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Abstract: Unlike for depression, only few studies are available today investigating the therapeutic effects of repetitive transcranial 

magnetic stimulation (rTMS) for anxiety disorders. This review aims to provide information on the current research approaches and main 

findings regarding the therapeutic use of rTMS in the context of various anxiety disorders. Although positive results have frequently been 

reported in both open and randomized controlled studies, our review of all identified studies indicates that at present no conclusive 

evidence of the efficacy of rTMS for the treatment for anxiety disorders is provided. Several treatment parameters have been used, 

making the interpretation of the results difficult. Moreover, sham-controlled research has often been unable to distinguish between 

response to rTMS and sham treatment. However, there is a limitation in the rTMS methods that likely impacts only the superficial 

cortical layers. It is not possible to directly stimulate more distant cortical areas, and also subcortical areas, relevant to the pathogenesis of 

anxiety disorders, though such effects in subcortical areas are thought to be indirect, via trans-synaptic connections. We thus recommend 

further studies to clearly determine the role of rTMS in the treatment of anxiety disorders. Key advances in combining TMS with 

neuroimaging technology may aid in such future developments. 

Keywords: Anxiety, generalized anxiety disorder, obsessive-compulsive disorder, panic disorder, post-traumatic stress disorder, repetitive 
transcranial magnetic stimulation, rTMS, social anxiety disorder. 

INTRODUCTION 

 One of the most frequent groups of psychiatric disorders is the 
group of anxiety disorders [1], with lifetime prevalence greater than 
20% [2]. Anxiety disorders subsume obsessive-compulsive disorder 
(OCD), panic disorder (PD), post-traumatic stress disorder (PTSD), 
generalized anxiety disorder (GAD) and social anxiety disorder. 
These disorders can be very debilitating and although the available 
methods of treatment are safe and effective (i.e., pharmacotherapy, 
psychotherapy and cognitive-behavioral therapy), high rates of non-
responders to treatment are reported (approximately 25% of  
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patients) [3]. With advances in the understanding the 
neurobiological mechanisms involved in anxiety disorders, new 
treatments have been espoused. One such treatment method is 
transcranial magnetic stimulation (TMS), originally introduced in 
1985 as a method for non-invasive focal brain stimulation [4]. 
TMS is based on Faraday’s law of electromagnetic induction by 
which electrical activity in the brain tissue can be influenced by the 
magnetic field, thereby inducing electrical current that depolarizes 
neurons [5]. Within this context, TMS in its repetitive form, i.e. 
rTMS, can modulate cortical excitability beyond the period of 
stimulation itself, giving rise to its potential application as a clinical 
treatment for a variety of neurological and psychiatric disorders, for 
instance anxiety disorders [6, 7]. 

 The application of rTMS generates clear effects on a range of 
measures of brain function and has become an important research 
tool in neuropsychiatry treatment [8-10]. With this in mind, the 
treatment with rTMS can be considered a brain-system-based 
neuromodulation treatment due to its focus on directly targeting the 
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neural circuitry of the disorders. rTMS shifts the perspective of 
treatment from changing the neurochemistry within the synapse, to 
altering or modulating the function of the neural circuitry in the 
brain that is believed to be disorganized in certain disorders [11, 
12]. Even though there is now a growing interest in the research of 
new treatment for anxiety disorders, the main focus of the possible 
therapeutic effects of TMS is mainly in the domain of depression 
[13, 14]. 

 Based on the idea of an interhemispheric imbalance and/or 
deficit in the limbic-cortico control as a model for human anxiety 
[3], the use of 1Hz-rTMS on the prefrontal cortex (PFC) has 
demonstrated effects in some studies involving healthy individuals, 
patients with PTSD and PD [15]. However, Pallanti and Bernardi 
[16] also argued that rTMS over the right dorsolateral prefrontal 
cortex (DLPFC), especially above 5Hz-rTMS, reduces the 
symptoms of anxiety in PTSD and PD. Therefore, to further 
elucidate the putative anxiolytic action of rTMS in anxiety patients 
future studies have to be conducted. 

 This review paper aims to provide information on the current 
research and main findings related to the potential therapeutic 
effects of rTMS in anxiety disorders. We will review the physical 
and neurophysiological concepts of TMS, the main findings of 
rTMS from animal models, the importance of the effects of sham-
rTMS and stimulation parameters, and the experimental advances 
of rTMS that can become viable as clinical applications in the 
coming years related to the treatment of anxiety disorders. With this 
in mind, we developed a strategy for searching studies in the main 
data bases. The computer-supported search used the following 
databases: Scielo, Pubmed/Medline, ISI Web of Knowledge, 
PsycInfo and Cochrane Library. The search terms Panic disorder, 
Obsessive-Compulsive disorder, Post-traumatic stress disorder, 
Generalized anxiety disorder, Social anxiety disorder were used in 
combination with transcranial magnetic stimulation, TMS, 
repetitive transcranial magnetic stimulation, rTMS, motor 
threshold, motor evoked potential, MEP, cortical excitability, 
neuroimaging. In addition, all reports including reviews, meta-
analyses and controlled randomized clinical trials and open label 
trials, book chapters are also cited to provide readers with more 
details and references than can be accommodated within this paper. 
Discussion has been focused mainly on studies published in English 
and reported in the past 12 years but also included commonly 
referenced studies relevant to the neurobiology of the diseases and 
possible rationales for rTMS application. 

PHYSICAL AND PHYSIOLOGICAL CONCEPTS OF TMS 

 There are several key concepts in the field of TMS that are 
closely related to its clinical efficacy [17]. TMS was introduced by 
Anthony Barker in 1985 as a non-invasive, safe and painless 
method, in order to activate human motor cortex and to assess the 
human central motor pathways [4]. The main concept of TMS relies 
on Faraday’s law of electromagnetic induction, where an electrical 
current is applied over the scalp through a magnetic coil. The TMS 
equipment consists of a stimulator, which generates brief pulses of 
strong electrical currents whose frequency and intensity can be 
varied, and a stimulation coil connected to the stimulator [18]. The 
TMS coil is usually round or figure-eight (butterfly) in shape, with 
which the latter produces a stronger and more focal field than the 
circular coil. Continuing progress on the technical aspects of TMS 
devices soon made it possible to deliver multiple pulses within a 
short time period, i.e., rTMS. Stimulation is delivered in trains, 
lasting several seconds, followed by inter-train intervals. The 
magnetic field (1.5–2.5 T) generated at the coil passes unimpeded 
through the scalp and skull, inducing a rapid change of current 
through the underlying tissue that depolarizes neurons and, 
generates action potentials [17, 19-21]. 

 The precise effect of the stimulation on neuronal activity 
remains unclear; however, it is assumed that the large magnetic 

stimulus (duration of ~ 100μs) synchronously excites a population 
of neurons, provoking a rapid change in firing of impulses for a few 
milliseconds after which the entire activity is suppressed by a long-
lasting period of GABAergic inhibition [22]. Moreover, this 
process generally lasts between 20 and 200 ms depending on 
stimulus intensity. The area of stimulation depends not only on coil 
geometry but also on stimulation intensity [23]; however, another 
parameter influencing rTMS effects is probably the stimulation 
frequency. 

 There are two common types of rTMS stimulation; high 
frequency rTMS (> 5 Hz) and low frequency rTMS (< 1 Hz). High 
frequency rTMS has been evidenced to wield facilitating effects on 
neuronal excitability. Unlike high frequency rTMS, low frequency 
rTMS (< 1 Hz) has inhibitory effects on neuronal excitability [5, 
24]. These inhibitory and excitatory effects have been proposed to 
be related to long term potentiation and long-term depression 
(LTD) [19, 25, 26]. For instance, the study performed by Chen et 
al. [27], showed that rTMS administered at 0.1 Hz for 1 hour in 
healthy humans did not change cortical excitability. However, 
rTMS administered at 0.9 Hz for 15 minutes (810 pulses), similar to 
the parameters used to induce LTD in animal studies, led to a 
significant decrease in motor evoked potential (MEP) amplitude of 
19.5%, lasting for at least 15 minutes after the end of the 
stimulation. This finding may be considered similar to LTD. Even 
though the parameters of stimulation can be consistent across 
individuals, for a given individual, differences related to stimulation 
can be observed [24]. The most common way to verify the intensity 
of the stimulation has usually been to calibrate across individuals 
by testing the minimal intensity of stimulation applied to the 
primary motor cortex (i.e., M1 area) that evokes a motor response 
(i.e., MEP) [17]. These MEPs can be used to define the motor 
threshold (MT), defined as the lowest stimulation intensity over the 
M1 area needed to induce an MEP in an extremity muscle in at least 
5 out of 10 consecutive trials [28]. 

 The MT is well-documented as an objective and standardized 
measure of human corticospinal excitability that is, widely used to 
standardize intensities of stimulation and, commonly defined in 
terms of a percentage of the device’s available output or in Tesla 
(T) [29]. Most of the studies have used a standard procedure of 
positioning the coil over the head and identifying the motor cortical 
site (i.e., hot spot, defined as the location of the calculated strongest 
electric-field) for optimal stimulation of the abductor pollicis brevis 
muscle by measuring 5 cm anterior along the skull surface in a 
parasagittal line (i.e., posterior-anterior direction) [9, 17]. Another 
criterion to identify the hot spot is the image-guided frameless 
stereotaxic neuronavigation system (SNS). SNS uses the subject’s 
individual MRI for navigation via a subject-image co-registration 
procedure based on facial/cranial landmarks. Although the system’s 
precision has technical limitations, the quality of the MRI 
investigation and exact co-registration, the spatial deviations have 
been shown to lie within the millimeter range [30]. Moreover, there 
are other rTMS parameters that must be to take into account in any 
type of research, such as the pulse width, inter-train interval (time 
between trains of stimulation), number of trains per session, and 
duration of the session [31, 32]. 

ANXIETY DISORDERS AND rTMS: FINDINGS FROM 

ANIMAL MODELS 

 rTMS holds the potential to selectively modulate brain 
circuitries involved in pathological processes such as post-traumatic 
stress disorder, obsessive-compulsive disorder, panic disorder, 
generalized anxiety disorder and social anxiety disorder [15, 16]. 
Preliminary studies using rTMS have provided largely inconclusive 
evidence of symptom relief in obsessive–compulsive disorder [33, 
34] and panic disorder [35]. Moreover, rTMS has great potential as 
an additional option combined with psychotherapy and/or drugs to 
psychotherapy and drug treatments, especially since TMS has only 
very little treatment discomfort and no lasting side effects, 
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comparing it favorably with many somatic treatments [15]. 
However, using TMS in clinical practice is essential in order to 
know how it acts on brain tissue in terms of, the putative 
neurobiological changes underlying the observed clinical effects 
[16, 36, 37]. Within this context, the limitations of human research 
require appropriate pre-clinical studies in animal models. In 
addition, basic studies are needed at the cellular and molecular level 
in order to better understand the regulation of the induced 
intracerebral current density, unraveling which elements involved 
in this regulation may serve as potential treatment targets [38]. 

 In animal studies rTMS has been reported to provide benefit in 
some anxiety-related disorders [39, 40]. An experiment by Kanno et 
al. [40] demonstrated that the intensity of stimulation is a critical 
factor in the anxiolytic-like effects as assessed by the elevated plus-
maze (EPM) test in male Wistar rats. Chronic rTMS treatment (3 
days) provided better anxioltyic-like effects in the EPM than in rats 
exposed to acute rTMS treatment. In addition, repeated rTMS 
suppressed the increase in extracellular serotonin (5-HT) levels 
induced by the EPM test, but did not influence the elicited 
dopamine (DA) levels. These data suggest that chronic treatment 
with rTMS over the frontal areas has anxiolytic-like effects in rats, 
which are related to the serotonergic neuronal system. Other EPM 
studies were less successful. For example, Keck et al. [39, 41] 
reported that chronic rTMS treatment had no effects in male Wistar 
rats and was anxiogenic in rats selectively bred for low anxiety-
related behaviors, using the EPM test, although the treatment did 
appear to have antidepressant-like effects showing an attenuated 
stress-induced elevation of plasma corticotrophin (ACTH) 
concentrations in the forced-swim test. However, Hedges et al. [42, 
43] contradicted the findings of Keck et al. [39], showing no 
differences on the performance of the same task between animals 
treated by TMS and sham-TMS. 

 In general, results from animal models of anxiety-related 
disorders have demonstrated an antidepressant effect of rTMS with 
some consistency. For instance, in studies using the forced swim 
test (the most widely used preclinical antidepressant test), rTMS 
demonstrated a robust treatment-induced antidepressant effect in 
anxious rodents [39, 42, 44, 45]. For this reason, it has been 
suggested that the observed benefit of TMS in some studies may be 
due to relief of depressive symptoms rather than being specific to 
the anxiety itself [43]. 

 Most of the rodent studies performed have been limited in their 
applicability to the physical rTMS specifications used for humans. 
That is, due to certain factors, such as the coil size, rTMS cannot be 
focally delivered in rodents, and in that case the entire brain 
receives the stimulation. Because of this and other limitations, e.g., 
handling procedure, sound of magnetic stimulator, and direct 
effects of rTMS on the muscles, rTMS application is considered to 
be more focal in humans than in rodents [46]. Moreover, sham-
controlled conditions are required in the studies in order to provide 
a safe interpretation regarding effects of rTMS on anxiety 
symptoms. Thus, it has been suggested that the efficacy, validity 
and usefulness of rTMS in studies with rodents so far is 
questionable because few studies used sham-controlled conditions 
and because of other limitations already cited above [47]. 

EFFECTS OF SHAM-rTMS AND STIMULATION 
PARAMETERS 

 An important issue in the TMS research regarding the design of 
randomized, sham-controlled clinical trials is the use of appropriate 
control conditions that provide a reliable blinding of patients and 
investigators [48]. Within this context, different control conditions 
can be used to try and ensure that changes in performance be 
ascribed to rTMS effects upon a specific brain area. One of the 
most common strategies is the use of sham stimulation (sham-
rTMS) [49]. rTMS is indeed associated with a number of sensory 
perceptions that can nonspecifically interfere with task 

performance. For instance, the discharging coil produces a click 
sound that may induce arousal, thereby modulating task 
performance, irrespective of the experimental demands (i.e., via 
intersensory facilitation) [50]. An alternative way that is routinely 
used in the cognitive TMS literature is vertex stimulation because 
the auditory and somatosensory activations caused by vertex TMS 
can be equivalent to those of real TMS. Of course, the underlying 
assumption is that vertex TMS does not affect the cognitive 
network active during task execution [51, 52]. 

 In general, sham-rTMS has been applied by tilting the coil 
away from the scalp [53], so that both sound and scalp contact are 
roughly similar to those experienced during active stimulation, 
whereas the magnetic field does not reach cortical neurons or 
cutaneous receptors or superficial muscles. Although sham coils 
produce an analogous sound artifact, they do not induce the same 
scalp sensations or muscle twitches, so that they can rest tangential 
to the scalp surface, exactly as they are during active stimulation 
[54, 55]. Another important consideration that must be taking into 
account in order to determine the specific efficacy of rTMS in 
clinical trials and to create a credible placebo (i.e., sham-rTMS) 
condition, is that patients in randomized trials should be naive to 
rTMS, in other words, rTMS studies should not have a crossover 
design. With respect to this issue, the ideal sham condition should 
not have a real stimulation effect, and it should not be recognized as 
sham by patients, particularly when considering that real 
stimulation conditions come along with rTMS specific side effects. 
In line with that, Herwig et al. [56] investigating the antidepressant 
effects of rTMS, asked for patients to give their impression whether 
they received the sham or the real treatment, and if they would 
recommend the treatment to others. From 15 patients with real 
stimulation, 11 suggested that they obtained true stimulation, and 4 
to have obtained sham. From 14 sham stimulated subjects, 9 
suggested that they obtained the real condition and 5 to have been 
sham stimulated. There was no significant difference between these 
and in addition, the majority of patients in both stimulation 
conditions would recommend rTMS to others. In both conditions, 
the majority of subjects believed they had received the real 
condition. This implies suitability of the sham condition used since 
subjects appeared not to be able to accurately identify or 
differentiate this condition from sham. The results imply the 
feasibility of a valid sham condition with a "real" coil. 

 However, there is evidence that some types of sham 
manipulations used in clinical trials actually do exert some effects 
on the brain [57, 58]. The tilting does reduce any discomfort from 
scalp stimulation associated with active rTMS and, thus, may have 
the potential to interfere to some degree with the adequacy of study 
blinding. Studies guard against this by recruiting only rTMS-naive 
patients, so that subjects are not cued to discriminate between active 
and sham conditions based on scalp sensation. Even if a form of 
coil-tilt sham that does not exert measurable brain effects is used, 
studies rarely report data on the integrity of the blind on the part of 
the patients and raters. It is reasonable to assume that crossover 
trials with coil-tilt sham conditions are likely to be unblinded 
because active and sham rTMS do not feel the same [59, 60]. Other 
option include the one used in a recent experiment consisting of a 
sensor strip between the electromagnet and the scalp, which can 
counter-stimulate during pulse delivery so as to reduce the scalp 
sensation perceived from active rTMS [61]. 

 The matter of placebo effects is especially important in some 
conditions, such as studies investigating the efficacy of treatments 
[49]. For such purposes alternative methods of brain stimulation to 
provide suitable control conditions have been proposed. For 
instance, Rossi et al. [62] developed a new method of sham 
stimulation, known as real electromagnetic placebo, in which a fake 
coil (made of wood) with the same shape as a real coil is attached to 
the real coil. This fake coil has two functions: to block the magnetic 
field from the real coil, and to house a bipolar electrical stimulator 
in contact with the scalp. This device is more likely to be judged as 



rTMS and Anxiety Disorders CNS & Neurological Disorders - Drug Targets, 2011, Vol. 10, No. 5     613 

real stimulation by naive TMS subjects. The difficulty in blinding 
TMS makes the comparison of TMS with a gold standard treatment 
(e.g., psychopharmacology) complex. In the case of pharmacologic 
agents, it would be possible to use a “double-dummy” design in 
which some patients would receive sham rTMS plus active 
medication, whereas other patients would receive active rTMS and 
a placebo pill. An additional challenge in the design of clinical 
trials with rTMS pertains to the standardization of the dosage. Just 
as it is critical to control the dosage of medication administered 
during drug trials, it is likewise essential to control the amount of 
rTMS administered and the location of the brain region stimulated 
[63]. 

 Other important considerations to be taken into account are the 
parameters of stimulation, e.g., pulse width, number of stimulation 
sessions, frequency, intensity and site of stimulation [31]. A 
protocol composed of repeated sessions may be superior to a single 
session, due to its cumulative effect related to amount of 
stimulation required to induce a sustained effect. Indeed, although 
some studies have shown a relatively long-lasting effect (i.e., of 2 
weeks), this period is short if the goal is to induce a clinically 
meaningful result. Maintenance treatments or other patterns of 
stimulation that might induce longer-lasting modulation of cortical 
excitability should be explored. One possibility is to increase the 
total number of sessions, as in a recent study of major depression, 
in which up to 30 sessions of rTMS were administered [64]. Novel 
patterns of stimulation, for example primed 1 Hz stimulation [65] or 
theta burst stimulation [66], might offer advantages, as they seem to 
induce longer-lasting long-term-depression-like phenomena. 
Careful consideration of cortical targets seems to be critical, and 
this might need to be individualized for each patient and underlying 
pathology. 

 In summary, a number of parameters need to be taken into 
account in order to optimize the clinical effects of rTMS. 
Predictions with regard to the efficacy of clinical effects of rTMS 
are hampered due to the relative paucity of parametric studies per-
formed on these variables. Moreover, individualizing stimulation 
parameters, taking into account the underlying pathophysiology and 
the stimulation settings by online physiological and neuroimaging 
measures, seems to be a crucial procedure to adopt [48, 49]. 

EFFECTS OF rTMS ON ANXIETY DISORDERS 

 Anxiety is a normal adaptive response to stress that allows 
coping with adverse situations. However, when anxiety becomes 
excessive or disproportional in relation to the situation that evokes 
it or when there is not any special objects directed at it, such as an 
irrational dread of routine stimuli, it becomes a disabling disorder 
and is considered to be pathological [67, 68]. The term “anxiety 
disorders” subsumes a wide variety of conditions of abnormal and 
pathological fear and anxiety, including OCD, PTSD, PD and GAD 
[15, 16]. The anxiety disorders comprise the most frequent 
psychiatric disorders and can range from relatively begnign feelings 
of nervousness to extreme expressions of terror and fear. 

 The first evidence of a putative anxiolytic action of rTMS in 
humans came from studies with health subjects [69, 70] based on 
the theory so called ‘‘valence-hypothesis’’, which has been 
formerly proposed for human anxiety [71]. According to this 
model, withdrawal-related emotions such as anxiety are located in 
the right hemisphere, whereas approach related emotions such as 
joy or happiness are biased to the left hemisphere. Along with this 
hypothesis, there is some evidence that anxiety disorders might be 
associated with increased right-hemispheric activity [71]. With this 
in mind, Schutter et al. [69] and van Honk et al. [70] then 
conducted placebo-controlled experiments in healthy subjects using  
rTMS. Schutter et al. [69], showed that 1Hz-rTMS at 130% MT in 
the right DLPFC, compared to sham-rTMS, resulted in a decrease 
in self-rated anxiety along with a contralateral increase in theta- 
 

EEG activity. Similarly, van Honk et al. [70] demonstrated that 
1Hz-rTMS at 130% MT in the right DLPFC reduced the vigilant 
emotional response to fearful faces, but only in the unmasked 
fearful faces. Taken together, these findings suggest that a decrease 
in right frontal activity might normalize the interhemispheric 
imbalance present in anxiety disorders. 

 Other studies set out to investigate the hypothesis of high-rTMS 
efficacy in anxiety disorders treatment. Specifically, the cerebral 
hyperexcitability and behavioral or cognitive activation observed in 
neuropsychiatric disorders support this hypothesis [72]. The 
rationale for using high-rTMS is based on the study of George et al. 
[73]. The authors demonstrated that the activity of fronto-
subcortical circuits can arguably be diminished by increasing the 
activity in the indirect pathway by stimulating the left DLPFC by 
high-rTMS. In this section, we will discuss the anxiety disorders, 
including PD, GAD, OCD, PTSD. We will give a brief description 
and present the main findings of rTMS treatment for each disorder 
(see Table 1). 

OCD 

 The main symptoms of OCD are obsessions (e.g., ideas, 
thoughts, impulses or persistent images) that are experienced by the 
patients as intrusive are associated with compulsions (e.g., 
repetitive behaviors, like washing the hands; or mental acts, like 
prayer). On the whole, individuals with obsessions, attempt to 
suppress or neutralize them with other behavior, such as thoughts or 
actions [68]. 

 With regard to the brain circuits involved in OCD, several 
studies had detected abnormalities involving mainly cortical and 
subcortical structures, such as the basal ganglia, orbitofrontal cortex 
(OFC), supplementary motor area (SMA), DLPFC, and in 
particular, the caudate nucleus [74, 75]. Moreover, functional 
magnetic ressonance imaging (fMRI) studies suggested that OCD-
related repetitive behaviors are caused by a reduction in cortical-
subcortical inhibition and cortical hyperexcitability observed in 
regions of the prefrontal cortex [76]. 

 Within this context, a few reliable studies related to treatment 
of OCD symptoms were performed. Seven randomized controlled 
studies (i.e., using sham-coil) investigated the efficacy of rTMS on 
the reduction of OCD symptoms [77-83]. However, only 5 studies 
reported beneficial effects for OCD symptoms [82, 83]. In addition 
to these studies, another 3 non-controlled studies investigating 
effects of rTMS on OCD symptoms, reported significant findings 
[33, 84, 85]. 

 With respect to non-controlled studies, in an intra-individual 
crossover study, Greenberg et al. [84] administered 1 session of 
rTMS to 12 OCD patients, with 20 Hz-rTMS administered at 80% 
MT for 20 min (800 pulses) over the left and right PFC and the 
occipital cortex on separate days. Both obsession and compulsion 
were assessed before, during, 30 minutes after and 8 hours after 
each application using the Yale Brown Obsessive Compulsive 
Scale (Y-BOCS), Hamilton Rating Scale for Depression (HAM-D), 
and Hamilton Rating Scale for Anxiety (HAM-A). Compulsive 
symptoms improved until 8 hours after rTMS application over the 
right PFC. However, application of rTMS to the left PFC resulted in 
a shorter-lasting (i.e., 30 minutes) and non-significant reduction in 
compulsive symptoms. Moreover, mood improved during and 30 
minutes after rTMS application over the right PFC. Compulsive 
symptoms also improved after rTMS applied to the OCC, although 
not significantly. 

 In open study, Sachdev et al. [33] administered 10 sessions (5 
days per week 2 weeks) of rTMS to 12 drug-resistant OCD patients, 
with 10 Hz-rTMS administered at 110% MT for 15 min (1500 
pulses/day) over the left (n = 6) or right PFC (n = 6). Patients were 
assessed at baseline and after 1 and 2 weeks of stimulation, and 1 
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Table 1. Summary of Open and Controlled Studies of rTMS as a Treatment of Anxiety Disorders, Including OCD, PTSD, PD and 

GAD 

 

Study  Design N rTMS Protocol Efficacy 

OCD 

[84] 
Open study 
1 session 

12 
PFC–R 20Hz of 80% MT 
PFC–L 20Hz of 80% MT 
Occipital 20Hz 80% MT 

Reduction in OCD symptoms only with right-sided 
treatment.*  

[33] 
Open study 

10 sessions (5 days per week 
for 2 weeks) 

12 
PFC–R 10Hz of 110%MT 
PFC–L 10Hz of 110% MT 

Both groups showed a significant reduction in OCD 
symptoms.* 

However, no significant difference was noted between groups. 

[77] 
RCT 

18 sessions (3 days per week 
for 6 weeks) 

18 
DLPFC–R 1Hz of 110% MT 

Sham-rTMS 
Slight reduction in OCD symptoms in rTMS group.* 

However, no significant difference was noted between groups. 

[85] 
Open study 

10 sessions (5 days per week 
for 2 weeks) 

10 
SMA–bilaterally 1Hz of 

100% MT 
Significant reduction in OCD symptoms.* 

[78] 
RCT 

10 sessions (5 days per week 
for 2 weeks) 

30 
DLPFC–L 1Hz of 110% MT 

Sham-rTMS 
Both groups showed a significant reduction in anxiety.* 

However, no significant difference was found between groups. 

[79] 
RCT 

10 sessions (5 days per week 
for 2 weeks) 

18 

DLPFC–L 10Hz of 110% 
MT 

Sham-rTMS 
 

No significant difference was found between groups. 
However, after comparison, all subjects having received rTMS 

showed a significant reduction in OCD symptoms. 

[80] 
RCT 

10 sessions (5 days per week 
for 2 weeks) 

20 

DLPFC–R 1 Hz of 110% MT 
SMA–bilaterally 1Hz of 

100% MT 
Sham-rTMS 

No significant difference was found on both groups or 
between groups.  

[81] 
RCT 

15 sessions (5 days per week 
for 3 weeks) 

23 
OFC–L 1Hz of 80% MT 

Sham-rTMS 

Significant reduction in OCD symptoms in favor of rTMS 
compared to sham-rTMS.* 

However, no significant reduction in anxiety and depression 
symptoms was found between groups. 

[82] 
RCT 

20 sessions (5 days per week 
for 4 weeks) 

18 
SMA–bilaterally 1Hz of 

100% MT 
Sham-rTMS 

Significant reduction in OCD symptoms in favor of rTMS 
compared to sham-rTMS.* 

[83] 
RCT 

10 sessions (5 days per week 
for 2 weeks) 

42 
PFC–R 10Hz of 110% MT 

Sham-rTMS 

Significant reduction in OCD symptoms and a significant 
improvement in mood in both groups.* 

However, no significant difference was observed between 
groups. 

PTSD 

[100] 
Open study 
1 session 

10 

Motor cortex–R of 0.3 Hz of 
100% MT 

Motor cortex–L of 0.3 Hz of 
100% MT 

Significant reduction in anxiety, and PTSD symptoms.* 

[101] 
Open study 

10 sessions (5 days per week 
for 2 weeks) 

12 
DLPFC–L 1Hz of 90% MT 
DLPFC–L 5 Hz of 90% MT 

Significant improvement of insomnia, hostility and anxiety, 
but minimal improvements in PTSD symptoms.* 

However, no significant different was noted between groups. 

[86] 
RCT 

10 sessions (5 days per week 
for 2 weeks) 

24 
DLPFC–R 1Hz of 80%MT 
DLPFC–R 10Hz of 80%MT 

Sham-rTMS 

Significant improvement of PTSD symptoms and a significant 
reduction in general anxiety levels in favor of 10Hz-rTMS 

group when compared to other groups.* 

[88] 
RCT 

10 sessions (5 days per week 
for 2 weeks) 

30 
DLPFC–L 20Hz of 80%MT 
DLPFC–R 20Hz of 80%MT 

Sham-rTMS 

Significant reduction in PTSD symptoms, anxiety and 
improvement of mood in favor of rTMS compared to sham-

rTMS.* 

PD 

[87] 
RCT 

10 sessions (5 days per week 
for 2 weeks) 

15 
DLPFC–R 1Hz of 110% MT 

Sham-rTMS 

Both groups showed a significant reduction in anxiety 
symptoms.* 

However, no significant difference was found between groups 
for PD symptoms. 

GAD 

[109] 
Open study 

6 sessions (2 days per week 
for 3 weeks) 

10 DLPFC–R 1Hz of 90% MT Significant reduction in anxiety symptoms.* 

*Significant level at  0.05 
DLPFC: dorso lateral prefrontal cortex; L: left; GAD: generalized anxiety disorder; MT: motor threshold; OCD: obsessive compulsive disorder; PD: panic disorder; PTSD: 

posttraumatic stress disorder; R: right; RCT: randomized clinical trial; rTMS: repetitive transcranial magnetic stimulation; SMA: supplementary motor area. 
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month after the completion of the treatment by Y-BOCS, 
Montgomery-Asberg Depression Rating Scale, Beck Depression 
Inventory and the Spielberger State Anxiety Rating. Both groups 
showed significant reductions in obsessions and compulsions as 
rated on the Y-BOCS scale after 2 weeks of rTMS application, 
however, no significant differences were found between the groups. 
The improvement in the obsessions persisted until one month after 
rTMS treatment according to the results of Y-BOCS subscales. 

 More recently, Mantovani and colleagues [85] administered 10 
sessions (5 days per week for 2 weeks) of rTMS to 10 patients (5 
with OCD and 5 with Tourette’s syndrome), with 1 Hz-rTMS 
administered at 100% MT for 26 min (1200 pulses/day) bilaterally 
over the supplementary motor area. Suggestions of clinical 
improvement were apparent as early as after the first week of 
rTMS. After the second week of treatment, statistically significant 
reductions were still detected with the Y-BOCS, Yale Global Tic 
Severity Scale, Clinical Global Impression-Severity of Illness 
(CGI-S), HAM-D, HAM-A, Beck Depression Inventory, Scale for 
Autoevaluation of Depression, Impact of Events Scale and 
Symptoms Checklist and Social-Adaptation Self-evaluation Scale. 
Symptom improvement was correlated with a significant increase 
of the right resting motor threshold and was stable at 3 months 
follow-up. 1Hz-rTMS applied to the SMA resulted in significant 
clinical improvement and normalization of the right hemisphere 
hyperexcitability, thus, re-establishing hemispheric symmetry in 
MT. 

 With regard to the randomized controlled studies, Alonso et al. 
[77] administered 18 sessions (3 days per week for 6 weeks) of 
rTMS to 18 OCD patients (10 for rTMS and 8 for sham-rTMS), 
with 1 Hz-rTMS administered at 110% MT for 20 min (1200 
pulses/day) over the right DLPFC. Assessments were performed at 
baseline and weekly until 10 weeks after rTMS. A slightly greater 
reduction in obsessions was found in the rTMS group; however 
there was no significant difference between groups according to 
obsession or compulsion scales and total scores of Y-BOCS and 
HAM-D. 

 Similarly, Prasko et al. [78] administered 10 sessions (5 days 
per week for 2 weeks) of rTMS to 30 drug-resistant OCD patients 
(18 for rTMS and 12 for sham-rTMS), with 1 Hz-rTMS 
administered at 110% MT for 30 min (1800 pulses/day) over the 
left DLPFC. Patients were rated before the treatment (week 0), after 
10 days of stimulation (week 2) and 2 weeks after stimulation 
(week 4) on CGI, HAM-A, BAI, Y-BOCS. Rating scales were 
administered the day before the first rTMS administration, then 
after 2 weeks (after 10 stimulation) and again after 4 weeks (2 
weeks after last stimulation). The result was a significant reduction 
in anxiety measures. Both rTMS- and sham-rTMS groups displayed 
a significant reduction in measures on the HAM-A and Y-BOCS 
scales, however, no significant difference was found between the 
groups. 

 Sachdev et al. [79] administered 10 sessions (5 days per week 
for 2 weeks) of rTMS to 18 drug-resistant OCD patients (10 for 
rTMS and 8 for sham-rTMS), with 10 Hz-rTMS administered at 
110% MT for 15 min (1500 pulses/day) over the left DLPFC. After 
the 2 weeks, no significant reduction in anxiety symptoms was 
observed between groups. Then, at the end of the treatment, patients 
were unblinded and given the option of a further 2 weeks (10 
sessions) of rTMS if they had received real-rTMS, or 4 weeks (20 
sessions) of rTMS if they had received sham-rTMS. After such 
further treatment a significant reduction in obsessive symptoms was 
verified through the Y-BOCS scale. 

 Kang et al. [80] administered 10 sessions (5 days per week for 
2 weeks) of rTMS to 20 drug-resistant OCD patients (10 for rTMS 
and 10 for sham-rTMS), with 1 Hz-rTMS administered at 110% 
MT for 20 min (1200 pulses/day) over the right DLPFC and 
sequentially at 100% MT for 20 min (1200 pulses/day) bilaterally 
over the supplementary motor area. There were no significant 

differences over 4 weeks between the rTMS and sham-rTMS 
groups on the YBOCS and the Montgomery-Asberg Depression 
Rating Scale. These findings suggest that 10 sessions of sequential 
rTMS of the right DLPFC and the SMA at 1Hz-rTMS had no 
therapeutic effect on OCD. 

 Ruffini et al. [81] administered 15 sessions (5 days per week for 
3 weeks) of rTMS to 23 drug-resistant OCD patients, with 1 Hz-
rTMS (16 for rTMS and 7 for sham-rTMS) administered at 80% 
MT for 10 min (600 pulses/day) over the left OFC. The OCD 
symptoms, mood, and anxiety were rated at baseline, at the end of 
treatment, and once every 2 weeks at the 3-month follow-up. There 
was a significant reduction in Y-BOCS scores when comparing 
rTMS to sham-rTMS for 10 weeks after the end of treatment: this 
effect was no longer apparent after 12 weeks. There was also a 
reduction in anxiety and depression symptoms, but not a significant 
difference between the 2 groups. The authors suggested that 1Hz-
rTMS applied to the left OFC produced a significant but time-
limited improvement in the OCD patients. 

 Mantovani et al. [82] administered 20 sessions (5 days per 
week for 4 weeks) of rTMS to 18 drug-resistant OCD patients (9 
for rTMS and 9 for sham-rTMS), with 1 Hz-rTMS administered at 
100% MT for 20 min (1200 pulses/day) bilaterally over the SMA. 
At the end of the treatment, both, non-responders to sham-rTMS 
and responders to active- or sham-rTMS received the option of a 
further four weeks of open active-rTMS. After the additional 4 
weeks, the response rate was 67% with the active- and 22% with 
the sham-rTMS. The patients who received 4 weeks of active-rTMS 
exhibited a 25% reduction in the Y-BOCS compared to a 12% 
reduction found in sham-rTMS group. In those who received 8-
weeks of active-rTMS, OCD symptoms improved on the average 
by 50%. In addition, in the patients subjected to active-rTMS, the 
MT increased significantly over time in the right hemisphere. After 
4 weeks of rTMS application, the abnormal hemispheric laterality 
found in the group randomized to active-rTMS was normalized. 

 Sarkhel et al. [83] administered 10 sessions (5 days per week 
for 2 weeks) of rTMS to 42 OCD patients, with 10 Hz-rTMS (21 
for rTMS and 21 for sham-rTMS) administered at 110% MT for 20 
min over the right PFC. The results were rated on YBOCS, HAM-
D, HAM-A and CGI-S at baseline, day 14 and day 28. They 
reported a significant reduction in OCD symptoms and a significant 
improvement in mood in both rTMS and sham-rTMS groups. 
However, the 10Hz-rTMS treatment was not superior to sham 
according to the Y-BOCS scores. The authors concluded that 10Hz-
rTMS applied to right PFC did not have significant effect in the 
treatment of OCD, but, that, 10Hz-rTMS was modestly effective in 
the treatment of comorbid depressive symptoms in the patients with 
OCD. 

 In conclusion, the significant number of drug-resistant patients 
suffering from OCD makes a continuation of research on alternative 
treatment approaches necessary and important. Yet, until today the 
findings reported above do not support that rTMS, as hitherto 
applied, is an effective treatment for OCD, since only 2 sham-
controlled studies yielded positive results [81, 82]. Regarding the 
treatment courses, these appear to be inadequate. In the literature on 
the therapeutic rTMS effects in depression, it is clearly suggested 
that 4 weeks (i.e., 20 sessions) of rTMS administered on 
consecutive weekdays are necessary for achieving consistent 
antidepressant effects. In contrast, in the OCD studies, only Alonso 
et al. [77] and Mantovani et al. [82] assessed the effects of rTMS 
compared to sham-rTMS over at least 4 weeks. However, rTMS 
was only given three-times per week by Alonso et al. [77], in 
contrast to Mantovani et al. [82] that administered rTMS five-times 
per week. 

 At least 2 studies may have been underpowered, suggesting that 
results may be attributed to a type II error [77, 78]. The low placebo 
response reported in OCD patients supports this suspicion. 
However, Sachdev et al. [79] noted that given the effect size in 
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their study, a very large sample would have been required to 
demonstrate a group difference. In addition, all sham-controlled 
studies used methods that are recognized to provide adequate 
blinding (active coil, 45° or 90° to the head or inactive coil on the 
head with active coil discharged in 1 m-distance) [77-83, 86-88]. 

 Six of these studies controlled for antidepressant effects [78, 79, 
81-83, 88]. This is important, since application of rTMS to the PFC 
has antidepressant effects [60, 89] and since comorbid depression is 
common in patients with OCD [90]. As such, it is very difficult to 
assess the effects of rTMS on OCD independent of depression. 

 The neural circuitry underlying OCD is not exclusively cortical. 
Thus, given that rTMS is a focal treatment that is known to result in 
cortical depolarization up to a depth of 2 cm, it is unlikely that the 
application of rTMS to the PFC is sufficient to modify abnormal 
subcortical circuitry in OCD, despite known trans-synaptic effects 
[91]. 

 Nonetheless, the current findings provide sufficient grounds to 
justify further investigations into the potential therapeutic 
applications of rTMS for OCD. These future studies should be well 
controlled using a more sophisticated sham system in larger 
samples in order to confirm or falsify the therapeutic effect of 
rTMS in obsessive-compulsive disorder. 

PTSD 

 The main symptoms of PTSD include intrusive memories, 
flashbacks, hypervigilance, sleep disturbance, avoidance of 
traumatic stimuli, physiological hyperresponsivity and numbing of 
emotions and social dysfunction [16]. Neuroimaging studies have 
demonstrated that PTSD is associated with hyperactivity of the 
amygdala and hypoactivity in the PFC [92-96]. Several studies had 
indicated abnormalities involving the PFC, in particular the OFC 
and the DLPFC, and limbic regions, particularly the right 
hemisphere [86, 97, 98]. Accordingly, rTMS applied to the PFC has 
been considered as a potential therapeutic technique for PTSD 
treatment [99]. Cosequently, it was hypothesized that low-rTMS 
applied to the cortical areas of the right hemisphere would lead to a 
decreased activity in those areas, which could contribute to the 
treatment of the functional cerebral abnormalities associated with 
PTSD [15, 16]. Accordingly, 2 non-controlled studies [100,101] 
and 2 controlled were conducted [86, 88]. 

 Grisaru et al. [100] administered 1 session of rTMS to 10 PSTD 
patients, with 0.3 Hz-rTMS administered at 100% MT for 35 min 
(450 pulses) to left and right M1 on the same day. The patients 
were assessed at four time points: 2 hours before, rTMS (baseline), 
24 hours following rTMS, and 1 week and 28 days after the single 
session. rTMS application led to a significant reduction in PTSD 
symptoms (i.e., avoidance, anxiety and somatization) as reflected in 
both the Symptoms Checklist and CGI-S. These effects lasted for 
24 hours to 28 days. 

 Rosenberg et al. [101], administered 10 sessions (5 days per 
week for 2 weeks) of rTMS to 12 drug-resistant patients with PSTD 
and depression, with 1 and 5 Hz-rTMS (6 for 1Hz-rTMS and 6 for 
5Hz-rTMS) administered at 90% MT for 15 min (600 pulses/day) 
over the left PFC. The assessment was administered after the first 
and fifth rTMS treatments with the application of the Profile of 
Mood States, and the HAM-D. The Mississippi Scale of Combat 
Severity, and the University of Southern California Repeatable 
Episodic Memory Test were administered after the final rTMS 
treatment (10 weeks) and at a 1-month and 2-month follow-up. The 
authors report a significant improvement of hostility, insomnia and 
anxiety, but only minimal improvements in PTSD symptoms. 
Seventy-five percent of the patients had a clinically significant 
antidepressant response after rTMS, and 50% had sustained 
response at the 2-month follow-up. 

 Cohen et al. [86] administered 10 sessions (5 days per week for 
2 weeks) of rTMS to 24 PSTD patients, with 1Hz-rTMS (n = 8), 

10Hz-rTMS (n = 10) or sham-rTMS (n = 6) administered at 80% 
MT for 20 min over the right DLPFC. The group that was treated 
with 1Hz-rTMS received 100 stimuli per day, in contrast to 10Hz-
rTMS and a sham-rTMS group that received 400 stimuli per day. 
When compared to the other groups, the 10Hz-rTMS group showed 
improvements of PTSD symptoms (re-experiencing and avoidance) 
in the PTSD check list and Treatment Outcome for PTSD scale. 
Also, a significant reduction of general anxiety levels, lasing for 14 
days, was observed. 

 Boggio et al. [88] administered 10 sessions (5 days per week 
for 2 weeks) of rTMS to 30 PSTD patients (20 for rTMS and 10 for 
sham-rTMS), with 20 Hz-rTMS administered at 80% MT for 20 
min (1600 pulses/day) over the left (n = 10) and right PFC (n = 10). 
The severity of core PTSD symptoms, depression, and anxiety were 
assessed before, during, and after the treatment. In addition, a 
neuropsychological battery was applied before and after treatment. 
The authors showed that 20Hz-rTMS applied to both left and right 
DLPFC as compared to sham-rTMS led to a significant decrease in 
PTSD symptoms according to the PTSD Checklist and Treatment 
Outcome PTSD Scale. However, 20Hz-rTMS applied to the right 
DLPFC had a larger effect as compared to the left DLPFC. These 
effects were long lasting and significant at the 3-month follow-up. 
Moreover, a significant improvement of mood after application of 
20Hz-rTMS to the left DLPFC and a significant reduction of 
anxiety following application to the right DLPFC were reported. 
The results of the neuropsychological battery indicated that 20Hz-
rTMS was not associated with cognitive deterioration and is safe 
for use in PTSD patients. 

 The findings above suggest that the positive effect of high 
frequency of rTMS in the right PFC, particularly in the right 
DLPFC, may be related to the re-establishment of connectivity 
between an underactive PFC, which is theorized to mediate 
amygdala activity and amygdala hyperactivity in PTSD, by 
increasing PFC activity. Alternatively, the result could be 
associated with increased activation of the hypothalamic-pituitary-
adrenal (HPA) axis, suggesting an association between right 
prefrontal and HPA axis hypoactivity [86, 88]. Given the effects of 
rTMS in depression, stimulation in the right PFC with high 
frequency would then theoretically worsen depressive symptoms 
that are generally comorbid, since hyperactivity of the HPA axis is 
commonly implicated in the pathogenesis of depression [102]. The 
results, in general support the idea that modulation of the right PFC, 
more specifically the right DLPFC, is capable of reducing PTSD 
symptoms, suggesting that high-rTMS might be an optimal 
treatment strategy. The data on PTSD are too preliminary to make 
an informed decision on the role of rTMS in its treatment, and 
additional work is needed. 

PD 

 PD is known for recurrent and unexpected attacks of sudden 
onset and short duration (10-15 min). A panic attack may be 
followed for up to one month by persistent worry regarding another 
panic attack. It may consist of several symptoms, such as, feelings 
of shortness of breath, subsequent hyperventilation, palpitations, 
chest pain, sweating, chills, nausea, trembling, fear of dying or 
losing control, numbness, and a feeling of detachment or unreality. 
Neuroimaging studies have verified that the DLPFC and amygdala 
are involved in PD [34,103-105]. 

 After extensive search for reliable evidence, only one controlled 
study was found: Prasko et al. [87] administered 10 sessions (5 
days per week for 2 weeks) of rTMS to 15 drug-resistant PD 
patients (7 for Hz-rTMS and 8 for sham-rTMS), with 1 Hz-rTMS 
administered at 110% MT for 30 min (1800 pulses/day) over the 
right DLPFC. All participants exhibited a reduction of anxiety 
symptoms, as verified by the CGI, Panic disorder severity scale 
(PDSS), HAM-A and Beck anxiety inventory (BAI), however, no 
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significant differences for PD symptoms were found between the 
treatment- and sham-groups. 

GAD 

 The main characteristic of GAD is excessive and persistent 
worry (present for at least 6 months) in various aspects of life (e.g., 
at work or school performance) or in relation to wellness of family 
members [16]. Other symptoms include irritability, restlessness and 
impaired concentration. In addition, somatic symptoms can include 
muscle tension, sweating, dry mouth, nausea, and diarrhea. 
Regarding the circuitry of areas involved in GAD, an fMRI study 
showed that limbic or frontal regions were activated in patients with 
a high degree of hesitation; the same areas were found to be 
deactivated when less anxious individuals were exposed to 
anxiogenic situations [106]. For instance, in a fMRI study, Monk et 
al. [107] demonstrated a strong and negative coupling between 
right amygdala and right ventrolateral prefrontal cortex (vlPFC) 
when subjects were asked to respond to angry faces. Similarly, 
investigations of GAD have demonstrated activation of amygdala, 
cortex insular bilaterally, limbic and striatal areas, suggesting an 
involvement on dopaminergic function in the striatal and limbic 
circuits [16, 108].  conjunção and Ouvir Ler foneticamente .
 Based on the idea of an interhemispheric imbalance and/or a 
deficit in cortico-limbic control as a model for human anxiety, the 
application of 1Hz-rTMS over prefrontal cortex has demonstrated 
benefits in PTSD patients [86, 88]. However, no controlled study 
(sham-rTMS) was performed with GAD patients, which makes it 
impossible at the moment to make statements about the possible 
efficiency of TMS against GAD. Bystrisky et al. [109] intended to 
identify in GAD patients a critical area of activation within the 
prefrontal cortical areas that could be used to target rTMS 
treatment. The authors administered 6 sessions (2 days per week for 
3 weeks) of rTMS to 10 GAD patients, with 1 Hz-rTMS 
administered at 90% MT for 15 min (900 pulses/day) over the right 
DLPFC. Patients were rated on the HAM-A, HAM-D, CGI-S and 
Four-Dimensional Anxiety and Depression Scale, showing a 
significant reduction in anxiety symptoms on both HAM-A, CGI-S, 
HAM-D scales. 

 Investigations regarding the efficacy of rTMS in anxiety 
disorders have been inclined to look at certain anxiety disorders, 
such as OCD, PTSD and PD, and have failed to adequately address 
GAD. In fact, so far there have been no randomized sham-
controlled studies of rTMS in GAD patients. The assessment of the 
efficacy of rTMS in other disorders is vital, since GAD contributes 
significantly to the high rate of comorbidity between anxiety 
disorders and depression [110]. 

SUMMARY AND FUTURE DIRECTIONS 

 In conclusion, there is yet no conclusive evidence of the 
efficacy of rTMS as a treatment for anxiety disorders. While 
positive results have frequently been reported in both open and 
randomized controlled studies, several treatment parameters, such 
as location, frequency, intensity and duration, have been used 
unsystematically, making the interpretation of the results difficult 
and providing little guidance on what treatment parameters (i.e., 
stimulus location and frequency) may be the most useful for 
treating anxiety disorders. Sham-controlled research has often 
reported symptom improvement in all participants, and has been 
unable to distinguish between response to rTMS and sham-rTMS 
treatment [78, 79, 87], indicating that any positive clinical effect 
may be largely attributed to a placebo effect. 

 A possible explanation with respect to the efficacy of rTMS in 
anxiety disorders treatment is limited by the focal nature of the 
stimulation, with only the superficial cortical layers likely to be 
directly affected. At present, using available TMS technology, it is 
not possible to directly stimulate more distant cortical areas, such as 
OFC, and also subcortical areas, such as amygdala, hippocampus 

and striatum, which are most likely to be relevant to the 
pathogenesis of anxiety disorders [3]. Effects in subcortical areas 
are thought to be indirect, via trans-synaptic connections [91]. In 
addition, the underlying neurobiological disturbance in anxiety 
disorders may be too diffuse to be easily targeted with TMS 
technology. Thus, we recommend further studies to clearly 
determine the role of rTMS in the treatment of anxiety disorders. 
Finally, it must be remembered that however exciting the 
neurobiological mechanisms might be, the clinical usefulness of 
rTMS will be determined by the ability to provide patients with 
anxiety disorders with safe, long-lasting and substantial 
improvements in quality of life. Key advances in rTMS and 
neuroimaging technology may guide and support this aim. 

ABREVIATIONS 

CGI-S = Clinical Global Impression-Severity of Illness 

DLPFC = Dorso lateral prefrontal cortex 

EPM = Elevated plus-maze 

fMRI = Functional magnetic resonance imaging 

GAD = Generalized anxiety disorder 

HAM-A = Hamilton Rating Scale for Anxiety 

HAM-D = Hamilton Rating Scale for Depression 

HPA = Hypothalamic-pituitary-adrenal 

L = Left 

LTD = Long-term depression 

M1 = Primary motor cortex 

MEP = Motor evoked potential 

ms = Milliseconds 

MT = Motor threshold 

OCD = Obsessive compulsive disorder 

OFC = Orbitofrontal cortex 

PD = Panic disorder 

PTSD = Posttraumatic stress disorder 

R = Right 

rTMS = Repetitive transcranial magnetic stimulation 

SMA = Supplementary motor area 

TMS = Transcranial magnetic stimulation 

Y-BOCS = Yale Brown Obsessive Compulsive Scale 
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