magnetic stimulation in patients
with epilepsy: a review of the literature. Epilepsy Behav.
2007;10:521-8.
Slotema CW, Blom JD, Hoek HW, Sommer IE. Should we
expand the toolbox of psychiatric treatment methods
to include Repetitive Transcranial Magnetic Stimulation
(rTMS)? A meta-analysis of the efficacy of rTMS in psychiatric disorders. J Clin Psychiatry. 2010;71:873-84.
Lingeswaran A. Repetitive Transcranial Magnetic Stimulation in the Treatment of Depression: A Randomized,
Double-Blind, Placebo-controlled Trial. Ind J Psychol
Med. 2011;33:35-44.
Machii K, Cohen D, Ramos-Estebanez C, Pascual-Leone A.
Safety of rTMS to nonmotor cortical areas in healthy participants and patients. Clin Neurophysiol. 2006;117:455–
71.
Loo CK, McFarquhar TF, Mitchell PB. A review of the
safety of repetitive transcranial magnetic stimulation as
a clinical treatment for depression. Int JNeuropsychopharmacol 2008;11:131–47.
Janicak PG, O’Reardon JP, Sampson SM, Husain MM,
Lisanby SH, Rado JT, et al. Transcranial magnetic stimulation in the treatment of major depressive disorder:
a comprehensive summary of safety experience from
acute exposure, extended exposure, and during reintroduction treatment. J Clin.Psychiat. 2008;69:222–32.
Gersner R, Kravetz E, Feil J, Pell G, Zangen A. Long-term

Disease and Molecular Medicine - www.dismolmed.org

A Review of rTMS Use in Psychiatry

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

effects of repetitive transcranial magnetic stimulation on
markers for neuroplasticity: differential outcomes in anesthetized and awake animals.J Neurosci. 2011;31:7521-6.
Kim DR, Epperson N, Paré E, Gonzalez JM, Parry S, Thase
ME, et al. An open label pilot study of transcranial magnetic stimulation for pregnant women with major depressive disorder. J Womens Health (Larchmt). 2011;20:255-61.
Fitzgerald PB, Hoy K, McQueen S, Maller JJ, Herring S, Segrave R, et al. A randomized trial of rTMS targeted with
MRI based neuro-navigation in treatment-resistant depression. Neuropsychopharmacology 2009;34:1255–62.
Dumas R, Padovani R, Richieri R, Lançon C. Repetitive
transcranial magnetic stimulation in major depression:
response factor. Encephale. 2012;38:360-8.
Mitchell P, Loo C. Transcranial magnetic stimulation for
depression. Aust N Z J Psychiatry. 2006;40:406-13.
Gershon A, Dannon P, Grunhaus L. Transcranial magnetic
stimulation in the treatment of depression. Am J Psychiatry. 2003;160:835-45.
Herwig U, Lampe Y, Juengling FD, Wunderlich A,Walter
H, Spitzer M, et al. Add-on rTMS for treatment of depression: a pilot study using stereotaxic coil-navigation according to PET data. J.Psychiatry Res.2003;37:267-75.
Kimbrell TA, Little JT, Dunn RT, Frye MA, Greenberg BD,
Wassermann EM, et al. Frequency dependence of antidepressant response to left prefrontal repetitive trancranial
magnetic stimulation(rTMS) as a function of baseline cerebral glucose metabolism. Biol Psychiatry. 1999;46:160313.
Fitzgerald PB, Daskalakis ZJ. A practical guide to the use
of repetitive transcranial magnetic stimulation in the
treatment of depression. Brain Stimul. 2012;5:287-96.
Mishra BR, Sarkar S, Praharaj SK, Mehta VS, Diwedi S, Nizamie SH. Repetitive transcranial magnetic stimulation
in psychiatry. Annals of Indian Academy of Neurology.
2012;14:245-251.
McLoughlin DM, Mogg A, Eranti S, Pluck G, Purvis R, Edwards D. The clinical effectiveness and cost of repetitive
transcranial magnetic stimulation versus electroconvulsive therapy in severe depression: a multicentre pragmatic randomised controlled trial and economic analysis.
Health Technol Assess. 2007;11:1-54.
Pallanti S, Di Rollo A, Antonini S, Cauli G, Hollander E,
Quercioli L. Low-frequency rTMS over right dorsolateral
prefrontal cortex in the treatment of resistant depression: cognitive improvement is independent from clinical
response, resting motor threshold is related to clinical response. Neuropsychobiology. 2012;65:227-35.
Pretalli JB, Nicolier M, Chopard G, Vandel P, Tio G, Monnin J, et al. Resting motor threshold changes and clinical
response to prefrontal repetitive transcranial magnetic
stimulation in depressed patients. Psychiatry Clin Neuro84

Durmaz O et al.
sci. 2012;66:344-52.
35. Barbas H. Connections underlying the synthesis of cognition, memory, and emotion in primate prefrontal cortices. Brain Res Bull. 2000;52:319–30.
36. Koenigsa M, Grafmanb J. The functional neuroanatomy
of depression: Distinct roles for ventromedial and dorsolateral prefrontal cortex. Behav Brain Res. 2009;201:23943.
37. Drevets WC, Videen TO, Price JL, Preskorn SH, Carmichael
ST, Raichle ME. A functional anatomical study of unipolar
depression. J Neurosci. 1992;12:3628–41.
38. Biver F, Goldman S, Delvenne V, LuxenA, De Maertelaer V,
Hubain P, et al. Frontal and parietal metabolic disturbances in unipolar depression. Biol Psychiatry. 1994;36:381–8.
39. Drevets WC, Price JL, Furey ML. Brain structural and functional abnormalities in mood disorders: implications for
neurocircuitry models of depression. Brain Struct Funct.
2008;213:93-118.
40. Pizzagalli DA. Frontocingulate dysfunction in depression:
toward biomarkers of treatment response. Neuropsychopharmacology. 2011;36:183–206.
41. Kupfer DJ, Frank E, Philips ML. Major depressive
disorder:new clinical,neurobiological,and treatment perspectives. Lancet. 2012;379:1045-55.
42. Triggs WJ, Ricciuti N, Ward HE, Cheng J, Bowers D, Goodman WK. Right and left dorsolateral pre-frontal rTMS
treatment of refractory depression: a randomized, shamcontrolled trial. Psychiatry Res. 2010;178:467-74.
43. Schutter DJ. Quantitative review of the efficacy of slowfrequency magnetic brain stimulation in major depressive disorder. Psychol Med. 2010;40:1789-95.
44. Isenberg K, Downs D, Pierce K, Svarakic D, Garcia K, Jarvis
M, et al. Low frequency rTMS stimulation of the right
frontal cortex is as effective as high frequency rTMS stimulation of the left frontal cortex for antidepressant-free,
treatment-resistant depressed patients. Ann Clin Psychiatry. 2005;17:153-9.
45. Richieri R, Adida M, Dumas R, Fakra E, Azorin JM, Pringuey D, et al. Affective disorders and repetitive transcranial magnetic stimulation: Therapeutic innovations. Encephale. 2010;36 Suppl 6:197-201.
46. Demirtas-Tatlidede A, Mechanic-Hamilton D, Press DZ,
Pearlman C, Stern WM, Thall M, et al. An open-label, prospective study of repetitive transcranial magnetic stimulation (rTMS) in the long-term treatment of refractory
depression: reproducibility and duration of the antidepressant effect in medication-free patients. J Clin Psychiatry. 2008;69:930-4.
47. Bortolomasi M, Minelli A, Fuggetta G, Perini M, Comencini S, Fiaschi A, et al. Long-lasting effects of high frequency repetitive transcranial magnetic stimulation in
major depressed patients. Psychiatry Res. 2007;150:181-6.
85

Dis Mol Med 2013;1: 77-86
48. Harel EV, Zangen A, Roth Y, Reti I, Braw Y, Levkovitz Y.
H-coil repetitive transcranial magnetic stimulation for the
treatment of bipolar depression: an add-on, safety and
feasibility study. World J Biol Psychiatry. 2011;12:119-26.
49. Dell’Osso B, Mundo E, D’Urso N, Pozzoli S, Buoli M, Ciabatti M, et al. Augmentative repetitive navigated transcranial magnetic stimulation (rTMS) in drug-resistant bipolar
depression. Bipolar Disord. 2009;11:76-81.
50. Grisaru N, Chudakov B, Yaroslavsky Y, Belmaker RH.
Transcranial magnetic stimulation in mania: a controlled
study. Am J Psychiatry. 1998;155:1608-10.
51. Saba G, Rocamora JF, Kalalou K, Benadhira R, Plaze M, Lipski H, et al. Repetitive transcranial magnetic stimulation
as an add-on therapy in the treatment of mania: a case
series of eight patients. Psychiatry Res. 2004;128:199-202.
52. Praharaj SK, Ram D, Arora M. Efficacy of high frequency
(rapid) suprathreshold repetitive transcranial magnetic
stimulation of right prefrontal cortex in bipolar mania:
A randomized sham controlled study. J Affect Disord.
2009;117:146-50.
53. Cohen RB, Brunoni AR, Boggio PS, Fregni F. Clinical predictors associated with duration of repetitive transcranial magnetic stimulation treatment for remission in bipolar depression: a naturalistic study. J Nerv Ment Dis.
2010;198:679-81.
54. Praharaj SK, Ram D, Arora M. Efficacy of high frequency
(rapid) suprathreshold repetitive transcranial magnetic
stimulation of right prefrontal cortex in bipolar mania:
a randomized sham controlled study. J Affect Disord.
2009;117:146-50.
55. Xia G, Gajwani P, Muzina DJ, Kemp DE, Gao K, Ganocy SJ,
et al. Treatment-emergent mania in unipolar and bipolar
depression: focus on repetitive transcranial magnetic
stimulation. Int J Neuropsychopharmacol. 2008;11:119-30.
56. Slotema CW, Aleman A, Daskalakis ZJ, Sommer IE. Metaanalysis of repetitive transcranial magnetic stimulation in
the treatment of auditory verbal hallucinations: Update
and effects after one month. Schizophr Res. 2012;142:405.
57. Aleman A, Sommer IE, Kahn RS. Efficacy of slow repetitive transcranial magnetic stimulation in the treatment
of resistant auditory hallucinations in schizophrenia: a
meta-analysis. J Clin Psychiatry. 2007;68:416-21.
58. Slotema CW, Blom JD, de Weijer AD, Diederen KM, Goekoop R, Looijestijn J, et al. Can low-frequency repetitive
transcranial magnetic stimulation really relieve medication-resistant auditory verbal hallucinations? Negative
results from a large randomized controlled trial. Biol Psychiatry. 2011;69:450-6.
59. Blumberger DM, Christensen BK, Zipursky RB, Moller B,
Chen R, Fitzgerald PB, et al. MRI-targeted repetitive transcranial magnetic stimulation of Heschl’s gyrus for refracDisease and Molecular Medicine - www.dismolmed.org

DOI:10.5455/dmm.20131210021723
tory auditory hallucinations. Brain Stimul. 2012;5:577-85.
60. Stanford AD, Sharif Z, Corcoran C, Urban N, Malaspina D,
Lisanby SH. rTMS strategies for the study and treatment
of schizophrenia: a review. Int J Neuropsychopharmacol.
2008;11:563-76.
61. Guse B, Falkai P, Gruber O, Whalley H, Gibson L, Hasan A,
et al. The effect of long-term high frequency repetitive
transcranial magnetic stimulation on working memory in
schizophrenia and healthy controls-A randomized placebo-controlled, double-blind fMRI study. Behav Brain Res.
2013;237:300-7.
62. Prikryl R, Mikl M, Prikrylova Kucerová H, Ustohal L, Kasparek T, Marecek R, et al. Does repetitive transcranial
magnetic stimulation have a positive effect on working
memory and neuronal activation in treatment of negative symptoms of schizophrenia. Neuro Endocrinol Lett.
2012;33:90-7.
63. Dlabac-de Lange JJ, Knegtering R, Aleman A. Repetitive
transcranial magnetic stimulation for negative symptoms
of schizophrenia: review and meta-analysis. J Clin Psychiatry. 2010;71:411-8.
64. Paes F, Machado S, Arias-Carrión O, Velasques B, Teixeira S, Budde H, et al. The value of repetitive transcranial
magnetic stimulation (rTMS) for the treatment of anxiety
disorders: an integrative review. CNS Neurol Disord Drug
Targets. 2011;10:610-20.
65. Bystritsky A, Kaplan JT, Feusner JD, Kerwin LE, Wadekar
M, Burock M, et al. A preliminary study of fMRI-guided
rTMS in the treatment of generalized anxiety disorder. J
Clin Psychiatry. 2008;69:1092-8.
66. Boggio PS, Rocha M, Oliveira MO, Fecteau S, Cohen RB,
Campanhã C. Noninvasive brain stimulation with highfrequency and low-intensity repetitive transcranial magnetic stimulation treatment for posttraumatic stress disorder. J Clin Psychiatry. 2010;71:992-9.
67. Cohen H, Kaplan Z, Kotler M, Kouperman I, Moisa R,
Grisaru N. Repetitive transcranial magnetic stimulation of
the right dorsolateral prefrontal cortex in posttraumatic
stress disorder: a double-blind, placebo-controlled study.
Am J Psychiatry. 2004;161:515-24.
68. Watts BV, Landon B, Groft A, Young-Xu Y. A sham controlled study of repetitive transcranial magnetic stimulation for posttraumatic stress disorder. Brain Stimul.
2012;5:38-43.
69. Machado S, Paes F, Velasques B, Teixeira S, Piedade R,
Ribeiro P, et al. Is rTMS an effective therapeutic strategy

Disease and Molecular Medicine - www.dismolmed.org

A Review of rTMS Use in Psychiatry

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

that can be used to treat anxiety disorders? Neuropharmacology. 2012;62:125-34.
Mansur CG, Myczkowki ML, de Barros Cabral S, Sartorelli
Mdo C, Bellini BB, Dias AM, et al. Placebo effect after prefrontal magnetic stimulation in the treatment of resistant
obsessive-compulsive disorder: a randomized controlled
trial. Int J Neuropsychopharmacol. 2011;14:1389-97.
Sarkhel S, Sinha VK, Praharaj SK. Adjunctive high-frequency right prefrontal repetitive transcranial magnetic stimulation (rTMS) was not effective in obsessive-compulsive
disorder but improved secondary depression. J Anxiety
Disord. 2010;24:535-9.
Pallanti S, Bernardi S. Neurobiology of repeated transcranial magnetic stimulation in the treatment of anxiety: a
critical review. Int Clin Psychopharmacol. 2009;24:163-73.
Mantovani A, Lisanby SH, Pieraccini F, Ulivelli M, Castrogiovanni P, Rossi S. Repetitive Transcranial Magnetic
Stimulation (rTMS) in the treatment of panic disorder
(PD) with comorbid major depression. J Affect Disord.
2007;102:277-80.
Prasko J, Záleský R, Bares M, Horácek J, Kopecek M,
Novák T, et al. The effect of repetitive transcranial magnetic stimulation (rTMS) add on serotonin reuptake inhibitors in patients with panic disorder: a randomized,
double blind sham controlled study. Neuro Endocrinol
Lett. 2007;28:33-8.
Bloch Y, Harel EV, Aviram S, Govezensky J, Ratzoni G, Levkovitz Y. Positive effects of repetitive transcranial magnetic stimulation on attention in ADHD Subjects: a randomized controlled pilot study. World J Biol Psychiatry.
2010;11:755-8.
Barr MS, Farzan F, Wing VC, George TP, Fitzgerald PB,
Daskalakis ZJ. Repetitive transcranial magnetic stimulation and drug addiction. Int Rev Psychiatry. 2011;23:45466.
Fitzgerald PB, Hoy KE, Herring SE, Clinton AM, Downey G,
Daskalakis ZJ. Pilot study of the clinical and cognitive effects of high-frequency magnetic seizure therapy in major depressıve disorder. Depress Anxiety. 2013;30:129-36.
Lisanby SH, Morales O, Payne N, Kwon E, Fitzsimons
L, Luber B, et al. New developments in electroconvulsive therapy and magnetic seizure therapy. CNS Spectr.
2003;8:529-36.
Garcia KS, Flynn P, Pierce KJ, Caudle M.Repetitive transcranial magnetic stimulation treats postpartum depression. Brain Stimul. 2010;3:36-41.

86

