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Abstract 

A group of European experts reappraised the guidelines on the therapeutic efficacy of 

repetitive transcranial magnetic stimulation (rTMS) previously published in 2014 [Lefaucheur et al., 

Clin Neurophysiol 2014;125:2150-206]. These updated recommendations take into account all rTMS 

publications, including data prior to 2014, as well as currently reviewed literature until the end of 

2018. Level A evidence (definite efficacy) was reached for: high-frequency (HF) rTMS of the primary 

motor cortex (M1) contralateral to the painful side for neuropathic pain; HF-rTMS of the left 

dorsolateral prefrontal cortex (DLPFC) using a figure-of-8 or a H1-coil for depression; low-frequency 

(LF) rTMS of contralesional M1 for hand motor recovery in the post-acute stage of stroke. Level B 

evidence (probable efficacy) was reached for: HF-rTMS of the left M1 or DLPFC for improving 

quality of life or pain, respectively, in fibromyalgia; HF-rTMS of bilateral M1 regions or the left 

DLPFC for improving motor impairment or depression, respectively, in Parkinson’s disease; HF-

rTMS of ipsilesional M1 for promoting motor recovery at the post-acute stage of stroke; intermittent 

theta burst stimulation targeted to the leg motor cortex for lower limb spasticity in multiple sclerosis; 

HF-rTMS of the right DLPFC in posttraumatic stress disorder; LF-rTMS of the right inferior frontal 

gyrus in chronic post-stroke non-fluent aphasia; LF-rTMS of the right DLPFC in depression; and 

bihemispheric stimulation of the DLPFC combining right-sided LF-rTMS (or continuous theta burst 

stimulation) and left-sided HF-rTMS (or intermittent theta burst stimulation) in depression. Level A/B 

evidence is not reached concerning efficacy of rTMS in any other condition. The current 

recommendations are based on the differences reached in therapeutic efficacy of real vs. sham rTMS 

protocols, replicated in a sufficient number of independent studies. This does not mean that the benefit 

produced by rTMS inevitably reaches a level of clinical relevance. 

 

Keywords: Cortex; indication; neurology; neuromodulation; noninvasive brain stimulation; 

psychiatry; treatment. 
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Highlights 

• rTMS can produce significant clinical improvement in various neurological and psychiatric 

disorders. 

• Updated guidelines on the therapeutic use of rTMS are presented, including 2014-2018 

publications. 

• Higher evidence of efficacy is present in the areas of depression, pain, and postacute motor 

stroke. 
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1. Introduction 

 

In November 2014, a consensus paper was issued in Clinical Neurophysiology (Lefaucheur et 

al., 2014), reporting guidelines established by a group of European experts on the therapeutic use of 

repetitive transcranial magnetic stimulation (rTMS), based on evidence published until March 2014. In 

the light of the many articles published in this domain during the last four years, it appeared necessary 

to update these recommendations. 

The same methodology was used as for the initial article, with bibliographic research and 

critical reading by at least two experts for each clinical indication. First, studies were classified into 

four classes. A Class I study was defined as a randomized, sham-controlled clinical trial including 25 

or more patients receiving real stimulation therapy, with clearly reported primary outcome, 

exclusion/inclusion criteria, randomization/blinding procedure, and statistical analyses, and taking into 

account study bias, due to the heterogeneity of baseline characteristics among treatment groups, 

possible carry-over effects (for crossover studies), or dropouts for example. A Class II study was a 

randomized, placebo-controlled trial of between 10 and 25 patients receiving real stimulation therapy 

with the same high levels of methodological quality as a Class I study or a study with a larger sample 

but not filling all the aforementioned criteria of high methodological quality. Class III studies were all 

other controlled trials with lower methodological quality, but only studies with at least 10 patients 

receiving real stimulation therapy were taken into account in making these recommendations. Class IV 

studies were uncontrolled studies or case series. 

A level of evidence of rTMS efficacy or inefficacy was determined for each indication, taking 

care that the results were obtained with the same method of stimulation applied in patients with the 

same clinical profile. A Level A (“definitely effective or ineffective”) required at least two Class I 

studies or one Class I study and at least two Class II studies. Level B (“probably effective or 

ineffective”) required at least two Class II studies or the combination of one Class I or II study and at 

least two Class III studies. Level C (“possibly effective or ineffective”) required at least two Class III 

studies or any combination of two studies of different Classes I, II or III. The evaluation was based on 

the overall result of the difference between all studies showing beneficial results and those showing 

non-significant or detrimental results. No recommendation was made if there were less than two 

studies of different Classes I, II or III replicating concordant beneficial results in series of 10 or more 

patients receiving real stimulation therapy. For this grading, when a given research group published 

several studies with the same methodology for the same clinical indication, only one study from this 

group was considered (the one of the best class). Trials performed in healthy subjects or using single-

session protocols were not considered in this work to focus on the potential therapeutic impact of 

repeated rTMS sessions in the short or long term. 

This article presents tables summarizing the data reported for each indication in which at least 

two comparable studies (with the same methodology) of Class I to III were published by independent 

groups from March 2014 to the end of December 2018. This period of literature search is subsequent 
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to that our previous work. For information, table data corresponding to papers published before March 

2014 and reviewed in our previous article (Lefaucheur et al., 2014) are available as e-only 

supplementary material to the present article (e-table 1). The recommendations proposed in this article 

refer not only to the 2014-2018 period but also take into account all previous data analyzed in the 2014 

article. Thus, for all the sections, the current guidelines are based on the whole literature database 

since the beginning of rTMS publications. 

 

2. Pain 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND pain) identified 165 

papers in the 2014-2018 period, including 17 original sham-controlled studies with at least 10 patients 

receiving real stimulation for several daily sessions. 

 

2.1. Motor cortex stimulation in neuropathic pain 

 

In our previous work (Lefaucheur et al., 2014), a Level A of definite analgesic effect was 

stated for the use of HF rTMS of the primary motor cortex (M1) applied contralaterally to the pain 

side in patients with neuropathic pain. During the 2014-2018 period, four sham-controlled Class II 

studies with limited sample size were published, all confirming the beneficial effect of this procedure 

(Table 1). 

In one study, a total of 40 patients with postherpetic neuralgia were randomly assigned to 

receive 10 sessions of real (n=20) or sham (n=20) rTMS of M1 over two weeks (Ma et al., 2015). The 

pattern of stimulation was relatively unusual, consisting of 300 trains of 5 seconds with an intertrain 

interval of 3 seconds for a total of 1500 pulses delivered at 80% of the resting motor threshold (RMT) 

in a session of 40 minutes. The real rTMS group had greater pain reduction than the sham group with 

an average pain reduction of 45-50% persisting at 3 months after the last rTMS session. Half of the 

patients who received real rTMS were considered responders (> 50% pain intensity score reduction). 

Analgesic effects were associated with an improvement in quality of life scores. 

Another sham-controlled parallel-arm study assessed the efficacy of 10 daily sessions of 

20Hz-rTMS of M1 performed over two weeks in 30 patients (15 real, 15 sham) suffering from 

neuropathic pain in the context of malignancy (Khedr et al., 2015). The pattern of stimulation was 

more usual, consisting of 10 trains of 10 seconds with an intertrain interval of 30 seconds for a total of 

2000 pulses delivered in a session of 6-7 minutes. The figure-of-8 coil was placed over the M1 

representation of the hand on the hemisphere contralateral to the painful side, with coil orientation 

parallel to the interhemispheric midsagittal line, as recommended (André-Obadia et al., 2008; 

Lefaucheur, 2016). The group of patients treated with real rTMS had greater improvement in pain 

intensity scores than the sham group, with an average pain reduction of 35-40% two weeks after the 

last session, but the beneficial effect disapppeared by one month. More than 80% of the patients were 
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considered responders (> 30% pain intensity score reduction). A short-lasting difference between real 

and sham stimulation was also observed in terms of depression and neuropathic symptom score 

improvement. The short duration of the rTMS sessions in this study (6-7 minutes) could explain the 

rather modest analgesic effects, regardless of the number of pulses per session, as suggested in another 

study (Hodaj et al., 2015). 

In a third study, the targeting was based on cortical maps provided by motor evoked potential 

(MEP) recording to TMS performed with a navigation system integrating magnetic resonance imaging 

(MRI) of the brain (Nurmikko et al., 2016). The trial enrolled 27 patients with unilateral neuropathic 

pain of various causes and locations who completed the study with the comparisons of three target 

sites: (i) the motor hotspot (i.e. the cortical site of the “affected hemisphere” where MEPs of maximal 

amplitude were obtained in the pain region); (ii) a cortical site where MEPs were found in TMS maps 

of the “affected” hemisphere but not at an equivalent location in the contralateral “unaffected” 

hemisphere; (iii) the occipital fissure serving as "active" control condition. The pattern of 10Hz-rTMS 

consisted of 20 trains of 10 seconds with an intertrain interval of 50 seconds for a total of 2000 pulses 

delivered in a session of 20 minutes. Five daily sessions were performed in a crossover design. Real 

rTMS produced greater pain reduction, regardless of the type of motor cortical target compared to the 

control procedure, which was a real stimulation delivered over the occipital fissure. The analgesic 

effect was very small (less than 15% on average) but maintained at least two weeks, and 30% of the 

patients were considered responders (> 30% pain intensity score reduction). 

Finally, a fourth sham-controlled Class II study with parallel arm design compared the 

efficacy of 3 daily sessions of 10Hz rTMS of M1 to anodal transcranial direct-current stimulation 

(tDCS) of the same site in a series of 32 patients with lower limb neuropathic pain due to lumbosacral 

radiculopathy (21 real, 11 sham) (Attal et al., 2016). In this study, the motor cortical area 

corresponding to the hand on the painful site was stimulated, although patients had lower limb pain. 

The pattern of stimulation consisted of 30 trains of 10 seconds with an intertrain interval of 20 seconds 

for a total of 3000 pulses delivered in a session of 15 minutes. Real rTMS was superior to real tDCS 

and sham condition by decreasing the intensity of pain by 60% at the end of the stimulation protocol, 

with a significant pain relief lasting up to 5 days. Unfortunately, the protocol of stimulation was quite 

short (3-session protocol) and longer lasting effects were not assessed. Also, the mean percentage of 

pain relief was smaller than in previous studies, but all patients had lower limb neuropathic pain, 

which is a condition that may be less favorable than face or upper limb neuropathic pain for the 

efficacy of motor cortex rTMS (Lefaucheur et al., 2004). Nevertheless, this study showed that the rate 

of responders was greater after real rTMS (> 30% pain intensity score reduction in 43% of patients 

and > 50% pain intensity score reduction in 30% of patients) than after real tDCS or sham procedure. 

In summary, in the light of these recent studies, our recommendation on the level of evidence 

regarding the analgesic efficacy of HF-rTMS of M1 contralateral to neuropathic pain side did not 

change (Level A). Some lessons could possibly be drawn from these four studies, suggesting that the 
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analgesic effect is favored by longer session duration and serial treatment (i.e. greater number of 

sessions). 

- Insert Table 1 - 

However, it is still unclear whether targeting the somatotopic area of the motor cortex 

corresponding to the painful region or only the hand area in all cases is of critical importance to 

produce analgesic effects. While there is a consensus to stimulate the motor cortex contralateral to the 

side of pain (or the left cortex in case of bilateral or diffuse pain), the exact location of the optimal 

target to be stimulated within M1 is not yet defined. Overall, two strategies are possible: either to 

stimulate the motor cortical representation of the painful region or to stimulate the hand motor area 

whatever pain location. Then, in each case, two additional possibilities are offered: either to target the 

motor hotspot (defined as the cortical site where MEPs of maximal amplitude are obtained in a muscle 

of a given body region) or to target the motor cortical representation of the same body region using a 

navigation system integrating individual morphological or functional MRI data.  

Two studies partially addressed these questions by evaluating the analgesic effects of a single 

rTMS session performed under neuronavigation guidance. The first study (Andre-Obadia et al., 2018a) 

compared the value of HF-rTMS delivered to the hand or face motor hotspot in 32 patients suffering 

of upper limb (n=20) or facial (n=12) pain. This study showed that real rTMS was more efficacious on 

pain when delivered over the hand motor area than the face area whether pain was located at the hand 

or the face. Thus, the hand motor hotspot, which is easy to determine, could be the target of choice for 

neuropathic pain treatment, regardless of the location of pain. In this case, the use of a navigation 

system could simply consist of registering the target location to facilitate the repositioning of the coil 

at the same place with the same orientation through the different sessions of an rTMS therapy 

procedure (Lefaucheur, 2010). However, a second study (Ayache et al., 2016) showed that anatomical 

targeting using MRI-guided navigation may provide a better target than the motor hotspot. This study 

included 66 patients with neuropathic pain of various causes and locations and compared the value of 

a navigated procedure targeting the anatomical representation of the painful zone to a non-navigated 

procedure targeting the hand motor hotspot. Indeed, for a given muscle territory (e.g., hand muscles), 

the anatomical cortical representation (e.g., "hand knob") may differ from the functional localization 

(e.g., "hand motor hotspot") (Ahdab et al., 2016). Navigation improved HF-rTMS efficacy compared 

to hand motor hotspot targeting, at least in patients with focal upper or lower limb pain.  

Although the level of evidence is high in favor of the analgesic efficacy of HF-rTMS of M1, 

this does not necessarily mean that the procedure is clinically relevant and deserves to be applied in 

routine practice. Mainly, one of the major limitations of published sham-controlled studies is the fact 

that they are based on low number of sessions (5 to 10) and duration of follow-up (less than 3 weeks). 

To address this issue, it is interesting to look at the results provided by open-label naturalistic studies 

that usually report results obtained over a prolonged period of time in real life setting. 

For example, in an open-label study of 18 patients with central poststroke pain (Kobayashi et 

al., 2015), sessions of HF-rTMS delivered over the motor cortex of the affected hemisphere were 
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repeated once a week for 12 weeks (3 months). The rTMS sessions produced an average pain relief of 

61%. Regarding individual results, pain relief was higher than 40% in 11 of the 18 patients (61%). A 

sustainable pain relief was observed in the 6 patients who continued the intervention for one year. 

Notably, the clinical benefit was better in patients without severe dysesthesia. 

Another group published two papers on their experience of using HF-rTMS delivered to M1 

(motor hand spot) over the long term to treat patients with central neuropathic pain of various origins 

and locations (Pommier et al., 2016; Quesada et al., 2018). In each rTMS session (26-min duration 

with 1600 stimulations), a figure-of-8 coil was positioned over the defined cortical target by a 

robotized arm under navigation guidance. The first phase of the protocol consisted of a series of four 

sessions performed within two months. Then, in ‘responders’ (defined as a percentage of pain relief > 

10%), the sessions were continued and repeated with intervals adapted to the duration of the analgesic 

effect for each individual. In their first paper (Pommier et al., 2016), these authors report a cumulative 

effect across sessions in 31 ‘responders’ (among 40 patients initially enrolled), leading to a mean pain 

relief of 41% for a duration of more than two weeks. In their second paper (Quesada et al., 2018), 

results are presented for 71 patients and confirmed the cumulative effect of rTMS sessions in the long 

term. After the first four sessions, the percentage of pain relief was 28% and the duration of pain relief 

was 11 days. After 12 months of treatment (15 sessions on average), the percentage of pain relief 

increased to 48% and the duration of pain relief to 20 days. No adverse events occurred, including no 

seizure. There was also a decrease in medication consumption, although not significant.  

A kind of cumulative impact of the repetition of rTMS sessions on pain relief was also 

observed in a naturalistic study based on a 6-month navigated rTMS protocol and follow-up and 

performed in patients with various types of facial pain or headache disorders, including cluster 

headache (Hodaj et al., 2015). Facial pain could be a favorable condition for the response to navigated 

10Hz-rTMS of M1, as also shown by Lawson McLean et al. (2018). In this open-label study, 48 

patients with various chronic neuropathic pain conditions (31 patients with facial pain) received 9 HF-

rTMS sessions. The overall rate of responders was 58%, but significantly better in patients with facial 

pain (71%) than limb pain (less than 44%). A shorter pain history (less than five years) was the other 

predictor of good outcome. At 6-week follow-up after 9 rTMS sessions, 42% of patients still reported 

a significant level of pain relief. 

The analgesic effects of rTMS in patients with chronic neuropathic pain were obtained using a 

HF, whatever the frequency (5, 10, or 20Hz) (Jin et al., 2015), but not at LF (Lefaucheur et al., 2001; 

André-Obadia et al., 2006; Saitoh et al., 2007). Regarding patterned rTMS paradigms, such as theta 

burst stimulation (intermittent (iTBS) or continuous (cTBS) protocols), reported data only concerned 

experimental or acute provoked pain (Antal and Paulus, 2010; Torta et al., 2013; Moisset et al., 2015; 

Annak et al., 2019) and TBS used as a priming protocol for HF-rTMS (Lefaucheur et al., 2012a; 

Gaertner et al., 2018), except one study showing a mild relief of orofacial pain after iTBS of M1 

(Kohútová et al., 2017). 
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Finally, a few words should be added regarding the mechanisms of analgesic action of rTMS 

delivered to M1. Some recent results highlighted a significant release of endogenous opioids within a 

bihemispheric brain network involved in the perception and modulation of pain, which was produced 

by a single session of 10Hz-rTMS of M1 in a positron emission tomography (PET) study based on 10 

healthy subjects (Lamusuo et al., 2017). This was consistent with previous observations made in 

chronic pain patients treated by invasive epidural motor cortex stimulation (Maarrawi et al., 2007, 

2013). However, the mechanisms of action of M1 stimulation in pain are surely more complex and 

multiple, involving various pain modulatory systems concerned in emotion, attention, and/or sensory 

discrimination processing, related to various neural pathways connecting different brain regions, 

thalamic nuclei, and/or the spine, and also with various neurotransmitter systems beyond endogenous 

opioids, such as glutamate, GABA, and/or dopamine for example (Lefaucheur, 2016, Moisset and 

Lefaucheur, 2019; Moisset et al., 2016; Nguyen et al., 2011). All of these factors can contribute to the 

development of long-term synaptic plasticity that provides significant pain relief beyond the time of 

stimulation. 

 

2.2. Other cortical targets in neuropathic pain 

 

A few studies addressed motor cortex rTMS therapy of neuropathic pain with a significantly 

different targeting approach from the usual procedure, in which a figure-of-8 coil is focally positioned 

over an anatomically- or functionally-defined motor target. These studies investigated the analgesic 

effect of repeated daily sessions of HF-rTMS using either various types of figure-of-8 coils applied 

over the vertex in patients with lower limb pain due to spinal cord injury (Yılmaz et al., 2014; Hodaj et 

al., 2018) or a H-coil (Onesti et al., 2013; Shimizu et al., 2017). In these two latter studies, a H10 coil 

provided a large, bilateral stimulation of the motor cortex strip, diffusing deep in the medial 

longitudinal fissure. The study of Onesti et al. (2013) included 23 patients, all suffering from lower 

limb pain due to diabetic polyneuropathy. This was a crossover study based on a 5-day 20Hz-rTMS 

protocol (1500 pulses per session). Real rTMS produced greater pain reduction than sham stimulation, 

lasting for three weeks. However, these results were not reproduced to date. A second study (Shimizu 

et al., 2017) enrolled 18 patients with neuropathic pain affecting the lower limb, but of various 

peripheral or central origins. This study had a cross-over design, with a short wash-out period of 17 

days between series of 5Hz-rTMS sessions delivered for 5 days (500 pulses per session) using an 

active or sham H-coil, or an active figure-of-8 coil, which had no proper sham-controlled condition. A 

reduction in pain intensity was observed immediately and 1 hour after rTMS using active H-coil but 

not figure-of-8 coil, compared to sham H-coil condition. This result had no clinical relevance, since no 

significant analgesic effect was observed in the 16-day period follow-up period after rTMS sessions, 

whatever the condition. 

In the small sham-controlled study of Yilmaz et al. (2014) performed in 16 patients with 

chronic pain secondary to spinal cord injury (SCI), 10 sessions rTMS delivered over the vertex at 
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suprathreshold intensity did not show superior analgesic efficacy when applied in real condition (9 

patients) versus sham condition (7 patients). This result is consistent with two previous negative rTMS 

studies on SCI pain (Defrin et al., 2007; Kang et al., 2009a), but also based on very small series of 

patients: 6 patients who received real stimulation (plus 5 patients in a sham rTMS group) in Defrin et 

al. (2007) and 11 patients in the sham-controlled crossover study of Kang et al. (2009a). In addition, 

there were significant differences in the stimulation protocol between these studies, such as targeting 

the vertex at 110-115% of RMT (Defrin et al., 2007, Yilmaz et al., 2014) or unilateral hand M1 

representation at 80% of RMT (Kang et al., 2009a). Thus, these studies may suggest that rTMS is not 

effective in SCI pain in contrast to other neuropathic pain conditions, but this conclusion deserves 

confirmation in further larger replication studies. 

One group also applied navigated HF-rTMS over the parieto-opercular cortex overlying the 

right secondary somatosensory area (S2) in patients with chronic neuropathic pain located in the 

orofacial region (Lindholm et al., 2015, 2016). The stimulation of this target produced significantly 

better analgesia than the stimulation of the primary sensorimotor cortex or sham rTMS. However, 

these studies were based on the short term effects of single rTMS sessions (up to 1 month after a 

single rTMS session given 1 month apart for the three stimulation conditions). The value of the right 

S2 target in patients with pain is consistent with a previous study in healthy subjects that showed some 

changes in the thresholds for the detection of thermal pain produced by such a protocol (Valmunen et 

al., 2009). Nevertheless, the long-term results provided by repeated HF-rTMS sessions over S2 are 

awaited. 

Because of the implication of the insula, especially its posterior part, in the experience of pain 

(Mazzola et al., 2009; Isnard et al., 2011), insular cortex stimulation with a double-cone coil was 

proposed as a method for producing pain modulation (Ciampi de Andrade et al., 2012). In two 

experimental studies, a double-cone coil was used to deliver a cTBS train over the insular cortex 

(Lenoir et al., 2018) or a brief TMS train over the anterior part of the middle cingulate cortex (D'Agata 

et al., 2015), both protocols resulting in a reduction of the perception of acute cutaneous pain elicited 

by laser or electrical stimulation. However, insular cortex stimulation with a double-cone coil recently 

failed to be effective in chronic central neuropathic pain, as well as cingulate cortex stimulation using 

a H6-coil (Galhardoni et al., 2019).  

One study assessed the value of 10 daily sessions of HF-rTMS delivered to the premotor 

cortex/dorsolateral prefrontal cortex (PMC/DLPFC) in patients with central poststroke pain (de 

Oliveira et al., 2014). This study was negative and was terminated after the evaluation of 21 patients 

because of a significant lack of efficacy in the real rTMS arm. In another study, HF-rTMS of the left 

PMC/DLPFC was applied in 12 patients with chronic neuropathic pain related to cervical or thoracic 

spinal cord injury (10 sessions of 1250 pulses/session over 2 weeks) (Nardone et al., 2017). Daily pain 

scores significantly decreased during rTMS sessions in the 6 patients who received real rTMS, but not 

in the 6 patients who received sham rTMS. However, pain relief did not last beyond the period of 

stimulation. Finally, it should be noted that no studies in the context of neuropathic pain treatment 
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used an appropriate DLPFC targeting method, which requires the application of a relevant 

neuronavigation approach (Mylius et al., 2013; Pommier et al., 2017). 

From all these results, no convincing alternative to focal stimulation using a figure-of-8 coil 

over M1 contralateral to pain side is currently relevant in rTMS therapy of neuropathic pain. 

 

2.3. Fibromyalgia and other dysfunctional chronic pain syndromes 

 

In our previous work, no recommendation was made for the use of rTMS to treat 

fibromyalgia, because two different targets had been evaluated (left M1 and left DLPFC) and most 

studies came from the same group of researchers for a given target, without results reproduced by 

independent teams in this indication. 

Regarding the left M1 target, one additional study was published during the 2014-2018 period. 

This Class II study with a parallel-arm design (Boyer et al., 2014) enrolled 38 patients with 

fibromyalgia (19 real, 19 sham) who received HF-rTMS delivered to the left M1 in 14 sessions over 

10 weeks. At week 11, the improvement in quality of life, especially in the mental, emotional, and 

social dimensions, was greater in the real arm than in the sham arm. Conversely, no significant 

difference was observed between real and sham rTMS concerning changes in pain intensity scores. 

The fact that rTMS of M1 may be beneficial for pain patients on their daily functioning and quality of 

life without any pain relief was also reported in neuropathic pain (Hodaj et al., 2018). Various Class II 

studies of another group (Passard et al., 2007; Mhalla et al., 2011) previously reported a significant 

improvement of quality of life in patients with fibromyalgia treated by HF-rTMS of M1, comparing 

real versus sham conditions. Thus, considering these concordant Class II studies, a recommendation 

can be made for a probable efficacy of HF-rTMS of the left M1 (Level B) in improving quality of life 

of patients with fibromyalgia (without any conclusion for the proper analgesic effect). 

The beneficial impact of HF-rTMS of M1 was also reported by one group in a chronic 

myofascial pain syndrome close to fibromyalgia. In a first study, these authors randomized 24 women 

with this clinical condition to receive 10 sessions of 10Hz-rTMS of the left M1 (12 real and 12 sham) 

(Dall'Agnol et al., 2014). Pain decreased more after real stimulation than sham, with daily pain score 

reduction by 30% and analgesic use reduction by 45%. In addition, the analgesic effect was associated 

with an increase in corticospinal excitability, descending inhibitory controls (conditioned pain 

modulation assessment), and brain-derived neurotrophic factor levels. In a second study performed in 

46 patients (23 real and 23 sham), the same group confirmed the beneficial effect of 10Hz-rTMS of 

the left M1 and did not find any additional effect of performing transcutaneous repetitive magnetic 

stimulation of muscles (Medeiros et al., 2016). 

Regarding the value of HF-rTMS delivered to the left DLPFC in fibromyalgia, a recent Class 

II study showed evidence for an impact on fatigue (Fitzgibbon et al., 2018). This parallel-arm study 

enrolled 26 patients with fibromyalgia (14 real, 12 sham) and a greater improvement in physical and 

general fatigue scores was observed after a total of 20 rTMS sessions over four weeks at one month 
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follow-up in the real versus sham condition. Regarding the analgesic effects, the difference between 

real and sham rTMS was observed in terms of responders (> 30% pain relief). A previous Class II 

study had also shown analgesic efficacy of HF-rTMS of the left DLPFC (29% difference in pain relief 

between real and sham conditions on average), but did not report the resulting changes in fatigue or 

sleep quality (Short et al., 2011). Thus, considering two concordant Class II studies, a Level B 

recommendation can be made for a probable analgesic efficacy of HF-rTMS of the left DLPFC in 

patients with fibromyalgia. In addition, in both studies, rTMS was well tolerated, with few minor side 

effects (e.g., discomfort, neck pain, or dizziness during stimulation), not significantly different 

between real and sham conditions. 

Thus, from our literature data analysis, it appears that in fibromyalgia, HF-rTMS of the left 

DLPFC is rather efficacious on pain, while HF-rTMS of the left M1 is rather efficacious on the quality 

of life. An opposite conclusion was rather expected, as illustrated for example by the meta-analysis of 

Hou et al. (2016), in which the pooled mean effect size of rTMS studies in fibromyalgia revealed 

significant favourable effects, but with subtle evidence for a better analgesic efficacy of M1 

stimulation and a better antidepressant efficacy of DLPFC stimulation. 

Finally, three studies should be mentioned, addressing the treatment of various pain 

syndromes that may share with fibromyalgia at least some common mechanisms of central 

sensitization. Firstly, in 20 patients (12 real, 8 sham) with burning mouth syndrome, 10Hz-rTMS of 

the left DLPFC was found to induce analgesic effects (Umezaki et al., 2016). At 2 months after the 

beginning of treatment, the pain intensity decreased by 67%, and 75% of the patients reported >50% 

pain decrease, without any change in mood or the affective aspect of pain. Secondly, 21 patients with 

irritable bowel syndrome were enrolled in a crossover study and received 5 daily sessions of rTMS of 

the left M1 (Melchior et al., 2014). Real and sham stimulations did not differ in the resulting changes 

in ongoing pain, pain threshold to rectal distension by a barostat balloon, and rectal compliance. 

However, pain tolerance assessed by the maximum tolerated volume of rectal distension was improved 

by real, but not by sham rTMS and this effect was greater in the subgroup of patients with the most 

marked rectal hypersensitivity. Finally, one class II crossover study addressed the value of 10 daily 

sessions of real or sham stimulation over the whole motor cortex using an H10-coil in 13 patients (7 

real and 6 sham) with bladder pain syndrome (Cervigni et al., 2018). Compared to sham, real 

stimulation improved pain and urinary symptoms and quality of life of the patients. The efficacy of 

LF-rTMS delivered over the DLPFC of both hemispheres using a figure-of-8 coil was also found to 

relieve most symptoms of bladder pain syndrome in one illustrative clinical case (Nizard et al., 2018). 

However, all these results cannot lead to any recommendation to date. 

 

2.4. Other pain conditions 

 

In the complex regional pain syndrome (CRPS) of type I, a Level C recommendation in favor 

of a possible analgesic effect of HF-rTMS of M1 was stated in our previous guidelines (Lefaucheur et 
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al., 2014). An additional study was recently published on a particular type of CRPS, i.e. shoulder pain 

occurring in post-stroke hemiplegic patients (Choi and Chang, 2018). In this study, the motor cortex of 

the stroke-affected hemisphere was stimulated over 10 sessions in 24 patients at chronic stroke stage. 

A significant pain relief (of 25-30%) was observed in the real but not the sham group up to 4 weeks 

beyond the time of stimulation. In contrast, rTMS did not change motor function and motricity index 

in the affected upper limb. These new results did not change our previous recommendation, which 

remains at Level C. 

Phantom limb pain is a particular neuropathic pain condition. One rTMS study was reported in 

this domain targeting M1 contralateral to the amputated limb (Malavera et al., 2016). In this large 

sham-controlled study of 54 patients (27 real and 27 sham), HF-rTMS was delivered 20 minutes per 

session, during 10 days. Real rTMS induced a greater reduction in pain intensity than sham 

stimulation, up to two weeks after the last session with a mean between-group difference of 30%. This 

effect was lost at one month follow-up. The percentage of responders (>30% pain intensity reduction) 

was 70% in the real group and 41% in the sham group. 

One study assessed the value of a 5-day HF-rTMS protocol, delivered at 20Hz over the right 

M1 (2,000 pulses per session) in 53 patients with low back pain (41 real and 12 sham), plus 26 

patients who received physical therapy as a control group (Ambriz-Tututi et al., 2016). The analgesic 

effect was found significantly better in the real rTMS group than both sham stimulation and physical 

therapy groups. The beneficial effect of real rTMS lasted up to 9 months using maintenance sessions, 

first every two weeks, then every two months.  

The main two rTMS targets in the pain domain, i.e. M1 and DLPFC, were also investigated in 

migraine and headache disorders.  

Since a first open-label study performed in 51 migraineurs (Misra et al., 2012), one group 

repeatedly report sham-controlled data in favor of the beneficial effect in migraine of series of 3 HF-

rTMS sessions delivered to the left M1 with a protocol similar to that is classically used in neuropathic 

pain (Misra et al., 2013; Kalita et al., 2016). In addition, the clinical improvement is associated with an 

increase in beta-endorphin plasma level (Misra et al., 2017). However, to our knowledge, no other 

group has reported the efficacy of repeated rTMS sessions delivered to the left M1 in migraine. 

Regarding the DLPFC target, no new data have been published since the two conflicting studies 

already discussed in our previous work (Brighina et al., 2004; Conforto et al., 2014). 

One group assessed the value of 4 sessions of 10Hz-rTMS delivered to the left M1 (Leung et 

al., 2016) or the left DLPFC (Leung et al., 2018) in chronic headache secondary to mild traumatic 

brain injury. In a first series of 24 patients, these authors showed a greater reduction in persistent 

headache intensity one week after real vs. sham M1 stimulation with a higher rate of responders 

(>50% pain intensity reduction) and a trend towards a lasting efficacy for four weeks (Leung et al., 

2016). In a second series of 29 patients (Leung et al., 2018), a greater reduction in persistent headache 

intensity was found one and four weeks after real vs. sham DLPFC stimulation (23-25% versus 1-2% 
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of pain relief) together with a higher rate of responders (>50% pain decrease) and a transient benefit 

on depression scores. 

In another series of 12 patients (Choi et al., 2018), the intensity of chronic diffuse pain 

secondary to mild traumatic brain injury was significantly reduced during and up to 4 weeks after 10 

sessions of 10Hz-rTMS applied to M1 of the affected hemisphere (1000 pulses/session) in the 6 

patients who received real rTMS compared to the 6 patients who received sham rTMS. 

Obviously, data are too sparse in chronic pain syndromes other than neuropathic pain or 

fibromyalgia to make any recommendation on the value of HF-rTMS delivered to the left M1 or the 

left DLPFC. 

Finally, in postoperative acute pain, only one sham-controlled study has been published in the 

2014-2018 period. In this large-sample study (Borckardt et al., 2014), 108 patients who underwent 

gastric bypass surgery were randomly assigned to receive 2 sessions of real or sham 5Hz-rTMS 

delivered over the left DLPFC, one session immediately following surgery and the other 4 h later. 

Both affective and sensory dimensions of pain were reduced in the patients who received 2 real rTMS 

sessions, but not patient-controlled opioid intake. 

 

3. Movement disorders 

 

3.1. Parkinson’s disease: motor symptoms 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND Parkinson's disease) 

identified 93 papers, including only 5 original sham-controlled studies with at least 10 patients 

receiving real stimulation for several daily sessions. 

As stated in our previous work (Lefaucheur et al., 2014) and in recent meta-analyses (Chou et 

al., 2015; Zanjani et al., 2015; Yang et al., 2018), reported data suggest an efficacy of HF-rTMS on 

parkinsonian motor symptoms, especially if delivered bilaterally over motor cortical regions. 

Additional data were provided by three recent sham-controlled studies (Table 2). First, a randomized 

crossover Class II study (Kim et al. 2015) included 17 parkinsonian patients and targeted the leg area 

of M1 with a double-cone coil (lateralized to the dominant hemisphere). Compared to a figure-of-8 

coil, a double-cone coil induces a much less focal and more deeply penetrating electric field (Deng et 

al., 2014). After 5 daily sessions of 10Hz-rTMS, the number of steps required to complete the standing 

start 180° turn test and the freezing of gait questionnaire (primary outcome measure) significantly 

improved in the real as compared to the sham condition, with a benefit lasting for at least one week 

after the last rTMS session. In addition, the global motor performance assessed by the unified 

Parkinson’s disease rating scale (UPDRS) part III score (secondary outcome measure) improved by 

26%. The same group later published a pilot study including 8 patients with various atypical 

parkinsonism (vascular parkinsonism, progressive supranuclear palsy, or multiple system atrophy) and 
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using exactly the same study design (Chang et al., 2016). In this study, HF-rTMS was delivered over 

the leg representation of M1 for 5 consecutive days and also improved freezing-of-gait. 

Therefore, using a large double-cone coil, but not a focal figure-of-8 coil (Rektorova et al., 

2007), beneficial effects of repeated sessions of HF-rTMS applied to M1 leg area may help to improve 

freezing-of-gait of various origins. Further research is needed to reach a sufficient level of evidence to 

make specific recommendation. 

Finally, the same group assessed the additional value of combining anodal tDCS over the left 

DLPFC (right supraorbital cathode) with HF-rTMS of M1 (16 patients receiving dual active rTMS and 

tDCS versus 16 patients receiving real rTMS and sham tDCS) (Chang et al., 2017). The dual 

stimulation yielded a significantly better outcome in executive functions, but not regarding 

improvement of freezing, motor and ambulatory functions compared to rTMS of M1 alone. 

Two other studies showed that rTMS of bilateral M1 regions, targeted over the motor hotspots 

of hand representation, was an effective treatment of parkinsonian motor symptoms (Brys et al., 2016; 

Makkos et al., 2016). In the sham-controlled, parallel-group study of Makkos et al. (2016), the primary 

endpoint was the change in mood, while motor performance was a secondary endpoint. The patients 

improved on both aspects after 10 sessions of real rTMS over two weeks (23 patients in the real rTMS 

arm). The study of Brys et al. (2016) enrolled a large sample of 50 patients with Parkinson's disease 

also with comorbid major depression (according to DSM-IV criteria), but only 14 patients were 

analyzed in the real M1 rTMS group (Class II study). In this multicenter, double-blind, sham-

controlled, parallel-group study, a "realistic" sham procedure was applied (Rossi et al., 2007), 

combining the use of a sham coil and electric stimulation of the scalp at the level of the coil with 

electrodes connected to a constant current stimulator. For each M1 target (defined as the hand motor 

hotspot), the rTMS protocol consisted of 50 trains of 4 seconds with an intertrain interval of 11 

seconds for a total of 1000 pulses delivered in a session of 12.5 minutes. Parkinsonian patients in the 

"on-drug" state received 10 daily sessions over two weeks, the left and right M1 being sequentially 

stimulated during each session. At one month after the last rTMS session, the motor symptoms, 

especially bradykinesia and rigidity, as assessed by the UPDRS-III score, significantly improved after 

real versus sham stimulation (reduction by 15% (4.9 points) compared to baseline). This effect was 

considered as a minimal clinical change and was not observed when the left DLPFC was stimulated in 

addition to the both M1 regions. Previous Class II studies of HF-rTMS delivered to bilateral M1 

regions (upper and/or lower limb representation) had shown a significant improvement on UPDRS-III 

score of 19% (González-Garcıá et al., 2011; Maruo et al., 2013) or ranging between 15 and 49% 

depending on stimulation frequency (5-20Hz) (Khedr et al., 2003, 2006). Conversely, other studies 

performed in PD patients did not show any beneficial motor effect of a series of 8 sessions over two 

weeks using iTBS of M1 and DLPFC regions (Benninger et al., 2011) or 50-Hz rTMS of both motor 

cortices (Benninger et al., 2012). Overall, the balance is now leaning towards a probable efficacy of 

HF-rTMS delivered to a large motor cortical region in patients with Parkinson's disease and the level 
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of evidence increased to Level B. However, as reviewed by Benninger and Hallett (2015), these 

effects are rather modest and probably not relevant for routine clinical application. 

- Insert Table 2 - 

One study reassessed the value of LF-rTMS of M1 (Flamez et al. 2016). In this study, 1Hz-

rTMS was sequentially applied over the left and right M1 in the same session during a levodopa 

challenge test in 9 late-stage PD patients, but failed to change motor or executive functions. In a sham-

controlled crossover part of the study including 6 patients, a 5-day "accelerated" rTMS protocol with 

two sessions performed each day, also did not produce significant clinical change. 

In a large cohort of 132 PD patients (Li et al., 2015), one study compared the therapeutic value 

of LF- vs. HF-rTMS delivered to M1 to that of the administration of istradefylline, an analog of 

caffeine, which is a selective antagonist of the adenosine A2A receptor, able to reduce the duration of 

wearing-off periods. After 12 weeks of treatment, motor improvement assessed by the UPDRS-III 

score was similar in all patient groups, receiving either istradefylline with sham rTMS or placebo drug 

with LF- or HF-rTMS. 

Regarding premotor cortex stimulation, most rTMS studies performed in Parkinson's disease 

targeted the medial part of this region, i.e. the supplementary motor area (SMA) using a figure-of-8 

coil over the interhemispheric midline to stimulate both hemispheres simultaneously. A large, 

multicenter trial showed that a prolonged protocol of weekly sessions of LF- (but not HF-) rTMS of 

SMA could significantly improve global motor performance assessed on UPDRS-III score (6.8 point 

reduction) (Shirota et al., 2013). Conversely, a recent Class III study on 17 patients (9 real, 8 sham) 

(Sayin et al. 2014) did not find any beneficial effect of LF rTMS of bilateral SMA applied for 10 days 

on global motor performance. Therefore, the value of the SMA target, especially stimulated at LF, to 

impact on motor symptoms remained to be further investigated in PD patients. 

One crossover study (Yokoe et al., 2018) compared four conditions of bihemispheric HF-

rTMS (10Hz, 100% of RMT, 3 daily sessions of 1000 pulses in total per session for the both 

hemispheres using a figure-of-8 coil) in a series of 19 PD patients. These conditions were a real 

stimulation over the M1 hand area, the SMA (defined as 3cm anterior to the motor hotspot), or the 

DLPFC (defined as 5.5cm anterior to the motor hotspot), or a sham stimulation (using a "realistic" 

procedure with superficial electrical stimulation). The 3-day treatments for each condition were spaced 

at least 4 days apart. The main finding of this study was that the UPDRS-III score improved after 

bilateral HF-rTMS of the M1 and SMA, but not of the DLPFC compared with the sham condition. The 

changes tended to be better with the stimulation of M1, especially regarding akinesia and lower limb 

functions. In contrast, no significant changes were observed in either the depression or apathy scores. 

In this regard, in the aforementioned multicenter sham-controlled study (Brys et al. 2016), one 

group of 12 parkinsonian patients received a treatment consisting of 10 daily sessions of 10Hz-rTMS 

over the left DLPFC (defined as located only 5cm in front of the hand motor hotspot). No motor 

improvement was observed in this group, as well as in the group treated by both M1 and DLPFC 

stimulation, as previously discussed. 
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In summary, only the M1 target, at least if stimulated bilaterally using HF-rTMS, can be 

recommended for the treatment of motor parkinsonian symptoms for the moment. Beyond stimulating 

larger cortical areas, the development of accelerated (intensified) protocols with a greater number of 

sessions (including even more sessions per day) could be a way to optimize the efficacy of rTMS that 

should be tested in future studies (Rektorová and Anderková, 2017). Alternatively, noninvasive TMS 

of M1 could be combined with invasive deep brain stimulation to promote associative plasticity in the 

brain circuits of motor control, as demonstrated in PD patients by Udupa et al. (2016). 

 

3.2. Parkinson’s disease: levodopa-induced dyskinesia 

 

As reported in Lefaucheur et al. (2014), the first report of rTMS effects on levodopa-induced 

dyskinesias (LIDs) was published by Koch et al. (2005). In this pilot study of 8 PD patients, LIDs 

were reduced following a single session of 1Hz-rTMS delivered bilaterally over the SMAs. The same 

group replicated this result in 10 PD patients (Brusa et al., 2006), without finding any enhancement of 

the effect or prolonged benefit after 5 sessions. More recently, Sayin et al. (2014) observed a reduction 

of LIDs for only 24 hours after 10 days of 1Hz-rTMS sessions bilaterally applied over the SMAs.  

Regarding the M1 target, following a pilot open study of 6 PD patients (Wagle-Shukla et al., 

2007), Filipović et al. (2009) reported a significant reduction of LIDs after repeated daily sessions of 

1Hz-rTMS of M1 contralateral to the most affected side in a cross-over study of 10 PD patients. 

Overall the benefit was of short duration. More recently, no change in LIDs was observed after a 

session of 1Hz-rTMS sequentially applied over the left and right M1 during a levodopa challenge test 

in 9 PD patients (Flamez et al., 2016). Thus, neither the SMA nor the M1 region appears to be relevant 

targets for the application of LF-rTMS to impact on LIDs in daily life of PD patients. 

Alternative targets are the left DLPFC, using HF-rTMS (Rektorova et al., 2008), the right 

inferior frontal cortex, using cTBS (Cerasa et al., 2015), and especially the lateral cerebellum, also 

using cTBS (Koch et al., 2009; Kishore et al., 2014). However, these preliminary results, sometimes 

obtained with a single session, remain to be further investigated in this clinical context. 

 

3.3. Parkinson’s disease: depression 

 

One aforementioned study (Brys et al., 2016) reported the absence of beneficial effects of HF-

rTMS of the left DLPFC on mood in a group of 12 PD patients. In this study, a non-significant 

average reduction of 1.4 point on the Hamilton Depression Rating Scale (HDRS) score was observed 

after real rTMS of the DLPFC, whereas this reduction was significant in all the other groups, by 6.6, 

6.1, and 4.4 points on average in the real M1, sham, and real M1+DLPFC groups, respectively. 

However, at the same time, another randomized sham-controlled study showed that real HF-rTMS of 

the left DLPFC performed in 10 PD patients with major depressive disorder (versus sham stimulation 

performed in 8 patients) was able to improve depression scores on the Montgomery-Asberg 
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Depression Rating Scale (MADRS) and the HDRS with a beneficial effect persisting for 6 weeks after 

10 sessions of real stimulation therapy (Shin et al., 2016). In contrast, no motor change was observed 

on the UPDRS-III score. 

These two studies with opposite results canceled each other, and we propose not to change the 

level of evidence regarding the antidepressant efficacy of HF-rTMS of the left DLPFC in PD patients, 

which was B (probable efficacy) in our previous work (Lefaucheur et al., 2014), based on several 

"positive" Class II studies (Fregni et al., 2004; Pal et al., 2010). 

The study of Brys et al. (2016) further showed that real M1 stimulation performed better than 

DLPFC stimulation to induce antidepressant effects in parkinsonian patients (HDRS score reduction 

by 40%), although not significantly better than sham stimulation. Makkos et al. (2016) also reported 

an improvement of depression scores, by 59% on the MADRS and 50% on the Beck depression 

inventory (BDI) after HF-rTMS of bilateral M1. However, it is too early to draw conclusions about the 

value of this "motor" procedure for treating depression in PD patients. 

 

3.4. Dystonia 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND dystonia) identified 30 

papers, but no original sham-controlled studies with at least 10 patients receiving real stimulation for 

several daily sessions. 

In our previous work (Lefaucheur et al., 2014), no sufficient evidence has been found to 

establish a recommendation for the use of any rTMS protocol in dystonia. In most studies, the 

dorsolateral part of the premotor cortex (dPMC) contralateral to the most affected side was the 

investigated rTMS target. Clinical improvement of writing abilities and reduction of dystonic 

symptoms was reported in patients with focal hand dystonia (writer’s cramp) following LF-rTMS of 

the dPMC in 3 sham-controlled studies (Murase et al., 2005; Borich et al., 2009; Kimberley et al., 

2013). However, these studies were based on a single rTMS session (Murase et al., 2005) or included 

less than 10 patients in the group receiving real stimulation (Murase et al., 2005; Borich et al., 2009). 

The study by Kimberley et al. (2013) consisted of a series of 5 daily sessions performed in 12 patients 

who received real rTMS, but the sham group only included 5 patients. Overall, improvement was 

small and of short duration. 

Instead of using LF-rTMS, one group assessed the value of cTBS as an “excitability-

decreasing” protocol applied to the dPMC in a sham-controlled study of 18 patients with focal hand 

dystonia (9 real, 9 sham) (Huang et al., 2012). One daily session of cTBS was delivered to the dPMC 

over 5 consecutive days. At the end of the protocol, the real, but not sham stimulation was able to 

restore the abnormal PMd-M1 interactions assessed by MEP recordings. However, the clinical benefit 

on writing abilities was only marginal. 

Thus, the dPMC target has not proved its interest in dystonia. At present, more recent studies 

aimed at investigating the value of cerebellar rTMS in this clinical condition. A sham-controlled Class 
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III study with parallel-arm design (Koch et al., 2014) enrolled 18 patients (9 real, 9 sham) who 

underwent 10 sessions (over two weeks) of cTBS delivered to both cerebellar hemispheres. As LF-

rTMS, cTBS protocol is considered as "inhibitory", although the cortical plasticity changes induced by 

this type of rTMS protocol (like the others) have shown a great interindividual variability (Hamada et 

al., 2013; Hordacre et al., 2017). A small, but significant improvement in cervical dystonia in the 

Toronto Western spasmodic torticollis rating scale (TWSTRS), but not in the Burke-Fahn-Marsden 

dystonia rating scale (BFMDRS) was observed in the real cTBS group (Koch et al., 2014). This effect 

was very short-lasting (a couple of days) and was no more observed two weeks after the last session. 

Some neurophysiological changes induced by the cTBS protocol were also reported in this study. 

Further evidence of the value of cerebellar stimulation in dystonia is still needed. 

 

3.5. Essential tremor 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND essential tremor) 

identified 9 papers, but no original sham-controlled studies with at least 10 patients receiving real 

stimulation for several daily sessions. 

In this clinical context, the current state of evidence of rTMS efficacy has been recently 

reviewed and mostly concerned LF-rTMS of the cerebellum (Kang and Cauraugh, 2017; Shih and 

Pascual-Leone, 2017). As for dystonia, the value of cTBS was also investigated. A crossover study of 

real versus sham cTBS delivered to the right cerebellar hemisphere, but only as a single session, did 

not show any change in tremor variables, on either clinical or kinematic analysis (Bologna et al., 

2015b). The same group applied the same cTBS protocol in patients with Parkinson's disease and also 

found no effect on parkinsonian resting tremor (Bologna et al., 2015a). 

Two other studies investigated the effect of a single session of cTBS for alleviating essential 

tremor, but considering left M1 or premotor cortical targets (Hellriegel et al., 2012; Chuang et al., 

2014). In the study of Hellriegel et al. (2012), the clinical severity of tremor did not change, despite a 

reduction in the total power of the tremor signal measured with accelerometry. In the study of Chuang 

et al. (2014), only a slight reduction of tremor amplitude was observed just after real but not sham 

stimulation of M1 or premotor cortex. Finally, a pilot study with parallel-arm design, investigated the 

value of 15 daily sessions (over 3 weeks) of LF-rTMS of the pre-SMA, another premotor target, in a 

series of 10 patients with essential tremor (5 real, 5 sham) (Badran et al., 2016). A significant 

reduction of tremor scores was observed after both real and sham rTMS (by 26% and 19%, 

respectively), but the clinical benefit was maintained at 4- and 8-week follow up only in the real rTMS 

arm. However, data from the literature remain inconclusive for the use of rTMS in the treatment of 

essential tremor. 

 

3.6. Miscellaneous: tics and Tourette’s syndrome; restless legs syndrome 
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The potential effects of LF-rTMS of the SMA in Tourette’s syndrome were first reported in 

open-label case reports by Mantovani et al. (2006). A two-centre, sham-controlled, parallel-arm study 

reassessed the value of 1Hz-rTMS of the SMA in this context (Landeros-Weisenberger et al., 2015). 

Twenty patients with severe Tourette's syndrome underwent 15 daily rTMS sessions over 3 weeks (9 

real, 11 sham). This study did not show any significant reduction in tic severity after real versus sham 

stimulation. Thus, still no formal recommendation can be made in this indication. 

The SMA target was also investigated in the treatment of restless leg syndrome (RLS), but 

using HF protocol. In a class IV open-label study, Lin et al. (2015a) applied 15Hz-rTMS to the motor 

cortical leg representation on both hemispheres in 14 patients with RLS, for 14 sessions over 18 days. 

The international RLS rating scale (IRLS-RS) score decreased by 53% at the end of the rTMS protocol 

and remained significantly reduced over two months after the intervention. Anxiety scores and the 

quality of sleep concomitantly improved. However, this study was not sham-controlled, contrary to 

that of Altunrende et al. (2014), in which 5Hz-rTMS was applied over the SMA, a target rather close 

to motor representation of the legs. This sham-controlled, parallel-arm study enrolled 19 patients (11 

real, 8 sham) who underwent 10 rTMS sessions, each spaced 3 days apart. A significant reduction of 

the IRLS-RS score was found in the real but not the sham group, up to 78% decrease at the completion 

of the 10 sessions. In 5 patients who have been not improved by sham rTMS, IRLS-RS scores further 

decreased after switching to real rTMS. However, no additional follow-up was available, so it is 

impossible to determine whether this intervention has a clinical relevance or not. 

 

4. Stroke 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND motor stroke) 

identified 213 papers, including 25 original placebo/sham-controlled studies with at least 10 patients 

who received real rTMS for several daily sessions over the contralesional and/or ipsilesional 

hemisphere. Among these studies, 13 studies concerned limb motor rehabilitation at the postacute 

stage with LF-rTMS of the contralesional M1 and/or HF-rTMS of the ipsilesional M1, 2 studies 

concerned limb motor rehabilitation at the postacute stage with contralesional cTBS or ipsilesional 

iTBS, 5 studies concerned limb motor rehabilitation at the chronic stage, 2 studies concerned LF-

rTMS or iTBS of the cerebellum, and 4 studies concerned swallowing function rehabilitation. Studies 

investigating children, central post-stroke pain, depression (e.g., Gu and Chang, 2017), and 

neuropsychological impairments were excluded from this analysis. 

Based on the concept of stroke-induced dysbalanced interhemispheric interactions (Murase et 

al., 2004; Hummel and Cohen, 2006; Hummel et al., 2008; Volz et al., 2015), "excitatory" HF-rTMS 

and iTBS protocols are meant to be applied over the lesioned hemisphere, but "inhibitory" LF-rTMS 

and cTBS over the contralesional hemisphere. In our work, we separately considered the results 

obtained by using motor cortex rTMS during the postacute (subacute) stage of stroke (here defined as 

between one week and six months after stroke onset) and the chronic stage of stroke (here defined as 
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more than six months after stroke onset). The definitions of postacute and chronic stages are based on 

the fact that after 6 months, spontaneous recovery is very unlikely to take place for the motor system. 

We are, however, aware that there is an ongoing debate about the different phases post-stroke and that 

other authors have used different definitions about the periods covered by "acute", "post/subacute" or 

"chronic" post-stroke phase. Furthermore, our definition of "postacute phase" does not imply that this 

phase is homogeneous in terms of plasticity and recovery. Only one study (Watanabe et al., 2018) 

enrolled patients in the hyperacute phase of stroke (here defined as being within one week post-

stroke), because of obvious difficulties in applying the technique during this phase. In the study of 

Watanabe et al. (2018), all the patients started an rTMS protocol within 7 days post-stroke: 8 patients 

received real iTBS over the affected motor cortex hand area, 7 patients received real 1Hz-rTMS over 

the unaffected motor cortex hand area, and 6 patients received sham iTBS. The protocol consisted of 

one daily session for 10 days with 600 pulses per session for ipsilesional iTBS and 1200 pulses per 

session for contralesional LF-rTMS. Both real conditions improved finger motor function tests 

evaluated at 12 weeks after stroke onset, compared to the sham condition.  

 

4.1. Contralesional LF-rTMS or cTBS at postacute (subacute) stage of limb motor stroke 

 

In the postacute stage after stroke, most studies concerned LF-rTMS protocols delivered to the 

"unaffected", contralesional motor cortex. During the 2014-2018 period of this review, 11 sham-

controlled studies were published with protocols based on 5 to 30 daily sessions of LF-rTMS (Wang et 

al., 2014b; Blesneag et al., 2015; Lin et al., 2015b: Lüdemann-Podubecká et al., 2015; Matsuura et al., 

2015; Zheng et al., 2015; Du et al., 2016a; Li et al., 2016b; Meng and Song, 2017; Huang et al., 

2018b; Long et al., 2018) (Table 3).  

One of these studies was not reported in Table 3, since only 8 patients were enrolled in either 

real or sham group (Blesneag et al., 2015). This study aimed at assessing the changes in motor cortex 

excitability (TMS motor mapping) between baseline (10 days post-stroke) and one to three months 

after 10 daily LF-rTMS sessions (45 and 90 days post-stroke). At 45 days after stroke, patients of the 

real rTMS group showed a better motor recovery on the Fugl-Meyer assessment test of the upper limb 

(FMA-UL) test and a reduced imbalance between contralesional and ipsilesional hemispheric 

excitability. 

Eight studies aimed at assessing clinical changes produced by a contralesional LF-rTMS 

protocol on upper limb motor function (Wang et al., 2014b; Lüdemann-Podubecká et al., 2015; 

Matsuura et al., 2015; Zheng et al., 2015; Du et al., 2016a; Li et al., 2016b; Meng and Song, 2017; 

Long et al., 2018). In one study (Lüdemann-Podubecká et al., 2015), the impact of rTMS differed 

according to the location of stroke in the dominant or non-dominant hemisphere: contralesional LF-

rTMS was only beneficial for hand dexterity in patients with stroke in the dominant hemisphere.  

Clinical improvement was associated with various changes in neurophysiological measures. 

For example, the movement-related electroencephalographic (EEG) potentials recorded during self-
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paced wrist extension of the affected limb were found to be enhanced over the frontocentral electrodes 

in the ipsilesional hemisphere after contralesional LF-rTMS (Matsuura et al., 2015). In another study 

(Du et al., 2016a), TMS features of motor cortex excitability were found to be reduced in the 

contralesional hemisphere (increased RMT and MEP of reduced amplitude and prolonged latency). 

This study also showed that both clinical improvement and neurophysiological changes were more 

marked after contralesional LF-rTMS than ipsilesional HF-rTMS performed in another group of 

patients. Conversely, Li et al. (2016b) compared real contralesional LF-rTMS (42 patients) to either 

real (43 patients) or sham (42 patients) ipsilesional HF-rTMS and found that both real interventions 

improved motor performance of the affected hand compared to sham rTMS, but without any 

difference between the two real interventions. 

The most recent study compared a contralesional LF-rTMS protocol performed alone or 

combined to a protocol of ipsilesional HF-rTMS for 15 consecutive days (Long et al., 2018). Both 

protocols were effective in improving upper limb motor function assessed by the Fugl-Meyer 

assessment test of the upper limb (FMA-UL) and the Wolf motor function test (WMFT) up to 3 

months after the last session, but the bihemispheric dual protocol was more beneficial than the 

contralesional LF-rTMS protocol performed alone. 

Another study assessed a sequential protocol of 10 daily sessions of contralesional LF-rTMS 

(900 pulses per session) followed by 10 daily sessions of ipsilesional iTBS (600 pulses per session), or 

the reverse, performed in patients at 2 to 6 months after stroke (Wang et al., 2014b). In this study, 32 

patients received real stimulation (LF-rTMS prior to iTBS in 17 patients and the reverse in 15 

patients), whereas 16 patients received sham stimulation. Motor improvement (assessed on FMA-UL 

and WMFT) was significantly greater in the real condition, especially in patients receiving LF-rTMS 

prior to iTBS, with a significant benefit persisting for at least 3 months. 

One study also combined contralesional LF-rTMS (real or sham, 55 vs. 53 patients) and 

virtual reality (VR) training for 6 days per week over 4 weeks (24 sessions) (Zheng et al., 2015). At 

the end of rTMS protocol, FMA-UL and WMFT scores, as well as the modified Barthel index (mBI) 

were significantly increased in the real compared to the control group. 

Finally, two studies aimed at improving lower limb motor function in patients at postacute 

stage using contralesional LF-rTMS (Lin et al., 2015b; Huang et al., 2018b). One study (Lin et al., 

2015b) showed a greater improvement in the postural assessment scale for stroke patients (PASS), the 

balance subscale of the performance-oriented mobility assessment (POMA), and mBI after real versus 

sham stimulation. Conversely, the other study (Huang et al., 2018b) did not show any effects on 

walking abilities following real rTMS (vs. sham condition). Compared to the previous one, a non-focal 

coil was used (double-cone coil vs. figure-of-8 coil) and stimulation intensity was lower (120% of 

active motor threshold (AMT) vs. 130% of RMT) in this study. 

Taken together the beneficial results reported in at least one Class I study and four Class II 

studies (Table 3), plus three additional studies published before 2014 (Khedr et al., 2009a; Conforto et 

al., 2012; Sasaki et al., 2013), it appears that LF-rTMS applied to the contralesional motor cortex 
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during the postacute stage after stroke has a definite efficacy for promoting rehabilitation and 

improving residual motor functions at least for the hand (Level A). These beneficial effects were 

mostly observed when rTMS was used as a priming method before performing 30 to 60 minutes of 

physical therapy training and may persist up to 6 months after the intervention (Lüdemann-Podubecká 

et al., 2015). 

- Insert Table 3 - 

Only one study assessed the impact of repeated cTBS sessions over the contralesional motor 

cortex (Nicolo et al., 2018). In this study, 41 patients with upper limb paresis persisting at several 

weeks after stroke were assigned to received 3 sessions per week over 3 weeks (9 sessions) of real 

cTBS (14 patients), cathodal transcranial direct current stimulation (tDCS) (14 patients), or sham 

cTBS or tDCS (13 patients). Cortical stimulation was combined with 30 minutes of active functional 

motor practice but did not produce any significant clinical changes assessed on FMA-UL, Box and 

Block and 9-Hole Peg test scores, or Jamar dynamometer. Only subtle changes in transcallosal 

functional connectivity were evidenced after cTBS on high-density EEG.  

 

4.2. Ipsilesional HF-rTMS or iTBS at postacute (subacute) stage of limb motor stroke 

 

In the 2014-2018 period, 5 sham-controlled studies aimed at assessing clinical changes 

produced by an ipsilesional HF-rTMS protocol on upper limb motor function (Du et al., 2016a; 

Hosomi et al., 2016; Li et al., 2016b; Guan et al., 2017; Sasaki et al., 2017) (Table 4). As 

aforementioned, ipsilesional HF-rTMS protocol was compared to contralesional LF-rTMS protocol in 

two of these studies, showing an equal efficacy of both protocols in one study (Li et al., 2016b) and a 

superiority of the contralesional LF-rTMS protocol in the other study (Du et al., 2016a). However, in 

this latter study, HF-rTMS was performed at only 3Hz. Hosomi et al. (2016) applied a 5Hz-rTMS 

protocol over the lesioned motor cortex and showed significant improvement of various aspects of the 

paretic hand motor function at the end of a series of 10 daily sessions in the real but not sham 

condition. These beneficial effects were still present two weeks beyond the last rTMS session. Guan et 

al. (2017) also performed a 10-day protocol of 5Hz-rTMS applied to the "affected" motor cortex, but 

in patients at an earlier post-stroke stage (4.6 days after stroke onset on average versus 45 days in 

Hosomi et al., 2016). During rTMS therapy up to one month after stroke onset, motor improvement 

was significantly greater in the real vs. sham condition. The difference was no more significant at 3 

months post-stroke or thereafter, except for the FMA-UL score that remained improved one year after 

real HF-rTMS. 

Finally, one study showed the value of ipsilesional HF-rTMS targeted with a large double-

cone coil over the motor cortical area of leg representation for enhancing lower limb motor functions 

(Sasaki et al., 2017). 

Taken together the beneficial results reported in at least three Class II studies (Table 4), plus 

four additional studies published before 2014 (Khedr et al., 2005, 2009a, 2010; Chang et al., 2010), 
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the current level of evidence is in favor of a probable beneficial impact of ipsilesional HF rTMS of M1 

in the postacute phase of stroke for promoting motor function recovery, at least for the upper limb 

(Level B). However, two studies gave evidence for a superiority of the contralesional LF-rTMS 

protocol in terms of efficacy (Khedr et al., 2009a; Du et al., 2016a). 

- Insert Table 4 - 

Only one study assessed the impact of repeated iTBS sessions over the ipsilesional motor 

cortex (Volz et al., 2016). In this study, 26 patients with upper limb paresis due to a first stroke 

occurred 1 to 16 days before, received 5 daily sessions of real or sham iTBS (13 patients for each 

condition) at 70% of RMT with 600 TMS pulses delivered per session a few minutes prior to standard 

physiotherapy performed for 45 minutes. The real stimulation produced significantly stronger recovery 

of grip strength of the paretic hand compared to control stimulation, with lasting benefit for at least 3 

months. Clinical improvement was associated with stronger network connectivity of ipsilesional M1 at 

functional magnetic resonance imaging (fMRI). 

In another study cited above (Wang et al., 2014b), an ipsilesional iTBS protocol was 

combined with a contralesional LF-rTMS in a sequence of 10 daily sessions of each protocol 

performed successively. A greater efficacy was found when contralesional LF-rTMS was first applied, 

prior to ipsilesional iTBS. In fact, bihemispheric dual stimulation was rarely performed, e.g. a protocol 

combining contralesional LF-rTMS and ipsilesional HF-rTMS for 15 consecutive days (Long et al., 

2018) and therefore no recommendation is allowed for such a strategy in the objective of promoting 

motor function recovery in the postacute stage of stroke. 

 

4.3. Contralesional LF-rTMS at the chronic stage of limb motor stroke 

 

In patients at the chronic stage of stroke (more than 6 months post-stroke), 3 studies addressed 

the use of contralesional LF-rTMS (Rastgoo et al., 2016; Forogh et al., 2017; Harvey et al., 2018). In 

series of 15 to 20 patients, two sham-controlled studies (7 to 10 patients in both real and sham groups) 

showed that focal stimulation (using a figure-of-8 coil) over the leg motor cortical representation of 

the “unaffected” hemisphere for 5 daily sessions could reduce spasticity (assessed on modified 

Ashworth scale) and improve lower limb motor function (assessed on FMA-LL) (Rastgoo et al., 

2016), with clinical benefits lasting 1 to 3 weeks post-intervention and up to 3 months regarding the 

impact on balance (measured on Berg balance scale) and static postural stability (Forogh et al., 2017). 

However, these results on motor recovery and posture remain to be replicated. 

An important study on hand motor recovery following 1Hz-rTMS over contralesional M1 was 

published in the framework of the NICHE trial (Harvey et al. 2018). Remarkable features of this 

industry-initiated clinical trial were the high number of participants (199 patients) and a multicenter 

design using a 2:1 randomization strategy (real: 132 patients, sham: 67 patients). Inclusion criteria 

were patients within 3-12 months post-stroke and with some remaining hand motor function. The 

protocol consisted of 18 sessions of 1Hz-rTMS over 6 weeks (900 pulses per session at 110% of 
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RMT), each rTMS session being followed by arm training. The results, obtained in 169 participants 

who completed all sessions, showed that real rTMS was not superior to sham rTMS, for none of the 

studied motor parameters (Action Research Arm Test (ARAT), FMA-UL, WMFT). Hence, this study 

does not support the concept of LF-rTMS of contralesional motor cortex as a beneficial add-on 

therapy in chronic motor stroke, which was based on several Class II-III studies showing improvement 

of manual motor abilities for 2 to 12 weeks following rTMS protocols based on 5 to 10 daily sessions 

(Fregni et al., 2006; Emara et al., 2009, 2010; Avenanti et al., 2012). These recent results significantly 

weaken our recommendations from Level B (probable effect) to Level C (possible effect) concerning 

LF-rTMS over contralesional M1 to promote post-stroke recovery of hand motor function in chronic 

stroke patients. Furthermore, this statement cannot be extended to lower limb rehabilitation or 

spasticity to date. 

 

4.4. Ipsilesional HF-rTMS or iTBS at the chronic stage of limb motor stroke 

 

In the 2014-2018 period, only one sham-controlled study of 30 patients at the chronic stage 

post-stroke (4 years post-stroke on average) was based on an ipsilesional HF-rTMS protocol with a 

real-sham crossover design (Choi et al., 2016). In this study, rTMS was targeted over the thoracic 

paraspinal muscle representation with a figure-of-8 coil for 10 daily sessions over two weeks and 

resulted in significant improvement of balance (measured by computerized dynamic posturography) 

after real vs. sham stimulation. 

In contrast, three sham-controlled studies with repeated daily sessions of ipsilesional iTBS 

were performed in patients at the chronic stage (Lai et al., 2015; Ackerley et al., 2016; Lin et al., 2018) 

(Table 5). In the first study (Lai et al., 2015), ipsilesional iTBS was able to improve paretic hand 

motor function (assessed by the WMFT and a finger tapping task) at the end of the 10-day protocol 

(no follow-up). This motor improvement was positively correlated to the presence and amplitude of 

MEPs and preserved grip strength in the paretic hand at baseline. In a second study (Ackerley et al., 

2016), real or sham ipsilesional iTBS was delivered immediately before a 45-minute session of 

physical therapy, as a priming procedure. The real stimulation improved paretic upper limb function 

(measured by the ARAT) at the end of the 10-day protocol, with a significantly lasting effect at one 

month post-intervention (but not at three months). This functional improvement was correlated to a 

reduction of interhemispheric asymmetry of cortical excitability (measured on the slope of the MEP 

recruitment curve) and to an increase in ipsilesional premotor cortex activation during paretic hand 

grip assessed by fMRI. However, this well-conducted study remains of Class III because of its small 

sample size (9 patients in both real and sham iTBS groups) and was not reported in Table 5. 

The last controlled study used an ipsilesional iTBS protocol to improve lower limb function 

(Lin et al., 2018). Despite a broad assessment (FMA-LL, National Institutes of Health Stroke Scale 

(NIHSS), modified Rankin scale, Barthel index, Brunnstorm recovery stage (BRS-leg), Berg balance 

scale (BBS), timed up-and-go test, 10-meter walking test (10MWT), and computerized dynamic 
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posturography) and a prolonged stimulation protocol over 5 weeks, only marginal improvement was 

observed in the real iTBS condition, not significantly different from the sham condition. 

Thus, in patients at the chronic stage of motor stroke, the functional benefits provided by 

ipsilesional stimulation protocols (HF-rTMS or iTBS) were reported by too few studies, also including 

previously discussed results published by Emara et al. (2009, 2010), to obtain a sufficient level of 

evidence to make a recommendation. 

- Insert Table 5 - 

 

4.5. Ipsilesional cTBS at the chronic stage of limb motor stroke 

 

In the 2014-2018 period of literature search, we found one small study in which cTBS was 

delivered on the motor cortex of the lesioned hemisphere of chronic stroke patients with severe deficit 

in order to improve the response to robot-assisted motor rehabilitation (Di Lazzaro et al. 2016). The 

choice of employing cTBS on the affected hemisphere was based on the results of studies in normal 

subjects showing that rTMS protocols suppressing cortical excitability strongly facilitate motor 

learning capacities via an increase in “homeostatic” plasticity (Jung and Ziemann, 2009). In a small 

previous study of stroke patients with moderate deficits, an enhanced response to physical therapy was 

observed after ipsilesional cTBS (Di Lazzaro et al., 2013). In a subsequent study of the same research 

group (Di Lazzaro et al., 2016), 20 chronic stroke patients wtih severe impairment of upper limb 

motor performances were randomized to robot-assisted therapy associated with real or sham 

ipsilesional cTBS, delivered for 10 working days. All patients who completed the study (8 real, 9 

sham), achieved a small, but significant motor improvement (about 5% on the FMA-UL), but the 

difference between real and sham cTBS groups was not significant. Thus, this study did not replicate 

findings obtained in patients with moderate upper limb deficits. The authors suggested that a possible 

explanation for the discrepancy is that the affected and unaffected hemispheres might play a different 

role in mild vs. severe strokes, so that the hemisphere mainly responsible for motor recovery in severe 

stroke is the unaffected one (Di Pino et al., 2014). Thus, a different approach might be needed in 

patients with severe brain damage. Because there are only two small studies with conflicting results, 

the level of evidence is not sufficient to make a recommendation and further studies are needed in 

order to evaluate whether subgroups of patients might respond to a homeostatic modulation of brain 

plasticity. 

 

4.6. Cerebellar target 

 

Beyond M1, which is the main target considered for rTMS therapy in stroke, recent 

electrophysiological and imaging evidence underlined that a large motor network includes other key 

brain areas during the process of post-stroke functional recovery (Grefkes and Fink, 2014; Koch and 

Hummel, 2017). The cerebellum is one of these alternative targets to M1 for promoting motor 
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rehabilitation by rTMS in the context of stroke (Wessel and Hummel, 2018). First, Kim et al. (2014a) 

applied LF-rTMS to the cerebellum in a series of 26 ataxic patients in the subacute stage of a posterior 

circulation stroke (15 days post-stroke on average). In this sham-controlled protocol of 5 daily 

sessions (20 patients for the real condition vs. 6 patients for the sham condition), a figure-of-8 coil was 

used, centered 2cm below the inion and 2cm lateral to the midline, ipsilateral to the ataxic side, with 

the handle pointing superiorly. The main result was an improvement of walking ability, measured on 

time and number of steps in the 10MWT, only at 1 month after real rTMS compared to sham 

condition. Balance, measured on BBS, improved in both conditions, although more significantly in the 

real rTMS group. 

More recently, Koch et al. (2019) applied iTBS over the contralesional lateral cerebellum 

coupled with physiotherapy (90-minute session of motor and balance therapy) for 3 weeks and also 

showed an improvement of balance and gait functions (measured on BBS and step width at a walking 

test) in a series of 34 patients (17 patients in both real and sham conditions) at the chronic stage of 

middle cerebral artery stroke (6 to 78 months post-stroke). 

These approaches appeared to be rather opposite, since LF-rTMS is usually considered as an 

"inhibitory" protocol and iTBS as an "excitatory" protocol. In fact, such opposition is rather 

speculative. Thus, these two studies pave the way of future research based on cerebellar stimulation 

for promoting stroke rehabilitation but are insufficient to provide a level of evidence or make a 

recommendation. 

It is worth mentioning that the clinical impact of motor cortex rTMS is still limited and 

heterogeneous in stroke patients. These limited effects might be due to the fact that rTMS is not 

applied in a personalized medicine fashion, tailored to the phase of recovery or individual 

characteristics of the patient. Understanding biomarkers for targeting stratification will provide 

elements for precision medicine in order to achieve maximized treatment effects for stroke recovery in 

each individual patient (Grefkes and Fink, 2014; Morishita and Hummel, 2017; Raffin and Hummel, 

2018). In addition, the number and size of most trials is rather small. Larger, multicenter randomized 

controlled clinical trials are still missing to achieve highest evidence level (Grefkes and Fink, 2016), 

especially for novel targets (such as the premotor cortex or the cerebellum) (Koch and Hummel, 2017; 

Wessel and Hummel, 2018), which are going to be evaluated. 

 

4.7. Swallowing and dysphagia 

 

Swallowing dysfunction is a very common symptom, but usually returns to normal over the 

first weeks after stroke in many patients. Although a minority of patients suffer from persistent 

dysphagia at 6 months after stroke (Mann et al., 1999), this condition has an important impact on 

clinical outcome, as dysphagia is a frequent cause of severe adverse events, like aspiration pneumonia 

which can have lethal consequence. Therefore, accelerating recovery from dysphagia may strongly 

reduce stroke-related complications. Several studies have investigated the value of rTMS to enhance 
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swallowing function recovery after stroke on the same concept of interhemispheric rivalry as for limb 

motor functions, although the control of swallowing is more bilaterally implemented in the brain.  

In the 2014-2018 period, 4 sham-controlled studies were published in this field of research, 3 

concerning the post-acute stage of stroke (Du et al., 2016b; Park et al., 2017; Zhang et al., 2018) and 

one the chronic stage (Cheng et al., 2017). 

In two studies (Du et al., 2016b; Park et al., 2017), ipsilesional HF-rTMS was applied to the 

motor cortex representing the swallowing muscles (hot spot of the mylohyoid muscle) in patients in 

the postacute phase of poststroke dysphagia. In Du et al. (2016b), 13 patients (1.2 week post-stroke on 

average) received 3Hz-rTMS for 5 days over one week, while in Park et al. (2017), 11 patients (4.2 

weeks post-stroke on average) received 10Hz-rTMS for 10 days over 2 weeks. Swallowing function 

improved after real rTMS when compared with sham rTMS in the first study, but not in the second 

one (Table 6). 

Before 2014, three studies reported beneficial rTMS effects for dysphagia rehabilitation in the 

post-acute stage (one week to two months post-stroke on average): in two studies from the same group 

(Khedr et al., 2009b; Khedr and Abo-Elfetoh, 2010) 3Hz-rTMS was applied over the oesophageal 

representation of the affected motor cortex (300 pulses/session at 120-130% of hand RMT for 5 

consecutive days), whereas in the third study (Park et al., 2013a), 5Hz-rTMS was applied over the 

contralesional pharyngeal motor cortex (500 pulses/session at 90% of hand RMT for 10 days over 2 

weeks). Because of this discrepancy (ipsilesional vs. contralesional), no recommendation can be made 

for the use of HF-rTMS in the context of swallowing dysfunction at the post-acute phase of stroke. 

In Park et al. (2017), an additional group of 11 patients received bilateral 10Hz-rTMS over 

both M1 regions projecting to mylohyoid muscles (500 pulses for 10 minutes over the ipsilesional 

cortex, followed by 500 pulses for 10 minutes over the contralesional cortex). In contrast to unilateral 

ispilesional stimulation, bilateral HF-rTMS significantly improved clinical and videofluoroscopic 

swallowing function at the end of the protocol and also 3 weeks after. This is in line with the 

aforementioned bilateral cortical control of swallowing. However, this study remains to be replicated. 

In Du et al. (2016b), an additional group of 13 patients received contralesional 1Hz-rTMS 

protocol, which produced similar improvement as ipsilesional 3Hz-rTMS. Both protocols increased 

cortical excitability of the affected hemisphere (increased amplitude and decreased latency of 

mylohyoid MEPs). 

In another study (Lim et al., 2014), LF-rTMS was applied 5 days/week for 2 weeks over the 

pharyngeal hotspot of the contralesional motor cortex in a series of 14 patients in the subacute stage of 

stroke (30 days post-stroke on average). This study was not sham controlled, the other experimental 

groups being 18 patients treated by 30-minute daily sessions of neuromuscular electrical stimulation 

(NMES) of the digastric and hyoid muscles and 15 patients with only conventional dysphagia 

rehabilitation therapy. Both rTMS and NMES improved dysphagia on a functional scale. 

A final study on post-stroke swallowing rehabilitation in the postacute stage combined rTMS 

and NMES performed during the same sessions 5 days/week for 2 weeks (Zhang et al., 2018). In four 
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groups of 13 to 16 patients in the subacute stage of stroke (21 to 26 days post-stroke on average), 

NMES was combined to contralesional 1Hz-rTMS, ipsilesional 10Hz-rTMS, both protocols (bilateral 

rTMS), or sham stimulation (tilted coil). All real rTMS protocols enhanced swallowing function 

recovery compared with NMES delivered alone, especially bilateral rTMS protocol. 

In the chronic phase of stroke, Cheng et al. (2017) found that HF-rTMS delivered to the 

lesioned hemisphere did not provide any benefit. As post-stroke swallowing dysfunction usually 

rapidly recover, rTMS should probably be applied early in the history of the disease to achieve more 

relevant therapeutic effects.  

In summary, given the heterogeneity of results and protocols, it is still not possible to conclude 

that rTMS may be a beneficial therapeutic modality for patients with persisting dysphagia in the 

postacute or chronic stage of stroke. 

- Insert Table 6 - 

 

4.8. Aphasia 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND aphasia) identified 53 

papers, including 6 original sham-controlled studies with at least 10 patients receiving real stimulation 

for several daily sessions. 

Before 2014, mostly case reports have been published in this field of research, or studies based 

on small samples (Barwood et al., 2011a,b; Medina et al., 2012). In our previous work (Lefaucheur et 

al., 2014), we identified only few studies based on a sufficiently large sample of patients, reporting the 

effects of repeated daily LF-rTMS delivered over the right inferior frontal gyrus (IFG) followed by 45-

min speech and language therapy (Waldowski et al., 2012; Heiss et al., 2013; Thiel et al., 2013; 

Seniów et al., 2013). These studies mixed patients at the postacute stage with either nonfluent Broca’s 

or fluent Wernicke’s aphasia and originated from two research groups. One group used vertex 

stimulation as control and reported significant improvement in several language functions following 

real rTMS with no change following sham stimulation (Heiss et al., 2013; Thiel et al., 2013). In 

contrast, the other group used sham coil as control and did not find any difference in the degree of 

speech improvement between real and sham conditions (Waldowski et al., 2012; Seniów et al., 2013). 

Therefore, no conclusion regarding the efficacy of LF rTMS of the right IFG in patients with non-

selected type of poststroke aphasia in the postacute phase could be drawn.  

In the 2014-2018, only one additional study performed in the postacute phase with a similar 

design was identified (Rubi-Fessen et al., 2015). In this study, a series of 30 stroke patients in the 

postacute phase (17 to 94 days post-stroke) with non-selected type of aphasia (one-third nonfluent 

type) underwent a 10-day protocol of LF-rTMS delivered over the right IFG (15 real, 15 sham 

consisting of active vertex stimulation). Similarly to previous studies, each rTMS session (1200 

pulses/session) was immediately followed by a 45-minute session of speech and language therapy. 

Real rTMS was found to improve basic linguistic skills and functional communication, measured on 
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the Aachen Aphasia Test (AAT) and the Amsterdam-Nijmegen Everyday Language Test (ANELT), 

one day after the treatment peiod. Therefore, conclusion for this particular situation remains the same, 

with no recommendation for the use of LF-rTMS of the right IFG in patients with non-selected type of 

aphasia at a postacute post-stroke stage.  

However, since 2014, more consistent studes assessing a single type of aphasia in larger 

samples of patients at the chronic stage of stroke have been published. Most of these studies assessed 

the value of LF-rTMS for the rehabilitation of nonfluent aphasia, in which the Broca's area is usually 

damaged by middle cerebral artery infarction (Table 7). Broca’s area consists of the pars opercularis 

and pars triangularis of the IFG of the dominant (left) hemisphere, corresponding to Brodmann areas 

(BAs) 44 and 45. In most studies, post-stroke aphasia was intended to be treated by LF-rTMS 

specifically applied to the right BA 45 region, i.e. the contralesional homologue of Broca’s area, using 

image-guided navigation. As it was the case in the studies published before 2014 and also for motor 

stroke, the rationale for these studies was to down-regulate an increased cortical activity in the 

contralesional hemisphere, thus reducing the interhemispheric inhibition onto the lesioned cortical 

regions which was supposed to interfere with successful language recovery. 

Yoon et al. (2015) used combination of LF-rTMS of the right IFG with speech and language 

therapy in 10 patients with nonfluent aphasia at the beginning of the chronic post-stroke phase and 

compared them with similar group of 10 patients receiving speech and language therapy only. This 

combined therapy improved repetition and naming performance on the Western Aphasia Battery 

(WAB, Korean version) at the end of a 4-week protocol in contrast to the control group where no 

significant improvement was seen. 

Hu et al. (2018) further showed that a 10-day protocol of LF-rTMS delivered at 1Hz over the 

right homologous of Broca's area (defined by F4 site of the 10-20 EEG system) was able to improve 

some variables of the WAB (Chinese version) in 10 patients with nonfluent aphasia at the beginning of 

the chronic post-stroke phase. At the end of rTMS protocol, spontaneous speech, auditory 

comprehension, and aphasia quotients were improved after LF-rTMS, but not HF-rTMS delivered 

over the same contralesional target. This beneficial effect lasted for at least 2 months. 

One research group assessed the value of LF-rTMS of the right IFG in patients with nonfluent 

aphasia at a more chronic stage. In a first study (Tsai et al., 2014), 31 stroke patients (22 patients in the 

sham group) underwent 10 sessions of real LF-rTMS applied at 1Hz over the contralesional pars 

triangularis (right IFG, BA 45). They improved on the Concise Chinese Aphasia Test (CCAT) score, 

object and action naming accuracy and reaction time after real stimulation, with benefit persisting at 3 

months following intervention, at least for the CCAT score. A lower RMT was a predictor of a 

favorable outcome. The same research group applied LF-rTMS of the right BA 45 during or 

immediately before a naming training session for 10 daily sessions in 29 stroke patients with nonfluent 

aphasia (14 patients in the sham group) (Wang et al., 2014a). Patients improved on the CCAT and 

object and action naming accuracy only when LF-rTMS and speech therapy were concomitantly 

performed, with benefit persisting at 3 months following intervention. 
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From all these results, including a duet of Class II studies from one research group (Tsai et al., 

2014; Wang et al., 2014a), and two Class III studies from two other independent groups (Yoon et al., 

2015; Hu et al., 2018), a level B of evidence (probable efficacy) can now be proposed for LF-rTMS of 

the right IFG in patients with nonfluent aphasia at a chronic post-stroke stage, especially if combined 

with speech and language therapy. 

- Insert Table 7 - 

In our previous work (Lefaucheur et al., 2014), due to the paucity of data (few studies 

published were all Class IV), no recommendation could be made regarding the use of excitability-

increasing protocols (HF rTMS or iTBS) involving a cortical target located in the ipsilesional 

hemisphere to promote recovery of patients with nonfluent aphasia. The situation remains the same 

following the review of the studies published between 2014 and 2018. 

A few additional sham-controlled studies deserve to be cited. Firstly, Khedr et al. (2014) 

applied a dual-hemisphere rTMS protocol in 29 stroke patients (19 real, 10 sham) with nonfluent 

aphasia at the postacute stage (5 weeks post-stroke on average). Each patient received 1000 rTMS 

pulses delivered at 1Hz and 110% of RMT over the unaffected IFG (right BAs 44 and 45) and 1000 

pulses delivered at 20Hz and 80% of RMT over the affected Broca's area (left BAs 44 and 45) for 10 

consecutive days followed by speech and language training. A significantly greater improvement in 

the Hemispheric Stroke Scale (HSS) and the Stroke Aphasic Depression Questionnaire-Hospital 

Version (SADQ-H) was observed after real rTMS compared with sham rTMS, which remained 

significant 2 months after the last session. 

Similarly, Vuksanović et al. (2015) reported the improvement of several language functions in 

a right-handed patient with chronic poststroke nonfluent aphasia following the application of 15 daily 

sessions of bilateral TBS of the IFG, combining cTBS on the right and iTBS on the left hemisphere, 

followed by 45 minutes of speech and language therapy. Although scarce, these results suggest 

potential for use of dual-hemisphere protocols in aphasia treatment. 

Regarding fluent aphasia, the target is conceivably located in the superior temporal gyrus 

(STG) (Hamilton et al., 2010). In our previous work, only one Class IV study reporting the effects of 

LF rTMS applied to the homologue of Wernicke’s area in the right hemisphere in patients with fluent 

aphasia was found, and consequently no recommendation could be made for this type of aphasia. The 

situation remains the same following the review of the studies published between 2014 and 2018. 

Finally, one study did not address aphasia, but dysarthria (Kwon et al., 2015). Contralesional 

LF-rTMS was delivered at 1Hz (1500 pulses/session, 5 days/week for 2 weeks) over the orbicularis 

oris motor hot spot on the non-affected side in a series of 20 stroke patients (10 real, 10 sham) at the 

postacute stage (26.5 days post-stroke on average). All rTMS sessions were combined with speech 

therapy for 30 minutes. Dysarthria significantly improved at the end of the rTMS protocol, better after 

real than sham stimulation in various aspects. 

 

4.9. Neglect 
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A PubMed search (keywords: (rTMS OR theta burst stimulation) AND neglect) identified 32 

papers, including only 3 original sham-controlled studies with at least 10 patients receiving real 

stimulation for several daily sessions. 

Hemispatial neglect preferentially occurs on the left side following stroke in the territory of 

the right middle cerebral artery, most often related to a lesion of the right posterior parietal cortex 

(PPC) or the posterior part of the STG. The description of spatial attention deficits following left-

hemispheric stroke are scarce (Timpert et al., 2015). The PPC includes the superior parietal lobule 

(BA 7, above the intraparietal sulcus), corresponding to the P3-P4 sites of the EEG 10-20 System 

(Homan et al., 1987) and the inferior parietal lobule (below the intraparietal sulcus), with two parts 

named anteriorly the supramarginal gyrus (BA 40, corresponding to the CP3-CP4 sites of the EEG 10-

10 System) and posteriorly the angular gyrus (BA 39, corresponding to the P5-P6 sites). 

Most rTMS studies assessed excitability-decreasing paradigms (LF-rTMS or cTBS) applied to 

the contralesional left PPC following a right-hemispheric stroke. From 2014, only one study assessed 

the effects of LF-rTMS delivered at 1Hz over the contralesional left PPC (P5 site), 5 days/week for 

two weeks, in patients with left hemineglect in the postacute stage (about 40 days post-stroke on 

average) (Yang et al., 2017). Three experimental groups were considered: real LF-rTMS alone (19 

patients) or combined with sensory cueing intervention (i.e., a device placed on the left wrist, which 

emitted vibration every 5 minutes for 3 hours/day to remind the patient to focus on the neglected side) 

(18 patients) and conventional rehabilitation program alone (19 patients). The combination of LF-

rTMS with sensory cueing was better than either rTMS or conventional rehabilitation alone in 

producing a stronger and long-lasting improvement in unilateral neglect, measured on the Behavioural 

Inattention Test (BIT). 

Conversely, in a sham-controlled study, Cha and Kim (2016) applied LF-rTMS to the right 

lesioned PPC (P4 site, 1Hz), five days/week for 4 weeks, in 30 patients (15 real, 15 sham) with 

hemispatial neglect in the late post-acute phase (4 months post-stroke on average). Improvement on 

Line Bisection test (LBT), Albert test, Box-and-Block test (BBT), and grip strength was significantly 

greater in the real than the sham rTMS group in this Class II study. 

Before 2014, only one sham-controlled study (Kim et al., 2013) compared the respective 

effects of real LF-rTMS of the contralesional left PPC (P3 site, 1Hz, 9 patients), sham LF-rTMS (tilted 

coil, 9 patients), and HF-rTMS of the ipsilesional right PPC (P4 site, 10 Hz, 9 patients). Sessions were 

performed five days/week for 2 weeks in patients with visuospatial neglect in the early post-acute 

phase (15 days post-stroke on average). This study showed a better improvement of neglect (measured 

on LBT) in the ipsilesional (right hemisphere) HF-rTMS group than in the contralesional (left 

hemisphere) LF-rTMS and sham groups.  

No recommendation can be proposed regarding the use of conventional LF- or HF-rTMS over 

parietal regions in the treatment of visuospatial neglect, because of methodological differences in the 
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two sham-controlled studies: LF-rTMS applied to the contralesional (Kim et al., 2013) or ipsilesional 

(Cha and Kim, 2016) hemisphere, or ipsilesional HF-rTMS (Kim et al., 2013).  

Other studies assessed the value of cTBS delivered to the contralesional left PPC. This was the 

case of one sham-controlled study based on sessions repeated for several days and published before 

2014 (Koch et al., 2012). In this Class II study, 20 patients in the postacute stage of stroke (24-102 

days post-stroke) were equally randomized to receive a real or sham cTBS protocol (10 patients in 

each group) delivered 5 days/week for 2 weeks over the left PPC (P3 site). This study showed that 

cTBS but not sham stimulation decreased the severity of spatial neglect as assessed by the BIT, with 

after-effects lasting at least for two weeks after treatment. 

A more recent study of Class III (Fu et al., 2015) also assessed the efficacy of cTBS for 

improving visuospatial neglect (Table 8). The same cTBS protocol was similar to that used as in Koch 

et al. (2012), i.e. 2 trains separated by 15 minutes and consisting of 3-pulse bursts delivered at 30Hz 

(not 50Hz) and repeated at 5Hz for 40s at 80% of RMT (not AMT). Patients with right hemisphere 

stroke and visuospatial neglect at the post-acute stage (17-114 days post-stroke) underwent real or 

sham cTBS sessions (10 patients in each group) over the PPC (P5 site) of the unaffected left 

hemisphere, combined with conventional rehabilitation therapy for 2 weeks and were followed up for 

4 weeks. The scores for two paper-pencil tests for visuospatial neglect (star cancellation and line 

bisection tests) significantly improved after real stimulation (but not after sham stimulation) by 21-

37% at the end of 2-week rTMS therapy and by 36-47% after 4-week follow-up. 

A third research group also reported significant improvement of neglect after cTBS of the left 

PPC (P3 site) (Nyffeler et al., 2009, 2019; Cazzoli et al., 2012), but they used a large circular coil 

(MagPro MC-125, 114 mm outer diameter) and a slightly different cTBS protocol, consisting of 4 

cTBS trains per session (two cTBS trains separated by an interval of 15 minutes with the third and the 

fourth trains delivered 60 and 75min after the first one, respectively). In a first study (Nyffeler et al., 

2009), they showed that the beneficial effect of a single session of 4 cTBS trains lasting for more than 

24 h in 11 patients with left-sided visuospatial neglect at the postacute or chronic stage. Then they 

assessed the effect of 8 trains of cTBS delivered over 2 consecutive days in 16 patients with left-sided 

visuospatial neglect at the postacute stage (mean 26.6 days post-stroke) in a randomized, double-blind, 

sham-controlled crossover study (Cazzoli et al., 2012): cTBS, but not sham stimulation, significantly 

improved neglect (detection of left-sided visual targets, paper-pencil assessment, and impact on 

activities of daily living), with benefit lasting for at least 3 weeks. Finally, in a third study of Class II 

(Nyffeler et al., 2019), they showed that either 8 or 16 trains of cTBS delivered over 2 or 4 

consecutive days reduced the impact of spatial neglect-related deficits on the activities of daily life and 

improved several neuropsychological neglect tests up to 3 months, in a series of 20 patients with left-

sided visuospatial neglect at the postacute stage (mean 22.9 to 26.8 days post-stroke), compared to 10 

patients stimulated for only 2 days with a sham coil, which was a figure-of-8 coil (MagPro MC-B70, 

97 mm outer diameter). Moreover, cTBS significantly improved general functional outcome after 

stroke and overall no significant difference was observed according to the number of cTBS sessions 
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(either 2 or 4). Further analyses showed that the variability in the response to cTBS was determined by 

the integrity of interhemispheric connections within the corpus callosum (parieto-parietal 

connections). In cTBS responders, in whom neglect and general functional outcome were significantly 

improved, the corpus callosum was intact, whereas this was not the case in cTBS non-responders. 

Thus, three independent research groups have reported beneficial results of the application of 

cTBS to the contralesional left PPC in the treatment of visuospatial hemineglect in the post-acute 

phase of stroke, but given various methodological differences (P3 or P5 site of stimulation, 30Hz- or 

50Hz-cTBS trains, 2 or 4 trains per session, and especially the use of a figure-of-8 or a circular coil), 

the recommendation remains at Level C (“possible efficacy”) from these three Class II/III studies. 

- Insert Table 8 - 

 

5. Multiple sclerosis 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND multiple sclerosis) 

identified 23 papers in the 2014-2018 period, but only 2 original sham-controlled studies of Class II 

with at least 10 patients receiving real stimulation for several daily sessions (Table 9). 

The first study (Azin et al., 2016) assessed the effect of iTBS delivered over the hand 

representation of the left M1 in a series of 36 patients with remitting-relapsing multiple sclerosis (RR-

MS) (19 real, 17 sham). At the end of iTBS therapy consisting of 10 daily sessions performed over 

two weeks, there was an improvement of manual dexterity only in the real iTBS group, as revealed by 

a reduction in the time required to complete the nine-hole peg test (9HPT) and an increased 

performance in the Box-and-Block test (BBT) when compared to the sham group. 

The second study (Korzhova et al., 2019) assessed the effect of iTBS, but also HF-rTMS 

(20Hz) delivered over the leg representation of both right and left M1 in 34 paraparetic patients with 

secondary progressive MS (SP-MS). The primary outcome was the degree of lower limb spasticity 

measured on the Modified Ashworth Scale (mAS) and the Subjective Evaluating Spasticity Scale 

(SESS). Following 10 daily sessions performed over two weeks, spasticity was reduced up to 12 

weeks after stimulation in patients who received a real stimulation, especially iTBS. Conversely, 

reduction in pain and fatigue was found in the HF-rTMS group. 

One additional sham-controlled study (of Class III) was published on the application of iTBS 

of M1 to treat lower limb spasticity in MS patients (Boutière et al., 2017). However, this study 

included less than 10 patients in the real stimulation group and therefore did not appear in Table 9. 

Boutière et al. (2017) assessed the effect of real or sham iTBS targeted to the leg M1 area of one 

hemisphere using image-guided neuronavigation in 17 patients (9 real, 8 sham) with MS of RR or SP 

type (4 and 13 patients, respectively). The iTBS protocol was performed during the first 13 working 

days of a 5-week rehabilitation program. At the end of stimulation period, lower limb spasticity 

(measured on a VAS) improved greater after real than sham iTBS at the end of the rTMS therapy, with 

no differential lasting effects two weeks between the two conditions. The beneficial effect on 
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spasticity was associated with a change in interhemispheric functional connectivity between both 

motor cortices in resting-state fMRI. 

Before 2014, two sham-controlled randomized studies with parallel-arm design also assessed 

the effect of iTBS on lower limb spasticity in MS patients (Mori et al., 2010, 2011). In the first study, 

Mori et al. (2010) showed that iTBS applied 5 days a week for 2 weeks significantly improved 

spasticity assessed on the H/M amplitude ratio and the mAS in the real iTBS group (10 patients), but 

not in the sham group (10 patients), with benefit lasting for one or two weeks beyond the last iTBS 

session. In the second study (Mori et al., 2011), a significant improvement of spasticity assessed on the 

mAS was also found after 10 sessions of real iTBS performed alone (10 patients) or immediately prior 

to 2 hours of exercise training (10 patients) over 2 weeks. No significant change occurred in a control 

group of 10 patients who received sham stimulation. In these two studies, issued from the same 

research group, iTBS was targeted to only one hemisphere, as in Boutière et al. (2017), on the leg 

representation of M1 contralateral to the most affected limb, since spasticity predominated in one 

lower limb. In addition, only patients with RR-MS type were enrolled. These were two major 

differences with the study reported by Korzhova et al. (2019). However, we may also consider a 

similar pathogenesis of spasticity in all these studies, whether the involvement was predominantly 

unilateral in RR-MS patients or bilateral in SP-MS patients with a more advanced disease. Therefore, 

according to the beneficial results reported in Class II studies issued from two independent groups 

(Mori et al., 2010, 2011; Korzhova et al., 2019), not to mention a positive Class III study of a third 

group (Boutière et al., 2017), a Level B of evidence (probable efficacy) is reached for the use of iTBS 

targeted to the leg motor cortex to treat lower limb spasticity in patients with MS. Conversely, no 

recommendation can be made for iTBS targeted to the hand motor cortex to improve manual dexterity. 

- Insert Table 9 - 

Finally, one study (Gaede et al., 2017) assessed the efficacy of a non-focal HF-rTMS of the 

left prefrontal cortex (PFC) using an H6-coil (1800 pulses/session delivered at 18Hz and 120% of 

RMT) in 19 MS patients (9 real, 10 sham), while a third group of 9 MS patients received a non-focal 

bihemispheric HF-rTMS over M1 regions using an H10-coil (800 pulses/session delivered at 5Hz and 

90% of RMT). In this study, all patients had fatigue related to RR-type of MS, except two patients 

with SP-MS. The stimulation protocol consisted of 18 consecutive rTMS sessions over 6 weeks, 

followed by a 6-week follow-up. A significant reduction in fatigue, measured on the Fatigue Severity 

Scale (FSS), was observed only after M1 stimulation at the end of the stimulation protocol, up to the 

end of follow-up. Of course no recommendation can be made concerning the use of an H-coil in MS, 

on the basis of this single study. 

 

6. Epilepsy 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND epilepsy) identified 47 

papers, but no original sham-controlled studies with at least 10 patients receiving real stimulation. 
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From 2014 to date, only one sham-controlled rTMS trial (Class III) has been published in the 

domain of epilepsy (Seynaeve et al. 2016). In this single-center, crossover study, 7 patients with focal 

neocortical drug-resistant epilepsy received 3 treatments consisting of 10 sessions of navigated rTMS 

delivered at 0.5Hz and 90% of RMT over the cortical focus (1500 pulses/session) by means of a 

figure-of-8 coil, a round coil, or a sham coil. The primary endpoint was the mean daily number of 

seizures, which did not differ at baseline among the conditions. After LF-rTMS therapy, no difference 

in mean seizure rate was detected in any of the three coil conditions compared to baseline or between 

any of these conditions. In one patient, after an initial reduction of seizure frequency, a rebound was 

even observed up to 20 weeks after the end of the study. Thus, this "negative" study did not confirm 

positive meta-analytical findings of rTMS in epilepsy treatment (Hsu et al. 2011). However, 

differences in the paradigm of rTMS interventions, the type and clinical profile of the epilepsy, or the 

number of antiepileptic drugs taken by each patient (e.g., up to 5 in Seynaeve et al 2016) are 

confounding factors to be taken into account. Hence, the level of recommendation C for LF-rTMS in 

epilepsy did not change. Finally, the acute administration of rTMS trains to treat status epilepticus was 

not considered in the present review because all published studies are case reports, including less than 

10 patients (Zeiler et al. 2015). 

 

7. Disorders of consciousness 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND disorders of 

consciousness OR minimally conscious state OR unresponsive wakefulness syndrome OR vegetative 

state) identified 19 papers, but only one original sham-controlled studies with at least 10 patients 

receiving real stimulation for several daily sessions (Cincotta et al., 2015). 

From 2014 to date, several Class III studies assessed the clinical efficacy of rTMS in patients 

with disorder of consciousness (DOC), including minimally conscious state (MCS) and unresponsive 

wakefulness syndrome (UWS), which was previously called "vegetative state". They used different 

approaches and targets; mostly the left M1 (Cincotta et al., 2015; He et al., 2018; Liu et al., 2018) and 

the left or right DLPFC (Naro et al., 2015; Xia et al. 2017a,b). 

In a randomized, crossover, sham-controlled study of 11 chronic UWS patients (9 post-anoxic 

and 2 post-traumatic), Cincotta et al. (2015) applied rTMS at 20Hz and 90% of RMT to the left M1 for 

5 consecutive days. The stimulation pattern was unusual, consisting of 100 blocks of 30-sec (5 trains 

of 1 sec with 5-sec intertrain), for a total of 1000 pulses/day. Compared to baseline, no improvement 

was observed on either the JFK Coma Recovery Scale-Revised (CRS-R) or the Clinical Global 

Impression of Improvement (CGI-I) scale at the end of treatment, real or sham, as well as one week or 

one month later. No further significant changes were seen on EEG activity. 

In two other comparable studies (He et al., 2018; Liu et al., 2018), HF-rTMS of left M1 

neither produced significant clinical improvement in patients with DOC at overall group level, but 

individual patients may have benefited from the procedure. In a sham-controlled, crossover study of 6 



 38

patients with MCS or UWS, He et al. (2018) showed that a 5-day protocol of 20Hz rTMS delivered 

over the left M1 produced a behavioral and neurophysiological improvement in only one patient after 

the real rTMS stimulation, measured on the CRS-R and EEG reactivity, respectively. The benefit was 

still present one week after the last rTMS session. In another sham-controlled, crossover study of 7 

patients with MCS or UWS, Liu et al. (2018) showed that the same 5-day protocol of 20Hz rTMS 

delivered over the left M1 also improved only one patient clinically (on the CRS-R score) after the 

real rTMS stimulation. The clinical benefit in consciousness was associated with an enhanced 

functional connectivity in a frontotemporoparietal network. 

The other assessed target was the DLPFC. In a pilot study, Naro et al. (2015) found that a 

single session of 10Hz rTMS (10 trains of 10 sec with 60-sec intertrain, for a total of 1000 pulses) 

delivered over the right DLPFC (F4 site) did not produce any significant clinical change (measured on 

the CRS-R score) at group level. However, this session may have improved conscious motor behavior 

in 3/10 post-anoxic UWS patients. This finding was associated with an enhanced cortical excitability 

(measured by single- and paired-pulse TMS methods) and a partially restored pattern of cortico-

cortical interactions (assessed by dual-coil TMS). 

Another research group assessed the value of HF-rTMS, but delivered over the left DLPFC in 

studies with an open-label, not sham-controlled design (Xia et al., 2017a,b). In a series of 16 patients 

(5 MCS and 11 UWS) who underwent 20 consecutive days of stimulation, the impact of the treatment 

was clinically significant at overall group level on the CRS-R score measured 10 days after the last 

rTMS session compared to baseline (Xia et al., 2017a). The clinical benefit was significant from the 

half of the course of the stimulation protocol in the 5 MCS patients who all improved (although 

remaining in MCS condition), but not in the UWS patients, of whom only 4 benefited from the 

procedure, three of them switching to a MCS condition. On a CGI-I scale rated by the caregivers, 10 

patients improved (minimally to considerably), 6 patients remained stable, and none worsened (Xia et 

al., 2017a). In a satellite work, the same authors provided some EEG correlates of the effect of HF-

rTMS of the left DLPFC in patients with DOC, i.e. an EEG signal power reduced in the low-frequency 

bands and increased in the high-frequency bands (Xia et al., 2017b). 

Finally, one study was published in which an iTBS protocol (600 pulses/session delivered at 

80% of AMT) was delivered over the left DLPFC for 5 consecutive days in a series of 8 patients with 

MCS or UWS (Wu et al., 2018). At the end of the 5-day iTBS protocol, the CRS-R scores increased in 

all 4 patients with MCS and in 3 out of 4 patients with UWS, with a level of consciousness rising to 

emergence and MCS, respectively. The clinical benefit was only at the limit of statistical significance 

one week after the last rTMS session. On EEG assessment, rTMS was found to increase power in the 

alpha band, especially in a frontoparietal network. However, this study was not sham-controlled. 

In conclusion, although a clinical benefit on the level of consciousness has been reported after 

HF-rTMS of the left M1 in some individuals or after HF-rTMS or iTBS of the left DLPFC at group 

level (but in open-label studies), all published series are characterized by a too small sample size to 

propose any level of evidence or to make any recommendation for the use of rTMS in patients with 
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chronic DOC. Therefore, the therapeutic efficacy of non-invasive brain stimulation procedures 

remains matter of debate in this clinical condition and in any case, future studies could benefit from 

various neurophysiological techniques, such as evoked potentials, event related potentials, or TMS-

EEG co-registration to objectively evaluate the impact of the intervention (Ragazzoni et al. 2017; 

André-Obadia et al., 2018b). 

 

8. Mild cognitive impairment and Alzheimer’s disease 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND mild cognitive 

impairment OR Alzheimer’s disease) identified 86 papers, including 6 original sham-controlled 

studies with at least 10 patients receiving real stimulation for several daily sessions in the context of 

mild cognitive impairment (MCI) (Drumond Marra et al. 2015) or Alzheimer’s disease (AD) 

(Rutherford et al., 2015; Wu et al., 2015; Lee et al. 2016; Zhao et al. 2017; Koch et al., 2018). 

 

8.1. HF-rTMS of the left DLPFC 

 

In sham-controlled study of Class II including 34 patients with MCI diagnosed for at least one 

year, Drumond Marra et al. (2015) applied 10Hz rTMS at 110% of RMT over the left DLPFC defined 

as located 5cm anterior to the hand motor hot spot. It is worth mentioning that this distance is known 

to be too short to correctly define the anatomical location of the DLPFC (Herwig et al., 2001; 

Fitzgerald et al., 2009b; Ahdab et al., 2010). The rTMS protocol consisted in 10 sessions over two 

weeks with 2000 pulses/session, underwent by 15 patients in real condition and 19 patients in sham 

condition. No adjunctive cognitive rehab was carried out during the trial. The primary objective was 

the improvement of everyday and episodic memory, assessed by the Rivermead Behavioural Memory 

Test (RBMT). At the end of the rTMS protocol, up to one month after the last session, the RBMT 

score improved (i.e., increased) in the real stimulation group more than in the sham group, while 

secondary variables, such as logical, auditory-verbal, and working memory functions, cognitive 

functions, assessed by the Mini-Mental State Examination (MMSE), executive functions, assessed by 

the Trail Making Test (TMT), or verbal fluency did not change after real rTMS. 

A second sham-controlled study of Class III with a crossover design (Padala et al., 2018) 

included only 8 MCI patients who received 10Hz-rTMS at 120% of RMT over the left DLPFC defined 

as located 5.5cm anterior to the hand motor hot spot (10 sessions over two weeks with 3000 

pulses/session). The primary objective was the improvement of apathy, assessed on the Apathy 

Evaluation Scale-Clinician version (AES-C). At the end of the rTMS protocol, the AES-C score 

improved (i.e., decreased) in the real stimulation group more than in the sham group and the difference 

was considered clinically meaningful. In addition, several changes in secondary variables also favored 

the real rTMS condition, with a benefit observed on cognitive and executive functions, assessed on the 

MMSE and TMT, respectively. 
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These results remain insufficient to propose any statement regarding a given level of evidence 

for HF-rTMS of the left DLPFC in patients with MCI. A similar protocol was also proposed in 

patients with AD. 

In a sham-controlled study of Class II, Wu et al. (2015) applied 20Hz-rTMS at 80% of RMT 

over the left DLFPC (probably defined according to the 5cm-rule) for a total of 20 sessions (5 

sessions/week for 4 consecutive weeks) in 52 patients with AD (26 real, 26 sham). The rTMS protocol 

(real or sham) was performed concomitantly with the administration of low doses of risperidone, an 

atypical antipsychotic. The primary objective was the improvement of behavior, assessed on the 

Behavioral Pathology in Alzheimer’s Disease Rating Scale (BEHAVE-AD). At the end of the rTMS 

protocol, the BEHAVE-AD score improved (i.e., decreased) in the real stimulation group more than in 

the sham group, especially on 5 subscale scores, i.e., activity disturbances, diurnal rhythm 

disturbances, aggressiveness, affective disturbances, and anxiety or fear. In terms of clinically 

meaningful individual responses (at least 30% reduction of the BEHAVE-AD score), the real rTMS 

condition provided 73% of responders (19/26 patients), whereas the sham rTMS provided 42% of 

responders (11/26 patients). Cognitive functions, assessed on the Alzheimer’s Disease Assessment 

Scale-Cognitive Subscale (ADAS-Cog), also improved with a significant decrease of the ADAS-Cog 

total score after real rTMS. 

In a sham-controlled study of Class III with a crossover design (Rutherford et al., 2015), 10 

patients with AD received 20Hz-rTMS at 90-100% of RMT over both the right and left DLPFC 

defined by using measurements from anatomical landmarks (DaSilva et al., 2011). The protocol 

consisted of 13 sessions over four weeks with 2000 pulses to each of the right and left 

hemispheres/session. The primary objective was the improvement of cognitive functions, assessed on 

the Montreal Cognitive Assessment (MoCA) and the ADAS-Cog. No significant difference between 

the real and sham conditions was observed on these scales at the end of the 4-week rTMS protocol, but 

the MoCA score improved (i.e., increased) during the rTMS protocol at weeks 2-3, only in the real 

stimulation condition. Clinical benefit was prolonged by 2 additional weeks of treatment, however 

performed using an open-label design, and was more marked in patients at an early stage of AD. This 

latter result is in line with previous studies showing prodromal alteration of cortical excitability early 

in the course of the disease (Nardone et al., 2013, 2014). In this regard, the degree of grey matter 

atrophy in AD-related brain regions may contribute to variability of rTMS-induced cognitive after-

effects, at least if delivered to the superior temporal gyrus (STG) (Anderkova et al., 2015). Therefore, 

future studies should focus particularly on early stage of AD, which can be better identified using a 

combination of various biomarkers (McKhann et al., 2011). 

As for patients with MCI, the results reported with HF-rTMS of the left DLPFC remains 

insufficient to make any recommendation regarding a therapeutic application of such a procedure for 

patients with AD. Finally, regarding types of dementia other than AD, only preliminary data can be 

mentioned, i.e. two reports of the beneficial effects on cognitive performance or linguistic skills of 

bilateral DLPFC HF-rTMS using a figure-of-8 coil in an open-label study of 7 patients with 
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frontotemporal dementia and 2 patients with primary progressive aphasia (Antczak et al., 2018) or 

using a H-coil in one patient with primary progressive aphasia (Trebbastoni et al., 2013). 

 

8.2. HF-rTMS of the precuneus 

 

A more recent study (Koch et al., 2018) assessed the value of an rTMS protocol aimed at 

stimulating the precuneus, i.e. the medial aspect of the superior parietal lobule, involved in episodic 

memory, visuospatial processing, and various aspects of consciousness, probably through its 

engagement in large-scale neural networks, such as the default mode network (DMN) and its strong 

connection with hippocampus. In healthy subjects, a single session of iTBS of the left superior parietal 

lobule can significantly increase resting-state connectivity in the dorsal attention network and lead to 

positive cognitive after-effects (Anderkova et al., 2018), while 5 sessions of HF-rTMS targeting 

another DMN node (the left inferior parietal lobule) can significantly improve a memory association 

task (Wang et al., 2014c). 

In the above mentioned sham-controlled study of Class II with a crossover design (Koch et al., 

2018), 14 patients at an early stage of AD received 20Hz-rTMS at 100% of RMT over the left 

precuneus region defined by image-guided navigation (10 sessions over two weeks with 1600 

pulses/session). The primary objective was the improvement of cogntive functions, assessed by the 

Alzheimer Disease Cooperative Study Preclinical Alzheimer Cognitive Composite (ADCS-PACC) 

test battery. At the end of the 2-week rTMS protocol, a selective improvement in episodic memory but 

not in other cognitive domains was found in the real condition, as compared to sham stimulation. A 

modification of functional connections between the precuneus and medial frontal areas within the 

DMN, as well as an enhancement of beta-rhythm activity in the precuneus, were revealed by a 

combined TMS-EEG approach. This original targeting strategy, based on the known alteration of 

functional connectivity within the DMN and other cognitive networks at very early stages of AD 

(Palmqvist et al., 2017) remains to be further studied by other research groups. 

 

8.3. Multisite HF-rTMS 

 

In the domain of AD, which includes multiple aspects of cognitive dysfunction and problems 

with memory, language, temporospatial orientation, motivation, self-care, or behavior, multisite rTMS 

strategies may theoretically provide more benefits than single-site rTMS strategies. Conversely, one 

study showed that a simple 5Hz-rTMS protocol targeting only the left DLPFC could produce similar 

clinical improvement in AD patients compared to a multisite rTMS protocol stimulating six cortical 

regions of interest (Alcalá-Lozano et al., 2018). In this study, 19 AD patients were randomized to 

receive one of these protocols (10 patients for single-site rTMS of the left DLPFC vs. 9 patients for 

multisite rTMS) over 3 weeks. The clinical improvement (measured on the ADAS-Cog and MMSE 

scores) was similar in both groups and maintained at least for 4 weeks after the intervention. These 
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authors explained their result by the large-scale structural and functional connectivity of the left 

DLFPC with a variety of brain structures potentially involved in the pathophysiological progression of 

AD (Alcalá-Lozano and Garza-Villarreal, 2018). 

However, the multisite rTMS procedure performed by Alcalá-Lozano et al. (2018) did not use 

neuronavigation targeting and was not combined with cognitive training. Indeed, multisite rTMS 

protocols gain in evidence in the treatment of AD, especially when combined navigated rTMS with 

cognitive training. A specific approach, usually called rTMS-COG therapy, consists in delivering 

rTMS trains over different cortical targets for priming cognitive training tasks during a sequential 

program of treatment. This type of therapeutic protocol has been formalized and structured in the 

NeuroAD System (Bentwich et al., 2011). 

In a sham-controlled study of Class II (Lee et al. 2016), 26 patients with probable AD (18 real, 

8 sham) received 5 sessions of rTMS-COG therapy per week for 6 consecutive weeks. Each session 

consisted of a combination of active cognitive training and rTMS delivered over three different 

cortical regions targeted using an image-guided navigation system. Thus, on alternate days, either 

Broca’s area, Wernicke’s area, and the right DLPFC (days 1, 3, and 5) or the left dlPFC and both 

parietal somatosensory association cortices (PSAC) (days 2 and 4) are stimulated during the daily 

session. For each stimulated cortical target, the protocol consisted of a series of 20 trains of 10Hz-

rTMS of 2 seconds (20 pulses/train delivered at 90-110% of RMT with a figure-of-8 coil under 

neuronavigation) followed by 40 seconds of specific cognitive tasks performed between each 2-sec 

train of 10Hz-rTMS. The patients performed cognitive tasks displayed on a touch screen in front of 

them, with a level of difficulty adjusted to their cognitive performance assessed on their results in 

prior sessions. The cognitive tasks differed according to the stimulated cortical region, including 

syntax and grammar tasks for Broca’s area, comprehension of lexical meaning and categorization 

tasks for Wernicke’s area, naming of actions and objects, word recall and spatial memory tasks for 

both dlPFC areas, and spatial attention tasks for shapes and letters for both PSAC areas. Thus, for each 

cortical target, the protocol resulted in 400 rTMS pulses priming cognitive training for about 15 min 

and since each session included 3 targets, the whole session lasted less than one hour with a total of 

1200 rTMS pulses delivered per day over the brain. In the study of Lee et al. (2016), no time x group 

interaction emerged at the end of the 6-week treatment and after 6-week follow-up regarding the 

ADAS-Cog score (primary endpoint), but the patients who received real rTMS improved significantly 

more than those who were in the sham group in the domains of memory and language, especially 

patients with mild AD. The improvement (decrease) in the ADS-Cog score provided by real rTMS-

COG therapy in patients with mild AD (-5.5) was twice as much as usually observed with 

cholinesterase inhibitors in comparable AD patients over 6 months (-2.7). 

Before 2014, another sham-controlled study, but including less than 10 patients in the real 

rTMS group (Class III), had been published using the same procedure (Rabey et al., 2013). In this 

study, 15 AD patients were randomized to receive real (7 patients) or sham (8 patients) rTMS-COG 

therapy. The improvement (decrease) in the ADS-Cog score was significantly better in the real 
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condition group (-3.8) than in the sham group (-0.5) at the end of the 6-week protocol. A maintenance 

treatment was performed with 2 sessions of one hour per week for 3 months. At the end of follow-up 

(4.5 months after treatment initiation), the clinical benefit, assessed by the ADAS-Cog score, was still 

better in the real condition group (-3.5) than in the sham group (+0.4). The Clinical Global Impression 

of Change (CGIC) was in favor of a mild improvement in the real condition group (3.6 on the 7-point 

Likert scale) and mild worsening in the sham group (4.3). 

Still using the same approach, several open-label studies have been published (Class IV). For 

example, the same researchers as for the aforementioned sham-controlled randomized study published 

their experience in 30 patients with mild-to-moderate AD (Rabey and Dobronevsky, 2016). At the end 

of the 6-week treatment, patients improved regarding both ADAS-Cog (-2.4) and MMSE (+1.7) 

scores. In 5 patients who were reevaluated at 10 months from treatment initiation and in whom the 

ADAS-Cog score was returned to baseline, a second rTMS-Cog protocol treatment allowed the same 

benefit to be obtained as after the first treatment (-2.4). 

Another group reported the results obtained by performing real rTMS-COG therapy for 5 

consecutive weeks in 10 patients with AD (Nguyen et al., 2017). In addition to the combination of 

rTMS and cognitive training above described, a short series of 5 trains of 20 pulses at 10Hz (100 

pulses/session) was delivered everyday over the left or right DLPFC combined with a ‘‘word recall’’ 

training, for promoting episodic memory recovery (Rossi et al., 2001). The primary endpoint of the 

study was improvement of the ADAS-Cog score, which was reached at the end of intervention (-2.9), 

but not at 6-month follow-up, with the exception of 5 “best responders” in whom the clinical benefit 

was maintained (ADAS-Cog score: -2.5 compared to baseline). Then, the 5 “poor responders” of this 

study received two additional weeks of rTMS-COG therapy between 6 and 12 months after the initial 

treatment and these additional sessions clearly reduced the progression slope of cognitive decline in 

these patients (Nguyen et al., 2018). Apathy and dependence scores, as secondary endpoints, also 

improved after rTMS-COG therapy in this work. Conversely, no adverse events occurred, including no 

seizure, while these patients are known to have a low epileptogenic threshold. 

Zhao et al. (2017) also applied multisite rTMS therapy combined with cognitive tasks for 6 

weeks (1 session/day and 5 days/week for total of 30 sessions) in 30 patients diagnosed with mild or 

moderate AD (17 real, 13 sham). However, the protocol was frankly different from that of the 

NeuroAD System with a lot of ambiguous statements. The authors report a series of 20 trains of 20Hz-

rTMS of 10 seconds (200 pulses/train delivered at unknown intensity with unknown coil type) 

followed by only 20 to 40 seconds of specific cognitive tasks performed between rTMS trains, while 

intertrain interval was reported to last only 20 seconds. In this article, the cognitive tasks are not 

described and more importantly, the stimulated areas are reported to include only four parietal and 

temporal regions, defined as P3/P4 and T5/T6 according to the 10-20 EEG System, while the authors 

considered "three brain areas" to be targeted and stimulated separately in each session. No significant 

time x group interaction was observed in the whole series of patients at the end of the 6-week 

treatment and at 6-week follow-up for any of the neuropsychological tests performed in this study. 
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However, in the 20 patients with mild AD, defined by a MMSE score ≥21, clinical improvement was 

significantly better at 6-week follow-up in the real condition group (12 patients) than in the sham 

group (8 patients), regarding ADAS-Cog (-6.4), MMSE (+4.1), MoCA, and World Health 

Organization University of California-Los Angeles Auditory Verbal Learning Test (WHO-UCLA 

AVLT) scores. 

In conclusion, taking into account at least one Class II and one Class III study, a Level C of 

Evidence is reached to consider that multisite rTMS-COG is possibly effective to improve apathy, 

cognitive function, memory, and language in AD patients, especially at a mild/early stage of the 

disease. Clinical use of this type of treatment requires additional observational studies to confirm that 

the long-term effect of multisite rTMS-COG may actually exceed that of rTMS over a given region of 

interest. In addition, various imaging and/or neurophysiological techniques should be employed to 

provide an objective readout and improve our understanding of the neural basis of the effects induced 

by multisite rTMS (Sale et al., 2015; Bergmann et al., 2016). 

 

9. Tinnitus 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND tinnitus) identified 59 

papers, including 11 original sham-controlled studies with at least 10 patients receiving real 

stimulation for several daily sessions (Langguth et al., 2014; Yilmaz et al., 2014; Bilici et al., 2015; 

Folmer et al., 2015; Schecklmann et al., 2016; Wang et al. 2016b; Cacace et al., 2017; James et al. 

2017; Landgrebe et al., 2017a; Sahlsten et al., 2017; Formánek et al., 2018). 

 

9.1. LF-rTMS of the auditory cortex 

 

The usual rTMS procedure to treat chronic tinnitus is to apply LF-rTMS over the auditory 

temporal cortex of the left hemisphere or contralateral to the most affected ear (Table 10). The 

rationale of this approach is to reduce a possible hyperactivity of the auditory cortex. Indeed, in one 

sham-controlled crossover study (Cacace et al., 2017), 25 patients with chronic tinnitus received 5 

daily sessions of real and sham 1Hz-rTMS (separated by a wash-out period of 2 to 5 weeks) delivered 

on the left temporal lobe (halfway between T3 and T5 site of the 10-20 EEG System). The clinical 

efficacy of real LF-rTMS on tinnitus loudness (measured psychoacoustically) and self-perceived 

changes in the Tinnitus Handicap Questionnaire (THQ) (including the Social-Emotional-Behavioral 

subscale), was highly correlated with a down-regulation of excitatory glutamate contents in the 

stimulated area (left auditory cortex), assessed by single voxel proton magnetic resonance 

spectroscopy (1H-MRS). 

Two large randomized sham-controlled studies (Folmer et al., 2015; Landgrebe et al., 2017a) 

investigated the effects of 10 days of 1Hz-rTMS delivered over the left temporal lobe, with the figure-

of-8 coil centered on a point located 1.5cm posterior to the midline of the T3-C3 line, as initially 
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described by Langguth et al. (2006). One of these studies was positive (Folmer et al., 2015), but only 

half of the patients were stimulated on the above described left hemisphere target, whereas the other 

half were stimulated on the homologous temporal target of the right hemisphere. In this study, 64 

patients were equally randomized in the real and sham stimulation groups to receive 2,000 pulses per 

session on 10 consecutive workdays. Results were analyzed according to the percentage of responders 

on the Tinnitus Functional Index (TFI) at the end of the treatment, which was higher in the real 

stimulation group (56%) than in the sham group (22%). In contrast, no significant difference between 

real and sham rTMS was found in the study of Landgrebe et al. (2017a), including 146 patients with 

chronic tinnitus, all stimulated over the left auditory cortex. In this study, no significant difference in 

the change in the sum score of the Tinnitus Questionnaire compared to baseline was found between a 

group of 71 patients who received the real treatment and 75 patients who were treated by sham 

stimulation.  

As discussed in the literature (Folmer, 2017; Landgrebe et al., 2017b), potential explanations 

for this discrepancy may be related to differences in: (i) patients' sample characteristics (e.g., regarding 

age, disease duration, or hearing loss level); (ii) laterality of the stimulation side (left hemisphere only 

in Landgrebe et al. (2017a) vs. either right or left temporal cortex in Folmer et al. (2015)); (iii) coil 

orientation (known to be crucial in other rTMS applications, such as in pain domain (André-Obadia et 

al., 2008; Lefaucheur et al., 2010)); (iv) magnetic stimulator type (efficiency and direction of the 

current induced in the cortex differ according to manufacturers (Kammer et al., 2001; Thielscher and 

Kammer, 2004)); (v) outcome measures (TQ sum score in Landgrebe et al. (2017a) vs. percentage of 

responders on TFI in Folmer et al. (2015)). 

A large open-label study with 289 participants aimed at identifying the clinical predictors of 

LF-rTMS delivered over the left temporoparietal cortex (TPC) (10 sessions over 2 weeks, 1000 

pulses/session) for chronic tinnitus treatment (Wang et al., 2016a). Significant tinnitus suppression 

(reduced loudness on VAS score) correlated with normal hearing level, absence of sleep disturbance, 

and shorter tinnitus duration (less than one year). Another open-label study even assessed the effects 

of rTMS in a series of 34 patients with sudden hearing loss and acute tinnitus (Zhang and Ma, 2015). 

The protocol consisted of 20 sessions of 1Hz-rTMS delivered over 4 weeks (1200 pulses/session) to 

the temporoparietal junction (TPJ) ipsilateral to the symptomatic ear were performed. Both hearing 

function and tinnitus perception improved after rTMS, as compared to patients who did not receive 

rTMS treatment. In this study, rTMS was performed in addition to standard corticosteroid and 

hyperbaric oxygen therapy. One further sham-controlled trial with limited specifications of methods 

showed reductions in Tinnitus Handicap Inventory (THI), tinnitus loudness and tinnitus subjective 

scores for the real stimulation condition (30 patients) but not the sham group (30 patients) (Yilmaz et 

al., 2014). 

Two studies aimed at determining the most efficacious stimulation protocol using LF-rTMS 

over the left auditory cortex. First, Lo et al. (2014) compared the effect of 5 sessions based on 1000 vs. 

2000 pulses/session in 28 tinnitus patients equally randomized. They did not find any difference 
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related to the number of pulses/session in the reduction of tinnitus assessed on the Tinnitus Handicap 

Inventory (THI) rating scale, up to 4 weeks after the intervention. Second, Lehner et al. (2015) 

addressed the issue of maintenance therapy in an open-label study of 55 patients who underwent 2 

rTMS protocols over 10 days separated by several months. The more patients worsened between both 

treatment courses, the more they improved after the second treatment, suggesting that the repeated 

application of rTMS protocols may be useful in the therapeutic management of patients with tinnitus, 

regardless of the response to the first treatment course. Long-term efficacy was also assessed in one 

open-label study of a small sample of 8 patients (Labar et al., 2016). The rTMS protocol consisted of 

weekly perfomed 1Hz-rTMS sessions applied to the TPJ over 5 weeks and then monthly sessions for 

the next five months. Significant tinnitus reduction was observed in 4 of 8 patients at week 5, but only 

in 1 patient at the end of follow-up (7 months). 

One important issue is to determine the optimal target location for enhancing the efficacy of 

LF-rTMS of the auditory cortex. One research group compared the effects of 1 Hz-rTMS (600 pulses 

per daily session for 5 to 10 days) delivered over the TPC, either contralaterally or ipsilaterally to the 

symptomatic ear, in 40 to 61 patients with unilateral tinnitus (Kim et al., 2014b,c). These authors 

found a similar benefit in the THI and VAS scores for tinnitus loudness, awareness, and annoyance for 

the two approaches both immediately after treatment (Kim et al., 2014b) and at follow-up visits one 

and six months later (Kim et al., 2014c). Thus, the laterality of LF-rTMS application could be not a 

decisive factor in relieving tinnitus, as also suggested by the results reported in the study of Folmer et 

al. (2015). 

Another point is to precisely define the target location within the auditory cortex. One 

randomized study (Noh et al., 2017b) showed that tinnitus was similarly improved by 1Hz-rTMS 

delivered over the left auditory cortex when anatomically targeted with an image-guided navigation 

system or defined as posterior to the T3-C3 line, i.e. based on the 10-20 EEG System, according to 

Langguth et al. (2006). Another randomized study came up with the same conclusion that navigated 

rTMS was not superior over non-navigated rTMS (Sahlsten et al., 2019). In this latter study, chronic 

tinnitus improved significantly in both rTMS groups, and treatment response was even better in the 

non-navigated group regarding tinnitus intensity reduction. 

The same research group attempted to optimize rTMS targeting, based on the known tonotopy 

of the auditory cortex in the superior temporal gyrus (STG), where higher frequencies are represented 

posteriorly and lower frequencies anteriorly (Sahlsten et al., 2015, 2017). Using an MRI-guided 

neuronavigation system that visualizes electric field (in V/m) induced by TMS pulses into the brain, 

these authors determined the location of rTMS target within the left STG roughly according to the 

tonotopic representation of tinnitus pitch in each individual patient. After an open-label pilot study 

based on 13 patients with very severe tinnitus symptoms (Sahlsten et al., 2015), a series of 39 tinnitus 

patients was investigated in a sham-controlled study based on 10 daily rTMS sessions over 2 weeks 

with a 6-month follow-up (Sahlsten et al., 2017). The session protocol was extraordinarily long, 

consisting of 4000 pulses delivered at 1Hz over 1 hour. This latter study revealed significant beneficial 
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effects of rTMS on the THI and VAS scores for tinnitus intensity, distress, and annoyance but no 

differences between real and sham stimulation groups beyond one month after stimulation period, 

possibly due to a large placebo effect and wide inter-individual variability. 

In contrast, a large, non-focal stimulation was applied in one sham-controlled study for 10 

days using a circular coil to deliver 1Hz-rTMS over the left temporal lobe (Billici et al., 2015). This 

study showed an improvement on the THI score at 1- and 6-month follow-up after real treatment 

initiation, but not after the sham procedure. No effect of LF-rTMS was observed on the Tinnitus 

Severity Index (TSI) score, while both THI and TSI scores frankly improved at 6-month follow-up 

when rTMS was delivered at 10Hz (600 pulses/session), which is an unusual finding. 

Finally, one sham-controlled study (Wang et al., 2015) compared the respective efficacy of 

neuronavigation-guided LF-rTMS protocols delivered over the left TPC and a region defined by high-

density EEG source analysis (10 sessions over 2 weeks, 1000 pulses/session). This study enrolled 21 

patients with tonal tinnitus and no hearing loss (7 patients in each experimental group: real rTMS of 

the left TPC or EEG-defined target, or sham rTMS). Significant reduction of tinnitus severity and 

loudness (measured on the THI and a VAS) was observed at the end of the 2-week rTMS protocol, but 

significantly more marked in the group of patients stimulated over the target defined by EEG source 

analysis. This target site was mostly located in the right orbitofrontal cortex (BA 11). Another study 

further showed that the grey matter volume measured in the orbitofrontal cortex at baseline correlated 

with clinical improvement observed after LF-rTMS delivered for 10 days over the left temporal cortex 

in a series of 77 tinnitus patients (Lehner et al., 2014). It was also found that a single session of LF-

rTMS over the left temporal cortex (posterior to T3-C3 line, according to Langguth et al. (2006)) was 

able to modulate resting-state EEG oscillatory activity in frontal cortical regions, increasing the high-

to-low frequency power ratio (Schecklmann et al., 2015). The same group, in a large series of 116 

patients with chronic tinnitus, showed that the improvement of tinnitus (assessed on the TQ score) 

induced by a 10-day protocol of LF-rTMS applied to the left auditory cortex was associated with a 

significant reduction in short-interval intra-cortical inhibition (SICI), reflecting a modulation of 

GABAergic transmission in the left motor frontal area (Schecklmann et al., 2014b). Thus, LF-rTMS 

delivered to the auditory cortex is surely able to modulate a large-scale brain network.  

 

- Insert Table 10 - 

Two studies assessed methodological variants of the inhibitory stimulation of the left auditory 

cortex. First, Thabit et al. (2015) studied combination of LF-rTMS of the left TPC and a "peripheral" 

stimulation, consisting of direct cochlear low-level laser therapy (LLLT) associated with laser 

acupuncture applied to the affected ear(s) in a 10-day protocol. These authors showed in a series of 30 

patients with chronic tinnitus that only this combination of treatment, but not LF-rTMS or LLLT 

applied alone, was able to reduce tinnitus severity, assessed on THI and a VAS, up to 4 weeks after the 

end of the treatment.  
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Second, in a sham-controlled trial, Schecklmann et al. (2016) assessed the value of a cTBS 

protocol delivered over the left auditory cortex. These authors did not find superior effects of 10 

sessions of real cTBS versus sham stimulation in a series of 23 patients (12 real, 11 sham), despite 

significant changes in sound-evoked brain oxygenation at the site of stimulation measured by near-

infrared spectroscopy (NIRS) (Schecklmann et al., 2014a).  

Finally, one sham-controlled crossover study aimed at identifying neuronal markers as 

predictors for treatment outcome of rTMS (4 daily sessions over one week, 1800 pulses/session) 

delivered to the STG in 12 patients with tinnitus (James et al., 2017). In this study, real rTMS was 

delivered at 1Hz or 10Hz over the hemisphere opposite to tinnitus or the left hemisphere in case of 

symmetrical bilateral tinnitus. The greatest clinical effect of rTMS was observed on tinnitus awareness 

(-16% compared to baseline, assessed on a VAS) after both 1Hz- and 10Hz-rTMS, while tinnitus 

annoyance and loudness were more slightly reduced (-7/11%, also assessed on a VAS), but only 

significantly after 1Hz-rTMS. In addition, patients underwent fMRI while performing an attentional 

conflict task, the Multi-Source Interference Task (MSIT), before and after rTMS treatment. A greater 

recruitment of bilateral prefrontal and parietal regions by MSIT at baseline corresponded with poorer 

treatment response, while activity changes in the left DLPFC explained the greatest reduction in 

tinnitus awareness following 1Hz stimulation. Thus, a predominant effect of LF-rTMS of STG on 

tinnitus awareness may relate to change in attentional processing due to the connections between the 

STG and regions of the prefrontal cortex that mediate attention. This study paved the way for 

considering the left DLPFC as a potential rTMS target to treat tinnitus. 

 

9.3. HF-rTMS of the left DLPFC 

 

The therapeutic value of HF-rTMS of the left DLPFC as a single-site protocol in chronic 

tinnitus was not supported by one recent study. Noh et al. (2017a) compared HF-rTMS of the left 

DLPFC performed alone vs. combined with LF-rTMS delivered to the left auditory cortex in a 

protocol consisting of 3000 pulses delivered per session for 4 days in both conditions. The 

improvement in THI score was significant for the combined procedure but not for HF-rTMS of the left 

DLPFC performed alone. However, this study enrolled only 8 and 9 patients in each condition and was 

not sham-controlled. 

The combination of HF-rTMS of the left DLPFC and LF-rTMS of the left auditory cortex was 

also investigated by several studies before 2014 in the treatment of chronic tinnitus (Kleinjung et al., 

2008; Kreuzer et al., 2011; Lehner et al., 2013; Park et al., 2013b). In a series of 32 patients, Kleinjung 

et al. (2008) first showed that a 10-day protocol of LF-rTMS of the left TPC (1000 pulses/session at 

1Hz and 110% of RMT) preceded by HF-rTMS of the left DLPFC (1000 pulses/session at 20Hz and 

110% of RMT) could produce the same reduction of tinnitus severity (assessed on TQ score) as LF-

rTMS of the left TPC performed alone (2000 pulses/session at 1Hz and 110% of RMT), but with a 

significantly more prolonged effect at 3-month follow-up. A similar result was obtained in a series of 



 49

56 patients, replacing 20Hz-rTMS of the left DLPFC by 1Hz-rTMS of the right DLPFC (Kreuzer et 

al., 2011). Actually, an open-label study of 7 patients with chronic tinnitus (De Ridder et al., 2013) 

previously reported that a 10-day protocol of LF-rTMS delivered at 1Hz over the right DFLPC could 

significantly reduce tinnitus loudness (assessed on a VAS). 

In another series of 45 patients, the same research group replaced LF-rTMS of the left TPC by 

LF-rTMS of both the right and left TPC (Lehner et al., 2013). Such a triple-site rTMS protocol 

produced similar improvement as single-site LF-rTMS of the left temporal cortex, but, again, with 

more prolonged significance (clinical benefit being still present at 3-month follow-up only in the 

multisite group). This study was replicated by the same research group in 49 patients (Lehner et al., 

2016). The conclusion was that “no significant superiority of the multisite protocol was observed”, but 

no firm conclusion could be drawn since these studies were not sham-controlled 

Only two studies assessed multisite rTMS strategy in tinnitus, including a sham group and 

more than 10 patients in the real stimulation group (Langguth et al., 2014; Formánek et al., 2018) 

(Table 11). 

First, Langguth et al. (2014) showed that a 10-day rTMS protocol combining 20Hz-rTMS over 

the left DLPFC, followed by 1Hz-rTMS over the left auditory cortex was able to reduce tinnitus 

severity (assessed on TQ score) in a group of 46 patients receiving the real stimulation. Overall, the 

average reduction of the TQ score was not superior in this group than in the groups of patients treated 

by real or sham LF-rTMS delivered to the left auditory cortex alone. However, the real rTMS 

protocols provided a higher percentage of individual responders compared to the sham condition. 

In a second sham-controlled study, the combined HF-rTMS/LF-rTMS protocol was not found 

to provide any clinical benefit (Formánek et al., 2018). In this series of 32 patients with chronic 

tinnitus (20 real, 12 sham), the left DLFPC was stimulated at 25Hz combined with 1Hz-rTMS of the 

auditory cortex of both hemispheres for 5 consecutive days. No significant effect of rTMS was found 

at 1- or 6-month follow-up on the Tinnitus Reaction Questionnaire (TRQ) or THQ scores, as well as 

on the Beck Depression Inventory (BDI). Only a statistical but clinically irrelevant effect on the THI 

score was observed. This study questioned the value of multisite rTMS protocols in tinnitus, but this 

protocol may have been less effective because of both auditory cortices were stimulated. Indeed, two 

previous studies showed no significant treatment effect of real versus sham rTMS following bilateral 

temporal cortex stimulation (Plewnia et al., 2012; Hoekstra et al., 2013). 

The other studies compared two real stimulation protocols, without sham condition. Following 

a first pilot study (Park et al., 2013b), Park et al. (2015) compared two protocols combining LF-rTMS 

of the left auditory cortex and HF-rTMS of the left DLPFC with 2000 pulses/session for 3 days vs. 

3000 pulses/session for 4 days. Only the latter protocol provided significant tinnitus relief assessed on 

THI and VAS scores. However, this study only enrolled 6 and 8 patients in each condition. 

Kreuzer et al. (2015a) compared the combination of 10Hz-rTMS of the left DLPFC followed 

by 1Hz-rTMS of the left TPJ to another multisite protocol, combining mediofrontal HF-rTMS over the 

anterior cingulate cortex (ACC) using a double-cone coil followed by LF-rTMS of the left TPJ with a 
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figure-of-8 coil. In both protocols, 2000 pulses were delivered to each target per session. In this study 

conducted in 40 patients with chronic tinnitus, responder rates (assessed on the TQ score) did not 

differ between both groups. 

The combination of rTMS with relaxation techniques was investigated in one pilot study 

(Kreuzer et al., 2016). Compared to historical control groups having received the same rTMS protocol 

(active control) and sham treatment (placebo) without relaxation techniques, the 38 patients who 

listened to relaxation audios during stimulation (10 sessions of rTMS applied to the left DLPFC and 

TPC targets) tended to have a better outcome (reduction in TQ score) and a significant correlation 

between deepness of active relaxation and tinnitus improvement  

Since chronic tinnitus is often accompanied by comorbid muscular tension, Vielsmeier et al. 

(2018) studied the value of adding a repetitive peripheral magnetic stimulation (rPMS) of the neck and 

back muscles before and after rTMS sessions combining HF-rTMS of the left DLPFC followed by LF-

rTMS of the left TPC. In a series of 41 patients treated by 10 sessions of such a protocol, no 

improvement was found in either tinnitus severity (measured on the TQ score) or neck pain. 

- Insert Table 11 - 

Taken together there has been a substantial amount of new data on different aspects of rTMS 

application for the treatment of tinnitus in the 2014-2018 period. However, these results still do not 

allow firm conclusions about the efficacy of rTMS in this clinical condition. Comprehensive analyses 

of the literature up to 2014 (Soleimani et al., 2016) and since 2014 (Londero et al., 2018) showed a 

medium-to-large effect size in favor of rTMS therapy, but with a high variability of study design and 

inter-individual outcomes. However, a definitive conclusion about the efficacy of rTMS for the 

treatment of tinnitus is still not possible. Some of the available clinical studies are positive, others are 

negative. Even the available Class I studies based on large samples revealed contradictory results. 

Folmer et al. (2015, 2017) found a superiority of real versus sham rTMS, whereas Landgrebe et al. 

(2017a,b) could not detect a significant difference between real and sham rTMS. Thus, systematic 

meta-analyses are needed for drawing a clearer picture of the effectiveness of rTMS in chronic 

tinnitus. 

To date, there is no robust evidence to prefer a dual- or triple-site rTMS procedure (LF-rTMS 

over the auditoy cortex of one or both hemispheres combned with HF-rTMS of the left DLPFC) rather 

than a single-site LF-rTMS procedure over the auditory cortex of the left hemisphere or contralateral 

to the most affected ear. Therefore the general recommendation remains of Level C ("possible effect 

of repeated sessions of LF-rTMS of the TPC (on the left hemisphere or contralateral to the affected 

ear) in tinnitus"). Many questions remain concerning the use of this technique in everyday practice, 

such as what could be the optimal treatment target(s) and protocol and what could be the role of 

individual susceptibility to auditory cortex stimulation in influencing outcome or side effects, e.g., 

related to genetic factors (BDNF genotype, Yang et al., 2016) or the presence of hyperacusis or 

hearing loss (Lefaucheur et al., 2012b; Tringali et al., 2013). 
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Therefore, one of the most promising approaches could be to perform a stimulation protocol 

tailored to the individual patient. A recent pilot study explored this concept (Kreuzer et al., 2017), by 

delivering rTMS at various frequencies over the left and right DLPFC or TPC targets in a single test 

session to select the type of protocol subsequently applied for several days. Among 25 tested patients, 

immediate effect on tinnitus perception was detected in 12 patients who received 9 further treatment 

sessions with a combined rTMS protocol over the most effective DLPFC and TPC targets found in the 

test sessions. In the remaining 13 patients, a standard combined protocol (20Hz-rTMS over left 

DLPFC followed by 1Hz-rTMS over the left TPC) was performed. The responders of the test sessions 

who received the individualized protocol had a higher benefit than the patients receiving the standard 

protocol. This result provides a basis for a "tailored" application of rTMS in tinnitus, since usual 

“standardized” rTMS protocols have shown significant but only moderate efficacy with high 

interindividual variability in treatment response. 

 

10. Depression 

 

Available therapeutic strategies for depression include medication optimization (by combining 

antidepressants, add-on therapy or changing their dosage), psychotherapeutic care, augmentation (with 

lithium, thyroid hormone, and atypical antipsychotics), electroconvulsive therapy (ECT), and rTMS. It 

is estimated that treatment resistance occurs in 50% of depressed patients who are receiving proper 

antidepressant medication and over 10% of these patients remain resistant to various 

psychopharmacological interventions (Fagiolini and Kupfer, 2003). In addition, the risk of relapse (up 

to 85% of the cases) or chronicization (about 20% of the cases) must also be considered (Ferrari et al., 

2013). However, when to apply rTMS in this context and the place of rTMS in the antidepressant 

treatment algorithm has not been clearly defined yet. Clinical practice shows that rTMS may have a 

higher chance of success when it is administered in the year of onset of an ongoing depressive episode, 

to patients below the age of 65 years, and in cases known to have a limited level of resistance to 

treatment (one or two failed pharmacological trials, with or without additional psychotherapy) (George 

and Post, 2011). These criteria should be considered as merely indicative as most of rTMS research in 

the domain of depression has been conducted in MDD patients with some form of treatment 

resistance. On the other hand, in geriatric samples, beneficial effects of rTMS have been reported on 

mood (Dardenne et al., 2018), but not on executive functions (Ilieva et al., 2018). 

 

10.1. General results 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND depression) identified 

526 papers, including 11 original sham-controlled studies with at least 10 patients receiving real 

stimulation for several daily sessions. These 11 studies examined the efficacy of HF-rTMS of the left 

DLPFC (n=3), LF-rTMS to the right DLPFC (n=1), or bihemispheric rTMS over both DLPFC (n=1), 
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compared right and left DLPFC stimulation (n=1), or evaluated new settings (deep rTMS, TBS, or 

accelerated rTMS protocol) (n=5)  

In the past decades, two different approaches for the treatment of MDD episodes with rTMS 

emerged: either HF-rTMS of the left DLPFC (aimed at correcting an alleged hypoactivity) or LF-

rTMS of the right DLPFC (aimed at reducing an alleged hyperactivity) (De Raedt et al., 2015). 

HF-rTMS of the left DLPFC received a recommendation corresponding to a Level A of 

evidence in our previous guidelines (Lefaucheur et al., 2014). This was also in accordance with the 

U.S. Food and Drug Administration (FDA) approval, first issued in December 16, 2008 following the 

report of beneficial results by two large multicenter studies: 301 and 199 patients enrolled in 

O’Reardon et al. (2007) and George et al. (2010), respectively. In the 2014-2018 period, 4 additional 

studies were retained for further analysis, one of Class I (Blumberger et al., 2016), one of Class II 

(Theleritis et al., 2017) and two of Class III (Kang et al., 2016; Li et al., 2016a) (Table 12). 

The Class I study (Blumberger et al., 2016) failed to show a significantly differential effect 

between real and sham HF-rTMS protocols unilaterally delivered to the left DLPFC in terms of 

remitter or responder rate measured on the 17-item HDRS (HDRS-17) (remission defined as HDRS-

17 score ≤7, response defined as HDRS-17 score reduction >50%). Conversely, all the other recent 

sham-controlled studies (Kang et al., 2016; Li et al., 2016a; Theleritis et al., 2017) reported beneficial 

results of the real stimulation compared to sham control. One of these studies (Theleritis et al., 2017) 

showed the additional effect of performing rTMS sessions twice a day rather than once a day. The 

remaining two studies revealed some functional brain changes produced by rTMS or associated with 

the outcome using fMRI, PET, or EEG assessments (Kang et al., 2016; Li et al., 2016a). 

Consequently, the Level A of evidence of definite efficacy did not change concerning HF-rTMS 

applied to the left DLPFC. A recent meta-analysis also concluded to a significant antidepressant effect 

of HF-rTMS of the left DLPFC (Brunoni et al., 2017). 

- Insert Table 12 - 

In our previous work, a Level B of evidence (probable efficacy) of LF-rTMS of the right 

DLPFC was proposed (Lefaucheur et al., 2014), since most studies showed a beneficial antidepressant 

effect of this procedure compared to placebo, but with lower statistical power than for HF-rTMS of the 

left DLPFC (Level A). Although the tolerability of LF-rTMS appears better than HF-rTMS, 

unfortunately, no new sham-controlled studies examined the effects of LF-rTMS applied to the right 

DLPFC in large MDD samples in the 2014-2018 period. So at this point we can only keep a Level B 

of evidence for this procedure.  

Of note, the published rTMS studies often showed a large variability in the number of sessions 

proposed (10 to 30) and the number of stimuli per session (120 to 3000), and these variables are 

usually lower when applying LF-rTMS of the right DLPFC as compared to HF-rTMS of the left 

DLPFC. One recent meta-analysis (Teng et al., 2017) showed that increasing the number of sessions 

and the total number of pulses per session (with an optimal value of 1200-1500 pulses/session) was 

associated with an increased antidepressant efficacy of HF-rTMS of the left DLPFC. A few studies 
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compared the both types of stimulation (LF-rTMS on the right vs. HF-rTMS on the left) and rather 

showed a similar antidepressant efficacy, even when rTMS was used in augmentation or as an add-on 

treatment to antidepressants in pharmacological refractory major depression (Eche et al., 2012; 

Dell'Osso et al., 2015). One meta-analysis specifically addressed this question and concluded that HF 

and LF-rTMS had a comparable antidepressant efficacy (Chen et al., 2013). However, other authors 

pointed out that HF-rTMS might have a greater potential ability to accelerate and improve the clinical 

response to antidepressants than LF-rTMS, whereas LF-rTMS might have a better tolerability profile 

than HF-rTMS (Berlim et al., 2013b). Therefore, considering the few studies that have directly 

compared the efficacy and safety profiles of the two techniques, we prefer to propose only a Level C 

of evidence to conclude that there is possibly no difference between HF-rTMS of the left DLPFC and 

LF-rTMS of the right-DLPFC in their therapeutic use for patients with depression. 

In our previous analysis of the literature (Lefaucheur et al., 2014), we found that bilateral 

rTMS of the DLPFC (LF on the right hemisphere and HF on the left one) was compared to unilateral 

HF-rTMS of the left DLPFC in 7 studies, with only one study showing a superior efficacy of bilateral 

rTMS and even two studies reporting a lower efficacy of bilateral rTMS. The efficacy of bilateral 

rTMS was also compared to a sham condition in 7 studies, with a significantly better efficacy of the 

real stimulation condition observed in only 3 studies. Therefore, no recommendation was made 

regarding bilateral rTMS of the DLPFC in depression because of highly contradictory results. In the 

2014-2018 period, the efficacy provided by the combination of LF-rTMS of the right DLPFC and HF-

rTMS of the left DLPFC during the same sessions in the same patients was assessed in 12 studies (2 

Class I studies, 6 Class II studies and 4 Class III studies). These studies did not report any superior 

efficacy of bilateral stimulation, as compared to unilateral stimulation, except one Class I study 

(Blumberger et al., 2016). In this study, only bilateral rTMS (600 pulses at 1Hz on the right DLPFC 

followed by 1500 pulses at 10Hz on the left DLPFC), but not unilateral HF-rTMS of the left DLPFC 

(2100 pulses at 10Hz), produced significantly greater antidepressant effects compared to sham 

procedure in terms of remission or response (measured on the HDRS-17 score). Therefore, we propose 

to make a recommendation in favor of a probable antidepressant efficacy (Level B of evidence) of 

bilateral rTMS protocols over the DLPFC (LF on the right side and HF on the left) in patients with 

MDD with possibly no differential antidepressant efficacy between bilateral rTMS versus unilateral 

right LF-rTMS or left HF-rTMS delivered to the DLPFC (Level C of evidence). 

Another issue is the relationship between rTMS efficacy and antidepressant pharmacotherapy. 

In fact, there are two different questions: (i) is there a difference between rTMS and antidepressants in 

terms of therapeutic efficacy?; (ii) is there an augmenting effect of rTMS when introduced in patients 

already under stable antidepressant medication or an additive or potentiating effect of rTMS when 

introduced concomitantly with antidepressant medication ("add-on therapy")? 

Since 2014, regarding comparisons between antidepressant effects of rTMS and medication, 

one large multicenter Class I study of 170 depressed patients (Brunelin et al., 2014) showed that LF-

rTMS of the right DLPFC was as effective as venlafaxine administered alone or the combination of 
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both treatments. This study was in favor of the absence of differential efficacy of rTMS performed 

alone vs. combined with antidepressants, as was one previous study of Class I (Herwig et al., 2007) 

and 2 of Class III (Garcia-Toro et al., 2001; Bretlau et al., 2008), whereas 2 studies of class II were in 

favor of a superiority of an "add-on" effect of the combined procedure (Rossini et al., 2005b; Rumi et 

al., 2005). More recently, one retrospective Class III study of 32 patients (Verma et al., 2018) showed 

that HF rTMS of the left DLPFC was an effective add-on treatment strategy in patients with treatment-

resistant depression. Regarding the augmenting effect of rTMS, another Class III study (Dell’Osso et 

al., 2015) showed that either HF-rTMS of the left DLPFC or LF-rTMS of the right DLPFC had 

comparable rate of efficacy in the treatment of acute unipolar and bipolar MDD episodes in a series of 

29 patients with poor drug response or treatment resistance. Therefore, we modify our 

recommendations to state that there is possibly no differential antidepressant efficacy between rTMS 

therapy performed alone vs. combined with antidepressants (Level C), although one older meta-

analysis concluded to the superiority of combining rTMS and antidepressant medication (Berlim et al., 

2013a). 

In the 2014-2018 period, no study further compared the efficacy of rTMS vs. ECT. In this 

domain, as stated in our previous work (Lefaucheur et al., 2014), the main issue is the lack of sham-

controlled studies. Several meta-analyses suggested that rTMS has a lower efficacy compared to ECT 

(Slotema et al., 2010; Berlim et al., 2013b, Ren et al., 2014), especially in depression with psychotic 

features (Grunhaus et al., 2000). However, one meta-analysis (Chen et al., 2017) suggested that even if 

ECT was more efficacious, it was less tolerated and bilateral rTMS had the most favorable balance 

between efficacy and acceptability. On the other hand, the absence of significant differences between 

ECT and rTMS in some studies may be explained by statistical bias due a small sample size. 

Regarding bipolar depression, only two studies of Class III with heterogeneous outcomes (Fitzgerald 

et al., 2016; Hu et al., 2016) were reported in the 2014-2018 period. Although the published data 

appear to be generally insufficient to draw definitive conclusions, rTMS seems to be ineffective in 

cases of MDD with psychotic features, a condition which is, on the contrary, a major clinical 

indication of ECT. Finally, there is currently no evidence to suggest that rTMS is associated with an 

increased risk of hypomanic switch. 

One last issue is the DLPFC targeting method used in rTMS studies to treat depression. To 

date, most of the rTMS studies, including those that resulted in the FDA clearance for rTMS therapy 

of medication-resistant MDD and those on which our Level A recommendation was based, were 

performed with a "standard procedure" of targeting, defining the DLPFC as located 5cm anterior to the 

hand motor hotspot ("5cm-rule") (Pascual-Leone and Hallett, 1994; Pascual-Leone et al., 1996). 

However, several studies using image-guided navigation systems demonstrated that such a procedure 

was anatomically incorrect, the DLPFC being more anterior in a majority of subjects (Herwig et al., 

2001; Fitzgerald et al., 2009b; Bradfield et al., 2012; Wall et al., 2016). On average, the DLPFC was 

found to be located about 7cm in front of the motor hotspot on scalp measurement (Ahdab et al., 

2010). In addition, the DLPFC target showed a significantly greater interindividual variability in terms 
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of anatomical location with the "standard procedure" compared to neuronavigated methods which 

integrate individual imaging data (Peleman et al., 2010; Rusjan et al., 2010). This could be due to the 

proper anatomical variability of hand motor hotspot location, which is also large (Ahdab et al., 2016). 

Thus, on an anatomical point-of-view, the most accurate method for targeting the DLPFC should be to 

use individual MRI data and a neuronavigation system, as suggest by several neuroimaging studies 

(Fox et al. 2012; Luber et al., 2017; Dubin et al., 2017). Various neuronavigated algorithms were 

furthermore proposed to define the DLPFC target at the junction between BA 9 and BA 46 (Mylius et 

al., 2013) or within BA 46 (Pommier et al., 2017).  

However, a navigation system is costly and not available for all rTMS practitioners. Therefore, 

a non-navigated targeting alternative to the 5cm-rule was suggested as being probably more 

anatomically accurate. This procedure locates the left/right DLPFC at the F4/F3 sites of the 10-20 

EEG System. A simple and dedicated method (the “Beam F3” algorithm) to estimate the scalp location 

of the F3 site from only three measurements over the skull was then proposed by Will Beam and Jeff 

Borckardt (Beam et al., 2009) who also developed a free web interface calculator based on their 

method (http://clinicalresearcher.org/F3/calculate.php). The acccuracy of this method of left DLPFC 

targeting was confirmed by a comparative study with a neuronavigated approach based on individual 

MRI data (Mir-Moghtadaei et al., 2015), even if the "Beam F3" target appears to be more anterior than 

the real F3 site of the 10-20 EEG System (Nikolin et al., 2018). In fact, navigated studies showed that 

the DLPFC representation could be slightly more lateral than the F3 or "Beam F3" site (Wall et al., 

2016), corresponding rather to the F5 site of the 10-10 EEG System (Rusjan et al., 2010). Finally, 

taken into account the functional relationship between the DLPFC and the autonomic nervous system, 

another DLPFC target location (FC3/FC4) was recently proposed, based on the site of stimulation 

where short trains of 10Hz-rTMS produced the largest heart rate deceleration (Iseger et al., 2017). 

Actually, definite evidence of a clinical impact of the DLPFC targeting method is still lacking. 

One study showed that using the "standard procedure" (5cm-rule), rTMS produced a better 

antidepressant response when the provided target was more anterior and lateral, predicting better 

efficacy for targeting over F3 or even superior for targeting at the junction between BA 9 and BA 46 

(Herbsman et al., 2009). Fitzgerald et al. (2009a) compared the effect of HF-rTMS of the DLPFC 

targeted with the 5cm-rule (27 patients) vs. at the junction between BA 9 and BA 46 using 

neuronavigation (24 patients). A significanty better antidepressant outcome was observed in case of 

neuronavigated approach vs. the "standard procedure". Thus, the use of a more anatomically accurate 

method of DLPFC targeting appears to enhance the response to rTMS treatment in depression, but this 

remains to be replicated and confirmed in large clinical trials. Although the 5cm-rule has the best 

evidence to support its use and is simpler compared to the other targeting methods, the "Beam F3" and 

MRI-guided navigated procedures may be preferred to reduce interindividual variability of target 

anatomical location and possibly enhance the efficacy of antidepressant rTMS therapy. 

 

10.2. Novel rTMS protocols to treat depression: deep HF-rTMS over the left DLPFC 
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Left HF-rTMS and right LF-rTMS delivered to the DLPFC are effective in the treatment of 

MDD, but the effect size remains quite low (Brunoni et al., 2017), yielding between 30 and 50% of 

responders, with remission rates even lower. This led to the development of novel forms of rTMS 

therapy in MDD.  

First, we have to mention the use of deep HF-rTMS delivered with the H1-coil to stimulate 

larger prefrontal cortical regions (Table 13). In several studies, the H1-coil, placed 6 cm anterior to the 

motor hotspot, was intended to stimulate lateral prefrontal regions bilaterally, but more intensely the 

left DLPFC, according to electric field models (Parazzini et al., 2017). Following several pilot studies, 

Levkovitz et al. (2015) reported a multicenter sham-controlled study of Class I initially including 212 

patients (101 real, 111 sham) who received such type of deep HF-rTMS protocol (sessions of 1980 

pulses delivered at 18Hz and 120% of RMT, daily for 4 weeks (20 sessions) and then biweekly for 12 

weeks). From the 212 enrolled patients, 181 completed the primary endpoint assessment (89 real, 92 

sham). In this per-protocol analysis sample, a significant reduction of depression scores after real vs. 

sham treatment (-6.4 vs. -3.3, respectively, on the 21-item HDRS score) at the end of the 5-weeks 

protocol was observed. Improvement was also significant between real and sham stimulation 

conditions in terms of response rate (38.4 vs. 21.4%, respectively, defined as HDRS-21 score 

reduction ≥50%) and remission rate (32.6 vs. 14.6%, respectively, defined as HDRS-21 <10). In 

addition, the significant benefit of real deep HF-rTMS of the left DLPFC remained stable during the 

12-week maintenance phase. Based on these results, the FDA approved the deep rTMS device for the 

treatment of MDD episodes in patients who have failed to respond to antidepressant medications as 

substantially equivalent to superficial rTMS systems (January 7, 2013). 

A second sham-controlled Class I study (Kaster et al., 2018) assessed the effect of deep HF-

rTMS of the left DLPFC in MDD patients, but of older age (between 60 and 85 years vs. less than 68 

years in Levkovitz et al. (2015)). In this study, 52 old MDD patients received real (n=25) or sham 

(n=27) deep HF-rTMS using a H1-coil (20 sessions of 6012 pulses (vs. 1980 in Levkovitz et al. 

(2015)) delivered at 18Hz and 120% of RMT). The rate of responders (defined as HDRS-24 score 

reduction >50%) was higher after real vs. sham deep HF-rTMS (44.0% vs. 18.5%, respectively), 

although the averaged value of HDRS-24 score reduction was not different between both groups. The 

remission rate was also significantly higher after real vs. sham deep HF-rTMS (40.0% vs. 14.8%, 

respectively, defined as a score ≤10 on the 24-item HDRS with a reduction ≥60% from baseline).  

From these two Class I studies, we propose to retain a Level A of evidence (definite efficacy) 

for deep HF-rTMS of the left DLPFC in MDD patients, maybe even in the elderly. 

A third sham-controlled study (Tavares et al., 2017) assessed the effect of deep HF-rTMS of 

the left DLPFC in depression, but in a series of 50 patients who had bipolar depression (43 completed 

the study: 20 real, 23 sham). The parameters of stimulation were the same as in the study of Levkovitz 

et al. (2015), but the clinical profile of the patients was substantially different. Tavares et al. (2018) 

found showed a significant reduction of depression score after real vs. sham treatment (-12.3 vs. -7.1, 
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respectively, on HDRS-17 score) at the end of the 4-week protocol, but not at 4-week follow-up. 

There was a trend towards a greater response rate between real and sham stimulation conditions (54.6 

vs. 26.1%, respectively, defined as HDRS-17 score reduction ≥50%), but no significant difference in 

terms of remission rate (31.8 vs. 17.4%, respectively, defined as HDRS-17 ≤7). No treatment-

emergent mania switch occurred. This study remains to be replicated before providing any 

recommendation on the efficacy of deep HF-rTMS of the left DLPFC in bipolar disorder. 

- Insert Table 13 - 

Larger and deeper stimulation than that provided by usual figure-of-8 coils can be produced by 

coils other than H-coil, such as the double-cone coil. This type of coil was used to bilaterally target the 

dorsomedial prefrontal cortex (dmPFC) or the dorsal anterior cingulate cortex (dACC) in several 

rTMS studies for various indications, including tinnitus or craving, for example (Kreuzer et al., 2018). 

In the context of depression, beyond various open-label studies (e.g., Bakker et al., 2014; Downar et 

al., 2014; Salomons et al., 2014), only one sham-controlled study was reported using this procedure 

(Kreuzer et al., 2015b). In this Class II study, 40 depressed patients were randomly allocated to receive 

15 sessions of conventional 10Hz-rTMS delivered to the left DLPFC using a figure-of-8 coil (15 

patients), 10Hz-rTMS delivered to the dACC using a double-cone coil (13 patients), or sham rTMS 

(12 patients). The deep HF-rTMS of the dACC produced significantly greater reduction of depression 

score (assessed on the HDRS-21) than other conditions at the end of the 3-week treatment, but not 

lasting at follow-up assessments. 

 

10.3. Novel rTMS protocols to treat depression: iTBS over the left DLPFC or cTBS over the right 

DLPFC 

 

The TBS protocols offer the potential advantage of producing similar (if not larger) effects on 

cortical excitability and plasticity than conventional HF/LF-rTMS protocols, but for frankly shorter 

session duration (e.g., 3 minutes for an iTBS protocol vs. more than 20 minutes for a standard rTMS 

session). Huang et al. (2005) proposed two different TBS protocols, which consisted of 50Hz triplet 

bursts repeated at 5Hz (600 pulses delivered at 80% of AMT), as an uninterrupted train for 40 seconds 

(cTBS) or according to 2-second-on/8-second-off cycle (iTBS): the first protocol was thought to 

reduce cortical excitability and the second one to increase it. In the context of depression therapy, 

several studies aimed at replacing LF-rTMS by cTBS delivered to the right DLPFC or HF-rTMS by 

iTBS delivered to the left DLPFC (Table 14). 

In 2010, two case series revealed the potential value of TBS in the treatment of depression 

(Chistyakov et al., 2010; Holzer and Padberg, 2010). Holzer and Padberg (2010) showed that 5 of 7 

patients who received a 3-week course of two 600-pulse iTBS sequences delivered per day over the 

left DLPFC met the criteria of antidepressant response (reduction of the HDRS score ≥50%). 

Conversely, Chistyakov et al. (2010) found only 2 responders (with the same definition) in a series of 

7 patients treated by a similar iTBS protocol for 10 consecutive working days. In this study, 3 of 6 
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patients (50%) responded to a cTBS protocol delivered to the right DLPFC with the same number of 

pulses per day (1200 stimuli) for 10 days. An even better response rate (71%) was observed in a series 

of 14 additional patients who received a cTBS sequence of 1800 stimuli twice daily for 10 days. 

However, this prominent antidepressant action of right-sided cTBS was not confirmed by 

subsequent sham-controlled studies, including a study by the same group that initially reported 

beneficial results of this procedure (Chistyakov et al., 2015). In this latter study, 29 MDD patients 

received either real or sham cTBS to the right DLPFC (real 15, sham 14) for 10 consecutive working 

days. After the 10th session, all patients received real cTBS for additional 10 treatments. Overall, no 

significant difference in the degree of clinical improvement (assessed on HDRS-21 score) was found 

between real and sham cTBS groups.  

In three studies, another research group assessed the respective efficacy of cTBS of the right 

DLPFC, iTBS of the left DLPFC, and the combination of both protocols, compared to a sham TBS 

procedure (Li et al., 2014a, 2018; Cheng et al., 2016). These studies included a series of 60 patients 

with treatment-resistant MDD episodes (15 patients in each group). After 2 weeks of treatment, 

depression improved in all groups, but a significantly better antidepressant response was found after 

real left-sided iTBS and bilateral TBS protocols compared to the sham procedure (Li et al., 2014a). In 

contrast, the antidepressant effect of right-sided cTBS was similar to sham. Refractoriness to drug 

treatment was a negative predictive factor for TBS protocol efficacy. In a subsequent analysis, Cheng 

et al. (2016) showed that only responders to left-sided iTBS protocol improved executive functions 

assessed by the Wisconsin Card Sorting Test (WCST). Finally, the same authors found that iTBS 

decreased brain metabolism in the ACC and dmPFC, whereas cTBS increased it (Li et al., 2018). 

Overall, with two negative studies of Classes II-III (Li et al., 2014a; Chistyakov et al., 2015), 

cTBS protocol delivered unilaterally to the right DLFPC appears to be possibly ineffective to produce 

antidepressant effects (Level C).  

Conversely, right-sided cTBS combined with left-sided iTBS was found to produce better 

antidepressant responses than the sham procedure by Li et al. (2014a) and Plewnia et al. (2014). In this 

latter study, 32 MDD patients received a sequential TBS protocol combining cTBS of the right 

DLPFC and iTBS of the left DLPFC or bilateral sham TBS for 6 weeks (30 sessions) in addition to 

ongoing medication and psychotherapy. Primary outcome measure was the proportion of treatment 

response defined as depression score reduction ≥50% compared to baseline. As assessed on the 

Montgomery-Asberg Depression Rating Scale (MADRS), a higher number of responders were found 

after real vs. sham bilateral prefrontal stimulation. 

Another sham-controlled study also assessed bilateral TBS, also compared to bilateral 

conventional LF-/HF-rTMS protocol (Prasser et al., 2015). In this study, 56 patients received 15 daily 

sessions of bilateral TBS (cTBS of the right DLPFC + iTBS of the left DLPFC), bilateral rTMS (1Hz-

rTMS of the right DLPFC + 10Hz-rTMS of the left DLPFC), or sham TBS. There was no significant 

effect in the primary outcome measure (change of the HDRS-21 score). However, there was a trend 
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towards an increased responder rate at the end of the follow-up period for both real TBS and rTMS 

treatments as compared to sham, and this tendency was most pronounced for the TBS group. 

Overall, compared to sham condition, beneficial antidepressant effects were observed after the 

combination of cTBS of the right DLFPC and iTBS of the left DLPFC in two Class II studies (Li et 

al., 2014a; Plewnia et al., 2014), with a trend towards higher responder rate in a third study of Class III 

(Prasser et al., 2015). Thus, according to a recent meta-analysis of Berlim et al. (2017), a Level B of 

evidence (probable antidepressant efficacy) could be proposed for a sequential bilateral left-sided 

iTBS + right-sided cTBS protocol applied to the DLPFC in the context of patients with unipolar 

MDD. 

In contrast to the original protocol by Huang et al. (2015), unilateral iTBS over the left 

DLPFC has often been applied with prolonged or intensified protocols (i.e. 1200-1800 pulses/day for 

10 days, instead of 600 pulses/day, at an intensity of stimulation up to 120% of RMT, instead of 80% 

of AMT). Moreover, few studies compared unilateral iTBS to sham treatment (Li et al., 2014a, 2018; 

Cheng et al., 2016). Other researchers investigated the antidepressant efficacy of iTBS versus 10Hz-

rTMS of the left DLPFC, first in a large, naturalistic, retrospective series of 185 patients (87 versus 98 

patients) (Bakker et al., 2015) and then in a controlled study but without comparison with a sham 

procedure (Blumberger et al., 2018). This latter study showed the efficacy of an iTBS protocol 

delivered over the left DLPFC (targeted using a neuronavigation system) for 5 weekdays during 4 

weeks in a large series of 193 patients with drug resistant MDD episodes. The trial had a non-

inferiority design and the iTBS protocol was compared to a standard HF-rTMS protocol delivered over 

the same left DLPFC target (192 patients), without a control group receiving sham stimulation. At the 

end of the 4-week treatment, the reduction in depression score (-10 on average on the HDRS-17 score) 

was similar in both groups, including similar safety and tolerability profiles. Since August 14, 2018, 

following the report of this study, several companies have received FDA clearance to include iTBS of 

the left DLPFC as a therapeutic option in adult patients with MDD episode who have failed to receive 

satisfactory improvement from prior antidepressant medication in the current episode. In addition, the 

response to either iTBS or 10Hz-rTMS of the left DLPFC could be predicted by similar baseline 

clinical characteristics (Kaster et al., 2019) or functional and effective connectivity in fronto-insular 

and salience networks (Iwabuchi et aL, 2019). 

However, it is difficult to estimate the value of iTBS delivered unilaterally to the left DLPFC 

in depressed patients at its current state. On one hand, the large and convincing non-inferiority study 

of Blumberger et al (2018) showed no difference between left-sided prefrontal iTBS and HF-rTMS in 

depression, while HF-rTMS of the left DLPFC has established efficacy (Level A in this review). On 

the other hand, iTBS protocols considerably varied across previous studies, only one group showed the 

antidepressant benefit of left-sided iTBS in sham-controlled trials, and replication studies are missing. 

Thus, the evidence for iTBS is still insufficient to make a recommendation according to the 

methodology of our study. Therefore, sham-controlled studies assessing the antidepressant effect of 

iTBS delivered unilaterally to the left DLPFC are awaited, although it is difficult to conceive of such a 
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study from a regulatory and ethical point of view, given the non-inferiority finding published by 

Blumberger et al (2018). 

Finally, another approach using iTBS of the left DLPFC was developed by one group, based 

on an accelerated protocol consisting of 20 sessions (1620 pulses per session) delivered in 4 days 

((Desmyter et al., 2016; Duprat et al., 2016, 2018). This procedure is significantly different from the 

conventional procedure (one iTBS session per day for 5 weekdays during 2 to 4 weeks) and will 

therefore be discussed in the next chapter. 

- Insert Table 14 - 

 

10.4. Novel rTMS protocols to treat depression: accelerated protocols 

 

To intensify the antidepressant response and to reduce the number of stimulation days, it has 

been proposed that increasing the number of rTMS sessions performed per day (more than one daily 

session) could be more effective (Brunoni et al., 2017; Baeken, 2018; Rachid, 2019; Sonmez et al., 

2019). These protocols were referred as "accelerated rTMS protocols", after the first open-label report 

made by Holtzheimer et al. (2010) of a protocol consisting of 15 rTMS sessions administered over 2 

days in 14 depressed patients. This accelerated procedure performed over a very limited number of 

days should not be confused with some studies based on twice-daily rTMS sessions applied for at least 

two weeks (Loo et al., 2007; McGirr et al., 2015; Desbeaumes Jodoin et al., 2018), closer to 

conventional once-daily rTMS treatments. 

Accelerated rTMS protocol seeming to be safe and well-tolerated in depressed patients 

(Hadley et al., 2011; Baeken et al., 2017), even in the elderly (Dardenne et al., 2018). The main 

objective of accelerated rTMS protocols is to reduce the burden for the patients and the operators of 

repeated sessions over several weeks. 

However, only a few sham-controlled studies based on accelerated rTMS protocols for the 

treatment of depression were published to date, most studies in this domain having an open label. 

Before 2014, Baeken et al. (2013) reported a crossover sham-controlled study of 20 MDD patients 

who received 20 sessions of 20Hz-rTMS of the left DLPFC spread over 4 days (5 sessions/day). No 

significant difference in the reduction of HDRS scores was found between real and sham stimulation 

conditions, but all responders (HDRS score reduction >50%) were found in the real stimulation 

condition. In satellite studies, the same research group showed that a higher metabolic activity in the 

subgenual ACC (sgACC) and a stronger negative functional connectivity with the left superior medial 

prefrontal cortex at baseline could predict the response to the accelerated HF-rTMS protocol (Baeken 

et al., 2014, 2015). 

George et al. (2014) reported a randomized, sham-controlled study assessing the safety and 

efficacy of a protocol consisting of 9 sessions of 10Hz-rTMS of the left DLPFC (6000 pulses per 

session) performed over 3 days (3 sessions per day) in a series of 41 suicidal inpatients. The Suicidal 
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Ideation score decreased in both real and sham groups, but with a trend for more rapid decline 

following real rTMS. 

One recent study compared the efficacy of an accelerated HF-rTMS (3 sessions per day over 1 

to 3 days for 3 weeks) to a standard protocol based on a single daily session (over 5 days per week for 

4 weeks) (Fitzgerald et al., 2018). In this study of 115 MDD patients (58 accelerated, 57 standard), no 

significant difference was found betwen the two treatment groups in terms of remission or response 

rates or reduction in depression scores. However, this study did not include a sham group. 

Finally, one sham-controlled study was published, based on an accelerated iTBS protocol 

delivered to the left DLPFC (Duprat et al., 2016). In this crossover study, 47 patients received 20 

sessions of either real or sham rTMS in 4 days (5 sessions per day). A similar reduction of depression 

score (measured on the HDRS-17) was observed in both treatment groups, but response and remission 

rates appeared to primarily increase with some delay (2 weeks) following real stimulation. The same 

group published several satellite studies based on the same series, showing in particular no differential 

overall change in the suicidal risk or reward responsiveness following either real or sham accelerated 

iTBS (Desmyter et al., 2016; Duprat et al., 2018). 

In conclusion, although evidence supports a similar efficacy of accelerated rTMS protocols 

and classical rTMS protocols with only once-daily stimulation session, it is premature to provide any 

recommendation for the use of accelerated rTMS protocols in the treatment of depression. 

 

10.5. Novel rTMS protocols to treat depression: miscellaneous 

 

Other efforts to increase antidepressant response rates using innovative rTMS protocols are 

currently under investigation. First, we have to mention a protocol in which a 15-minute train of LF-

rTMS delivered at 1Hz over the right DLPFC was "primed" by 20 short bursts of 6Hz-rTMS delivered 

at low-intensity (Fitzgerald et al., 2008, 2013). In a Class I study performed in 60 MDD patients (30 

real, 30 sham), Fitzgerald et al. (2008) showed a significantly greater reduction of depression scores 

on the Montgomery-Asberg Depression Rating Scale (MADRS) in the real-priming vs. sham-priming 

group. In a second study, the same research group compared this primed LF-rTMS protocol to a 

sequential bilateral rTMS protocol (LF-rTMS of the right DLPFC followed by HF-TMS of the left 

DLPFC) in a large series of 179 patients (Fitzgerald et al., 2013). There was a significant average 

reduction >50% of the HDRS-17 score (with a response rate of 56% and a remission rate of 40%) in 

both treatment groups but no difference between groups at the end of the 4-week protocol. 

Another innovative protocol was reported in a sham-controlled study published by Leuchter et 

al. (2015). The protocol was based on low-field TMS synchronized to individual EEG activity 

recorded prior to the first rTMS session. In a large series of 120 MDD patients who completed the 

study, a greater reduction of depression score was found after real low-field TMS synchronized to 

individual alpha-frequency vs. sham stimulation (-9.0 vs. -6.6, respectively, on the HDRS-17 score). 
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This new modality of stimulation remains to be investigated by other research groups for the treatment 

of depression. 

 

10.6. Summary 

 

Although rTMS therapy is applied worldwide in depressed patients, there is still a large 

heterogeneity in the published data concerning the populations included and the stimulation settings. A 

recent network meta-analysis showed a higher response to real vs. sham stimulation condition for 

bilateral prefrontal rTMS or iTBS, LF-rTMS of the right DLPFC, and HF-rTMS of the left DLPFC 

(Mutz et al., 2019). The present recommendations are in favor of a definite antidepressant efficacy of 

HF-rTMS of the left DLPFC (using either a focal figure-of-8 coil or a deep H1-coil) and a probable 

antidepressant efficacy of LF-rTMS of the right DLPFC. They mostly apply to patients in an acute 

phase of a drug resistant MDD episode in the context of unipolar depression. Efficacy does not seem 

to differ significantly whether patients are concomitantly treated by antidepressant medication. 

Unfortunately, there are still no robust data or consensus regarding the way of treating depression by 

rTMS beyond the acute phase with maintenance sessions (Rachid, 2018a; Senova et al., 2019). The 

issue of how to manage the maintenance phase for the long-term safety and efficacy of rTMS 

treatment of depression should be a major focus in this field of research for the years to come. Also, 

additional studies are needed to investigate the efficacy of rTMS in bipolar depression. Our 

recommendations on the use of rTMS in the treatment of mood disorders are consistent with those of 

CANMAT (Canadian Network for Mood and Anxiety Treatments) (Milev et al., 2016) that concluded 

to an evidence level 1 for HF- and LF-rTMS in the treatment of depression. No firm recommendations 

can be provided yet about new rTMS protocols, such as those based on TBS or accelerated protocols. 

 

11. Schizophrenia 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND (schizophrenia OR 

hallucinations OR negative symptoms)) identified 147 papers, including 23 original sham-controlled 

studies with at least 10 patients receiving real stimulation for several daily sessions. 

 

11.1. Auditory-verbal hallucinations 

 

In the treatment of auditory-verbal hallucinations (AVH), most original sham-controlled rTMS 

studies concerned LF-rTMS or some cTBS protocols applied to the left TPC (including STG and TPJ 

targets). As emphasized in our previous work (Lefaucheur et al., 2014), highly controversial results 

were reported concerning the effect of LF-rTMS applied to the left STG/TPJ on auditory 

hallucinations, with as many "positive" studies showing rTMS efficacy as many "negative" studies 

showing rTMS inefficacy. However, considering effect size calculated in various meta-analyses, 
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literature data appeared to be in favor of a possible efficacy of LF rTMS of the left TPC on auditory 

hallucinations (Level C). Since 2014, the results of only a few additional sham-controlled studies have 

been published in this setting (Table 15), which were not able to change our previous 

recommendations. This statement is consistent with two recent meta-analyses investigating the 

efficacy of 1Hz-rTMS of the left TPC for the treatment of AVH (Slotema et al., 2014; He et al., 2017), 

which remained slightly positive, despite a decreasing effect size and an increasing placebo effect 

concerning studies published over time (Slotema et al. 2012, Dollfus et al. 2016). With regard to 

moderating variables, there is evidence to suggest that the treatment is more effective in young 

patients and in females (Koops et al. 2018). In addition, it has been suggested that a smaller scalp-to-

cortex distance (as measured with an MRI-scan) at the stimulation site is associated with better 

response (Nathou et al. 2015). 

- Insert Table 15 - 

For other protocols of stimulation, data are too scarce to give clinical recommendations. Some 

studies applied LF-rTMS sequentially over temporal regions of both hemispheres. For example, in 

Hoffman et al. (2013), patients received 1Hz-rTMS for 16 minutes over the left STG (Wernicke's area) 

or the right homologous region for 5 sessions and then the site of stimulation was switched to the 

opposite hemisphere for 5 additional sessions. A third block of 5 stimulation sessions was delivered to 

the site associated with the greatest improvement from the two previous periods. This protocol 

produced a significant improvement measured on the Hallucination Change Score after real 

stimulation vs. sham condition. Bais et al. (2014) compared the efficacy of 1Hz-rTMS of the TPJ 

(defined according to the T3P3 method of targeting) delivered for six consecutive days twice daily to 

both hemispheres (15 patients), to only the left hemisphere (16 patients), or with a sham procedure (16 

patients). No differences were observed between groups on the Positive and Negative Syndrome Scale 

(PANSS) and Auditory Hallucination Rating Subscale (AHRS) scores, except for a small decrease of 

hallucination severity on the P3 item of the PANSS in the left treatment group. In Kim et al. (2014d), 

22 patients were randomized to one of four conditions: 1Hz-rTMS of both TPJ targets (defined as 

halfway between T3/T4 and P3/P4), 20Hz-rTMS of both TPJ targets, 20Hz-rTMS of both Broca’s 

areas (defined as the crossing point between T3/T4-Fz and F7/F8-Cz), or sham procedure, with rTMS 

sessions performed twice daily for 3 to 5 days. No superior effect of the real stimulation protocols over 

the sham condition was found on AVH severity and frequency. 

One study assessed the efficacy of priming a 20-minute train of LF-rTMS of the left TPC by 

20 bursts of 6Hz-TMS of 5-second duration delivered at the same site (Ray et al., 2015). Priming LF-

rTMS did not result in significantly greater improvement, except for reducing the loudness of AVH. 

Other research groups assessed the value of HF-rTMS (rather than LF-rTMS) applied to the 

left TPC. In three studies (de Weijer et al., 2014; Kimura et al., 2016; Dollfus et al., 2018), 20Hz-

rTMS was applied to the left temporal lobe and the effect on the severity of AVH was assessed on the 

AHRS. Two of these studies were sham-controlled (Kimura et al., 2016; Dollfus et al., 2018) (Table 

16) and used the same cortical target, which was precisely defined under MRI-guided neuronavigation 
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at the crossing between the projection of the ascending branch of the left lateral sulcus and the superior 

temporal sulcus (Montagne-Larmurier et al., 2009). The identification of this target location resulted 

from an fMRI study based on a language task and was found to have less interindividual anatomical 

variability than the classical location of T3P3 based on the 10-20 EEG System (Montagne-Larmurier 

et al., 2009). No significant change in the AHRS score was observed after 4 sessions (in 2 days) of 

either real or sham HF-rTMS in the first study (Kimura et al., 2016). Exactly the same rTMS protocol 

was performed in the second study (Dollfus et al., 2018), in which the primary outcome was negative 

(no significant reduction of the percentage of patients showing a decrease of more than 30% in the 

AHRS frequency item at 2 successive ratings between the real and sham stimulation groups). The 

rTMS-induced change in AHRS total score also did no differ between both groups. However, as 

secondary outcome, this study showed that the percentage of responders on the AHRS total score 

(reduction >30%) at day 14 after treatment initiation was greater after real (34.6%) than sham (9.1%) 

stimulation. The third study was not sham-controlled (de Weijer et al., 2014) and based on small 

groups of 10 patients who received 1Hz-rTMS and 8 patients who received 20Hz-rTMS for 5 days, 

followed by a maintenance treatment of one session per week for 3 weeks. Both groups improved (on 

AHRS score) at the end of the first week of stimulation, but without lasting effects at 4-week follow-

up. It is impossible to draw any conclusion from this study, since target location was based on AVH-

related activation identified on individual fMRI, which resulted in highly variable stimulation sites, 

scattered on both right and left hemispheres. In summary, more controlled data are awaited before 

making recommendation for HF-rTMS delivered over a navigated TPJ target defined as the 

intersection between the ascending branch of the left lateral sulcus and the superior temporal sulcus. 

- Insert Table 16 - 

Finally, some studies assessed the value of using cTBS rather than classical LF/HF-rTMS 

protocols. First, Plewnia et al. (2014) delivered cTBS over the both TPC for 15 sessions in a small 

series of 16 patients (8 real, 8 sham) and found a beneficial effect of real vs. sham cTBS protocol. A 

Class II study (Koops et al., 2016), based on a larger sample size (71 patients: 37 real, 34 sham), 

showed that even unilateral application of an real cTBS protocol over the left TPC for 10 sessions 

(2/day) was able to significantly reduce AVH (assessed on the Psychotic Symptom Rating Scales 

(PSYRATS)). Another study did not find any difference in the value of 1Hz-rTMS and cTBS 

delivered to the left TPC to improve patients with AVH on the same PSYRATS score (Kindler et al., 

2013). 

 

11.2. Negative symptoms 

 

In this clinical application, the therapeutic rTMS protocol usually consists of HF-rTMS of the 

left DLPFC, as for major depression. Since 2014, most sham-controlled studies showed beneficial 

results of the procedure, excluding the largest and only multicenter trial (Wobrock et al. 2015), in 

which the patients who received either real (n=76) or sham (n=81) rTMS improved similarly on the 
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PANSS negative subscale, and also regarding symptoms of depression and cognitive function. 

Subsequent re-analyses of this study further showed unspecific improvements in the real stimulation 

group (Hasan et al., 2016; Hansbauer et al., 2018; Wagner et al., 2019), except for the reduction of 

antipsychotic-induced parkinsonian symptoms (Kamp et al., 2018). In addition, some structural 

changes in various brain regions quantified on MRI examination before or after the rTMS procedure 

were associated with negative symptom improvement in the real stimulation group and the baseline 

MRI pattern was predictive for real treatment response (Hasan et al., 2017; Koutsouleris et al 2018). 

Overall, details on the recent sham-controlled studies based on a HF-rTMS protocol delivered 

over the left DLPFC to treat negative symptoms of schizophrenia are presented in Table 17. Our 

previous work retained 10 original sham-controlled studies with at least 10 patients who received real 

HF-rTMS of the DLPFC to treat negative symptoms of schizophrenia (Lefaucheur et al., 2014). 

Among these studies, there were 3 'positive' Class II studies, 4 'positive' Class III studies, and 3 

'negative' Class III studies, leading to a Level B of evidence for the probable efficacy of HF-rTMS of 

the left DLPFC. In the 2014-2018 period, two additional 'positive' Class II/III studies were published, 

whereas one Class I and one Class III studies were 'negative' (Table 17). Overall, the final balance to 

date consists of one 'negative' multicenter Class I study based on a large sample versus four 'positive' 

smaller Class II studies. Therefore, it seems reasonable to reduce the level of evidence from B to C, in 

favor of a possible efficacy of HF-rTMS of the left DLPFC on the negative symptoms of 

schizophrenia. Indeed, there is a wide heterogeneity in the profile of the patients enrolled in these 

studies and the place of rTMS therapy is not definite regarding its clinical meaningfulness and 

deserves further investigation. Indeed, meta-analyses found a moderate effect size (Dlabac-de Lange et 

al., 2010; Slotema et al., 2010; Shi et al., 2014; He et al. 2017; Aleman et al., 2018; Osoegawa et al., 

2018), but the total number of studies and patients on which this is based remains relatively limited: 

827 patients distributed over 22 studies, in the largest meta-analysis to date (Aleman et al. 2018). 

Moreover, the control of depressive symptoms was not addressed in most studies, although depressive 

symptoms may overlap with negative symptoms of schizophrenia. Therefore, in this context, rTMS 

efficacy may also relate to an antidepressant effect of the rTMS protocol, although this is not 

necessarily the case (Dlabac-de Lange et al., 2015a). Next, the use of the PANSS scale to evaluate 

negative symptoms is critically debated (Garcia-Protilla et al., 2015) and future studies must use 

standardized definitions of a predominant negative syndrome. Finally, the long-term effects of rTMS 

or the value of a maintenance therapy was not studied yet in this application.  

- Insert Table 17 - 

In several studies of patients with negative symptoms of schizophrenia, the HF-rTMS protocol 

differed from focal stimulation of the left DLPFC using a figure-of-8 coil. In one Class I/II study 

performed on a large sample size (Quan et al., 2015), the left DLPC (defined according to the 5cm-

rule) was stimulated using a large circular coil. A series of 117 patients (real 78, sham 39) received 2 

courses of 10 daily sessions (800 pulses/session) over two weeks, separated by a 2-week interval. The 
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clinical benefit on the total and negative subscale scores of the PANSS was significantly superior in 

the real than the sham stimulation group. 

A circular coil was also used in another Class II/III study performed on a large sample size 

(Zhao et al., 2014), but to deliver an iTBS protocol over the left DLPFC (site not defined) in a group 

of 24 patients. This protocol was found to be even more efficacious than classical HF-rTMS protocols 

applied at 10Hz or 20Hz over the same target with a focal figure-of-8 coil to reduce negative 

symptoms of schizophrenia, assessed on the negative subscale of the PANSS and the Scale for 

Assessment of Negative Symptoms (SANS). In this study, the sham procedure (10Hz-rTMS 

performed with a tilted coil at 180°) did not produce any significant clinical effect. 

In a third Class III study (Rabany et al., 2014), the stimulated area was even larger, using a H-

coil (H1 type) over both DLPFC regions (defined as 5.5cm anterior to the motor hotspot), although the 

stimulation was rather lateralized to the left hemisphere. A series of 30 patients (20 real, 10 sham) 

received 20 daily sessions of 20Hz-rTMS over 4 weeks (1680 pulses/session) that produced a 

significant reduction of negative symptoms (assessed on the SANS) at the end of the real (-7.7) but not 

the sham (-1.9) stimulation with no significant group differences. However, the difference between 

real and sham stimulation groups was not significant regarding both the average reduction of SANS 

total score and the rate of responders (defined as SANS score reduction >20%). Furthermore, no 

significant change was observed on other clinical scales (such as the PANSS negative subscale or total 

scores). 

A bihemispheric stimulation was also performed over the both DLPFC regions (defined as 

F3/F4 EEG sites) by Dlabac-de Lange et al. (2015a), but using a figure-of-8 coil. In this Class II study, 

32 patients were equally randomized to receive 30 daily sessions of 10Hz-rTMS over 3 weeks (2000 

pulses per hemisphere and per session, two sessions per day, only working days). In this study, 

depression was controlled, but the comparison between the real and sham stimulation groups provided 

ambiguous results. Indeed, a significant efficacy of the real procedure to improve negative symptoms 

was found when measured on the SANS but not on the PANSS. In a satellite fMRI study (Dlabac-de 

Lange et al., 2015b), the same authors found that, compared to the sham procedure, the real 

bihemispheric stimulation of the DLPFC resulted in an increased activation in right (pre)frontal 

regions when a cognitive task aimed at assessing planning function was performed. In a second 

satellite study (Dlabac-de Lange et al., 2017), these authors reported that the clinical benefit of real 

bihemispheric DLPFC stimulation was associated with an increase in the concentration of glutamine 

(precursor of glutamate) in the left DLPFC of the treated patients, as measured with 1H-Magnetic 

Resonance Spectroscopy (1H-MRS). 

However, all these studies based on non-focal or bihemispheric stimulation of DLPFC areas 

are too heterogeneous to make any recommendations concerning the use of such protocols to treat 

negative symptoms of schizophrenia. 

Finally, in a sham-controlled study (Garg et al., 2016), a totally different rTMS protocol was 

proposed, since the vermal part of the cerebellum was stimulated at 5-7Hz using a double-cone coil. In 
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this study, 40 patients were equally randomized to receive real or sham stimulation for 10 daily 

sessions (600 pulses/session). The negative syndrome subscore of the PANSS significantly improved 

in the real compared to sham stimulation group. This type of cerebellar stimulation protocol was not 

replicated to date in this clinical context. 

 

12. Substance abuse, addiction and craving 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND (substance abuse OR 

addiction OR craving)) identified 135 papers, including only 8 original sham-controlled studies with at 

least 10 patients receiving real stimulation for several daily sessions. 

 

12.1. Alcohol craving 

 

In the 2014-2018 period, only one sham-controlled study of Class III (with at least 10 patients 

receiving real stimulation) concerned alcohol craving (Del Felice et al., 2016): no effect of 4 sessions 

of 100 pulses of HF-rTMS delivered over the left DLPFC was observed in both real and sham 

stimulation groups (10 patients each). In contrast, in patients with alcohol dependence, Jansen et al. 

(2015) suggested a beneficial effect of LF-rTMS of the right DLPFC on cognitive control for 

maintaining abstinence by showing a rTMS-induced increased fronto-parietal connectivity on fMRI 

investigation.  

Among other studies, one could also mention that of Mishra et al. (2015), showing a reduction 

in craving scores in patients with alcohol dependence receiving 10 sessions of 10Hz-rTMS delivered 

to the right or left DLPFC, without significant difference between both groups. In a sham-controlled 

study but with small sample size (9 patients in both real and sham stimulation groups) (Ceccanti et al., 

2015), 20Hz-rTMS was delivered to the dmPFC using a H1-coil. Ten sessions of real deep HF-rTMS 

was able to reduce craving and maximum alcohol intake compared to sham stimulation. In an even 

small study (5 and 6 patients in real and sham stimulation groups, respectively) (Addolorato et al., 

2017), four weeks of deep 10Hz-rTMS over bilateral DLPFC region reduced alcohol intake in 

correlation with a reduction in striatal dopamine transporter availability only in patients of the real 

stimulation group. 

However, there is still insufficient data for making any recommendation regarding LF- or HF-

rTMS application to the left and/or right DLPFC in alcohol craving. 

 

12.2. Nicotine craving 

 

Until 2014, two studies (of Class II/III) reported beneficial effects of HF rTMS (10-20Hz) of 

the left DLPFC on cigarette craving and especially on cigarette consumption and nicotine dependence 

(Eichammer et al., 2003; Amiaz et al., 2009; Prikryl et al., 2014). From these results, a level C of 



 68

evidence (possible effect) was proposed for HF-rTMS of the left DLPFC in the treatment of nicotine 

craving and consumption. However, these sham-controlled studies were rather heterogeneous 

regarding various methodological issues, one of these studies being performed in patients with 

schizophrenia (Prikryl et al., 2014), for example.  

Since 2014, a few additional studies have been published. One sham-controlled study was 

based on a protocol of focal HF-rTMS, but delivered to the right DLPFC and not the left DLPFC 

(Sheffer et al., 2018). In this study including 29 patients (16 real, 13 sham), HF-rTMS of the right 

DLPFC (8 sessions with 900 pulses/session over 2 weeks) was combined to the use of a standardized 

manual for smoking cessation and resulted in an increased abstinence rate in the real vs. sham 

stimulation group. 

Another sham-controlled study was in favor of the efficacy of HF-rTMS of prefrontal regions 

(Dinur-Klein et al., 2014), but in this study a large H4-coil was used in place of a focal figure-of-8 

coil. A lateral prefrontal region was stimulated simultaneously on both hemispheres for 13 daily 

sessions over 3 weeks (600-990 pulses/session). Compared to two groups of patients who received real 

1Hz-rTMS (n=14) or sham rTMS (n=31), the group of patients who received 10Hz-rTMS (n=32) 

showed a significantly beneficial effect on nicotine consumption. 

Conversely, Trojak et al. (2015) applied LF-rTMS to the right DLPFC for 10 sessions over 2 

weeks (360 pulses/session) in a series of 37 smokers (real 18, sham 19) and they found reduced 

craving and more abstinent patients in the real vs. sham stimulation group. 

Finally, Dieler et al. (2014) delivered iTBS over the right DLPFC for 4 sessions over 2 weeks 

(600 pulses/session) in a series of 74 smokers (real 38, sham 36). In this study, rTMS was combined 

with a cognitive behavioural therapy (CBT) consisting of a smoking cessation program and resulted in 

a higher abstinence rate in the real iTBS group, but with no change in craving. 

In summary, all these recent data showed heterogenous protocols and resulting data, not 

replicated to date. Therefore, no new recommendation other than that previously proposed for a 

possible efficacy of HF-rTMS of the left DLPFC (Lefaucheur et al., 2014) can be made for all these 

alternative rTMS procedures in cigarette craving and consumption. 

 

12.3. Methamphetamine or drug craving 

 

In a study by Su et al. (2017), 30 methamphetamine-addicted patients were equally 

randomized to receive 5 sessions of real or sham 10Hz-rTMS of the left DLPFC. Real rTMS reduced 

craving significantly compared to sham and also improved learning and memory capacities. In a more 

recent open-label study (Liu et al., 2019), 20 sessions of 10Hz-rTMS of the left DLPFC over 4 weeks 

was performed in a group of 52 methamphetamine users and showed an add-on effect to routine 

addiction rehabilitation program, lasting for at least 30 days after the last rTMS session. 

However, former beneficial results on methamphetamine craving were reported using 1Hz-

rTMS (and not HF-rTMS) of the left DLPFC (Li et al., 2013). Liu et al. (2017) conducted a study in 
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50 metamphetamine users assigned to 1Hz-rTMS of the left or right DLPFC (100% RMT, 600 pulses, 

5 days), 10Hz-rTMS of the left or right DLPFC (100% RMT, 2000 pulses, 5 days) or 10Hz-rTMS of 

the left PPC (P3 site, 100% RMT, 2000 pulses, 5 days) as a control condition, but no sham. All 

DLPFC interventions reduced craving, but did not differ between each other. Thus, there is still no 

robust evidence to make any recommendation concerning the use of a specific rTMS protocol in the 

context of methamphetamine addiction. 

In the context of cocaine addiction, one study showed beneficial effects of focal navigated HF-

rTMS of the left DLPFC (using a figure-of-8 coil and a navigation system) vs. standard 

psychopharmacological treatment in 32 cocaine-addicted patients (Terraneo et al., 2016). In another 

study (Bolloni et al., 2016), a H1-coil was used to stimulate the dmPFC bilaterally at 10Hz. At the end 

of a protocol of 12 daily sessions of such large and deep rTMS performed over 4 weeks no difference 

between real and sham stimulation conditions regarding cocaine intake was observed. However, at 3 

months after rTMS intervention, the amount of cocaine intake was found to be reduced in the real vs. 

sham stimulation group, suggesting beneficial effects of this procedure in the long term. Rapinesi et al. 

(2016) also used a H1-coil, but centred more laterally over the left DLPFC. In this small open-label 

study of 7 patients with cocaine use disorder, 3 weekly sessions of 15Hz-rTMS over 3 weeks resulted 

in lasting beneficial effect on craving lasting for several weeks. Finally, in a pilot study of 18 patients 

with moderate to severe cocaine use disorder, Martinez et al. (2018) used a H7-coil (rather than a H1-

coil) to stimulate bilaterally the mPFC-ACC area. The patients were equally randomized to receive 

10Hz-rTMS, 1Hz-rTMS, or sham rTMS (6 patients in each group) for 15 sessions over 3 weeks. A 

reduced choice for cocaine intake was observed over the course of HF-rTMS protocol, but not in the 

other conditions. However, these heterogeneous results did not allow any recommendation to be made 

for the indication of a specific protocol of HF-rTMS delivered over prefrontal regions in the context of 

cocaine use disorders, as for any other type of drug addiction. 

 

12.4. Eating disorders 

 

Before 2014, one sham-controlled study showed that 10Hz-rTMS over the left DLPFC was 

ineffective to relieve bulimia nervosa (Walpoth et al., 2008): 14 bulimic women were first submitted 

to one week of sham stimulation, then followed by 3 weeks of real or sham stimulation after excluding 

placebo responders. The average number of binges per day declined significantly at the end of the 3-

week rTMS protocol in both groups with no significant difference between sham and real stimulation. 

This result was confirmed by Gay et al. (2016) who showed no significant improvement in bingeing 

and purging symptoms in the 15 days following 10 sessions of 10Hz-rTMS over the left DLPFC in a 

series of 42 patients with bulimia nervosa. 

Finally, Dunlop et al. (2015) showed that 10Hz-rTMS delivered over the dmPFC using a 

double-cone coil rTMS was able to reduce weekly binge/purge frequency by more than 50% in 16 of 

28 patients (57%) who received 20-30 daily sessions. Clinical response was associated an enhanced 
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frontostriatal connectivity at resting-state fMRI investigation. However, this study was not sham-

controlled. 

Regarding anorexia nervosa, only one sham-controlled study with repeated sessions performed 

in a sample size larger than 10 patients has been published to date (Dalton et al., 2018). In this study, 

32 patients with anorexia nervosa lasting for at least 3 years were equally randomized to receive 20 

sessions of either real or sham HF-rTMS of the left DLPFC. The real stimulation was superior to the 

sham one especially for mood measures, rather than for eating disorder symptoms or weight gain. 

Thus, it is still premature to consider rTMS therapy for eating disorders in clinical practice (Rachid, 

2018b). 

 

12.5. Gambling disorders 

 

Since 2014, only two sham-controlled crossover studies have been published in this domain, 

but based on the effect of single sessions. Focal HF-rTMS was assessed, applied to the left DLPFC in 

22 patients (Gay et al., 2017) or to the right DLPFC in 30 patients (Sauvaget et al., 2018). In a third 

study (Zack et al., 2016), two protocols were found to reduce gambling reinforcement in 9 patients 

with pathological gambling, either a 10Hz-rTMS protocol using a double-cone coil targeting the 

mPFC or a cTBS protocol using a figure-of-8 coil targeting the right DLPFC. From these sparse and 

heterogenous data, no conclusion can be drawn. 

 

13. Miscellaneous psychiatric conditions 

 

13.1. Anxiety disorders 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND (anxiety OR panic OR 

phobia)) identified 120 papers, including only 5 original sham-controlled studies with at least 10 

patients receiving real stimulation for several daily sessions. 

 

13.1.1. Generalized anxiety disorder 

 

Since 2014, three sham-controlled studies have evaluated the therapeutic efficacy of rTMS in 

generalized anxiety disorder (GAD). 

In one Class III study, 1Hz-rTMS was applied using a neuronavigation system to the right 

DLPFC (defined by its stereotactic coordinates) in 25 patients with GAD but only 19 completed the 

study (9 real, 10 sham) (Diefenbach et al., 2016b). After 30 daily sessions (5 days/week for 6 weeks 

with 900 pulses/session at 90% of RMT), compared to the sham group, the real stimulation group 

showed significantly more responders and remitters, defined as a reduction of the Hamilton Anxiety 

Rating Scale (HARS) score ≥50% and a post-rTMS HARS score <8, respectively. This difference was 
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found at the end of the rTMS protocol and maintained at the 3-month follow-up. In satellite studies, 

the same authors showed that the real LF-rTMS of the right DLPFC also significantly improved self-

reported emotion regulation (Diefenbach et al., 2016a) and sleep quality (Diefenbach et al., 2019), in 

correlation with functional connectivity changes in the default mode network. Finally, a 

“normalization” of functional connectivity between dorsal and subgenual ACC regions was found 

after real, but not sham rTMS, related to the improvement in worry symptoms (Assaf et al., 2018). 

In another study (Dilkov et al., 2017), 20Hz-rTMS was applied at 110% of RMT to the right 

DLPFC (defined according to 5cm-rule) in 40 patients with GAD, randomized to receive either real 

(n=15) or sham (n=25) stimulation. After 25 rTMS sessions (over 6 weeks with 360 pulses/session), 

the real stimulation group showed a significant reduction in anxiety (HARS score) compared to sham 

group, maintained and even slightly improved up to one-month follow-up. 

In a third study (Huang et al., 2018a), the right PPC (P4 EEG electrode site) rather than the 

DLPFC was the target. A protocol of 1Hz-rTMS was applied to this target for 10 days (1500 

pulses/session at 90% of RMT) in 36 patients with comorbid GAD and insomnia equally randomized 

to a real or a sham procedure. A significant improvement of anxiety (assessed on HARS score) was 

only observed in the real stimulation group, positively correlated with the improvement in the 

Pittsburgh Sleep Quality Index (PSQI) score. The rate of responders and remitters, defined on HARS 

scores as in Diefenbach et al. (2016b), was also significantly higher after real than sham stimulation. 

Overall, these three studies did not allow any recommendation to be made for the use of rTMS 

protocols to treat GAD, given the heterogeneity in targets and stimulation frequencies. 

 

13.1.2. Other anxiety disorders 

 

Since 2014, two randomized sham-controlled trials reported therapeutic efficacy of rTMS for 

other anxiety disorders, namely panic disorder and a specific phobia (acrophobia, or the fear of 

heights). Regarding the latter, the single available study (Herrmann et al., 2017) tested only two 

sessions of 10 Hz-rTMS of the mPFC, and thus was not considered. 

For the study on panic disorder, results were reported in two papers (Deppermann et al., 2014, 

2017). This double-blind trial was performed in 44 patients, with or without agoraphobia, equally 

randomized to real or sham iTBS delivered to the left DLPFC for 15 daily sessions in the first third of 

a 9-week course of Cognitive Behavioral Therapy (CBT). While symptom improvement was reported 

overall, no differences were found between the two groups (real vs. sham). Previously, two RCTs had 

described the effects of 1Hz-rTMS delivered at 110% RMT to the right DLPFC for either 10 (Prasko 

et al., 2007) or 20 days (Mantovani et al., 2013). While the earlier study was smaller (15 patients) and 

did not result in significant differences between real vs. sham stimulation groups, in Mantovani et al. 

(2013) a significantly greater improvement was observed in the 12 patients who received real 

stimulation than in the sham group (13 patients). Nevertheless, heterogeneity between these studies 

does not allow for a recommendation regarding rTMS to treat panic disorder. 
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13.2. Post-traumatic stress disorder 

 

In post-traumatic stress disorder (PTSD), the main cortical target that was evaluated was the 

right DLPFC, stimulated at low or high frequency. Regarding studies published prior to 2014, 

beneficial effects on the core symptoms of PTSD were found in three Class III sham-controlled 

studies, including at least 10 patients in the real stimulation group. Two studies showed beneficial 

effects of HF-rTMS delivered to the right DLPFC in small series of 16 patients (10 real, 6 sham) 

(Cohen et al., 2004) and 20 patients (10 real, 10 sham) (Boggio et al., 2010). One study showed 

beneficial effects of LF-rTMS delivered to the right DLPFC in 20 patients (10 real, 10 sham) (Watts et 

al., 2012). In the study of Cohen et al. (2004), 8 additional patients received real 1Hz-rTMS over the 

right DLPFC (10 daily sessions with 100 pulses per session), but the protocol was less beneficial than 

HF-rTMS. Finally, Boggio et al. (2010) also showed a significant decrease in PTSD symptoms after 

HF-rTMS applied to the left DLPFC, but to a lesser extent than after right-sided stimulation. In this 

study, mood improved after left-sided HF-rTMS, while anxiety was reduced after right-sided HF-

rTMS. The reduction of anxiety following HF-rTMS of the right DLPFC was also found by Cohen et 

al. (2004). Thus, 10 daily sessions of HF-rTMS of the right DLPFC was found to provide the greatest 

therapeutic impact in patients with PTSD, with a Level C of Evidence (Lefaucheur et al., 2014). This 

procedure was able to provide long-lasting improvement in PTSD symptoms, still significant 3 months 

after the last session (Boggio et al., 2010), while in case of LF-rTMS, therapeutic efficacy was already 

decreasing at 2-month follow-up (Watts et al., 2012). 

Since 2014, only one additional sham-controlled study based on HF-rTMS of the right DLPFC 

was reported (Ahmadizadeh and Rezaei, 2018). In this study, 58 patients with PTSD were randomized 

to receive real 20Hz-rTMS over the right DLPFC only (n=19) or the both right and left DLPFC (n=19) 

or a sham procedure with a sham coil (n=20). The parameters of stimulation consisted of 10 sessions 

over 4 weeks (3 sessions/week for the first two weeks and 2 sessions/week for the last two weeks) 

with 2400 pulses/session (all over the right DLPFC, or 1200 pulses over the right DLPFC followed by 

1200 pulses over the left DLPFC), performed at 100% of RMT, with the DLPFC target defined 

according to the 5cm-rule. The proportion of responders (defined as PTSD checklist military version 

(PCL-M) total score improvement ≥ 2 standard deviations) was significantly higher after real 

unilateral or bilateral rTMS compared to sham rTMS (41.2%, 62.5%, and 0% of responders, 

respectively). At the end of the 4-week protocol, a greater reduction in the PCL-M total score was 

found in the real stimulation groups (without significant difference between unilateral and bilateral 

stimulation) compared to the sham group. The 'positive' results of this Class II study, in addition to 

those of the two Class III studies previously reported (Cohen et al., 2004; Boggio et al., 2010), allow a 

Level B of Evidence (probable efficacy) to be reached concerning the application of HF-rTMS to the 

right DLPFC in the treatment of PTSD. 
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Regarding LF-rTMS of the right DLPFC, the study of Watts et al. (2012) showed advantage of 

real stimulation relative to sham on 20 patients (10 real, 10 sham), and that of Cohen et al. (2004) 

showed no real benefit of the procedure in 14 patients (8 real, 6 sham). Since then, additional sham-

controlled studies assessed this procedure only in small samples (less than 10 patients receiving real 

LF-rTMS protocol). For example, in a series of 16 patients (7 real, 9 sham), Nam et al. (2013) showed 

a greater improvement over time (up to 5-week follow-up) in the Clinician-Administered PTSD Scale 

(CAPS) total score and the reexperiencing subscore after real versus sham stimulation. The rTMS 

protocol consisted of 15 daily sessions (over 3 weeks) of 1Hz-rTMS (1200 pulses per session) 

delivered at 100% of RMT over the right DLFPC (defined with the 5cm-rule). 

Other studies combined LF-rTMS of the right DLFPC and cognitive therapy. First, in a sham-

controlled crossover study of 9 patients with PTSD, Osuch et al. (2009) found a moderate 

improvement in hyperarousal subscore of the CAPS after such a combined protocol. Kozel et al. 

(2018) applied 1Hz-rTMS to the right DLPFC (defined with the Beam-F4 method) just prior to 

Cognitive Processing Therapy (CPT) for 12-15 daily sessions (1800 pulses/session at 110% of RMT) 

in a large series of 62 military veterans (32 real, 30 sham). A 6-month follow-up was completed by 59 

patients. The real rTMS+CPT group showed greater improvement (assessed on CAPS and PCL-M) 

compared to the sham rTMS+CPT group at the end of the rTMS protocol with sustained benefit up to 

6 months post-treatment. 

Thus, LF-rTMS of the right DLPFC could be an alternative to HF-rTMS of the right DLPFC 

in patients with PTSD. These two protocols were compared in a recent study (Kozel et al., 2019), 

including 27 patients (14 patients treated by 1Hz-rTMS and 13 by 10Hz-rTMS for 5 sessions/week 

during 6 weeks). Both groups significantly improved on various PTSD and depression scores without 

any advantage for either LF- or HF-rTMS, except the Inventory of Psychosocial Functioning (IPF) 

score, in which there was significant advantage for 10Hz-rTMS. In conclusion, regarding LF-rTMS of 

the right DLPFC, one Class III study was positive (Watts et al., 2012), two studies did not meet the 

requirement of 10 patients receiving real rTMS and showed conflicting results (Cohen et al., 2004; 

Nam et al., 2013), while two other positive studies assessed the effects of combined cognitive therapy 

and rTMS (Osuch et al., 2009; Kozel et al., 2018). Thus, and even though one study (Kozel et al., 

2019) did not find substantial differences of efficacy for LF-rTMS compared to HF-rTMS of the right 

DLPFC (which has Level B of Evidence, see above), further work is still required before making a 

relevant recommendation on the use of LF-rTMS of the right DLPFC in the treatment of PTSD. 

Finally, one research group applied a protocol of 20Hz-rTMS in patients with PTSD after a 

brief exposure to a script of the traumatic event within the same session, for 12 sessions over 4 weeks 

(Isserles et al., 2013). In this study, a bihemispheric mPFC area (rather than the right DLPFC) was 

stimulated using a H1-coil. The real stimulation, performed in 9 patients, reduced the Clinician-

Administered PTSD Scale (CAPS) total score and various CAPS subscores, while no change was 

observed in cases of sham stimulation (9 patients) or previous exposure to a non-traumatic script (8 
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patients). Such larger and more medial HF-rTMS application over prefrontal regions was not 

replicated to date. 

 

13.3. Obsessive compulsive disorder 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND obsessive compulsive 

disorder) identified 51 papers, including 9 original sham-controlled studies with at least 10 patients 

receiving real stimulation for several daily sessions. 

To treat obsessive compulsive disorder (OCD), either LF- or HF-rTMS was applied, using 

either a focal or a non-focal coil, over various cortical targets, such as the DLPFC (of the right or both 

right and left hemispheres), the right orbitofrontal cortex (OFC), and more medial regions, including 

the mPFC-ACC and the (pre-)SMA (Lusicic et al., 2018).  

 

13.3.1. LF-rTMS of orbitofrontal/prefrontal regions 

 

Regarding focal stimulation (using a figure-of-8 coil) delivered at 1Hz over the right DLPFC, 

two independent sham-controlled studies were published since 2014 (Table 18). One study (Elbeh et 

al., 2016) showed the superiority of 1Hz-rTMS of the right DLPFC as compared with 10Hz-rTMS or 

sham rTMS delivered to same target, to improve OCD symptoms, assessed on the Yale-Brown-

Obsessive-Compulsive Scale (YBOCS), as well as anxiety, assessed on HARS. In this study, 45 

patients were equally randomized to receive 10 session of real LF-rTMS, real HF-rTMS, or a sham 

procedure. The second study (Seo et al., 2016) also reported the efficacy of 1Hz-rTMS of the right 

DLPFC, compared to a sham condition, in a series of 27 patients with OCD of at least moderate 

severity and no comorbid psychiatric disorders other than depression. In contrast, one sham-controlled 

study performed before 2014 (Alonso et al., 2001) had reported 'negative' results with no significant 

change in YBOCS score after real LF-rTMS of the right DLPFC. However, this older study was based 

on a very small sample (10 patients in the real stimulation group and 8 patients in the sham group) and 

a non-focal stimulation using a circular coil. Focal 1Hz-rTMS of the left DLPFC also did not show 

any effect on OCD symptoms in an earlier study (Prasko et al., 2006). However, from the two recent 

sham-controlled Class II/III studies providing 'positive' results, a Level C of Evidence (possible 

efficacy) can be proposed for focal LF-rTMS of the right DLPFC in OCD. 

- Insert Table 18 - 

Two studies also performed 1Hz-rTMS, but using a large, non-focal coil. Firstly, in a 

crossover study of 19 patients with OCD, Nauczyciel et al. (2014) delivered 1Hz-rTMS over the right 

OFC using a large double-cone coil for 10 daily sessions (1200 pulses/session). Only a trend towards a 

better improvement was observed after real vs. sham stimulation (19% vs. 6% reduction on YBOCS 

score, respectively). More beneficial results had been previously published by Ruffini et al. (2009) 

using 1Hz-rTMS applied to the left OFC using a focal figure-of-8 coil.  
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Secondly, Carmi et al. (2018) used an H7 coil, designed to stimulate a bihemispheric mPFC 

area including the ACC. A daily rTMS session was performed for five weeks at 1Hz, but also at 20Hz, 

or according to a sham procedure. Clinical improvement, measured on the YBOCS, was observed 

following HF-, but not LF-rTMS, compared to sham. From these results, no conclusion can be drawn 

for the use of non-focal LF-rTMS of orbitofrontal/prefrontal regions in OCD. 

 

13.3.2. HF-rTMS of prefrontal regions 

 

Other research groups assessed the efficacy of HF-rTMS (rather than LF-rTMS) delivered 

with either a focal or a non-focal coil over prefrontal regions to improve OCD symptoms. 

Before 2014, two sham-controlled studies assessed the value of focal HF-rTMS delivered to 

the right DLPFC, both showing no significant difference between the real and sham procedures 

(Sarkhel et al., 2010; Mansur et al., 2011). These results are consistent with those reported by Elbeh et 

al. (2016) showing the absence of superiority of 10Hz-rTMS of the right DLPFC compared to a sham 

procedure. Similarly, focal HF-rTMS of the left DLPFC was proved to be ineffective for improving 

treatment-resistant OCD (Sachdev et al., 2007). 

Focal, but bilateral HF-rTMS of DLPFC regions was performed in 3 studies published by the 

same group of authors (Haghighi et al., 2015; Jahangard et al., 2016; Shayganfard et al., 2016). They 

delivered bihemispheric 20Hz-rTMS using a figure-of-8 coil over the left then the right DLPFC 

(targeted according to the 5cm-rule) within the same session (750 pulses per hemisphere and per 

session at 100% of RMT) for 10 sessions. These 3 crossover studies, including 10 to 21 patients, 

reported the superiority of real HF-rTMS as compared with the sham procedure (tilted coil) to improve 

OCD symptoms (30-35% reduction of YBOCS score on average in the real stimulation condition 

compared to less than 5% reduction in the sham condition). Cognitive, but not executive functions also 

improved. 

In one study (Ma et al., 2014), a circular coil was used to stimulate a more medial region, 

centered halfway between the right and left DLPFC (defined accoding to F4-P4 and F3-P3 sites, 

respectively). In this sham-controlled study of 46 patients (25 real, 21 sham), rTMS pulse frequency 

was synchronized to the alpha frequency (8-12Hz) of EEG activity previously recorded in each 

individual. Beneficial effects of 10 sessions of HF-rTMS (648-872 pulses/session delivered at 80% of 

RMT) were reported at the end of 2-week treatment and 1-week follow-up in the real vs. sham 

stimulation group, both on YBOCS score (32-34% vs. 15-18% reduction, respectively) and HARS 

score (34-36% vs. 14-22% reduction, respectively). 

As aforementioned, Carmi et al. (2018) used an H7 coil to stimulate a large and deep 

bihemispheric mPFC-ACC region, with individualized symptom provocation preceding rTMS 

sessions. Clinical improvement was observed after 20Hz-rTMS (n=7), but not LF-rTMS (n=8), 

compared to sham (n=8), with a significantly higher percentage of responders (defined as YBOCS 

reduction >30%) for at least one month following the last rTMS session. Due to this interim analysis, 
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recruitment for the LF group was interrupted, and results from a larger multicenter trial comparing 

HF-rTMS to sham, coordinated by the same group, were recently published (Carmi et al., 2019). A 

significant difference in reduction of YBOCS scores was found among patients that completed the trial 

when comparing HF-rTMS (n=42, 45.2% responders) to sham (n=45, 17.8% responders), which has 

allowed for FDA clearance of non-focal HF-rTMS for bilateral stimulation of mPFC-ACC regions, 

combined with individualized symptom provocation, in OCD. 

A large and deep HF-rTMS protocol was also assessed in OCD patients using a double-cone 

coil to stimulate the dmPFC-ACC connectivity, as performed by the same research group in 

depression (Bakker et al., 2014; Downar et al., 2014; Salomons et al., 2014). In a Class IV study with 

an open-label design (Dunlop et al., 2016), 20 patients with treatment-resistant OCD received 20 daily 

sessions (over 4 weeks) of 10Hz-rTMS delivered on the left then the right dmPFC within the same 

session (3000 pulses per hemisphere and per session) using with a double-cone coil and a navigation 

system. Target location corresponded to 25% of the total distance from nasion to inion, slightly 

anterior to the location of pre-SMA target. Ten patients (50%) were responders to the rTMS procedure 

(improvement ≥50% on YBOCS score). The clinical response correlated to the reduction of a higher 

dmPFC-ventral striatal connectivity at baseline, assessed on resting-state fMRI. 

While there were several positive Class II and III studies for prefrontal HF-rTMS in OCD, the 

methods used are too heterogenous to make any recommendation on the use of rTMS, delivered 

focally over the right and/or left DLPFC, or less focally over prefrontal regions using a circular, H7, or 

double-cone coil. However, as mentioned above, the FDA recently approved the use of deep rTMS as 

an adjunct for the treatment of adult patients suffering from OCD (on August 16, 2018), according to 

the protocol described in the study of Carmi et al. (2018) and the subsequent findings reported in a 

multicenter randomized trial of approximately 100 OCD patients (Carmi et al., 2019). This protocol 

consists in using an H7 coil to stimulate a bihemispheric mPFC-ACC region at 20Hz. 

 

13.3.3. LF-rTMS of pre-SMA 

 

Before 2014, two sham-controlled studies reported results of 1Hz-rTMS delivered bilaterally 

to the pre-supplementary motor area (pre-SMA) for 4 weeks in 18 patients (9 real, 9 sham) 

(Mantovani et al., 2010) or 2 weeks in 22 patients (12 real, 10 sham) (Gomes et al., 2012). Both 

studies assessed the average reduction of YBOCS score and the rate of responders after real 

stimulation compared to a sham procedure. Beneficial results were reported, but they were significant 

compared to sham control only in the study of Gomes et al. (2012). 

Since 2014, 3 additional sham-controlled studies investigated the efficacy of LF-rTMS 

similarly targeted to the pre-SMA (Table 19). When compared to a sham condition, real stimulation 

was found to be more efficacious to improve OCD symptoms in one study (Hawken et al., 2016). In 

contrast, bilateral pre-SMA stimulation was found to be ineffective in the other two studies (Pelissolo 

et al., 2016; Arumugham et al., 2018). In one of these studies (Pelissolo et al., 2016), the pre-SMA 
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target location was defined on individual MRI using a navigation system and all patients had severe, 

drug-refractory OCD symptoms. In the second study (Arumugham et al., 2018), patients were less 

severe, including partial responders to antidepressant medications. 

In the meta-analysis of Rehn et al. (2018) rTMS was found to produce overall a modest effect 

in reducing YBOCS scores and LF-rTMS of the pre-SMA yielded the greatest reductions relative to 

other cortical targets and stimulation frequency. However, according to our criteria taking into account 

conflicting results across studies on the significance of the differential effect between real vs. sham 

stimulation, no recommendation can be made to date for LF-rTMS of pre-SMA in the context of OCD. 

- Insert Table 19 - 

Other studies have further explored the therapeutic potential of rTMS in OCD, using different 

approaches. In one study (Kang et al., 2009b), LF-rTMS was sequentially delivered over the right 

DLPFC and SMA (1200 pulses per site and per session at 100-110% of RMT) in 20 patients equally 

randomized to receive 10 sessions of either real or sham stimulation. No significant effect of the real 

procedure was observed on YBOCS and depression scores compared to sham control (tilted coil). 

Finally, in a naturalistic open-label study, Singh et al. (2019) targeted either the bilateral SMA 

(46 patients) or the left OFC (33 patients) using 1Hz-rTMS in medication-resistant OCD. A majority 

of patients (57%) met criteria for partial clinical response (reduction of YBOCS score >25%) and 40% 

were 'complete' responders (reduction of YBOCS score >35%). However, there was no significant 

difference between patients receiving LF-rTMS over bilateral SMA or left OFC. The presence of 

comorbid depression and higher baseline YBOCS score was associated with lower response to rTMS. 

 

13.4. Autism spectrum disorders 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND autism) identified 29 

papers, including only one original sham-controlled study with at least 10 patients receiving real 

stimulation for several daily sessions (Enticott et al., 2014). In this sham-controlled study, 28 adults 

with Asperger’s disorder (15 real, 13 sham) underwent 10 daily sessions of deep 5Hz-rTMS (1500 

pulses/session) using a HAUT-coil (H3-coil), which was designed to stimulate the dmPFC bilaterally. 

A significant reduction in social relating symptoms (especially self-oriented anxiety during difficult 

and emotional social situations) was found after real stimulation and not in the sham group. 

Another study compared the effect of 1Hz-rTMS of the left DLPFC (F3 site, 20 daily sessions, 

1500 pulses/session, 90% of RMT) and anodal tDCS over the same target in 24 children with autism 

spectrum disorder (Gomez et al., 2017). In this open-label study (Class IV), children <10 years 

received tDCS, whereas children >11 years received rTMS. A significant improvement of symptom 

severity in autism-related scores was observed in the rTMS group with no difference between rTMS- 

and tDCS-induced changes. 

To our knowledge, all other rTMS/TBS studies performed in the context of autism had an 

open-label desing or were based on single sessions and did not meet our study requirements. For 
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example, one randomized, sham-controlled, crossover trial assessed the value of single sessions of 

iTBS applied bilaterally over the DLPFC or the posterior superior temporal sulcus (pSTS) in 19 adults 

with autism spectrum disorder (Ni et al., 2017). Compared to an active sham control (real stimulation 

over the inion), the reaction time in the Conners' Continuous Performance Test was reduced after the 

iTBS session delivered over the bilateral DLPFC, but not the STS. An open-label pilot study also 

showed that 15 sessions of iTBS delivered over the right DLPFC under neuronavigation guidance 

could improve executive functions, YBOCS score, and repetitive behaviors in 10 patients with autism 

spectrum disorder (Abujadi et al., 2018). 

Overall, the existing evidence concerning the use of rTMS to treat various aspects of autism 

spectrum disorders is relatively weak taken into consideration the small sample sizes, the 

heterogeneity in clinical presentation and measures, and the variety of rTMS protocols and targets 

among the studies (Barahona-Corrêa et al., 2018; Cole et al., 2019).  

 

13.5. Attention deficit hyperactivity disorder 

 

A PubMed search (keywords: (rTMS OR theta burst stimulation) AND attention deficit 

hyperactivity disorder) identified 11 papers, but no original sham-controlled studies with at least 10 

patients receiving real stimulation for several daily sessions. Only one original sham-controlled study 

deserves to be mentioned, which is the study of Paz et al. (2017). In this study, deep HF-rTMS was 

performed over bilateral DLPFC areas using an H5-coil (20 sessions of 1980 pulses/session delivered 

at 18Hz) in 22 adults with attention deficit hyperactivity disorder (9 real, 13 sham), but did not result 

in any clinical benefit. 

 

13.6. Mental retardation 

 

A single Class IV study performed on 45 right-handed children with mental retardation of 

various aetiologies is worth mentioning (Qiu et al., 2016). In 24 children aged 2-3 years, a 10-day 

protocol of non-navigated HF-rTMS of the left IFG (Broca’s area) was performed coupled with 

traditional language training, whereas 21 age-matched children received language training only. The 

combined procedure (HF-rTMS + language training) produced better clinical improvement than 

laguage training performed alone, in terms of movement ability and linguistic competence. This result 

is in line with those above described for the rehabilitation of aphasia. 

 

13.7. Functional neurological disorders 

 

One sham-controlled, crossover Class III study was conducted to verify whether rTMS, 

without other concomitant therapies, may improve functional flaccid paresis (Broersma et al., 2015). 

This study enrolled 12 patients with unilateral or asymmetric paresis lasting from 4 weeks to 25 years, 
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but only 8 of these 12 patients received both real and sham rTMS procedures. These procedures 

consisted of neuronavigated 15Hz-rTMS delivered over the hand M1 area contralateral to the paretic 

limb(s) once daily over 10 consecutive weekdays (9000 pulses/session at 80% of RMT). An objective 

increase in muscle strength of the paretic hand (measured by a dynamometer) was found after real 

stimulation (+24% on average) but not after realistic sham procedure (+6%). However, subjective 

ratings showed that patients did not perceive this objectively measured motor improvement. In 

addition, no long-term follow-up was included in this study, and therefore it remains to be 

demonstrated that rTMS can have a real therapeutic benefit in patients with functional paresis. 

 

14. Summary of recommendations 

 

This work updates the evidence-based recommendations that were previously established by a 

group of European experts regarding the potential therapeutic applications of rTMS in the 

neurological, ENT, and psychiatric domains (Lefaucheur et al., 2014). New recommendations are 

summarized in Table 20. 

Level A evidence (definite efficacy) is still proposed for HF-rTMS of M1 contralateral to pain 

side in neuropathic pain and for HF-rTMS of the left DLPFC in MDD using a figure-of-8 coil, but also 

a H1-coil. The same recommendation is now proposed for LF-rTMS of contralesional M1 in hand 

motor recovery at the postacute stage of stroke.  

Level B evidence (probable efficacy) is still proposed for: (i) LF-rTMS of the right DLPFC in 

MDD; (ii) HF-rTMS of the left DLPFC for treating depression in PD patients. The same 

recommendation is now proposed in 9 new condtions: (i) HF-rTMS of the left M1 in improving 

quality of life of patients with fibromyalgia; (ii) HF-rTMS of the left DLPFC in relieving pain in 

patients with fibromyalgia; (iii) HF-rTMS of bilateral M1 regions in improving motor symptoms of 

PD patients; (iv) HF-rTMS of ipsilesional M1 in promoting hand motor recovery at the postacute stage 

of stroke; (v) iTBS of the leg motor cortex in relieving lower limb spasticity in MS; (vi) LF-rTMS of 

right IFG in promoting nonfluent aphasia recovery at the chronic stage of stroke; (vii) bilateral right-

sided LF-rTMS and left-sided HF-rTMS of the DLPFC in MDD; (viii) bilateral right-sided cTBS and 

left-sided iTBS of the DLPFC in major unipolar depression; (ix) HF-rTMS of the right DLPFC in 

PTSD. 

Level C evidence (possible efficacy) is still proposed for: (i) HF-rTMS of M1 contralateral to 

pain side in CRPS type I; (ii) cTBS of the contralesional left PPC in visuospatial hemineglect recovery 

at the post-acute stage of stroke; (iii) LF-rTMS of the epileptic focus to treat chronic epilepsy; (iv) LF-

rTMS of the auditory cortex of the left hemisphere (or contralateral to the affected ear) in chronic 

tinnitus; (v) of LF-rTMS of the left TPC in auditory hallucinations in schizophrenia; (vi) HF-rTMS of 

the left DLPFC on cigarette craving and consumption. From our previous work, the level of evidence 

decreased from B to C in three conditions that were: (i) LF-rTMS of the contralesional M1 in hand 

motor recovery at the chronic stage of stroke; (ii) the differential antidepressant efficacy between: 
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right LF-rTMS vs. left HF-rTMS, bilateral vs. unilateral rTMS of the DLPFC, and rTMS performed 

alone vs. combined with antidepressants; (iii) HF-rTMS of the left DLPFC on negative symptoms of 

schizophrenia. In contrast, the level of evidence increased to C in two other conditions, namely: (i) 

multisite rTMS-COG to improve cognitive function, memory and language level of AD patients, 

especially at a mild/early stage of the disease; (ii) LF-rTMS of the right DLPFC in OCD. 

- Insert Table 20 - 

For conditions in which no recommendation has been proposed, this does not mean that no 

effect can be obtained in selected responders, taking into account the high interindividual response to 

rTMS protocols. On the other hand, the current recommendations are based on the differences reached 

in therapeutic efficacy of real vs. sham rTMS protocols, replicated in a sufficient number of 

independent studies. This does not mean that the benefit produced by rTMS inevitably reaches a level 

of clinical relevance. 

Compared to meta-analyses, several limitations of the present systematic review must be 

acknowledged. For instance, in the meta-analyses published in the Cochrane Library (Li et al., 2014b; 

Pollock et al., 2014; Dougall et al., 2015; Chen et al., 2016; Bath et al., 2018; O'Connell et al., 2018), 

two important criteria are taken into account in the assessment of the risk of bias that are sample size 

and study duration. Regarding sample size, Cochrane reviews attribute a high risk of bias for studies 

with fewer than 50 participants per arm, an unclear risk of bias for studies with between 50 and 199 

participants per arm, and a low risk of bias only for studies with 200 or more participants per arm. 

However, such sample sizes are rarely achieved in rTMS studies and in the present work, we only 

differentiated the studies according to whether they had more or fewer than 25 or 10 patients in the 

real stimulation arm (Class I vs. II-III studies). 

Regarding study duration, Cochrane reviews attribute a low risk of bias for studies with 

follow-up of 8 weeks or longer, an unclear risk of bias for studies with follow-up of 2 to 7 weeks, and 

a high risk of bias for studies with follow-up of less than 2 weeks. The duration of the follow-up was 

not taken into account in the present work, but it must be admitted that the vast majority of studies 

involved a follow-up not exceeding a few weeks during or beyond the stimulation time. 

A highly structured evaluation of the quality of the evidence provided by studies in 

controversial literature, such as for rTMS, can also provide answers regarding the therapeutic value of 

this intervention. The Grading of Recommendations Assessment, Development, and Evaluation 

(GRADE) system (Balshem et al., 2011; Guyatt et al., 2011; Schünemann et al., 2011) integrates 

multiple aspects of the published studies into a critical rating of the quality of the evidence. In the 

GRADE system, evidence of the outcome of a study is categorized as high, moderate, low, or very low 

based on experts' confidence in the estimate of the effect. This assessment takes into account 5 factors 

that can downgrade the quality level of a set of evidence: (i) limitations in the design and execution of 

the studies (risk of bias in patients' selection, group allocation, blinding, selective reporting...), (ii) 

inconsistency (unexplained heterogeneity of results across studies), (iii) indirectness (according to 

differences in population definition, interventions, outcome measures or comparisons), (iv) 
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imprecision (small sample size, wide confidence intervals), and (v) publication bias (overestimation of 

the effect because positive results are most likely to be reported than negative or null findings).  

Whether to rate up or down the quality of the body of evidence for each outcome is a matter of 

judgment. In the present work, the risk of bias related to study limitations was taken into account to 

downgrade from Class I to Class II the studies including 25 or more patients in the real stimulation 

arm or from Class II to Class III the studies with a smaller sample. Inconsistency and indirectness 

were also considered, e.g., regarding the influence of the heterogeneity of rTMS protocol patterns, 

clinical profiles of patients, types of symptoms treated or outcome measures. On the other hand, we 

did not estimate the size of the treatment effect, which is usually done by calculating the standardized 

mean difference (SMD) in the results provided by the active treatment (real rTMS) and placebo 

comparator (sham rTMS) across studies. This calculation makes it possible to standardize the results 

and to obtain a pooled effect size regardless of the variability of the intervention effect between the 

studies combined for the analyses. 

We did not perform this quantified evaluation and we focused instead on the fact that results 

were replicated by independent teams. Indeed, most meta-analyses do not take care that large samples 

can come from a single team or research network with redundancies in terms of the origin of the 

published data. In addition, one must always keep in mind that very large studies are more likely to 

find a statistically significant difference for a trivial effect that does not really make clinical sense 

(Ioannidis, 2005). Therefore, beyond sample sizes, focusing on the replication of results plays an 

important role in improving the reliability of research outcomes (Ioannidis, 2014). In our work, for 

studies based on the same methodology applied to patients with the same clinical profile, only one 

study was selected per research group at most. The fact that the results were reproduced by 

independent teams in different articles clearly had more impact in our study than a multicenter study 

based on a very large sample. This explains why a similar level of evidence could be attributed in this 

work to the effects of rTMS on pain, stroke and MDD, although sample sizes were largely greater in 

the latter condition. 

In conclusion, differences in the methodology of data analysis lead to differences in the level 

of evidence across systematic reviews and meta-analyses. As an example, in other systematic reviews 

based on the GRADE system, the level of evidence of rTMS efficacy was lower than in our work. For 

example, HF-rTMS of the motor cortex reached a 'weak for’ recommendation in neuropathic pain and 

fibromyalgia (Cruccu et al., 2016) with a low quality evidence for short-term effects on chronic pain 

and quality of life, due to issues of blinding and precision (O'Connell et al., 2018). Conversely, other 

meta-analyses reported a significant analgesic efficacy of active rTMS compared to sham rTMS 

according to effect size measurement based on SMD (Jin et al., 2015) or odds ratios (ORs) up to 4 

(Goudra et al., 2017). Regarding therapeutic effects on depression, one meta-analysis reported higher 

ORs for various rTMS procedures (ranging between 1.7 and 7.4) (Mutz et al., 2018) than what has 

been shown for most antidepressant drugs (ranging between 1.4 and 2.1) (Cipriani et al., 2018).  
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Although rTMS was approved or cleared for "safety and efficacy" in various therapeutic 

indications by regulatory agencies, such as the FDA, there is still a need for substantially larger, 

rigorously designed studies, particularly including longer courses of stimulation sessions. As 

emphasized in our previous article, future rTMS studies must gain in rigor and power on the following 

elements: randomized parallel-group design, sufficient sample size, accurate targeting, especially 

using neuronavigation and robotic arm systems, realistic sham procedure (Rossi et al., 2007; 

Mennemeier et al., 2009), double-blinding, and clinically relevant outcome measures. 

On the other hand, technical developments include new forms of coils and magnetic field 

geometry (Deng et al., 2013, 2014; Tendler et al., 2016; Goetz and Deng, 2017; Koponen et al., 2017), 

and tailored strategies, based on neuroimaging methods (e.g., fMRI or diffusion tensor MRI 

tractography) (Grefkes and Fink, 2014; Bergmann et al., 2016; Diekhoff-Krebs et al., 2017), on 

neurophysiological methods (e.g., high-resolution EEG) (Bergmann et al., 2016), on concurrent TMS-

EEG method (Tremblay et al., 2019), or on clinical response to single test sessions (Kreuzer et al., 

2017). All these data can serve to adapt the rTMS protocol to a personalized medicine approach. 

Even personalized, therapeutic applications of rTMS were always performed with an open-

loop design to date, while one of the most promising approaches is to consider rTMS in a closed-loop 

configuration (Gharabaghi et al., 2014; Karabanov et al., 2016; Zrenner et al., 2016, 2018; Mansouri et 

al., 2018). A closed-loop configuration means that all TMS pulses are delivered at a well-defined time, 

generally according to EEG activity recorded and analyzed in real-time. Using such a strategy, rTMS 

could be coupled with neuronal activities for brain-state dependent and adaptive stimulation 

procedure. New coil design could be developed to offer the possibility to stimulate online at multiple 

sites of the brain according to the occurrence of specific neural triggers in a feedback-controlled 

stimulation procedure (Koponen et al., 2018). 

Finally, beyond statistical levels of evidence or estimates of effect size and our confidence in 

these estimates, the clinical importance of the proposed therapeutic efficacy must be considered. The 

present work only provides arguments to be confident that some rTMS protocols do something that is 

different from a placebo in some indications, but not that the results obtained are clinically relevant. 

Clinical relevance in routine practice also requires that rTMS therapy provides beneficial effects in the 

long term. The optimal time window for applying rTMS treatment should also be specified, i.e. its 

place in the therapeutic decision tree, especially in the management of MDD and chronic pain. It is 

probably better defined in other clinical conditions, such as motor stroke, for which the requirements 

to use rTMS in the postacute or chronic stages are different. However, given the relatively coarse and 

therefore debatable definitions of the acute, postacute and chronic post-stroke phase, which do not 

represent uniform periods with sharp boundaries but rather a continuum with different time-sensitive 

processes, a more systematic assessment of the optimal time window to treat patients with rTMS is 

needed, ideally based on individual markers of the responsiveness to rTMS. Furthermore, the objective 

of rTMS as an add-on or priming technique in combination with a rehabilitation therapy for a limited 

period of time must be differentiated from performing rTMS alone to control a chronic disease. In the 
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former condition, the timing of rTMS application in the combined strategy must be considered in the 

foreground to promote functional recovery. In the latter condition, the rhythm of the maintenance 

sessions is a critical factor for the usefulness of the procedure in the long term. Actually, among the 

patients with chronic, long-lasting disease, some of them can be considered good or excellent 

responders and really benefit from rTMS protocols in the dailylife management of their illness. In 

contrast, the average clinical response to rTMS remains rather modest, short-lasting, and not clincally 

meaningful and relevant in most of the stimulated patients, although the improvement can be 

statistically significant on group level. Nevertheless, in spite of present shortcomings, we are 

convinced that there is a future for rTMS as a therapeutic tool (Terranova et al., 2019). All recent 

studies have confirmed the good tolerance of this technique, since no severe complication has been 

reported. It would be interesting if observational studies carried out over long periods (5 to 10 years of 

follow-up) could confirm this good tolerance. In addition, all efforts should be made towards a 

precision medicine, which aims at reducing the large interindividual variability in the therapeutic 

efficacy of rTMS. 

 

Acknowledgments 

Dr. Filipović is supported by a grant (OI175012) from the Ministry of Education, Science and 

Technological Development of Republic of Serbia. Dr. Oliveira-Maia is supported by grants FCT-

PTDC/MEC-PSQ/30302/2017-IC&DT-LISBOA-01-0145-FEDER and FCT-PTDC/MED-

NEU/31331/2017, funded by national funds from Fundação para a Ciência e Tecnologia 

(FCT/MCTES - Portugal), with the former co-funded by FEDER, under the Partnership Agreement 

Lisboa 2020 – Programa Operacional Regional de Lisboa. Dr. Rektorová is supported by a grant 

(AZV 16-318681) from the Czech Ministry of Health. 

 

Conflict of interest 

Dr. Brunelin received honoraria from Brainsway Inc. for his particpation in the Brainsway European 

scientific advisory board. Dr. Hasan received paid speakership by Janssen, Lundbeck, and Otsuka and 

was member of scientific advisory boards of those companies, outside the submitted work. Dr. 

Langguth received honoraria from Autifony, Boehringer, Decibel Therapeutics, Desyncra, Neurolite, 

Neuromod, and Servier, outside the submitted work. Dr. Lefaucheur received speaker’s fees from 

Pfizer and Sanofi, outside the submitted work. Dr. Leocani received honoraria for consulting services 

from Biogen, Merck, Novartis, and Roche, and for speaking activities from Teva, research support 

from Biogen, Merck, and Novartis, and travel support from Merck and Roche, outside the submitted 

work. Dr. Oliveira-Maia is the national coordinator for Portugal of a study sponsored by Janssen-Cilag 

Ltd. and recipient of a grant from Schuhfried GmBH, outside the submitted work. Dr. Padberg is a 

member of the European Scientific Advisory Board of Brainsway Inc. and has received speaker’s 

honoraria from Mag&More GmbH and the neuroCare Group. Dr. Paulus received consulting 



 84

honoraria from Abott and Precisis AG, outside the submitted work. Dr. Poulet received honoraria from 

Brainsway Inc. for his particpation in the Brainsway European scientific advisory board. Dr. 

Rektorova received honoraria from Abbvie, outside the submitted work. Dr. Sahlsten received travel 

grant from Nexstim. Dr. Ziemann received fees from Bayer GmbH, Biogen Idec GmbH, Bristol Myers 

CorTec GmbH, Medtronic GmbH, Pfizer GmbH, and Squibb GmbH, and grants from Biogen Idec 

GmbH, Janssen Pharmaceuticals NV, and Servier, outside the submitted work. The other authors 

declare that they have no commercial or financial relationships that could be understood as a potential 

conflict of interest. 

 



 85

References 

Abujadi C, Croarkin PE, Bellini BB, Brentani H, Marcolin MA. Intermittent theta-burst transcranial magnetic 
stimulation for autism spectrum disorder: an open-label pilot study. Braz J Psychiatry 2018;40:309-11. 

Ackerley SJ, Byblow WD, Barber PA, MacDonald H, McIntyre-Robinson A, Stinear CM. Primed Physical 
Therapy Enhances Recovery of Upper Limb Function in Chronic Stroke Patients. Neurorehabil Neural 
Repair 2016;30:339-48. 

Addolorato G, Antonelli M, Cocciolillo F, Vassallo GA, Tarli C, Sestito L, et al. Deep Transcranial Magnetic 
Stimulation of the Dorsolateral Prefrontal Cortex in Alcohol Use Disorder Patients: Effects on 
Dopamine Transporter Availability and Alcohol Intake. Eur Neuropsychopharmacol 2017;27:450-61. 

Ahdab R, Ayache SS, Brugières P, Goujon C, Lefaucheur JP. Comparison of "standard" and "navigated" 
procedures of TMS coil positioning over motor, premotor and prefrontal targets in patients with chronic 
pain and depression. Neurophysiol Clin 2010;40:27-36. 

Ahdab R, Ayache SS, Brugières P, Farhat WH, Lefaucheur JP. The Hand Motor Hotspot is not Always Located 
in the Hand Knob: A Neuronavigated Transcranial Magnetic Stimulation Study. Brain Topogr 
2016;29:590-7. 

Ahmadizadeh MJ, Rezaei M. Unilateral right and bilateral dorsolateral prefrontal cortex transcranial magnetic 
stimulation in treatment post-traumatic stress disorder: A randomized controlled study. Brain Res Bull 
2018;140:334-40. 

Alcalá-Lozano R, Garza-Villarreal EA. Overlap of large-scale brain networks may explain the similar cognitive 
improvement of single-site vs multi-site rTMS in Alzheimer's disease. Brain Stimul 2018;11:942-4. 

Alcalá-Lozano R, Morelos-Santana E, Cortés-Sotres JF, Garza-Villarreal EA, Sosa-Ortiz AL, González-Olvera 
JJ. Similar clinical improvement and maintenance after rTMS at 5 Hz using a simple vs. complex 
protocol in Alzheimer's disease. Brain Stimul 2018;11:625-7. 

Aleman A, Enriquez-Geppert S, Knegtering H, Dlabac-de Lange JJ. Moderate effects of noninvasive brain 
stimulation of the frontal cortex for improving negative symptoms in schizophrenia: Meta-analysis of 
controlled trials. Neurosci Biobehav Rev 2018;89:111-8. 

Alonso P, Pujol J, Cardoner N, Benlloch L, Deus J, Menchón JM, et al. Right prefrontal repetitive transcranial 
magnetic stimulation in obsessive-compulsive disorder: a double-blind, placebo-controlled study. Am J 
Psychiatry 2001;158:1143-5. 

Altunrende B, Yildiz S, Cevik A, Yildiz N. Repetitive transcranial magnetic stimulation in restless legs 
syndrome: preliminary results. Neurol Sci 2014;35:1083-8. 

Ambriz-Tututi M, Alvarado-Reynoso B, Drucker-Colín R. Analgesic effect of repetitive transcranial magnetic 
stimulation (rTMS) in patients with chronic low back pain. Bioelectromagnetics. 2016 Dec;37(8):527-
535. 

Amiaz R, Levy D, Vainiger D, Grunhaus L, Zangen A. Repeated high-frequency transcranial magnetic 
stimulation over the dorsolateral prefrontal cortex reduces cigarette craving and consumption. Addiction 
2009;104:653-60. 

Anderkova L, Eliasova I, Marecek R, Janousova E, Rektorova I. Distinct Pattern of Gray Matter Atrophy in Mild 
Alzheimer's Disease Impacts on Cognitive Outcomes of Noninvasive Brain Stimulation. J Alzheimers 
Dis 2015;48:251-60. 

Anderkova L, Pizem D, Klobusiakova P, Gajdos M, Koritakova E, Rektorova I. Theta Burst Stimulation 
Enhances Connectivity of the Dorsal Attention Network in Young Healthy Subjects: An Exploratory 
Study. Neural Plast 2018;2018:3106918. 

André-Obadia N, Peyron R, Mertens P, Mauguière F, Laurent B, Garcia-Larrea L. Transcranial magnetic 
stimulation for pain control. Double-blind study of different frequencies against placebo, and 
correlation with motor cortex stimulation efficacy. Clin Neurophysiol 2006;117:1536-44. 

André-Obadia N, Mertens P, Gueguen A, Peyron R, Garcia-Larrea L. Pain relief by rTMS: differential effect of 
current flow but no specific action on pain subtypes. Neurology 2008;71:833-40. 

André-Obadia N, Magnin M, Simon E, Garcia-Larrea L. Somatotopic effects of rTMS in neuropathic pain? A 
comparison between stimulation over hand and face motor areas. Eur J Pain 2018a;22:707-15. 

André-Obadia N, Zyss J, Gavaret M, Lefaucheur JP, Azabou E, Boulogne S, et al. Recommendations for the use 
of electroencephalography and evoked potentials in comatose patients. Neurophysiol Clin 
2018b;48:143-69. 

Annak O, Heidegger T, Walter C, Deichmann R, Nöth U, Hansen-Goos O, et al. Effects of continuous theta-
burst stimulation of the primary motor and secondary somatosensory areas on the central processing and 
the perception of trigeminal nociceptive input in healthy volunteers. Pain 2019;160:172-86. 

Antal A, Paulus W. Effects of transcranial theta-burst stimulation on acute pain perception. Restor Neurol 
Neurosci 2010;28:477-84. 



 86

Antczak J, Kowalska K, Klimkowicz-Mrowiec A, Wach B, Kasprzyk K, Banach M, et al. Repetitive transcranial 
magnetic stimulation for the treatment of cognitive impairment in frontotemporal dementia: an open-
label pilot study. Neuropsychiatr Dis Treat 2018;14:749-55. 

Arumugham SS, Vs S, Hn M, B V, Ravi M, Sharma E, et al. Augmentation Effect of Low-Frequency Repetitive 
Transcranial Magnetic Stimulation Over Presupplementary Motor Area in Obsessive-Compulsive 
Disorder: A Randomized Controlled Trial. J ECT 2018;34:253-7. 

Attal N, Ayache SS, Ciampi De Andrade D, Mhalla A, Baudic S, Jazat F, et al. Repetitive transcranial magnetic 
stimulation and transcranial direct-current stimulation in neuropathic pain due to radiculopathy: a 
randomized sham-controlled comparative study. Pain 2016;157:1224-31. 

Avenanti A, Coccia M, Ladavas E, Provinciali L, Ceravolo MG. Low-frequency rTMS promotes use-dependent 
motor plasticity in chronic stroke: a randomized trial. Neurology 2012;78:256-64. 

Ayache SS, Ahdab R, Chalah MA, Farhat WH, Mylius V, Goujon C, et al. Analgesic effects of navigated motor 
cortex rTMS in patients with chronic neuropathic pain. Eur J Pain 2016;20:1413-22. 

Azin M, Zangiabadi N, Iranmanesh F, Baneshi MR, Banihashem S. Effects of Intermittent Theta Burst 
Stimulation on Manual Dexterity and Motor Imagery in Patients with Multiple Sclerosis: A Quasi-
Experimental Controlled Study. Iran Red Crescent Med J 2016;18:e27056.  

Badran BW, Glusman CE, Austelle CW, Jenkins S, DeVries WH, Galbraith V, et al. A Double-Blind, Sham-
Controlled Pilot Trial of Pre-Supplementary Motor Area (Pre-SMA) 1 Hz rTMS to Treat Essential 
Tremor. Brain Stimul 2016;9:945-7. 

Baeken C. Accelerated rTMS: A Potential Treatment to Alleviate Refractory Depression. Front Psychol 
2018;9:2017. 

Baeken C, Vanderhasselt MA, Remue J, Herremans S, Vanderbruggen N, Zeeuws D, et al. Intensive HF-rTMS 
treatment in refractory medication-resistant unipolar depressed patients. J Affect Disord 2013;151:625-
31. 

Baeken C, Marinazzo D, Wu GR, Van Schuerbeek P, De Mey J, Marchetti I, et al. Accelerated HF-rTMS in 
treatment-resistant unipolar depression: Insights from subgenual anterior cingulate functional 
connectivity. World J Biol Psychiatry 2014;15:286-97. 

Baeken C, Marinazzo D, Everaert H, Wu GR, Van Hove C, Audenaert K, et al. The Impact of Accelerated HF-
rTMS on the Subgenual Anterior Cingulate Cortex in Refractory Unipolar Major Depression: Insights 
From 18FDG PET Brain Imaging. Brain Stimul 2015;8:808-15. 

Baeken C, Lefaucheur JP, Van Schuerbeek P. The impact of accelerated high frequency rTMS on brain 
neurochemicals in treatment-resistant depression: Insights from (1)H MR spectroscopy. Clin 
Neurophysiol 2017;128:1664-72. 

Bais L, Vercammen A, Stewart R, van Es F, Visser B, Aleman A, et al. Short and long term effects of left and 
bilateral repetitive transcranial magnetic stimulation in schizophrenia patients with auditory verbal 
hallucinations: a randomized controlled trial. PLoS One 2014;9:e108828. 

Bakker N, Shahab S, Giacobbe P, Blumberger DM, Daskalakis ZJ, Kennedy SH, et al. rTMS of the dorsomedial 
prefrontal cortex for major depression: safety, tolerability, effectiveness, and outcome predictors for 10 
Hz versus intermittent theta-burst stimulation. Brain Stimul 2014;8:1–22. 

Bakker N, Shahab S, Giacobbe P, Blumberger DM, Daskalakis ZJ, Kennedy SH, et al. rTMS of the dorsomedial 
prefrontal cortex for major depression: safety, tolerability, effectiveness, and outcome predictors for 10 
Hz versus intermittent theta-burst stimulation. Brain Stimul 2015;8:208-15. 

Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, et al. GRADE guidelines: 3. Rating the 
quality of evidence. J Clin Epidemiol 2011; 64: 401–406. 

Barahona-Corrêa JB, Velosa A, Chainho A, Lopes R, Oliveira-Maia AJ. Repetitive Transcranial Magnetic 
Stimulation for Treatment of Autism Spectrum Disorder: A Systematic Review and Meta-Analysis. 
Front Integr Neurosci 2018;12:27. 

Barwood CH, Murdoch BE, Whelan BM, Lloyd D, Riek S, O' Sullivan JD, et al. Improved language 
performance subsequent to low-frequency rTMS in patients with chronic non-fluent aphasia post-stroke. 
Eur J Neurol 2011;18:935-43.  

Barwood CH, Murdoch BE, Whelan BM, Lloyd D, Riek S, O'Sullivan J, et al. The effects of low frequency 
Repetitive Transcranial Magnetic Stimulation (rTMS) and sham condition rTMS on behavioural 
language in chronic non-fluent aphasia: Short term outcomes. NeuroRehabilitation 2011;28:113-28. 

Bath PM, Lee HS, Everton LF. Swallowing therapy for dysphagia in acute and subacute stroke. Cochrane 
Database Syst Rev 2018;10:CD000323. 

Beam W, Borckardt JJ, Reeves ST, George MS. An efficient and accurate new method for locating the F3 
position for prefrontal TMS applications. Brain Stimul 2009;2:50-4. 

Benninger DH, Hallett M. Non-invasive brain stimulation for Parkinson's disease: Current concepts and outlook 
2015. NeuroRehabilitation 2015;37:11-24. 

Benninger DH, Berman BD, Houdayer E, Pal N, Luckenbaugh DA, Schneider L, Miranda S, Hallett M. 
Intermittent theta-burst transcranial magnetic stimulation for treatment of Parkinson disease. Neurology 
2011;76:601-9. 



 87

Benninger DH, Iseki K, Kranick S, Luckenbaugh DA, Houdayer E, Hallett M. Controlled study of 50-Hz 
repetitive transcranial magnetic stimulation for the treatment of Parkinson disease. Neurorehabil Neural 
Repair 2012;26:1096-105. 

Bentwich J, Dobronevsky E, Aichenbaum S, Shorer R, Peretz R, Khaigrekht M, et al. Beneficial effect of 
repetitive transcranialmagnetic stimulation combined with cognitive training for thetreatment of 
Alzheimer’s disease: a proof of concept study. J Neural Transm 2011;118:463-71. 

Bergmann TO, Karabanov A, Hartwigsen G, Thielscher A, Siebner HR. Combining non-invasive transcranial 
brain stimulation with neuroimaging and electrophysiology: Current approaches and future 
perspectives. Neuroimage 2016;140:4-19. 

Berlim MT, Van den Eynde F, Daskalakis ZJ. Clinically meaningful efficacy and acceptability of low-frequency 
repetitive transcranial magnetic stimulation (rTMS) for treating primary major depression: a meta-
analysis of randomized, double-blind and sham-controlled trials. Neuropsychopharmacology 
2013a;38:543-51. 

Berlim MT, Van den Eynde F, Daskalakis ZJ. Efficacy and acceptability of high frequency repetitive 
transcranial magnetic stimulation (rTMS) versus electroconvulsive therapy (ECT) for major depression: 
a systematic review and meta-analysis of randomized trials. Depress Anxiety 2013b;30:614-23. 

Berlim MT, McGirr A, Rodrigues Dos Santos N, Tremblay S, Martins R. Efficacy of theta burst stimulation 
(TBS) for major depression: An exploratory meta-analysis of randomized and sham-controlled trials. J 
Psychiatr Res 2017;90:102-9. 

Bilici S, Yigit O, Taskin U, Gor AP, Yilmaz ED. Medium-term results of combined treatment with transcranial 
magnetic stimulation and antidepressant drug for chronic tinnitus. Eur Arch Otorhinolaryngol 
2015;272:337-43. 

Blesneag AV, Slăvoacă DF, Popa L, Stan AD, Jemna N, Isai Moldovan F, et al. Low-frequency rTMS in patients 
with subacute ischemic stroke: clinical evaluation of short and long-term outcomes and 
neurophysiological assessment of cortical excitability. J Med Life 2015;8:378-87. 

Blumberger DM, Maller JJ, Thomson L, Mulsant BH, Rajji TK, Maher M, et al. Unilateral and bilateral MRI-
targeted repetitive transcranial magnetic stimulation for treatment-resistant depression: a randomized 
controlled study. J Psychiatry Neurosci 2016;41:E58-66. 

Blumberger DM, Vila-Rodriguez F, Thorpe KE, Feffer K, Noda Y, Giacobbe P, et al. Effectiveness of theta 
burst versus high-frequency repetitive transcranial magnetic stimulation in patients with depression 
(THREE-D): a randomised non-inferiority trial. Lancet 2018;391:1683-92. 

Boggio PS, Rocha M, Oliveira MO, Fecteau S, Cohen RB, Campanhã C, et al. Noninvasive brain stimulation 
with high-frequency and low-intensity repetitive transcranial magnetic stimulation treatment for 
posttraumatic stress disorder. J Clin Psychiatry 2010;71:992-9. 

Bolloni C, Panella R, Pedetti M, Frascella AG, Gambelunghe C, Piccoli T, et al. Bilateral Transcranial Magnetic 
Stimulation of the Prefrontal Cortex Reduces Cocaine Intake: A Pilot Study. Front Psychiatry 
2016;7:133. 

Bologna M, Di Biasio F, Conte A, Iezzi E, Modugno N, Berardelli A. Effects of cerebellar continuous theta burst 
stimulation on resting tremor in Parkinson's disease. Parkinsonism Relat Disord 2015a;21:1061-6. 

Bologna M, Rocchi L, Leodori G, Paparella G, Conte A, Kahn N, et al. Cerebellar continuous theta burst 
stimulation in essential tremor. Cerebellum 2015b;14:133-41. 

Borckardt JJ, Reeves ST, Kotlowski P, Abernathy JH, Field LC, Dong L, et al. Fast left prefrontal rTMS reduces 
post-gastric bypass surgery pain: findings from a large-scale, double-blind, sham-controlled clinical 
trial. Brain Stimul 2014;7:42-8. 

Borich M, Arora S, Kimberley TJ. Lasting effects of repeated rTMS application in focal hand dystonia. Restor 
Neurol Neurosci 2009;27:55-65. 

Boutière C, Rey C, Zaaraoui W, Le Troter A, Rico A, Crespy L, et al. Improvement of spasticity following 
intermittent theta burst stimulation in multiple sclerosis is associated with modulation of resting-state 
functional connectivity of the primary motor cortices. Mult Scler 2017;23:855-63. 

Boyer L, Dousset A, Roussel P, Dossetto N, Cammilleri S, Piano V, et al. rTMS in fibromyalgia: a randomized 
trial evaluating QoL and its brain metabolic substrate. Neurology 2014;82:1231-8. 

Bradfield NI, Reutens DC, Chen J, Wood AG. Stereotaxic localisation of the dorsolateral prefrontal cortex for 
transcranial magnetic stimulation is superior to the standard reference position. Aust N Z J Psychiatry 
2012;46:232-9. 

Bretlau LG, Lunde M, Lindberg L, Undén M, Dissing S, Bech P. Repetitive transcranial magnetic stimulation 
(rTMS) in combination with escitalopram in patients with treatment-resistant major depression: a 
double-blind, randomised, sham-controlled trial. Pharmacopsychiatry 2008;41:41-7. 

Brighina F, Piazza A, Vitello G, Aloisio A, Palermo A, Daniele O, et al. rTMS of the prefrontal cortex in the 
treatment of chronic migraine: a pilot study. J Neurol Sci 2004;227:67-71. 

Broersma M, Koops EA, Vroomen PC, Van der Hoeven JH, Aleman A, Leenders KL, et al. Can repetitive 
transcranial magnetic stimulation increase muscle strength in functional neurological paresis? A proo-
of-principle study. Eur J Neurol 2015;22:866-73. 



 88

Brunelin J, Jalenques I, Trojak B, Attal J, Szekely D, Gay A, et al. The efficacy and safety of low frequency 
repetitive transcranial magnetic stimulation for treatment-resistant depression: the results from a large 
multicenter French RCT. Brain Stimul 2014;7:855-63. 

Brunoni AR, Chaimani A, Moffa AH, Razza LB, Gattaz WF, Daskalakis ZJ, et al. Repetitive Transcranial 
Magnetic Stimulation for the Acute Treatment of Major Depressive Episodes: A Systematic Review 
With Network Meta-analysis. JAMA Psychiatry 2017;74:143-52. 

Brusa L, Versace V, Koch G, Iani C, Stanzione P, Bernardi G, et al. Low frequency rTMS of the SMA 
transiently ameliorates peak-dose LID in Parkinson's disease. Clin Neurophysiol 2006;117:1917-21 

Brys M, Fox MD, Agarwal S, Biagioni M, Dacpano G, Kumar P, et al. Multifocal repetitive TMS for motor and 
mood symptoms of Parkinson disease: A randomized trial. Neurology 2016;87:1907-15. 

Cacace AT, Hu J, Romero S, Xuan Y, Burkard RF, Tyler RS. Glutamate is down-regulated and tinnitus 
loudness-levels decreased following rTMS over auditory cortex of the left hemisphere: A prospective 
randomized single-blinded sham-controlled cross-over study. Hear Res 2017; in press. doi: 
10.1016/j.heares.2017.10.017. 

Carmi L, Alyagon U, Barnea-Ygael N, Zohar J, Dar R, Zangen A. Clinical and electrophysiological outcomes of 
deep TMS over the medial prefrontal and anterior cingulate cortices in OCD patients. Brain Stimul 
2018;11:158-65. 

Carmi L, Tendler A, Bystritsky A, Hollander E, Blumberger DM, Daskalakis J, et al. Efficacy and Safety of 
Deep Transcranial Magnetic Stimulation for Obsessive-Compulsive Disorder: A Prospective 
Multicenter Randomized Double-Blind Placebo-Controlled Trial. Am J Psychiatry 2019; in press. doi: 
10.1176/appi.ajp.2019.18101180.  

Cazzoli D, Müri RM, Schumacher R, von Arx S, Chaves S, Gutbrod K, et al. Theta burst stimulation reduces 
disability during the activities of daily living in spatial neglect. Brain 2012;135:3426-39. 

Ceccanti M, Inghilleri M, Attilia ML, Raccah R, Fiore M, Zangen A, et al. Deep TMS on alcoholics: effects on 
cortisolemia and dopamine pathway modulation. A pilot study. Can J Physiol Pharmacol 2015;93:283-
90. 

Cerasa A, Koch G, Donzuso G, Mangone G, Morelli M, Brusa L, et al. A network centred on the inferior frontal 
cortex is critically involved in levodopa-induced dyskinesias. Brain 2015;138:414-27.  

Cervigni M, Onesti E, Ceccanti M, Gori MC, Tartaglia G, Campagna G, et al. Repetitive transcranial magnetic 
stimulation for chronic neuropathic pain in patients with bladder pain syndrome/interstitial cystitis. 
Neurourol Urodyn 2018. doi: 10.1002/nau.23718. [in press] 

Cha HG, Kim MK. Effects of repetitive transcranial magnetic stimulation on arm function and decreasing 
unilateral spatial neglect in subacute stroke: a randomized controlled trial. Clin Rehabil 2016;30:649-
56. 

Chang WH, Kim YH, Bang OY, Kim ST, Park YH, Lee PK. Long-term effects of rTMS on motor recovery in 
patients after subacute stroke. J Rehabil Med 2010;42:758-64. 

Chang WH, Kim MS, Cho JW, Youn J, Kim YK, Kim SW, et al. Effect of cumulative repetitive transcranial 
magnetic stimulation on freezing of gait in patients with atypical Parkinsonism: A pilot study. J Rehabil 
Med 2016;48:824-8. 

Chang WH, Kim MS, Park E, Cho JW, Youn J, Kim YK, et al. Effect of Dual-Mode and Dual-Site Noninvasive 
Brain Stimulation on Freezing of Gait in Patients With Parkinson Disease. Arch Phys Med Rehabil 
2017;98:1283-90. 

Chen J, Zhou C, Wu B, Wang Y, Li Q, Wei Y, et al. Left versus right repetitive transcranial magnetic 
stimulation in treating major depression: a meta-analysis of randomised controlled trials. Psychiatry Res 
2013;210:1260-4. 

Chen R, Spencer DC, Weston J, Nolan SJ. Transcranial magnetic stimulation for the treatment of epilepsy. 
Cochrane Database Syst Rev 2016;(8):CD011025. 

Chen JJ, Zhao LB, Liu YY, Fan SH, Xie P. Comparative efficacy and acceptability of electroconvulsive therapy 
versus repetitive transcranial magnetic stimulation for major depression: A systematic review and 
multiple-treatments meta-analysis. Behav Brain Res 2017;320:30-6. 

Cheng CM, Juan CH, Chen MH, Chang CF, Lu HJ, Su TP, et al. Different forms of prefrontal theta burst 
stimulation for executive function of medication-resistant depression: Evidence from a randomized 
sham-controlled study. Prog Neuropsychopharmacol Biol Psychiatry 2016;66:35-40. 

Cheng IKY, Chan KMK, Wong CS, Li LSW, Chiu KMY, Cheung RTF, et al. Neuronavigated high-frequency 
repetitive transcranial magnetic stimulation for chronic post-stroke dysphagia: A randomized controlled 
study. J Rehabil Med 2017;49:475-81. 

Chistyakov AV, Rubicsek O, Kaplan B, Zaaroor M, Klein E. Safety, tolerability and preliminary evidence for 
antidepressant efficacy of theta-burst transcranial magnetic stimulation in patients with major 
depression. Int J Neuropsychopharmacol 2010;13:387-93. 

Chistyakov AV, Kreinin B, Marmor S, Kaplan B, Khatib A, Darawsheh N, et al. Preliminary assessment of the 
therapeutic efficacy of continuous theta-burst magnetic stimulation (cTBS) in major depression: a 
double-blind sham-controlled study. J Affect Disord 2015;170:225-9. 



 89

Choi GS, Chang MC. Effects of high-frequency repetitive transcranial magnetic stimulation on reducing 
hemiplegic shoulder pain in patients with chronic stoke: a randomized controlled trial. Int J Neurosci 
2018;128:110-6. 

Choi CM, Kim JH, Lee JK, Lee BY, Kee HS, Jung KI, et al. Effects of Repetitive Transcranial Magnetic 
Stimulation Over Trunk Motor Spot on Balance Function in Stroke Patients. Ann Rehabil Med 
2016;40:826-34. 

Choi GS, Kwak SG, Lee HD, Chang MC. Effect of high-frequency repetitive transcranial magnetic stimulation 
on chronic central pain after mild traumatic brain injury: A pilot study. J Rehabil Med 2018;50:246-52. 

Chou YH, Hickey PT, Sundman M, Song AW, Chen NK. Effects of repetitive transcranial magnetic stimulation 
on motor symptoms in Parkinson disease: a systematic review and meta-analysis. JAMA Neurol 
2015;72:432-40. 

Chuang WL, Huang YZ, Lu CS, Chen RS. Reduced cortical plasticity and GABAergic modulation in essential 
tremor. Mov Disord 2014;29:501-7. 

Chung SW, Hoy KE, Fitzgerald PB. Theta-burst stimulation: a new form of TMS treatment for depression? 
Depress Anxiety 2015;32:182-92. 

Ciampi de Andrade D, Galhardoni R, Pinto LF, Lancelotti R, Rosi J Jr, Marcolin MA, et al. Into the island: a 
new technique of non-invasive cortical stimulation of the insula. Neurophysiol Clin 2012;42:363-8. 

Cincotta M, Giovannelli F, Chiaramonti R, Bianco G, Godone M, Battista D, et al. No effects of 20 Hz-rTMS of 
the primary motor cortex in vegetative state: A randomised, sham-controlled study. Cortex 
2015;71:368-76. 

Cipriani A, Furukawa TA, Salanti G, Chaimani A, Atkinson LZ, Ogawa Y, et al. Comparative efficacy and 
acceptability of 21 antidepressant drugs for the acute treatment of adults with major depressive disorder: 
a systematic review and network meta-analysis. Lancet 2018;391:1357-66. 

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. 

Cole EJ, Enticott PG, Oberman LM, Gwynette MF, Casanova MF, Jackson SLJ, et al. The Potential of 
Repetitive Transcranial Magnetic Stimulation for Autism Spectrum Disorder: A Consensus Statement. 
Biol Psychiatry 2019;85:e21-2. 

Conforto AB, Anjos SM, Saposnik G, Mello EA, Nagaya EM, Santos W Jr, et al. Transcranial magnetic 
stimulation in mild to severe hemiparesis early after stroke: a proof of principle and novel approach to 
improve motor function. J Neurol 2012;259:1399-405. 

Conforto AB, Amaro E Jr, Gonçalves AL, Mercante JP, Guendler VZ, Ferreira JR, et al. Randomized, proof-of-
principle clinical trial of active transcranial magnetic stimulation in chronic migraine. Cephalalgia 
2014;34:464-72. 

Cruccu G, Garcia-Larrea L, Hansson P, Keindl M, Lefaucheur JP, Paulus W, et al. EAN guidelines on central 
neurostimulation therapy in chronic pain conditions. Eur J Neurol 2016;23:1489-99. 

D'Agata F, Cicerale A, Mingolla A, Caroppo P, Orsi L, Mortara P, et al. Double-Cone Coil TMS Stimulation of 
the Medial Cortex Inhibits Central Pain Habituation. PLoS One 2015;10:e0128765. 

Dall'Agnol L, Medeiros LF, Torres IL, Deitos A, Brietzke A, Laste G, et al. Repetitive transcranial magnetic 
stimulation increases the corticospinal inhibition and the brain-derived neurotrophic factor in chronic 
myofascial pain syndrome: an explanatory double-blinded, randomized, sham-controlled trial. J Pain 
2014;15:845-55. 

Dalton B, Bartholdy S, McClelland J, Kekic M, Rennalls SJ, Werthmann J, et al. Randomised controlled 
feasibility trial of real versus sham repetitive transcranial magnetic stimulation treatment in adults with 
severe and enduring anorexia nervosa: the TIARA study. BMJ Open 2018;8:e021531. 

Dardenne A, Baeken C, Crunelle CL, Bervoets C, Matthys F, Herremans SC. Accelerated HF-rTMS in the 
elderly depressed: A feasibility study. Brain Stimul 2018;11:247-8. 

DaSilva AF, Volz MS, Bikson M, Fregni F. Electrode positioning and montage in transcranial direct current 
stimulation. J Vis Exp. 2011;51:2744. 

de Oliveira RA, de Andrade DC, Mendonça M, Barros R, Luvisoto T, Myczkowski ML, et al. Repetitive 
transcranial magnetic stimulation of the left premotor/dorsolateral prefrontal cortex does not have 
analgesic effect on central poststroke pain. J Pain 2014;15:1271-81. 

De Raedt R, Vanderhasselt MA, Baeken C. Neurostimulation as an intervention for treatment resistant 
depression: From research on mechanisms towards targeted neurocognitive strategies. Clin Psychol Rev 
2015;41:61-9. 

De Ridder D, Song JJ, Vanneste S. Frontal cortex TMS for tinnitus. Brain Stimul 2013;6:355-62. 
de Weijer AD, Sommer IE, Lotte Meijering A, Bloemendaal M, Neggers SF, Daalman K, et al. High frequency 

rTMS; a more effective treatment for auditory verbal hallucinations? Psychiatry Res 2014;224:204-10. 
Defrin R, Grunhaus L, Zamir D, Zeilig G. The effect of a series of repetitive transcranial magnetic stimulations 

of the motor cortex on central pain after spinal cord injury. Arch Phys Med Rehabil 2007;88:1574-80. 



 90

Del Felice A, Bellamoli E, Formaggio E, Manganotti P, Masiero S, Cuoghi G, et al. Neurophysiological, 
psychological and behavioural correlates of rTMS treatment in alcohol dependence. Drug Alcohol 
Depend 2016;158:147-53. 

Dell'Osso B, Oldani L, Camuri G, Dobrea C, Cremaschi L, Benatti B, et al. Augmentative repetitive Transcranial 
Magnetic Stimulation (rTMS) in the acute treatment of poor responder depressed patients: a comparison 
study between high and low frequency stimulation. Eur Psychiatry 2015;30:271-6. 

Deng ZD, Lisanby SH, Peterchev AV. Electric field depth-focality tradeoff in transcranial magnetic stimulation: 
simulation comparison of 50 coil designs. Brain Stimul 2013;6:1-13. 

Deng ZD, Lisanby SH, Peterchev AV. Coil design considerations for deep transcranial magnetic stimulation. 
Clin Neurophysiol 2014;125:1202-12. 

Deppermann S, Vennewald N, Diemer J, Sickinger S, Haeussinger FB, Notzon S, et al. Does rTMS alter 
neurocognitive functioning in patients with panic disorder/agoraphobia? An fNIRS-based investigation 
of prefrontal activation during a cognitive task and its modulation via sham-controlled rTMS. Biomed 
Res Int 2014;2014:542526. 

Deppermann S, Vennewald N, Diemer J, Sickinger S, Haeussinger FB, Dresler T, et al. Neurobiological and 
clinical effects of fNIRS-controlled rTMS in patients with panic disorder/agoraphobia during cognitive-
behavioural therapy. Neuroimage Clin 2017;16:668-77. 

Desbeaumes Jodoin V, Miron JP, Lespérance P. Safety and Efficacy of Accelerated Repetitive Transcranial 
Magnetic Stimulation Protocol in Elderly Depressed Unipolar and Bipolar Patients. Am J Geriatr 
Psychiatry 2018; in press. doi: 10.1016/j.jagp.2018.10.019. 

Desmyter S, Duprat R, Baeken C, Van Autreve S, Audenaert K, van Heeringen K. Accelerated Intermittent 
Theta Burst Stimulation for Suicide Risk in Therapy-Resistant Depressed Patients: A Randomized, 
Sham-Controlled Trial. Front Hum Neurosci 2016;10:480. 

Di Lazzaro V, Rothwell JC, Talelli P, Capone F, Ranieri F, Wallace AC, et al. Inhibitory theta burst stimulation 
of affected hemisphere in chronic stroke: a proof of principle, sham-controlled study. Neurosci Lett 
2013;553:148-52. 

Di Lazzaro V, Capone F, Di Pino G, Pellegrino G, Florio L, Zollo L, et al. Combining Robotic Training and 
Non-Invasive Brain Stimulation in Severe Upper Limb-Impaired Chronic Stroke Patients. Front 
Neurosci 2016;10:88. 

Di Pino G, Pellegrino G, Assenza G, Capone F, Ferreri F, Formica D, et al. Modulation of brain plasticity in 
stroke: a novel model for neurorehabilitation. Nat Rev Neurol 2014;10:597-608. 

Diefenbach GJ, Assaf M, Goethe JW, Gueorguieva R, Tolin DF. Improvements in emotion regulation following 
repetitive transcranial magnetic stimulation for generalized anxiety disorder. J Anxiety Disord 
2016a;43:1-7. 

Diefenbach GJ, Bragdon LB, Zertuche L, Hyatt CJ, Hallion LS, Tolin DF, et al. Repetitive transcranial magnetic 
stimulation for generalised anxiety disorder: a pilot randomised, double-blind, sham-controlled trial. Br 
J Psychiatry 2016b;209:222-8. 

Diefenbach GJ, Rabany L, Hallion LS, Tolin DF, Goethe JW, Gueorguieva R, et al. Sleep improvements and 
associations with default mode network functional connectivity following rTMS for generalized anxiety 
disorder. Brain Stimul 2019;12:184-6. 

Diekhoff-Krebs S, Pool EM, Sarfeld AS, Rehme AK, Eickhoff SB, Fink GR, et al. Interindividual differences in 
motor network connectivity and behavioral response to iTBS in stroke patients. Neuroimage Clin 
2017;15:559-71. 

Dieler AC, Dresler T, Joachim K, Deckert J, Herrmann MJ, Fallgatter AJ. Can intermittent theta burst 
stimulation as add-on to psychotherapy improve nicotine abstinence? Results from a pilot study. Eur 
Addict Res 2014;20:248-53. 

Dilkov D, Hawken ER, Kaludiev E, Milev R. Repetitive transcranial magnetic stimulation of the right dorsal 
lateral prefrontal cortex in the treatment of generalized anxiety disorder: A randomized, double-blind 
sham controlled clinical trial. Prog Neuropsychopharmacol Biol Psychiatry 2017;78:61-5. 

Dinur-Klein L, Dannon P, Hadar A, Rosenberg O, Roth Y, Kotler M, et al. Smoking cessation induced by deep 
repetitive transcranial magnetic stimulation of the prefrontal and insular cortices: a prospective, 
randomized controlled trial. Biol Psychiatry 2014;76:742-9. 

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. 

Dlabac-de Lange JJ, Bais L, van Es FD, Visser BG, Reinink E, Bakker B, et al. Efficacy of bilateral repetitive 
transcranial magnetic stimulation for negative symptoms of schizophrenia: results of a multicenter 
double-blind randomized controlled trial. Psychol Med 2015a;45:1263-75. 

Dlabac-de Lange JJ, Liemburg EJ, Bais L, Renken RJ, Knegtering H, Aleman A. Effect of rTMS on brain 
activation in schizophrenia with negative symptoms: A proof-of-principle study. Schizophr Res 
2015b;168:475-82. 



 91

Dlabac-de Lange JJ, Liemburg EJ, Bais L, van de Poel-Mustafayeva AT, de Lange-de Klerk ESM, Knegtering 
H, et al. Effect of Bilateral Prefrontal rTMS on Left Prefrontal NAA and Glx Levels in Schizophrenia 
Patients with Predominant Negative Symptoms: An Exploratory Study. Brain Stimul 2017;10:59-64. 

Dollfus S, Lecardeur L, Morello R, Etard O. Placebo Response in Repetitive Transcranial Magnetic Stimulation 
Trials of Treatment of Auditory Hallucinations in Schizophrenia: A Meta-Analysis. Schizophr Bull 
2016;42:301-8. 

Dollfus S, Jaafari N, Guillin O, Trojak B, Plaze M, Saba G, et al. High-Frequency Neuronavigated rTMS in 
Auditory Verbal Hallucinations: A Pilot Double-Blind Controlled Study in Patients With 
Schizophrenia. Schizophr Bull 2018;44:505-14. 

Dougall N, Maayan N, Soares-Weiser K, McDermott LM, McIntosh A. Transcranial magnetic stimulation 
(TMS) for schizophrenia. Cochrane Database Syst Rev 2015;(8):CD006081. 

Downar J, Geraci J, Salomons TV, Dunlop K, Wheeler S, McAndrews MP, et al. Anhedonia and reward-circuit 
connectivity distinguish nonresponders from responders to dorsomedial prefrontal repetitive transcranial 
magnetic stimulation in major depression. Biol Psychiatry 2014;76:176–85. 

Drumond Marra HL, Myczkowski ML, Maia Memória C, Arnaut D, Leite Ribeiro P, Sardinha Mansur CG, et al. 
Transcranial Magnetic Stimulation to Address Mild Cognitive Impairment in the Elderly: A 
Randomized Controlled Study. Behav Neurol 2015;5:287843. 

Du J, Tian L, Liu W, Hu J, Xu G, Ma M, et al. Effects of repetitive transcranial magnetic stimulation on motor 
recovery and motor cortex excitability in patients with stroke: a randomized controlled trial. Eur J 
Neurol 2016a;23:1666-72. 

Du J, Yang F, Liu L, Hu J, Cai B, Liu W, et al. Repetitive transcranial magnetic stimulation for rehabilitation of 
poststroke dysphagia: A randomized, double-blind clinical trial. Clin Neurophysiol 2016b;127:1907-13. 

Dubin MJ, Liston C, Avissar MA, Ilieva I, Gunning FM. Network-Guided Transcranial Magnetic Stimulation for 
Depression. Curr Behav Neurosci Rep 2017;4:70-77. 

Dunlop K, Woodside B, Lam E, Olmsted M, Colton P, Giacobbe P, et al. Increases in frontostriatal connectivity 
are associated with response to dorsomedial repetitive transcranial magnetic stimulation in refractory 
binge/purge behaviors. Neuroimage Clin 2015;8:611-8. 

Dunlop K, Woodside B, Olmsted M, Colton P, Giacobbe P, Downar J. Reductions in Cortico-Striatal 
Hyperconnectivity Accompany Successful Treatment of Obsessive-Compulsive Disorder with 
Dorsomedial Prefrontal rTMS. Neuropsychopharmacology 2016;41:1395-403. 

Duprat R, Desmyter S, Rudi de R, van Heeringen K, Van den Abbeele D, Tandt H, et al. Accelerated 
intermittent theta burst stimulation treatment in medication-resistant major depression: A fast road to 
remission? J Affect Disord 2016;200:6-14. 

Duprat R, Wu GR, De Raedt R, Baeken C. Accelerated iTBS treatment in depressed patients differentially 
modulates reward system activity based on anhedonia. World J Biol Psychiatry 2018;19:497-508. 

Eche J, Mondino M, Haesebaert F, Saoud M, Poulet E, Brunelin J. Low- vs High-Frequency Repetitive 
Transcranial Magnetic Stimulation as an Add-On Treatment for Refractory Depression. Front 
Psychiatry 2012;3:13. 

Eichhammer P, Johann M, Kharraz A, Binder H, Pittrow D, Wodarz N, et al. High-frequency repetitive 
transcranial magnetic stimulation decreases cigarette smoking. J Clin Psychiatry 2003;64:951-3. 

Elbeh KA, Elserogy YM, Khalifa HE, Ahmed MA, Hafez MH, Khedr EM. Repetitive transcranial magnetic 
stimulation in the treatment of obsessive-compulsive disorders: Double blind randomized clinical trial. 
Psychiatry Res 2016;238:264-9. 

Emara T, El Nahas N, Elkader HA, Ashour S, El Etrebi A. MRI can Predict the Response to Therapeutic 
Repetitive Transcranial Magnetic Stimulation (rTMS) in Stroke Patients. J Vasc Interv Neurol 
2009;2:163-8. 

Emara TH, Moustafa RR, Elnahas NM, Elganzoury AM, Abdo TA, Mohamed SA, et al. Repetitive transcranial 
magnetic stimulation at 1Hz and 5Hz produces sustained improvement in motor function and disability 
after ischaemic stroke. Eur J Neurol 2010;17:1203-9. 

Enticott PG, Fitzgibbon BM, Kennedy HA, Arnold SL, Elliot D, Peachey A, et al. A double-blind, randomized 
trial of deep repetitive transcranial magnetic stimulation (rTMS) for autism spectrum disorder. Brain 
Stimul 2014;7:206-11. 

Fagiolini A, Kupfer DJ. Is treatment-resistant depression a unique subtype of depression? Biol Psychiatry 
2003;53:640-8. 

Ferrari AJ, Somerville AJ, Baxter AJ, Norman R, Patten SB, Vos T, et al. Global variation in the prevalence and 
incidence of major depressive disorder: a systematic review of the epidemiological literature. Psychol 
Med 2013;43:471-81. 

Filipović SR, Rothwell JC, van de Warrenburg BP, Bhatia K. Repetitive transcranial magnetic stimulation for 
levodopa-induced dyskinesias in Parkinson's disease. Mov Disord 2009;24:246-53. 

Fitzgerald PB, Hoy K, McQueen S, Herring S, Segrave R, Been G, et al. Priming stimulation enhances the 
effectiveness of low-frequency right prefrontal cortex transcranial magnetic stimulation in major 
depression. J Clin Psychopharmacol 2008;28:52-8. 



 92

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 
2009a;34:1255-62. 

Fitzgerald PB, Maller JJ, Hoy KE, Thomson R, Daskalakis ZJ. Exploring the optimal site for the localization of 
dorsolateral prefrontal cortex in brain stimulation experiments. Brain Stimul 2009b;2:234-7. 

Fitzgerald PB, Hoy KE, Singh A, Gunewardene R, Slack C, Ibrahim S, et al. Equivalent beneficial effects of 
unilateral and bilateral prefrontal cortex transcranial magnetic stimulation in a large randomized trial in 
treatment-resistant major depression. Int J Neuropsychopharmacol 2013;16:1975-84. 

Fitzgerald PB, Hoy KE, Elliot D, McQueen S, Wambeek LE, Daskalakis ZJ. A negative double-blind controlled 
trial of sequential bilateral rTMS in the treatment of bipolar depression. J Affect Disord 2016;198:158-
62. 

Fitzgerald PB, Hoy KE, Elliot D, Susan McQueen RN, Wambeek LE, Daskalakis ZJ. Accelerated repetitive 
transcranial magnetic stimulation in the treatment of depression. Neuropsychopharmacology 
2018;43:1565-72.  

Fitzgibbon BM, Hoy KE, Knox LA, Guymer EK, Littlejohn G, Elliot D, et al. Evidence for the improvement of 
fatigue in fibromyalgia: A 4-week left dorsolateral prefrontal cortex repetitive transcranial magnetic 
stimulation randomized-controlled trial. Eur J Pain 2018;22:1255-67. 

Flamez A, Cordenier A, De Raedt S, Michiels V, Smetcoren S, Van Merhaegen-Wieleman A, et al. Bilateral low 
frequency rTMS of the primary motor cortex may not be a suitable treatment for levodopa-induced 
dyskinesias in late stage Parkinson's disease. Parkinsonism Relat Disord 2016;22:54-61. 

Folmer RL. Factors that contribute to the efficacy of repetitive transcranial magnetic stimulation (rTMS) for 
tinnitus treatment. Brain Stimul 2017;10:1121-2. 

Folmer RL, Theodoroff SM, Casiana L, Shi Y, Griest S, Vachhani J. Repetitive Transcranial Magnetic 
Stimulation Treatment for Chronic Tinnitus: A Randomized Clinical Trial. JAMA Otolaryngol Head 
Neck Surg 2015;141:716-22. 

Formánek M, Migaľová P, Krulová P, Bar M, Jančatová D, Zakopčanová-Srovnalová H, et al. Combined 
transcranial magnetic stimulation in the treatment of chronic tinnitus. Ann Clin Transl Neurol 
2018;5:857-64. 

Forogh B, Ahadi T, Nazari M, Sajadi S, Abdul Latif L, Akhavan Hejazi SM, et al. The Effect of Repetitive 
Transcranial Magnetic Stimulation on Postural Stability After Acute Stroke: A Clinical Trial. Basic Clin 
Neurosci 2017;8:405-11. 

Fox MD, Buckner RL, White MP, Greicius MD, Pascual-Leone A. Efficacy of transcranial magnetic stimulation 
targets for depression is related to intrinsic functional connectivity with the subgenual cingulate. Biol 
Psychiatry 2012;72:595-603. 

Fregni F, Santos CM, Myczkowski ML, Rigolino R, Gallucci-Neto J, Barbosa ER, et al. Repetitive transcranial 
magnetic stimulation is as effective as fluoxetine in the treatment of depression in patients with 
Parkinson's disease. J Neurol Neurosurg Psychiatry 2004;75:1171-4. 

Fregni F, Boggio PS, Valle AC, Rocha RR, Duarte J, Ferreira MJ, et al. A sham-controlled trial of a 5-day 
course of repetitive transcranial magnetic stimulation of the unaffected hemisphere in stroke patients. 
Stroke 2006;37:2115-22. 

Fu W, Song W, Zhang Y, Yang Y, Huo S, Zhang R, et al. Long-term effects of continuous theta-burst 
stimulation in visuospatial neglect. J Int Med Res 2015;43:196-203. 

Gaede G, Tiede M, Lorenz I, Brandt AU, Pfueller C, Dörr J, et al. Safety and preliminary efficacy of deep 
transcranial magnetic stimulation in MS-related fatigue. Neurol Neuroimmunol Neuroinflamm 
2017;5:e423. 

Gaertner M, Kong JT, Scherrer KH, Foote A, Mackey S, Johnson KA. Advancing Transcranial Magnetic 
Stimulation Methods for Complex Regional Pain Syndrome: An Open-Label Study of Paired Theta 
Burst and High-Frequency Stimulation. Neuromodulation 2018;21:409-16. 

Galhardoni R, Aparecida da Silva V, García-Larrea L, Dale C, Baptista AF, Barbosa LM, et al. Insular and 
anterior cingulate cortex deep stimulation for central neuropathic pain: Disassembling the percept of 
pain. Neurology 2019;92:e2165-75. 

Garcia-Portilla MP, Garcia-Alvarez L, Saiz PA, Al-Halabi S, Bobes-Bascaran MT, Bascaran MT, et al. 
Psychometric evaluation of the negative syndrome of schizophrenia. Eur Arch Psychiatry Clin Neurosci 
2015;265:559-66. 

Garcia-Toro M, Mayol A, Arnillas H, Capllonch I, Ibarra O, Crespí M, et al. Modest adjunctive benefit with 
transcranial magnetic stimulation in medication resistant depression. J Affect Disord 2001;64:271-5. 

Garg S, Sinha VK, Tikka SK, Mishra P, Goyal N. The efficacy of cerebellar vermal deep high frequency (theta 
range) repetitive transcranial magnetic stimulation (rTMS) in schizophrenia: A randomized rater blind-
sham controlled study. Psychiatry Res 2016;243:413-20. 

Gay A, Jaussent I, Sigaud T, Billard S, Attal J, Seneque M, et al. A Lack of Clinical Effect of High-frequency 
rTMS to Dorsolateral Prefrontal Cortex on Bulimic Symptoms: A Randomised, Double-blind Trial. Eur 
Eat Disord Rev 2016;24:474-81. 



 93

Gay A, Boutet C, Sigaud T, Kamgoue A, Sevos J, Brunelin J, et al. A single session of repetitive transcranial 
magnetic stimulation of the prefrontal cortex reduces cue-induced craving in patients with gambling 
disorder. Eur Psychiatry 2017;41:68-74. 

George MS, Post RM. Daily left prefrontal repetitive transcranial magnetic stimulation for acute treatment of 
medication-resistant depression. Am J Psychiatry 2011;168:356-64. 

George MS, Lisanby SH, Avery D, McDonald WM, Durkalski V, Pavlicova M, et al. Daily left prefrontal 
transcranial magnetic stimulation therapy for major depressive disorder: a sham-controlled randomized 
trial. Arch Gen Psychiatry 2010;67:507-16. 

Gharabaghi A, Kraus D, Leão MT, Spüler M, Walter A, Bogdan M, et al. Coupling brain-machine interfaces 
with cortical stimulation for brain-state dependent stimulation: enhancing motor cortex excitability for 
neurorehabilitation. Front Hum Neurosci 2014;8:122. 

Goetz SM, Deng ZD. The development and modelling of devices and paradigms for transcranial magnetic 
stimulation. Int Rev Psychiatry 2017;29:115-45. 

Gomes PV, Brasil-Neto JP, Allam N, Rodrigues de Souza E. A randomized, double-blind trial of repetitive 
transcranial magnetic stimulation in obsessive-compulsive disorder with three-month follow-up. J 
Neuropsychiatry Clin Neurosci 2012;24:437-43. 

Gómez L, Vidal B, Maragoto C, Morales LM, Berrillo S, Vera Cuesta H, et al. Non-Invasive Brain Stimulation 
for Children with Autism Spectrum Disorders: A Short-Term Outcome Study. Behav Sci (Basel) 
2017;7(3). 

González-García N, Armony JL, Soto J, Trejo D, Alegría MA, Drucker-Colín R. Effects of rTMS on Parkinson's 
disease: a longitudinal fMRI study. J Neurol 2011;258:1268-80. 

Goudra B, Shah D, Balu G, Gouda G, Balu A, Borle A, et al. Repetitive Transcranial Magnetic Stimulation in 
Chronic Pain: A Meta-analysis. Anesth Essays Res 2017;11:751-7. 

Grefkes C, Fink GR. Connectivity-based approaches in stroke and recovery of function. Lancet Neurol 
2014;13:206-16. 

Grefkes C, Fink GR. Noninvasive brain stimulation after stroke: it is time for large randomized controlled trials! 
Curr Opin Neurol 2016;29:714-20. 

Grunhaus L, Schreiber S, Dolberg OT, Polak D, Dannon PN. A randomized controlled comparison of 
electroconvulsive therapy and repetitive transcranial magnetic stimulation in severe and resistant 
nonpsychotic major depression. Biol Psychiatry 2003;53:324-31. 

Gu SY, Chang MC. The Effects of 10-Hz Repetitive Transcranial Magnetic Stimulation on Depression in 
Chronic Stroke Patients. Brain Stimul 2017;10:270-4. 

Guan YZ, Li J, Zhang XW, Wu S, Du H, Cui LY, et al. Effectiveness of repetitive transcranial magnetic 
stimulation (rTMS) after acute stroke: A one-year longitudinal randomized trial. CNS Neurosci Ther 
2017;23:940-6. 

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines: 1. Introduction-GRADE 
evidence profiles and summary of findings tables. J Clin Epidemiol 2011; 64: 383–394. 

Hadley D, Anderson BS, Borckardt JJ, Arana A, Li X, Nahas Z, et al. Safety, tolerability, and effectiveness of 
high doses of adjunctive daily left prefrontal repetitive transcranial magnetic stimulation for treatment-
resistant depression in a clinical setting. J ECT 2011;27:18-25. 

Haghighi M, Shayganfard M, Jahangard L, Ahmadpanah M, Bajoghli H, Pirdehghan A, et al. Repetitive 
Transcranial Magnetic Stimulation (rTMS) improves symptoms and reduces clinical illness in patients 
suffering from OCD--Results from a single-blind, randomized clinical trial with sham cross-over 
condition. J Psychiatr Res 2015;68:238-44. 

Hamada M, Murase N, Hasan A, Balaratnam M, Rothwell JC. The role of interneuron networks in driving 
human motor cortical plasticity. Cereb Cortex 2013;23:1593-605. 

Hamilton RH, Chrysikou EG, Coslett B. Mechanisms of aphasia recovery after stroke and the role of 
noninvasive brain stimulation. Brain Lang 2010;118:40–50. 

Hansbauer M, Wobrock T, Kunze B, Langguth B, Landgrebe M, Eichhammer P, et al. Efficacy of high-
frequency repetitive transcranial magnetic stimulation on PANSS factors in schizophrenia with 
predominant negative symptoms - Results from an exploratory re-analysis. Psychiatry Res 2018;263:22-
9. 

Harvey RL, Edwards D, Dunning K, Fregni F, Stein J, Laine J, et al. Randomized Sham-Controlled Trial of 
Navigated Repetitive Transcranial Magnetic Stimulation for Motor Recovery in Stroke. Stroke 
2018;49:2138-46. 

Hasan A, Guse B, Cordes J, Wölwer W, Winterer G, Gaebel W, et al. Cognitive Effects of High-Frequency 
rTMS in Schizophrenia Patients With Predominant Negative Symptoms: Results From a Multicenter 
Randomized Sham-Controlled Trial. Schizophr Bull 2016;42:608-18. 

Hasan A, Wobrock T, Guse B, Langguth B, Landgrebe M, Eichhammer P, et al. Structural brain changes are 
associated with response of negative symptoms to prefrontal repetitive transcranial magnetic stimulation 
in patients with schizophrenia. Mol Psychiatry 2017;22:857-64. 



 94

Hawken ER, Dilkov D, Kaludiev E, Simek S, Zhang F, Milev R. Transcranial Magnetic Stimulation of the 
Supplementary Motor Area in the Treatment of Obsessive-Compulsive Disorder: A Multi-Site Study. 
Int J Mol Sci 2016;17:420. 

He H, Lu J, Yang L, Zheng J, Gao F, Zhai Y, et al. Repetitive transcranial magnetic stimulation for treating the 
symptoms of schizophrenia: A PRISMA compliant meta-analysis. Clin Neurophysiol 2017;128:716-24. 

He F, Wu M, Meng F, Hu Y, Gao J, Chen Z, et al. Effects of 20 Hz Repetitive Transcranial Magnetic 
Stimulation on Disorders of Consciousness: A Resting-State Electroencephalography Study. Neural 
Plast 2018;2018:5036184. 

Heiss WD, Hartmann A, Rubi-Fessen I, Anglade C, Kracht L, Kessler J, et al. Noninvasive brain stimulation for 
treatment of right- and left-handed poststroke aphasics. Cerebrovasc Dis 2013;36:363-72. 

Hellriegel H, Schulz EM, Siebner HR, Deuschl G, Raethjen JH. Continuous theta-burst stimulation of the 
primary motor cortex in essential tremor. Clin Neurophysiol 2012;123:1010-5. 

Herbsman T, Avery D, Ramsey D, Holtzheimer P, Wadjik C, Hardaway F, et al. More lateral and anterior 
prefrontal coil location is associated with better repetitive transcranial magnetic stimulation 
antidepressant response. Biol Psychiatry 2009;66:509-15. 

Herrmann MJ, Katzorke A, Busch Y, Gromer D, Polak T, Pauli P, et al. Medial prefrontal cortex stimulation 
accelerates therapy response of exposure therapy in acrophobia. Brain Stimul 2017;10:291-7. 

Herwig U, Padberg F, Unger J, Spitzer M, Schönfeldt-Lecuona C. Transcranial magnetic stimulation in therapy 
studies: examination of the reliability of "standard" coil positioning by neuronavigation. Biol Psychiatry 
2001;50:58-61. 

Herwig U, Fallgatter AJ, Hoppner J, Eschweiler GW, Kron M, Hajak G, et al. Antidepressant effects of 
augmentative transcranial magnetic stimulation: randomised multicentre trial. Br J Psychiatry 
2007;191:441-8. 

Hodaj H, Alibeu JP, Payen JF, Lefaucheur JP. Treatment of Chronic Facial Pain Including Cluster Headache by 
Repetitive Transcranial Magnetic Stimulation of the Motor Cortex With Maintenance Sessions: A 
Naturalistic Study. Brain Stimul 2015;8:801-7. 

Hodaj H, Payen JF, Lefaucheur JP. Therapeutic impact of motor cortex rTMS in patients with chronic 
neuropathic pain even in the absence of an analgesic response. A case report. Neurophysiol Clin 2018; 
in press. doi: 10.1016/j.neucli.2018.05.039. 

Hoekstra CE, Versnel H, Neggers SF, Niesten ME, van Zanten GA. Bilateral low-frequency repetitive 
transcranial magnetic stimulation of the auditory cortex in tinnitus patients is not effective: a 
randomised controlled trial. Audiol Neurootol 2013;18:362-73. 

Hoffman RE, Wu K, Pittman B, Cahill JD, Hawkins KA, Fernandez T, et al. Transcranial magnetic stimulation 
of Wernicke's and Right homologous sites to curtail "voices": a randomized trial. Biol Psychiatry 
2013;73:1008-14. 

Holtzheimer PE 3rd, McDonald WM, Mufti M, Kelley ME, Quinn S, Corso G, et al. Accelerated repetitive 
transcranial magnetic stimulation for treatment-resistant depression. Depress Anxiety 2010;27:960-3. 

Holzer M, Padberg F. Intermittent theta burst stimulation (iTBS) ameliorates therapy-resistant depression: a case 
series. Brain Stimul 2010;3:181-3. 

Homan RW, Herman J, Purdy P. Cerebral location of international 10-20 system electrode placement. 
Electroencephalogr Clin Neurophysiol 1987;66:376-82. 

Hordacre B, Goldsworthy MR, Vallence AM, Darvishi S, Moezzi B, Hamada M, et al. Variability in neural 
excitability and plasticity induction in the human cortex: A brain stimulation study. Brain Stimul 
2017;10:588-95. 

Hosomi K, Morris S, Sakamoto T, Taguchi J, Maruo T, Kageyama Y, et al. Daily Repetitive Transcranial 
Magnetic Stimulation for Poststroke Upper Limb Paresis in the Subacute Period. J Stroke Cerebrovasc 
Dis 2016;25:1655-64. 

Hsu WY, Cheng CH, Lin MW, Shih YH, Liao KK, Lin YY. Antiepileptic effects of low frequency repetitive 
transcranial magnetic stimulation: a meta-analysis. Epilepsy Res 2011;96: 231-40. 

Hu SH, Lai JB, Xu DR, Qi HL, Peterson BS, Bao AM, et al. Efficacy of repetitive transcranial magnetic 
stimulation with quetiapine in treating bipolar II depression: a randomized, double-blinded, control 
study. Sci Rep 2016;6:30537. 

Hu XY, Zhang T, Rajah GB, Stone C, Liu LX, He JJ, et al. Effects of different frequencies of repetitive 
transcranial magnetic stimulation in stroke patients with non-fluent aphasia: a randomized, sham-
controlled study. Neurol Res 2018;40:459-65. 

Huang YZ, Edwards MJ, Rounis E, Bhatia KP, Rothwell JC. Theta burst stimulation of the human motor cortex. 
Neuron 2005;45:201-6. 

Huang YZ, Lu CS, Rothwell JC, Lo CC, Chuang WL, Weng YH, et al. Modulation of the disturbed motor 
network in dystonia by multisession suppression of premotor cortex. PLoS One 2012;7:e47574. 

Huang Z, Li Y, Bianchi MT, Zhan S, Jiang F, Li N, et al. Repetitive transcranial magnetic stimulation of the 
right parietal cortex for comorbid generalized anxiety disorder and insomnia: A randomized, double-
blind, sham-controlled pilot study. Brain Stimul 2018a;11:1103-9. 



 95

Huang YZ, Lin LF, Chang KH, Hu CJ, Liou TH, Lin YN. Priming with 1-Hz rTMS over contralesional leg 
motor cortex does not increase the rate of regaining ambulation within 3 months of stroke: A 
randomized controlled trial. Am J Phys Med Rehabil 2018b;97:339-45. 

Hummel FC, Cohen LG. Non-invasive brain stimulation: a new strategy to improve neurorehabilitation after 
stroke? Lancet Neurol 2006;5:708-12. 

Hummel FC, Celnik P, Pascual-Leone A, Fregni F, Byblow WD, Buetefisch CM, et al. Controversy: 
Noninvasive and invasive cortical stimulation show efficacy in treating stroke patients. Brain Stimul 
2008;1:370-82. 

Ilieva IP, Alexopoulos GS, Dubin MJ, Morimoto SS, Victoria LW, Gunning FM. Age-Related Repetitive 
Transcranial Magnetic Stimulation Effects on Executive Function in Depression: A Systematic Review. 
Am J Geriatr Psychiatry 2018;26:334-46. 

Ioannidis JPA. Why most published research findings are false. PLoS Med 2005;2:e124. 
Ioannidis JPA. How to make more published research true. PLoS Med 2014;11:e1001747. 
Iseger TA, Padberg F, Kenemans JL, Gevirtz R, Arns M. Neuro-Cardiac-Guided TMS (NCG-TMS): Probing 

DLPFC-sgACC-vagus nerve connectivity using heart rate - First results. Brain Stimul 2017;10:1006-8. 
Isnard J, Magnin M, Jung J, Mauguière F, Garcia-Larrea L. Does the insula tell our brain that we are in pain? 

Pain 2011;152:946-51. 
Isserles M, Shalev AY, Roth Y, Peri T, Kutz I, Zlotnick E, et al. Effectiveness of deep transcranial magnetic 

stimulation combined with a brief exposure procedure in post-traumatic stress disorder--a pilot study. 
Brain Stimul 2013;6:377-83. 

Iwabuchi SJ, Auer DP, Lankappa ST, Palaniyappan L. Baseline effective connectivity predicts response to 
repetitive transcranial magnetic stimulation in patients with treatment-resistant depression. Eur 
Neuropsychopharmacol 2019;29:681-90. 

Jahangard L, Haghighi M, Shyayganfard M, Ahmadpanah M, Sadeghi Bahmani D, Bajoghli H, et al. Repetitive 
Transcranial Magnetic Stimulation Improved Symptoms of Obsessive-Compulsive Disorder, but Also 
Cognitive Performance: Results from a Randomized Clinical Trial with a Cross-Over Design and Sham 
Condition. Neuropsychobiology 2016;73:224-32. 

James GA, Thostenson JD, Brown G, Carter G, Hayes H, Tripathi SP, et al. Neural activity during attentional 
conflict predicts reduction in tinnitus perception following rTMS. Brain Stimul 2017;10:934-43. 

Jansen JM, van Wingen G, van den Brink W, Goudriaan AE. Resting state connectivity in alcohol dependent 
patients and the effect of repetitive transcranial magnetic stimulation. Eur Neuropsychopharmacol 
2015;25:2230-9. 

Jin Y, Xing G, Li G, Wang A, Feng S, Tang Q, et al. High Frequency Repetitive Transcranial Magnetic 
Stimulation Therapy For Chronic Neuropathic Pain: A Meta-analysis. Pain Physician 2015;18:E1029-
46. 

Jung P, Ziemann U. Homeostatic and nonhomeostatic modulation of learning in human motor cortex. J Neurosci 
2009;29:5597-604. 

Kalita J, Laskar S, Bhoi SK, Misra UK. Efficacy of single versus three sessions of high rate repetitive 
transcranial magnetic stimulation in chronic migraine and tension-type headache. J Neurol 
2016;263:2238-46. 

Kammer T, Beck S, Thielscher A, Laubis-Herrmann U, Topka H. Motor thresholds in humans: a transcranial 
magnetic stimulation study comparing different pulse waveforms, current directions and stimulator 
types. Clin Neurophysiol 2001;112:250-8. 

Kamp D, Engelke C, Wobrock T, Wölwer W, Winterer G, Schmidt-Kraepelin C, et al. Left prefrontal high-
frequency rTMS may improve movement disorder in schizophrenia patients with predominant negative 
symptoms - A secondary analysis of a sham-controlled, randomized multicenter trial. Schizophr Res 
2018; in press. doi: 10.1016/j.schres.2018.09.017.  

Kang N, Cauraugh JH. Does non-invasive brain stimulation reduce essential tremor? A systematic review and 
meta-analysis. PLoS One 2017;12:e0185462. 

Kang BS, Shin HI, Bang MS. Effect of repetitive transcranial magnetic stimulation over the hand motor cortical 
area on central pain after spinal cord injury. Arch Phys Med Rehabil 2009a;90:1766-71. 

Kang JI, Kim CH, Namkoong K, Lee CI, Kim SJ. A randomized controlled study of sequentially applied 
repetitive transcranial magnetic stimulation in obsessive-compulsive disorder. J Clin Psychiatry 
2009b;70:1645-51. 

Kang JI, Lee H, Jhung K, Kim KR, An SK, Yoon KJ, et al. Frontostriatal Connectivity Changes in Major 
Depressive Disorder After Repetitive Transcranial Magnetic Stimulation: A Randomized Sham-
Controlled Study. J Clin Psychiatry 2016;77:e1137-43.  

Kaster TS, Downar J, Vila-Rodriguez F, Thorpe KE, Feffer K, Noda Y, et al. Trajectories of Response to 
Dorsolateral Prefrontal rTMS in Major Depression: A THREE-D Study. Am J Psychiatry 
2019;176:367-75. 

Khedr EM, Ahmed MA, Fathy N, Rothwell JC. Therapeutic trial of repetitive transcranial magnetic stimulation 
after acute ischemic stroke. Neurology 2005;65:466-8. 



 96

Khedr EM, Rothwell JC, Shawky OA, Ahmed MA, Hamdy A. Effect of daily repetitive transcranial magnetic 
stimulation on motor performance in Parkinson's disease. Mov Disord 2006;21:2201-5. 

Khedr EM, Abdel-Fadeil MR, Farghali A, Qaid M. Role of 1 and 3 Hz repetitive transcranial magnetic 
stimulation on motor function recovery after acute ischaemic stroke. Eur J Neurol 2009a;16:1323-30. 

Khedr EM, Abo-Elfetoh N, Rothwell JC. Treatment of post-stroke dysphagia with repetitive transcranial 
magnetic stimulation. Acta Neurol Scand 2009b;119:155-61. 

Khedr EM, Etraby AE, Hemeda M, Nasef AM, Razek AA. Long-term effect of repetitive transcranial magnetic 
stimulation on motor function recovery after acute ischemic stroke. Acta Neurol Scand 2010;121:30-7.  

Khedr EM, Abo El-Fetoh N, Ali AM, El-Hammady DH, Khalifa H, Atta H, et al. Dual-hemisphere repetitive 
transcranial magnetic stimulation for rehabilitation of poststroke aphasia: a randomized, double-blind 
clinical trial. Neurorehabil Neural Repair 2014;28:740-50. 

Khedr EM, Kotb HI, Mostafa MG, Mohamad MF, Amr SA, Ahmed MA, et al. Repetitive transcranial magnetic 
stimulation in neuropathic pain secondary to malignancy: a randomized clinical trial. Eur J Pain 
2015;19:519-27. 

Kim BR, Chun MH, Kim DY, Lee SJ. Effect of high- and low-frequency repetitive transcranial magnetic 
stimulation on visuospatial neglect in patients with acute stroke: a double-blind, sham-controlled trial. 
Arch Phys Med Rehabil 2013;94:803-7. 

Kim WS, Jung SH, Oh MK, Min YS, Lim JY, Paik NJ. Effect of repetitive transcranial magnetic stimulation 
over the cerebellum on patients with ataxia after posterior circulation stroke: A pilot study. J Rehabil 
Med 2014a;46:418-23. 

Kim BG, Kim DY, Kim SK, Kim JM, Baek SH, Moon IS. Comparison of the outcomes of repetitive transcranial 
magnetic stimulation to the ipsilateral and contralateral auditory cortex in unilateral tinnitus. 
Electromagn Biol Med 2014b;33:211-5. 

Kim HJ, Kim DY, Kim HI, Oh HS, Sim NS, Moon IS. Long-term effects of repetitive transcranial magnetic 
stimulation in unilateral tinnitus. Laryngoscope 2014c;124:2155-60. 

Kim EJ, Yeo S, Hwang I, Park JI, Cui Y, Jin HM, et al. Bilateral Repetitive Transcranial Magnetic Stimulation 
for Auditory Hallucinations in Patients with Schizophrenia: A Randomized Controlled, Cross-over 
Study. Clin Psychopharmacol Neurosci 2014d;12:222-8. 

Kim MS, Chang WH, Cho JW, Youn J, Kim YK, Kim SW, et al. Efficacy of cumulative high-frequency rTMS 
on freezing of gait in Parkinson's disease. Restor Neurol Neurosci 2015;33:521-30. 

Kimberley TJ, Borich MR, Arora S, Siebner HR. Multiple sessions of low-frequency repetitive transcranial 
magnetic stimulation in focal hand dystonia: clinical and physiological effects. Restor Neurol Neurosci 
2013;31:533-42. 

Kimura H, Kanahara N, Takase M, Yoshida T, Watanabe H, Iyo M. A randomized, sham-controlled study of 
high frequency rTMS for auditory hallucination in schizophrenia. Psychiatry Res 2016;241:190-4. 

Kindler J, Homan P, Flury R, Strik W, Dierks T, Hubl D. Theta burst transcranial magnetic stimulation for the 
treatment of auditory verbal hallucinations: results of a randomized controlled study. Psychiatry Res 
2013;209:114-7. 

Kishore A, Popa T, Balachandran A, Chandran S, Pradeep S, Backer F, et al. Cerebellar sensory processing 
alterations impact motor cortical plasticity in Parkinson's disease: clues from dyskinetic patients. Cereb 
Cortex 2014;24:2055-67. 

Kleinjung T, Eichhammer P, Landgrebe M, Sand P, Hajak G, Steffens T, et al. Combined temporal and 
prefrontal transcranial magnetic stimulation for tinnitus treatment: a pilot study. Otolaryngol Head Neck 
Surg 2008;138:497-501. 

Kobayashi M, Fujimaki T, Mihara B, Ohira T. Repetitive transcranial magnetic stimulation once a week induces 
sustainable long-term relief of central poststroke pain. Neuromodulation 2015;18:249-54.  

Koch PJ, Hummel FC. Toward precision medicine: tailoring interventional strategies based on noninvasive brain 
stimulation for motor recovery after stroke. Curr Opin Neurol 2017;30:388-97. 

Koch G, Brusa L, Caltagirone C, Peppe A, Oliveri M, Stanzione P, et al. rTMS of supplementary motor area 
modulates therapy-induced dyskinesias in Parkinson disease. Neurology 2005;65:623-5. 

Koch G, Brusa L, Carrillo F, Lo Gerfo E, Torriero S, Oliveri M, et al. Cerebellar magnetic stimulation decreases 
levodopa-induced dyskinesias in Parkinson disease. Neurology 2009;73:113-9. 

Koch G, Bonnì S, Giacobbe V, Bucchi G, Basile B, Lupo F, et al. θ-burst stimulation of the left hemisphere 
accelerates recovery of hemispatial neglect. Neurology 2012;78:24-30. 

Koch G, Porcacchia P, Ponzo V, Carrillo F, Cáceres-Redondo MT, Brusa L, et al. Effects of two weeks of 
cerebellar theta burst stimulation in cervical dystonia patients. Brain Stimul 2014;7:564-72. 

Koch G, Bonnì S, Pellicciari MC, Casula EP, Mancini M, Esposito R, et al. Transcranial magnetic stimulation of 
the precuneus enhances memory and neural activity in prodromal Alzheimer's disease. Neuroimage 
2018;169:302-11. 

Koch G, Bonnì S, Casula EP, Iosa M, Paolucci S, Pellicciari MC, et al. Effect of Cerebellar Stimulation on Gait 
and Balance Recovery in Patients With Hemiparetic Stroke: A Randomized Clinical Trial. JAMA 
Neurol 2019; in press. doi: 10.1001/jamaneurol.2018.3639. 



 97

Kohútová B, Fricová J, Klírová M, Novák T, Rokyta R. Theta burst stimulation in the treatment of chronic 
orofacial pain: a randomized controlled trial. Physiol Res 2017;66:1041-7. 

Koops S, van Dellen E, Schutte MJ, Nieuwdorp W, Neggers SF, Sommer IE. Theta Burst Transcranial Magnetic 
Stimulation for Auditory Verbal Hallucinations: Negative Findings From a Double-Blind-Randomized 
Trial. Schizophr Bull 2016;42:250-7. 

Koops S, Slotema CW, Kos C, Bais L, Aleman A, Blom JD, et al. Predicting response to rTMS for auditory 
hallucinations: Younger patients and females do better. Schizophr Res 2018;195:583-4. 

Koponen LM, Nieminen JO, Mutanen TP, Stenroos M, Ilmoniemi RJ. Coil optimisation for transcranial 
magnetic stimulation in realistic head geometry. Brain Stimul 2017;10:795-805. 

Koponen LM, Nieminen JO, Ilmoniemi RJ. Multi-locus transcranial magnetic stimulation-theory and 
implementation. Brain Stimul 2018;11:849-55. 

Korzhova J, Bakulin I, Sinitsyn D, Poydasheva A, Suponeva N, Zakharova M, et al. High-frequency repetitive 
transcranial magnetic stimulation and intermittent theta-burst stimulation for spasticity management in 
secondary progressive multiple sclerosis. Eur J Neurol 2019;26:680-e44. 

Koutsouleris N, Wobrock T, Guse B, Langguth B, Landgrebe M, Eichhammer P, et al. Predicting Response to 
Repetitive Transcranial Magnetic Stimulation in Patients With Schizophrenia Using Structural 
Magnetic Resonance Imaging: A Multisite Machine Learning Analysis. Schizophr Bull 2018;44:1021-
34. 

Kozel FA, Motes MA, Didehbani N, DeLaRosa B, Bass C, Schraufnagel CD, et al. Repetitive TMS to augment 
cognitive processing therapy in combat veterans of recent conflicts with PTSD: A randomized clinical 
trial. J Affect Disord 2018;229:506-14. 

Kozel FA, Van Trees K, Larson V, Phillips S, Hashimie J, Gadbois B, et al. One hertz versus ten hertz repetitive 
TMS treatment of PTSD: A randomized clinical trial. Psychiatry Res 2019;273:153-62. 

Kreuzer PM, Landgrebe M, Schecklmann M, Poeppl TB, Vielsmeier V, Hajak G, et al. Can Temporal Repetitive 
Transcranial Magnetic Stimulation be Enhanced by Targeting Affective Components of Tinnitus with 
Frontal rTMS? A Randomized Controlled Pilot Trial. Front Syst Neurosci 2011;5:88. 

Kreuzer PM, Lehner A, Schlee W, Vielsmeier V, Schecklmann M, Poeppl TB, et al. Combined rTMS treatment 
targeting the Anterior Cingulate and the Temporal Cortex for the Treatment of Chronic Tinnitus. Sci 
Rep 2015a;5:18028. 

Kreuzer PM, Schecklmann M, Lehner A, Wetter TC, Poeppl TB, Rupprecht R, et al. The ACDC pilot trial: 
targeting the anterior cingulate by double cone coil rTMS for the treatment of depression. Brain Stimul 
2015b;8:240-6. 

Kreuzer PM, Poeppl TB, Bulla J, Schlee W, Lehner A, Langguth B, et al. A proof-of-concept study on the 
combination of repetitive transcranial magnetic stimulation and relaxation techniques in chronic 
tinnitus. J Neural Transm (Vienna) 2016;123:1147-57. 

Kreuzer PM, Poeppl TB, Rupprecht R, Vielsmeier V, Lehner A, Langguth B, et al. Individualized Repetitive 
Transcranial Magnetic Stimulation Treatment in Chronic Tinnitus? Front Neurol 2017;8:126. 

Kreuzer PM, Downar J, de Ridder D, Schwarzbach J, Schecklmann M, Langguth B. A Comprehensive Review 
of Dorsomedial Prefrontal Cortex rTMS Utilizing a Double Cone Coil. Neuromodulation 2018; in press. 
doi: 10.1111/ner.12874.  

Kwon YG, Do KH, Park SJ, Chang MC, Chun MH. Effect of Repetitive Transcranial Magnetic Stimulation on 
Patients With Dysarthria After Subacute Stroke. Ann Rehabil Med 2015;39:793-9. 

Labar D, Labar AS, Edwards D. Long-Term Distributed Repetitive Transcranial Magnetic Stimulation for 
Tinnitus: A Feasibility Study. Neuromodulation 2016;19:249-53. 

Lai CJ, Wang CP, Tsai PY, Chan RC, Lin SH, Lin FG, et al. Corticospinal integrity and motor impairment 
predict outcomes after excitatory repetitive transcranial magnetic stimulation: a preliminary study. Arch 
Phys Med Rehabil 2015;96:69-75. 

Lamusuo S, Hirvonen J, Lindholm P, Martikainen IK, Hagelberg N, Parkkola R, et al. Neurotransmitters behind 
pain relief with transcranial magnetic stimulation - positron emission tomography evidence for release 
of endogenous opioids. Eur J Pain 2017;21:1505-15. 

Landeros-Weisenberger A, Mantovani A, Motlagh MG, de Alvarenga PG, Katsovich L, Leckman JF, et al. 
Randomized Sham Controlled Double-blind Trial of Repetitive Transcranial Magnetic Stimulation for 
Adults With Severe Tourette Syndrome. Brain Stimul 2015;8:574-81. 

Landgrebe M, Hajak G, Wolf S, Padberg F, Klupp P, Fallgatter AJ, et al. 1-Hz rTMS in the treatment of tinnitus: 
A sham-controlled, randomized multicenter trial. Brain Stimul 2017a;10:1112-20.  

Landgrebe M, Schecklmann M, Langguth B. Reply to the letter of Robert L. Folmer: Does treatment response 
depend on the type of stimulation device? Brain Stimul 2017b;10:1123-4. 

Langguth B, Zowe M, Landgrebe M, Sand P, Kleinjung T, Binder H, et al. Transcranial magnetic stimulation for 
the treatment of tinnitus: a new coil positioning method and first results. Brain Topogr 2006;18:241-7. 

Langguth B, Landgrebe M, Frank E, Schecklmann M, Sand PG, Vielsmeier V, et al. Efficacy of different 
protocols of transcranial magnetic stimulation for the treatment of tinnitus: Pooled analysis of two 
randomized controlled studies. World J Biol Psychiatry 2014;15:276-85. 



 98

Lawson McLean A, Frank S, Zafar N, Waschke A, Kalff R, Reichart R. Time course of the response to 
navigated repetitive transcranial magnetic stimulation at 10 Hz in chronic neuropathic pain. Neurol Res 
2018;40:564-72.  

Lee J, Choi BE, Oh E, Sohn EH, Lee AY. Treatment of Alzheimer’s disease with repetitive transcranial 
magnetic stimulationcombined with cognitive training: a prospective, randomized, double blind, 
placebo-controlled study. J Clin Neurol 2016;12:57-64. 

Lefaucheur JP. Why image-guided navigation becomes essential in the practice of transcranial magnetic 
stimulation. Neurophysiol Clin 2010;40:1-5. 

Lefaucheur JP. Cortical neurostimulation for neuropathic pain: state of the art and perspectives. Pain 2016;157 
Suppl 1:S81-9. 

Lefaucheur JP, Drouot X, Keravel Y, Nguyen JP. Pain relief induced by repetitive transcranial magnetic 
stimulation of precentral cortex. Neuroreport 2001;12:2963-5. 

Lefaucheur JP, Drouot X, Menard-Lefaucheur I, Zerah F, Bendib B, Cesaro P, et al. Neurogenic pain relief by 
repetitive transcranial magnetic cortical stimulation depends on the origin and the site of pain. J Neurol 
Neurosurg Psychiatry 2004;75:612-6. 

Lefaucheur JP, Holsheimer J, Goujon C, Keravel Y, Nguyen JP. Descending volleys generated by efficacious 
epidural motor cortex stimulation in patients with chronic neuropathic pain. Exp Neurol 2010;223:609-
14. 

Lefaucheur JP, Ayache SS, Sorel M, Farhat WH, Zouari HG, Ciampi de Andrade D, et al. Analgesic effects of 
repetitive transcranial magnetic stimulation of the motor cortex in neuropathic pain: influence of theta 
burst stimulation priming. Eur J Pain 2012a;16:1403-13. 

Lefaucheur JP, Brugières P, Guimont F, Iglesias S, Franco-Rodrigues A, Liégeois-Chauvel C, et al. Navigated 
rTMS for the treatment of tinnitus: a pilot study with assessment by fMRI and AEPs. Neurophysiol Clin 
2012b;42:95-109.  

Lefaucheur JP, André-Obadia N, Antal A, Ayache SS, Baeken C, Benninger DH, et al. Evidence-based 
guidelines on the therapeutic use of repetitive transcranial magnetic stimulation (rTMS). Clin 
Neurophysiol 2014;125:2150-206. 

Lehner A, Schecklmann M, Poeppl TB, Kreuzer PM, Vielsmeier V, Rupprecht R, et al. Multisite rTMS for the 
treatment of chronic tinnitus: stimulation of the cortical tinnitus network--a pilot study. Brain Topogr 
2013;26:501-10. 

Lehner A, Langguth B, Poeppl TB, Rupprecht R, Hajak G, Landgrebe M, et al. Structural brain changes 
following left temporal low-frequency rTMS in patients with subjective tinnitus. Neural Plast 
2014;2014:132058. 

Lehner A, Schecklmann M, Poeppl TB, Kreuzer PM, Peytard J, Frank E, et al. Efficacy and Safety of Repeated 
Courses of rTMS Treatment in Patients with Chronic Subjective Tinnitus. Biomed Res Int 
2015;2015:975808. 

Lehner A, Schecklmann M, Greenlee MW, Rupprecht R, Langguth B. Triple-site rTMS for the treatment of 
chronic tinnitus: a randomized controlled trial. Sci Rep 2016;6:22302. 

Lenoir C, Algoet M, Mouraux A. Deep continuous theta burst stimulation of the operculo-insular cortex 
selectively affects Aδ-fibre heat pain. J Physiol 2018;596:4767-87. 

Leuchter AF, Cook IA, Feifel D, Goethe JW, Husain M, Carpenter LL, et al. Efficacy and Safety of Low-field 
Synchronized Transcranial Magnetic Stimulation (sTMS) for Treatment of Major Depression. Brain 
Stimul 2015;8:787-94. 

Leung A, Shukla S, Fallah A, Song D, Lin L, Golshan S, et al. Repetitive Transcranial Magnetic Stimulation in 
Managing Mild Traumatic Brain Injury-Related Headaches. Neuromodulation 2016;19:133-41. 

Leung A, Metzger-Smith V, He Y, Cordero J, Ehlert B, Song D, et al. Left Dorsolateral Prefrontal Cortex rTMS 
in Alleviating MTBI Related Headaches and Depressive Symptoms. Neuromodulation 2018;21:390-
401. 

Levkovitz Y, Isserles M, Padberg F, Lisanby SH, Bystritsky A, Xia G, et al. Efficacy and safety of deep 
transcranial magnetic stimulation for major depression: a prospective multicenter randomized controlled 
trial. World Psychiatry 2015;14:64-73. 

Li X, Malcolm RJ, Huebner K, Hanlon CA, Taylor JJ, Brady KT, et al. Low frequency repetitive transcranial 
magnetic stimulation of the left dorsolateral prefrontal cortex transiently increases cue-induced craving 
for methamphetamine: a preliminary study. Drug Alcohol Depend 2013;133:641-6. 

Li CT, Chen MH, Juan CH, Huang HH, Chen LF, Hsieh JC, et al. Efficacy of prefrontal theta-burst stimulation 
in refractory depression: a randomized sham-controlled study. Brain 2014a;137:2088-98. 

Li H, Wang J, Li C, Xiao Z. Repetitive transcranial magnetic stimulation (rTMS) for panic disorder in adults. 
Cochrane Database Syst Rev 2014b;(9):CD009083. 

Li ZJ, Wu Q, Yi CJ. Clinical efficacy of istradefylline versus rTMS on Parkinson's disease in a randomized 
clinical trial. Curr Med Res Opin 2015;31:2055-8. 



 99

Li CT, Hsieh JC, Huang HH, Chen MH, Juan CH, Tu PC, et al. Cognition-Modulated Frontal Activity in 
Prediction and Augmentation of Antidepressant Efficacy: A Randomized Controlled Pilot Study. Cereb 
Cortex 2016a;26:202-10. 

Li J, Meng XM, Li RY, Zhang R, Zhang Z, Du YF. Effects of different frequencies of repetitive transcranial 
magnetic stimulation on the recovery of upper limb motor dysfunction in patients with subacute 
cerebral infarction. Neural Regen Res 2016b;11:1584-90. 

Li Z, Yin M, Lyu XL, Zhang LL, Du XD, Hung GC. Delayed effect of repetitive transcranial magnetic 
stimulation (rTMS) on negative symptoms of schizophrenia: Findings from a randomized controlled 
trial. Psychiatry Res 2016c;240:333-5. 

Li CT, Chen MH, Juan CH, Liu RS, Lin WC, Bai YM, et al. Effects of prefrontal theta-burst stimulation on brain 
function in treatment-resistant depression: A randomized sham-controlled neuroimaging study. Brain 
Stimul 2018;11:1054-62. 

Lim KB, Lee HJ, Yoo J, Kwon YG. Effect of Low-Frequency rTMS and NMES on Subacute Unilateral 
Hemispheric Stroke With Dysphagia. Ann Rehabil Med 2014;38:592-602. 

Lin YC, Feng Y, Zhan SQ, Li N, Ding Y, Hou Y, et al. Repetitive Transcranial Magnetic Stimulation for the 
Treatment of Restless Legs Syndrome. Chin Med J (Engl) 2015a;128:1728-31. 

Lin YN, Hu CJ, Chi JY, Lin LF, Yen TH, Lin YK, et al. Effects of repetitive transcranial magnetic stimulation of 
the unaffected hemisphere leg motor area in patients with subacute stroke and substantial leg 
impairment: A pilot study. J Rehabil Med 2015b;47:305-10. 

Lin LF, Chang KH, Huang YZ, Lai CH, Liou TH, Lin YN. Simultaneous stimulation in bilateral leg motor areas 
with intermittent theta burst stimulation to improve functional performance after stroke: a feasibility 
pilot study. Eur J Phys Rehabil Med 2018; in press. doi: 10.23736/S1973-9087.18.05245-0. 

Lindholm P, Lamusuo S, Taiminen T, Pesonen U, Lahti A, Virtanen A, et al. Right secondary somatosensory 
cortex-a promising novel target for the treatment of drug-resistant neuropathic orofacial pain with 
repetitive transcranial magnetic stimulation. Pain 2015;156:1276-83. 

Lindholm P, Lamusuo S, Taiminen T, Virtanen A, Pertovaara A, Forssell H, et al. The analgesic effect of 
therapeutic rTMS is not mediated or predicted by comorbid psychiatric or sleep disorders. Medicine 
(Baltimore) 2016;95:e5231. 

Liu Q, Shen Y, Cao X, Li Y, Chen Y, Yang W, et al. Either at left or right, both high and low frequency rTMS of 
dorsolateral prefrontal cortex decreases cue induced craving for methamphetamine. Am J Addict 
2017;26:776-9. 

Liu X, Meng F, Gao J, Zhang L, Zhou Z, Pan G, et al. Behavioral and Resting State Functional Connectivity 
Effects of High Frequency rTMS on Disorders of Consciousness: A Sham-Controlled Study. Front 
Neurol 2018;9:982. 

Liu T, Li Y, Shen Y, Liu X, Yuan TF. Gender does not matter: Add-on repetitive transcranial magnetic 
stimulation treatment for female methamphetamine dependents. Prog Neuropsychopharmacol Biol 
Psychiatry 2019;92:70-5. 

Lo YL, Cheong PW, Wong M, Fook-Chong S, Yuen HW, et al. A comparison study of repetitive transcranial 
magnetic stimulation for tinnitus treatment in an Asian population. Clin Neurol Neurosurg 2014;119:96-
9. 

Londero A, Bonfils P, Lefaucheur JP. Transcranial magnetic stimulation and subjective tinnitus. A review of the 
literature, 2014-2016. Eur Ann Otorhinolaryngol Head Neck Dis 2018;135:51-8. 

Long H, Wang H, Zhao C, Duan Q, Feng F, Hui N, et al. Effects of combining high- and low-frequency 
repetitive transcranial magnetic stimulation on upper limb hemiparesis in the early phase of stroke. 
Restor Neurol Neurosci 2018;36:21-30. 

Loo CK, Mitchell PB, McFarquhar TF, Malhi GS, Sachdev PS. A sham-controlled trial of the efficacy and safety 
of twice-daily rTMS in major depression. Psychol Med 2007;37:341-9. 

Luber BM, Davis S, Bernhardt E, Neacsiu A, Kwapil L, Lisanby SH, et al. Reprint of ''Using neuroimaging to 
individualize TMS treatment for depression: Toward a new paradigm for imaging-guided intervention''. 
Neuroimage 2017;151:65-71. 

Lusicic A, Schruers KR, Pallanti S, Castle DJ. Transcranial magnetic stimulation in the treatment of obsessive-
compulsive disorder: current perspectives. Neuropsychiatr Dis Treat 2018;14:1721-36. 

Lüdemann-Podubecká J, Bösl K, Theilig S, Wiederer R, Nowak DA. The Effectiveness of 1Hz rTMS Over the 
Primary Motor Area of the Unaffected Hemisphere to Improve Hand Function After Stroke Depends on 
Hemispheric Dominance. Brain Stimul 2015;8:823-30. 

Ma X, Huang Y, Liao L, Jin Y. A randomized double-blinded sham-controlled trial of α electroencephalogram-
guided transcranial magnetic stimulation for obsessive-compulsive disorder. Chin Med J (Engl). 
2014;127:601-6.  

Ma SM, Ni JX, Li XY, Yang LQ, Guo YN, Tang YZ. High-Frequency Repetitive Transcranial Magnetic 
Stimulation Reduces Pain in Postherpetic Neuralgia. Pain Med 2015;16:2162-70. 

Maarrawi J, Peyron R, Mertens P, Costes N, Magnin M, Sindou M, et al. Motor cortex stimulation for pain 
control induces changes in the endogenous opioid system. Neurology 2007;69:827-34. 



 100

Maarrawi J, Peyron R, Mertens P, Costes N, Magnin M, Sindou M, et al. Brain opioid receptor density predicts 
motor cortex stimulation efficacy for chronic pain. Pain 2013;154:2563-8. 

Makkos A, Pál E, Aschermann Z, Janszky J, Balázs É, Takács K, et al. High-Frequency Repetitive Transcranial 
Magnetic Stimulation Can Improve Depression in Parkinson's Disease: A Randomized, Double-Blind, 
Placebo-Controlled Study. Neuropsychobiology 2016;73:169-77. 

Malavera A, Silva FA, Fregni F, Carrillo S, Garcia RG. Repetitive Transcranial Magnetic Stimulation for 
Phantom Limb Pain in Land Mine Victims: A Double-Blinded, Randomized, Sham-Controlled Trial. J 
Pain 2016;17:911-8. 

Mann G, Hankey GJ, Cameron D. Swallowing function after stroke: prognosis and prognostic factors at 6 
months. Stroke 1999;30:744-8. 

Mansouri F, Fettes P, Schulze L, Giacobbe P, Zariffa J, Downar J. A Real-Time Phase-Locking System for Non-
invasive Brain Stimulation. Front Neurosci 2018;12:877. 

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. 

Mantovani A, Lisanby SH, Pieraccini F, Ulivelli M, Castrogiovanni P, Rossi S. Repetitive transcranial magnetic 
stimulation (rTMS) in the treatment of obsessive-compulsive disorder (OCD) and Tourette's syndrome 
(TS). Int J Neuropsychopharmacol 2006;9:95-100. 

Mantovani A, Simpson HB, Fallon BA, Rossi S, Lisanby SH. Randomized sham-controlled trial of repetitive 
transcranial magnetic stimulation in treatment-resistant obsessive-compulsive disorder. Int J 
Neuropsychopharmacol 2010;13:217-27. 

Mantovani A, Aly M, Dagan Y, Allart A, Lisanby SH. Randomized sham controlled trial of repetitive 
transcranial magnetic stimulation to the dorsolateral prefrontal cortex for the treatment of panic disorder 
with comorbid major depression. J Affect Disord 2013;144:153-9. 

Martinez D, Urban N, Grassetti A, Chang D, Hu MC, Zangen A, et al. Transcranial Magnetic Stimulation of 
Medial Prefrontal and Cingulate Cortices Reduces Cocaine Self-Administration: A Pilot Study. Front 
Psychiatry 2018;9:80. 

Maruo T, Hosomi K, Shimokawa T, Kishima H, Oshino S, Morris S, et al. High-frequency repetitive transcranial 
magnetic stimulation over the primary foot motor area in Parkinson's disease. Brain Stimul 2013;6:884-
91. 

Matsuura A, Onoda K, Oguro H, Yamaguchi S. Magnetic stimulation and movement-related cortical activity for 
acute stroke with hemiparesis. Eur J Neurol 2015;22:1526-32. 

Mazzola L, Isnard J, Peyron R, Guénot M, Mauguière F. Somatotopic organization of pain responses to direct 
electrical stimulation of the human insular cortex. Pain 2009;146:99-104. 

McGirr A, Van den Eynde F, Tovar-Perdomo S, Fleck MP, Berlim MT. Effectiveness and acceptability of 
accelerated repetitive transcranial magnetic stimulation (rTMS) for treatment-resistant major depressive 
disorder: an open label trial. J Affect Disord 2015;173:216-20. 

McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, et al. The diagnosis of dementia 
due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's 
Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement 
2011;7:263-9. 

Medeiros LF, Caumo W, Dussán-Sarria J, Deitos A, Brietzke A, Laste G, et al. Effect of Deep Intramuscular 
Stimulation and Transcranial Magnetic Stimulation on Neurophysiological Biomarkers in Chronic 
Myofascial Pain Syndrome. Pain Med 2016;17:122-35. 

Medina J, Norise C, Faseyitan O, Coslett HB, Turkeltaub PE, Hamilton RH. Finding the Right Words: 
Transcranial Magnetic Stimulation Improves Discourse Productivity in Non-fluent Aphasia After 
Stroke. Aphasiology 2012;26:1153-68. 

Melchior C, Gourcerol G, Chastan N, Verin E, Menard JF, Ducrotte P, et al. Effect of transcranial magnetic 
stimulation on rectal sensitivity in irritable bowel syndrome: a randomized, placebo-controlled pilot 
study. Colorectal Dis 2014;16:O104-11. 

Meng ZY, Song WQ. Low frequency repetitive transcranial magnetic stimulation improves motor dysfunction 
after cerebral infarction. Neural Regen Res 2017;12:610-3. 

Mennemeier M, Triggs W, Chelette K, Woods A, Kimbrell T, Dornhoffer J. Sham Transcranial Magnetic 
Stimulation Using Electrical Stimulation of the Scalp. Brain Stimul 2009;2:168-73. 

Mhalla A, Baudic S, Ciampi de Andrade D, Gautron M, Perrot S, Teixeira MJ, et al. Long-term maintenance of 
the analgesic effects of transcranial magnetic stimulation in fibromyalgia. Pain 2011;152:1478-85. 

Milev RV, Giacobbe P, Kennedy SH, Blumberger DM, Daskalakis ZJ, Downar J, et al. Canadian Network for 
Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the Management of Adults 
with Major Depressive Disorder: Section 4. Neurostimulation Treatments. Can J Psychiatry 
2016;61:561-75. 



 101

Mir-Moghtadaei A, Caballero R, Fried P, Fox MD, Lee K, Giacobbe P, et al. Concordance Between BeamF3 
and MRI-neuronavigated Target Sites for Repetitive Transcranial Magnetic Stimulation of the Left 
Dorsolateral Prefrontal Cortex. Brain Stimul 2015;8:965-73. 

Mishra BR, Praharaj SK, Katshu MZ, Sarkar S, Nizamie SH. Comparison of anticraving efficacy of right and 
left repetitive transcranial magnetic stimulation in alcohol dependence: a randomized double-blind 
study. J Neuropsychiatry Clin Neurosci 2015;27:e54-9. 

Misra UK, Kalita J, Bhoi SK. High frequency repetitive transcranial magnetic stimulation (rTMS) is effective in 
migraine prophylaxis: an open labeled study. Neurol Res 2012;34:547-51. 

Misra UK, Kalita J, Bhoi SK. High-rate repetitive transcranial magnetic stimulation in migraine prophylaxis: a 
randomized, placebo-controlled study. J Neurol 2013;260:2793-801. 

Misra UK, Kalita J, Tripathi G, Bhoi SK. Role of β endorphin in pain relief following high rate repetitive 
transcranial magnetic stimulation in migraine. Brain Stimul 2017;10:618-23. 

Moisset X, Lefaucheur JP. Non pharmacological treatment for neuropathic pain: Invasive and non-invasive 
cortical stimulation. Rev Neurol (Paris) 2019;175:51-8. 

Moisset X, Goudeau S, Poindessous-Jazat F, Baudic S, Clavelou P, Bouhassira D. Prolonged continuous theta-
burst stimulation is more analgesic than 'classical' high frequency repetitive transcranial magnetic 
stimulation. Brain Stimul 2015;8:135-41. 

Moisset X, de Andrade DC, Bouhassira D. From pulses to pain relief: an update on the mechanisms of rTMS-
induced analgesic effects. Eur J Pain 2016;20:689-700. 

Montagne-Larmurier A, Etard O, Razafimandimby A, Morello R, Dollfus S. Two-day treatment of auditory 
hallucinations by high frequency rTMS guided by cerebral imaging: a 6 month follow-up pilot study. 
Schizophr Res 2009;113:77–83. 

Mori F, Codecà C, Kusayanagi H, Monteleone F, Boffa L, Rimano A, et al. Effects of intermittent theta burst 
stimulation on spasticity in patients with multiple sclerosis. Eur J Neurol 2010;17:295-300.  

Mori F, Ljoka C, Magni E, Codecà C, Kusayanagi H, Monteleone F, et al. Transcranial magnetic stimulation 
primes the effects of exercise therapy in multiple sclerosis. J Neurol 2011;258:1281-7. 

Morishita T, Hummel FC. Non-invasive Brain Stimulation (NIBS) in Motor Recovery After Stroke: Concepts to 
Increase Efficacy. Curr Behav Neurosci Rep 2017;4:280-9. 

Murase N, Duque J, Mazzocchio R, Cohen LG. Influence of interhemispheric interactions on motor function in 
chronic stroke. Ann Neurol 2004;55:400-9. 

Murase N, Rothwell JC, Kaji R, Urushihara R, Nakamura K, Murayama N, et al. Subthreshold low-frequency 
repetitive transcranial magnetic stimulation over the premotor cortex modulates writer's cramp. Brain 
2005;128:104-15. 

Mutz J, Edgcumbe DR, Brunoni AR, Fu CHY. Efficacy and acceptability of non-invasive brain stimulation for 
the treatment of adult unipolar and bipolar depression: A systematic review and meta-analysis of 
randomised sham-controlled trials. Neurosci Biobehav Rev 2018;92:291-303.  

Mutz J, Vipulananthan V, Carter B, Hurlemann R, Fu CHY, Young AH. Comparative efficacy and acceptability 
of non-surgical brain stimulation for the acute treatment of major depressive episodes in adults: 
systematic review and network meta-analysis. BMJ 2019;364:l1079. 

Mylius V, Ayache SS, Ahdab R, Farhat WH, Zouari HG, Belke M, et al. Definition of DLPFC and M1 
according to anatomical landmarks for navigated brain stimulation: inter-rater reliability, accuracy, and 
influence of gender and age. Neuroimage 2013;78:224-32. 

Nam DH, Pae CU, Chae JH. Low-frequency, Repetitive Transcranial Magnetic Stimulation for the Treatment of 
Patients with Posttraumatic Stress Disorder: a Double-blind, Sham-controlled Study. Clin 
Psychopharmacol Neurosci 2013;11:96-102. 

Nardone R, Golaszewski S, Trinka E. Dementia. Handb Clin Neurol 2013;116:599-611. 
Nardone R, Tezzon F, Höller Y, Golaszewski S, Trinka E, Brigo F. Transcranial magnetic stimulation 

(TMS)/repetitive TMS in mild cognitive impairment and Alzheimer's disease. Acta Neurol Scand 
2014;129:351-66. 

Nardone R, Höller Y, Langthaler PB, Lochner P, Golaszewski S, Schwenker K, et al. rTMS of the prefrontal 
cortex has analgesic effects on neuropathic pain in subjects with spinal cord injury. Spinal Cord 
2017;55:20-5. 

Naro A, Russo M, Leo A, Bramanti P, Quartarone A, Calabro RS. A single session of repetitive transcranial 
magnetic stimulation over the dorsolateral prefrontal cortex in patients with unresponsive wakefulness 
syndrome: preliminary results. Neurorehabil Neural Repair 2015;29:603-13. 

Nathou C, Simon G, Dollfus S, Etard O. Cortical Anatomical Variations and Efficacy of rTMS in the Treatment 
of Auditory Hallucinations. Brain Stimul 2015;8:1162-7. 

Nauczyciel C, Le Jeune F, Naudet F, Douabin S, Esquevin A, Vérin M, et al. Repetitive transcranial magnetic 
stimulation over the orbitofrontal cortex for obsessive-compulsive disorder: a double-blind, crossover 
study. Transl Psychiatry 2014;4:e436. 

Nguyen JP, Nizard J, Keravel Y, Lefaucheur JP. Invasive brain stimulation for the treatment of neuropathic pain. 
Nat Rev Neurol 2011;7:699-709. 



 102

Nguyen JP, Suarez A, Kemoun G, Meignier M, Le Saout E, Damier P, et al. Repetitive transcranial magnetic 
stimulation combined with cognitive training for the treatment of Alzheimer’s disease. Neurophysiol 
Clin 2017;47:47-53. 

Nguyen JP, Suarez A, Le Saout E, Meignier M, Nizard J, Lefaucheur JP. Combining cognitive training and 
multi-site rTMS to improve cognitive functions in Alzheimer's disease. Brain Stimul 2018;11:651-2. 

Ni HC, Hung J, Wu CT, Wu YY, Chang CJ, Chen RS, et al. The Impact of Single Session Intermittent Theta-
Burst Stimulation over the Dorsolateral Prefrontal Cortex and Posterior Superior Temporal Sulcus on 
Adults with Autism Spectrum Disorder. Front Neurosci 2017;11:255. 

Nicolo P, Magnin C, Pedrazzini E, Plomp G, Mottaz A, Schnider A, et al. Comparison of Neuroplastic 
Responses to Cathodal Transcranial Direct Current Stimulation and Continuous Theta Burst Stimulation 
in Subacute Stroke. Arch Phys Med Rehabil 2018;99:862-72. 

Nikolin S, DʼSouza O, Vulovic V, Alonzo A, Chand N, Dong V, et al. Comparison of Site Localization 
Techniques for Brain Stimulation. J ECT 2018; in press. doi: 10.1097/YCT.0000000000000537. 

Nizard J, Esnault J, Bouche B, Suarez Moreno A, Lefaucheur JP, Nguyen JP. Long-Term Relief of Painful 
Bladder Syndrome by High-Intensity, Low-Frequency Repetitive Transcranial Magnetic Stimulation of 
the Right and Left Dorsolateral Prefrontal Cortices. Front Neurosci 2018;12:925. 

Noh TS, Kyong JS, Chang MY, Park MK, Lee JH, Oh SH, et al. Comparison of Treatment Outcomes Following 
Either Prefrontal Cortical-only or Dual-site Repetitive Transcranial Magnetic Stimulation in Chronic 
Tinnitus Patients: A Double-blind Randomized Study. Otol Neurotol 2017a;38:296-303. 

Noh TS, Rah YC, Kyong JS, Kim JS, Park MK, Lee JH, et al. Comparison of treatment outcomes between 10 
and 20 EEG electrode location system-guided and neuronavigation-guided repetitive transcranial 
magnetic timulation in chronic tinnitus patients and target localization in the Asian brain. Acta 
Otolaryngol 2017b;137:945-51. 

Nurmikko T, MacIver K, Bresnahan R, Hird E, Nelson A, Sacco P. Motor Cortex Reorganization and Repetitive 
Transcranial Magnetic Stimulation for Pain-A Methodological Study. Neuromodulation 2016;19:669-
78. 

Nyffeler T, Cazzoli D, Hess CW, Müri RM. One session of repeated parietal theta burst stimulation trains 
induces long-lasting improvement of visual neglect. Stroke 2009;40:2791-6. 

Nyffeler T, Vanbellingen T, Kaufmann BC, Pflugshaupt T, Bauer D, Frey J, et al. Theta burst stimulation in 
neglect after stroke: functional outcome and response variability origins. Brain 2019;142:992-1008. 

O'Connell NE, Marston L, Spencer S, DeSouza LH, Wand BM. Non-invasive brain stimulation techniques for 
chronic pain. Cochrane Database Syst Rev 2018;4:CD008208. 

O’Reardon JP, Solvason HB, Janicak PG, Sampson S, Isenberg KE, Nahas Z, et al. Efficacy and safety of 
transcranial magnetic stimulation in the acute treatment of major depression: a multisite randomized 
controlled trial. Biol Psychiatry 2007b;62:1208-16. 

Onesti E, Gabriele M, Cambieri C, Ceccanti M, Raccah R, Di Stefano G, et al. H-coil repetitive transcranial 
magnetic stimulation for pain relief in patients with diabetic neuropathy. Eur J Pain 2013;17:1347-56. 

Osoegawa C, Gomes JS, Grigolon RB, Brietzke E, Gadelha A, Lacerda ALT, et al. Non-invasive brain 
stimulation for negative symptoms in schizophrenia: An updated systematic review and meta-analysis. 
Schizophr Res 2018; in press. doi: 10.1016/j.schres.2018.01.010. 

Osuch EA, Benson BE, Luckenbaugh DA, Geraci M, Post RM, McCann U. Repetitive TMS combined with 
exposure therapy for PTSD: a preliminary study. J Anxiety Disord 2009;23:54-9. 

Padala PR, Padala KP, Lensing SY, Jackson AN, Hunter CR, Parkes CM, et al. Repetitive transcranial magnetic 
stimulation for apathy in mild cognitive impairment: A double-blind, randomized, sham-controlled, 
cross-over pilot study. Psychiatry Res 2018;261:312-8. 

Paillère-Martinot ML, Galinowski A, Plaze M, Andoh J, Bartrés-Faz D, Bellivier F, et al. Active and placebo 
transcranial magnetic stimulation effects on external and internal auditory hallucinations of 
schizophrenia. Acta Psychiatr Scand 2017;135:228-38. 

Pal E, Nagy F, Aschermann Z, Balazs E, Kovacs N. The impact of left prefrontal repetitive transcranial magnetic 
stimulation on depression in Parkinson's disease: a randomized, double-blind, placebo-controlled study. 
Mov Disord 2010;25:2311-7. 

Palmqvist S, Schöll M, Strandberg O, Mattsson N, Stomrud E, Zetterberg H, et al. Earliest accumulation of β-
amyloid occurs within the default-mode network and concurrently affects brain connectivity. Nat 
Commun 2017;8:1214. 

Parazzini M, Fiocchi S, Chiaramello E, Roth Y, Zangen A, Ravazzani P. Electric field estimation of deep 
transcranial magnetic stimulation clinically used for the treatment of neuropsychiatric disorders in 
anatomical head models. Med Eng Phys 2017;43:30-8. 

Park JW, Oh JC, Lee JW, Yeo JS, Ryu KH. The effect of 5Hz high-frequency rTMS over contralesional 
pharyngeal motor cortex in post-stroke oropharyngeal dysphagia: a randomized controlled study. 
Neurogastroenterol Motil 2013a;25:324-e250. 



 103

Park S, Park HJ, Kyeong SH, Moon IS, Kim M, Kim HN, et al. Combined rTMS to the auditory cortex and 
prefrontal cortex for tinnitus control in patients with depression: a pilot study. Acta Otolaryngol 
2013b;133:600-6. 

Park JH, Noh TS, Lee JH, Oh SH, Kim JS, Chung CK, et al. Difference in Tinnitus Treatment Outcome 
According to the Pulse Number of Repetitive Transcranial Magnetic Stimulation. Otol Neurotol 
2015;36:1450-6. 

Park E, Kim MS, Chang WH, Oh SM, Kim YK, Lee A, et al. Effects of Bilateral Repetitive Transcranial 
Magnetic Stimulation on Post-Stroke Dysphagia. Brain Stimul 2017;10:75-82. 

Pascual-Leone A, Hallett M. Induction of errors in a delayed response task by repetitive transcranial magnetic 
stimulation of the dorsolateral prefrontal cortex. Neuroreport 1994;5:2517-20. 

Pascual-Leone A, Rubio B, Pallardó F, Catalá MD. Rapid-rate transcranial magnetic stimulation of left 
dorsolateral prefrontal cortex in drug-resistant depression. Lancet 1996;348:233-7. 

Passard A, Attal N, Benadhira R, Brasseur L, Saba G, Sichere P, et al. Effects of unilateral repetitive transcranial 
magnetic stimulation of the motor cortex on chronic widespread pain in fibromyalgia. Brain 
2007;130:2661-70. 

Paz Y, Friedwald K, Levkovitz Y, Zangen A, Alyagon U, Nitzan U, et al. Randomised sham-controlled study of 
high-frequency bilateral deep transcranial magnetic stimulation (dTMS) to treat adult attention 
hyperactive disorder (ADHD): Negative results. World J Biol Psychiatry 2018;19:561-6. 

Peleman K, Van Schuerbeek P, Luypaert R, Stadnik T, De Raedt R, De Mey J, et al. Using 3D-MRI to localize 
the dorsolateral prefrontal cortex in TMS research. World J Biol Psychiatry 2010;11:425-30. 

Pelissolo A, Harika-Germaneau G, Rachid F, Gaudeau-Bosma C, Tanguy ML, BenAdhira R, et al. Repetitive 
Transcranial Magnetic Stimulation to Supplementary Motor Area in Refractory Obsessive-Compulsive 
Disorder Treatment: a Sham-Controlled Trial. Int J Neuropsychopharmacol 2016;19(8). 

Plewnia C, Vonthein R, Wasserka B, Arfeller C, Naumann A, Schraven SP, et al. Treatment of chronic tinnitus 
with θ burst stimulation: a randomized controlled trial. Neurology 2012;78:1628-34. 

Plewnia C, Pasqualetti P, Große S, Schlipf S, Wasserka B, Zwissler B, et al. Treatment of major depression with 
bilateral theta burst stimulation: a randomized controlled pilot trial. J Affect Disord 2014;156:219-23. 

Pollock A, Farmer SE, Brady MC, Langhorne P, Mead GE, Mehrholz J, et al. Interventions for improving upper 
limb function after stroke. Cochrane Database Syst Rev 2014;(11):CD010820. 

Pommier B, Créac'h C, Beauvieux V, Nuti C, Vassal F, Peyron R. Robot-guided neuronavigated rTMS as an 
alternative therapy for central (neuropathic) pain: Clinical experience and long-term follow-up. Eur J 
Pain 2016;20:907-16. 

Pommier B, Vassal F, Boutet C, Jeannin S, Peyron R, Faillenot I. Easy methods to make the neuronavigated 
targeting of DLPFC accurate and routinely accessible for rTMS. Neurophysiol Clin 2017;47:35-46. 

Prasko J, Pasková B, Záleský R, Novák T, Kopecek M, Bares M, et al. The effect of repetitive transcranial 
magnetic stimulation (rTMS) on symptoms in obsessive compulsive disorder. A randomized, double 
blind, sham controlled study. Neuro Endocrinol Lett 2006;27:327-32. 

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. 

Prasser J, Schecklmann M, Poeppl TB, Frank E, Kreuzer PM, Hajak G, et al. Bilateral prefrontal rTMS and theta 
burst TMS as an add-on treatment for depression: a randomized placebo controlled trial. World J Biol 
Psychiatry 2015;16:57-65. 

Prikryl R, Ustohal L, Kucerova HP, Kasparek T, Jarkovsky J, Hublova V, et al. Repetitive transcranial magnetic 
stimulation reduces cigarette consumption in schizophrenia patients. Prog Neuropsychopharmacol Biol 
Psychiatry 2014;49:30-5. 

Qiu A, Li X, Yang Z, Li Z, Wang J, Yuan H, et al. The effects of combined application of transcranial magnetic 
stimulation and language training on children with language retardation. Minerva Pediatr. 2016 Oct 28. 
[Epub ahead of print]. 

Quan WX, Zhu XL, Qiao H, Zhang WF, Tan SP, Zhou DF, et al. The effects of high-frequency repetitive 
transcranial magnetic stimulation (rTMS) on negative symptoms of schizophrenia and the follow-up 
study. Neurosci Lett 2015;584:197-201. 

Quesada C, Pommier B, Fauchon C, Bradley C, Créac'h C, Vassal F, et al. Robot-Guided Neuronavigated 
Repetitive Transcranial Magnetic Stimulation (rTMS) in Central Neuropathic Pain. Arch Phys Med 
Rehabil 2018. doi: 10.1016/j.apmr.2018.04.013. [in press] 

Rabany L, Deutsch L, Levkovitz Y. Double-blind, randomized sham controlled study of deep-TMS add-on 
treatment for negative symptoms and cognitive deficits in schizophrenia. J Psychopharmacol 
2014;28:686-90. 

Rabey JM, Dobronevsky E. Repetitive transcranial magnetic stimulation (rTMS) combined with cognitive 
training is a safe and effective modality for the treatment of Alzheimer's disease: clinical experience. J 
Neural Transm (Vienna) 2016;123:1449-55. 



 104

Rabey JM, Dobronevsky E, Aichenbaum S, Gonen O, Marton RG, Khaigrekht M. Repetitive transcranial 
magnetic stimulation combined with cognitive training is a safe and effective modality for the treatment 
of Alzheimer's disease: a randomized, double-blind study. J Neural Transm (Vienna) 2013;120:813-9. 

Rachid F. Maintenance repetitive transcranial magnetic stimulation (rTMS) for relapse prevention in with 
depression: A review. Psychiatry Res 2018a;262:363-72. 

Rachid F. Repetitive transcranial magnetic stimulation in the treatment of eating disorders: A review of safety 
and efficacy. Psychiatry Res 2018b;269:145-56. 

Rachid F. Accelerated transcranial magnetic stimulation for the treatment of Patients with depression: A review. 
Asian J Psychiatr 2019;40:71-5. 

Raffin E, Hummel FC. Restoring Motor Functions After Stroke: Multiple Approaches and Opportunities. 
Neuroscientist 2018;24:400-16. 

Ragazzoni A, Cincotta M, Giovannelli F, Cruse D, Young GB, Miniussi C, et al. Clinical neurophysiology of 
prolonged disorders of consciousness: From diagnostic stimulation to therapeutic neuromodulation. Clin 
Neurophysiol 2017;128:1629-46. 

Rapinesi C, Del Casale A, Di Pietro S, Ferri VR, Piacentino D, Sani G, et al. Add-on high frequency deep 
transcranial magnetic stimulation (dTMS) to bilateral prefrontal cortex reduces cocaine craving in 
patients with cocaine use disorder. Neurosci Lett 2016;629:43-7. 

Rastgoo M, Naghdi S, Nakhostin Ansari N, Olyaei G, Jalaei S, Forogh B, et al. Effects of repetitive transcranial 
magnetic stimulation on lower extremity spasticity and motor function in stroke patients. Disabil 
Rehabil 2016;38:1918-26. 

Ray P, Sinha VK, Tikka SK. Adjuvant low-frequency rTMS in treating auditory hallucinations in recent-onset 
schizophrenia: a randomized controlled study investigating the effect of high-frequency priming 
stimulation. Ann Gen Psychiatry 2015;14:8. 

Rehn S, Eslick GD, Brakoulias V. A Meta-Analysis of the Effectiveness of Different Cortical Targets Used in 
Repetitive Transcranial Magnetic Stimulation (rTMS) for the Treatment of Obsessive-Compulsive 
Disorder (OCD). Psychiatr Q 2018;89:645-65. 

Rektorova I, Sedlackova S, Telecka S, Hlubocky A, Rektor I. Repetitive transcranial stimulation for freezing of 
gait in Parkinson's disease. Mov Disord 2007;22:1518-9. 

Rektorova I, Sedlackova S, Telecka S, Hlubocky A, Rektor I. Dorsolateral prefrontal cortex: a possible target for 
modulating dyskinesias in Parkinson's disease by repetitive transcranial magnetic stimulation. Int J 
Biomed Imaging 2008;2008:372125. 

Rektorová I, Anderková Ľ. Noninvasive Brain Stimulation and Implications for Nonmotor Symptoms in 
Parkinson's Disease. Int Rev Neurobiol 2017;134:1091-110. 

Ren J, Li H, Palaniyappan L, Liu H, Wang J, Li C, et al. Repetitive transcranial magnetic stimulation versus 
electroconvulsive therapy for major depression: a systematic review and meta-analysis. Prog 
Neuropsychopharmacol Biol Psychiatry 2014;51:181-9. 

Rossi S, Cappa SF, Babiloni C, Pasqualetti P, Miniussi C, Carducci F, et al. Prefrontal cortex in long-term 
memory: an ‘‘interference” approach using magnetic stimulation. Nat Neurosci 2001;4:948-52. 

Rossi S, Ferro M, Cincotta M, Ulivelli M, Bartalini S, Miniussi C, et al. A real electro-magnetic placebo 
(REMP) device for sham transcranial magnetic stimulation (TMS). Clin Neurophysiol 2007;118:709-
16. 

Rossini D, Magri L, Lucca A, Giordani S, Smeraldi E, Zanardi R. Does rTMS hasten the response to 
escitalopram, sertraline, or venlafaxine in patients with major depressive disorder? A double-blind, 
randomized, sham-controlled trial. J Clin Psychiatry 2005b;66:1569-75. 

Rubi-Fessen I, Hartmann A, Huber W, Fimm B, Rommel T, Thiel A, et al. Add-on Effects of Repetitive 
Transcranial Magnetic Stimulation on Subacute Aphasia Therapy: Enhanced Improvement of 
Functional Communication and Basic Linguistic Skills. A Randomized Controlled Study. Arch Phys 
Med Rehabil 2015;96:1935-44.e2. 

Ruffini C, Locatelli M, Lucca A, Benedetti F, Insacco C, Smeraldi E. Augmentation effect of repetitive 
transcranial magnetic stimulation over the orbitofrontal cortex in drug-resistant obsessive-compulsive 
disorder patients: a controlled investigation. Prim Care Companion J Clin Psychiatry 2009;11:226-30. 

Rumi DO, Gattaz WF, Rigonatti SP, Rosa MA, Fregni F, Rosa MO, et al. Transcranial magnetic stimulation 
accelerates the antidepressant effect of amitriptyline in severe depression: a double-blind placebo-
controlled study. Biol Psychiatry 2005;57:162-6. 

Rusjan PM, Barr MS, Farzan F, Arenovich T, Maller JJ, Fitzgerald PB, et al. Optimal transcranial magnetic 
stimulation coil placement for targeting the dorsolateral prefrontal cortex using novel magnetic 
resonance image-guided neuronavigation. Hum Brain Mapp 2010;31:1643-52. 

Rutherford G, Lithgow B, Moussavi Z. Short and Long-term Effects of rTMS Treatment on Alzheimer's Disease 
at Different Stages: A Pilot Study. J Exp Neurosci 2015;9:43-51. 

Sachdev PS, Loo CK, Mitchell PB, McFarquhar TF, Malhi GS. Repetitive transcranial magnetic stimulation for 
the treatment of obsessive compulsive disorder: a double-blind controlled investigation. Psychol Med 
2007;37:1645-9. 



 105

Sahlsten H, Isohanni J, Haapaniemi J, Salonen J, Paavola J, Löyttyniemi E, et al. Electric field navigated 
transcranial magnetic stimulation for chronic tinnitus: A pilot study. Int J Audiol 2015;54:899-909. 

Sahlsten H, Virtanen J, Joutsa J, Niinivirta-Joutsa K, Löyttyniemi E, Johansson R, et al. Electric field-navigated 
transcranial magnetic stimulation for chronic tinnitus: a randomized, placebo-controlled study. Int J 
Audiol 2017; 56:692-700. 

Sahlsten H, Holm A, Rauhala E, Takala M, Löyttyniemi E, Karukivi M, et al. Neuronavigated Versus Non-
navigated Repetitive Transcranial Magnetic Stimulation for Chronic Tinnitus: A Randomized Study. 
Trends Hear 2019;23:2331216518822198. 

Saitoh Y, Hirayama A, Kishima H, Shimokawa T, Oshino S, Hirata M, et al. Reduction of intractable 
deafferentation pain due to spinal cord or peripheral lesion by high-frequency repetitive transcranial 
magnetic stimulation of the primary motor cortex. J Neurosurg 2007;107:555-9. 

Sale MV, Mattingley JB, Zalesky A, Cocchi L. Imaging human brain networks to improve the clinical efficacy 
of non-invasive brain stimulation. Neurosci Biobehav Rev 2015;57:187-98. 

Salomons TV, Dunlop K, Kennedy SH, Flint A, Geraci J, Giacobbe P, et al. Resting-state cortico-thalamic-
striatal connectivity predicts response to dorsomedial prefrontal rTMS in major depressive disorder. 
Neuropsychopharmacology 2014;39:488–98. 

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. 

Sasaki N, Mizutani S, Kakuda W, Abo M. Comparison of the effects of high- and low-frequency repetitive 
transcranial magnetic stimulation on upper limb hemiparesis in the early phase of stroke. J Stroke 
Cerebrovasc Dis 2013;22:413-8. 

Sasaki N, Abo M, Hara T, Yamada N, Niimi M, Kakuda W. High-frequency rTMS on leg motor area in the early 
phase of stroke. Acta Neurol Belg 2017;117:189-94. 

Sauvaget A, Bulteau S, Guilleux A, Leboucher J, Pichot A, Valrivière P, et al. Both active and sham low-
frequency rTMS single sessions over the right DLPFC decrease cue-induced cravings among 
pathological gamblers seeking treatment: A randomized, double-blind, sham-controlled crossover trial. 
J Behav Addict 2018;7:126-36. 

Sayın S, Cakmur R, Yener GG, Yaka E, Uğurel B, Uzunel F. Low-frequency repetitive transcranial magnetic 
stimulation for dyskinesia and motor performance in Parkinson's disease. J Clin Neurosci 
2014;21:1373-6. 

Schecklmann M, Giani A, Tupak S, Langguth B, Raab V, Polak T, et al. Functional near-infrared spectroscopy 
to probe state- and trait-like conditions in chronic tinnitus: a proof-of-principle study. Neural Plast 
2014a;2014:894203. 

Schecklmann M, Landgrebe M, Kleinjung T, Frank E, Sand PG, Rupprecht R, et al. Changes in motor cortex 
excitability associated with temporal repetitive transcranial magnetic stimulation in tinnitus: hints for 
cross-modal plasticity? BMC Neurosci 2014b;15:71. 

Schecklmann M, Lehner A, Gollmitzer J, Schmidt E, Schlee W, Langguth B. Repetitive transcranial magnetic 
stimulation induces oscillatory power changes in chronic tinnitus. Front Cell Neurosci 2015;9:421. 

Schecklmann M, Giani A, Tupak S, Langguth B, Raab V, Polak T, et al. Neuronavigated left temporal 
continuous theta burst stimulation in chronic tinnitus. Restor Neurol Neurosci 2016;34:165-75. 

Schünemann HJ, Oxman AD, Vist GE, Higgins JPT, Deeks JJ, Glasziou P, et al. Chapter 12: Interpreting results 
and drawing conclusions. In: Higgins JPT, Green S (editors), Cochrane Handbook for Systematic 
Reviews of Interventions Version 5.1.0 (updated March 2011). The Cochrane Collaboration, 2011. 
Available from handbook.cochrane.org 

Seniów J, Waldowski K, Leśniak M, Iwański S, Czepiel W, Członkowska A. Transcranial magnetic stimulation 
combined with speech and language training in early aphasia rehabilitation: a randomized double-blind 
controlled pilot study. Top Stroke Rehabil 2013;20:250-61. 

Senova S, Cotovio G, Pascual-Leone A, Oliveira-Maia AJ. Durability of antidepressant response to repetitive 
transcranial magnetic stimulation: Systematic review and meta-analysis. Brain Stimul 2019;12:119-28. 

Seo HJ, Jung YE, Lim HK, Um YH, Lee CU, Chae JH. Adjunctive Low-frequency Repetitive Transcranial 
Magnetic Stimulation over the Right Dorsolateral Prefrontal Cortex in Patients with Treatment-resistant 
Obsessive-compulsive Disorder: A Randomized Controlled Trial. Clin Psychopharmacol Neurosci 
2016;14:153-60. 

Seynaeve L, Devroye A, Dupont P, Van Paesschen W. Randomized crossover sham-controlled clinical trial of 
targeted low-frequency transcranial magnetic stimulation comparing a figure-8 and a round coil to treat 
refractory neocortical epilepsy. Epilepsia 2016;57:141-50. 

Shayganfard M, Jahangard L, Nazaribadie M, Haghighi M, Ahmadpanah M, Sadeghi Bahmani D, et al. 
Repetitive Transcranial Magnetic Stimulation Improved Symptoms of Obsessive-Compulsive Disorders 
but Not Executive Functions: Results from a Randomized Clinical Trial with Crossover Design and 
Sham Condition. Neuropsychobiology 2016;74:115-24. 



 106

Sheffer CE, Bickel WK, Brandon TH, Franck CT, Deen D, Panissidi L, et al. Preventing relapse to smoking with 
transcranial magnetic stimulation: Feasibility and potential efficacy. Drug Alcohol Depend 2018;182:8-
18. 

Shi C, Yu X, Cheung EF, Shum DH, Chan RC. Revisiting the therapeutic effect of rTMS on negative symptoms 
in schizophrenia: a meta-analysis. Psychiatry Res 2014;215:505-13. 

Shih LC, Pascual-Leone A. Non-invasive Brain Stimulation for Essential Tremor. Tremor Other Hyperkinet 
Mov (N Y) 2017;7:458. 

Shimizu T, Hosomi K, Maruo T, Goto Y, Yokoe M, Kageyama Y, et al. Efficacy of deep rTMS for neuropathic 
pain in the lower limb: a randomized, double-blind crossover trial of an H-coil and figure-8 coil. J 
Neurosurg 2017;127:1172-80. 

Shin HW, Youn YC, Chung SJ, Sohn YH. Effect of high-frequency repetitive transcranial magnetic stimulation 
on major depressive disorder in patients with Parkinson's disease. J Neurol 2016;263:1442-8. 

Shirota Y, Ohtsu H, Hamada M, Enomoto H, Ugawa Y; Research Committee on rTMS Treatment of Parkinson's 
Disease. Supplementary motor area stimulation for Parkinson disease: a randomized controlled study. 
Neurology 2013;80:1400-5. 

Short EB, Borckardt JJ, Anderson BS, Frohman H, Beam W, Reeves ST, et al. Ten sessions of adjunctive left 
prefrontal rTMS significantly reduces fibromyalgia pain: a randomized, controlled pilot study. Pain 
2011;152:2477-84. 

Singh S, Kumar S, Gupta A, Verma R, Kumar N. Effectiveness and Predictors of Response to 1-Hz Repetitive 
Transcranial Magnetic Stimulation in Patients With Obsessive-Compulsive Disorder. J ECT 
2019;35:61-6. 

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. 

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. 

Slotema CW, Aleman A, Daskalakis ZJ, Sommer IE. Meta-analysis of repetitive transcranial magnetic 
stimulation in the treatment of auditory verbal hallucinations: update and effects after one month. 
Schizophr Res 2012;142:40-5. 

Slotema CW, Blom JD, van Lutterveld R, Hoek HW, Sommer IE. Review of the efficacy of transcranial 
magnetic stimulation for auditory verbal hallucinations. Biol Psychiatry 2014;76:101-10. 

Soleimani R, Jalali MM, Hasandokht T. Therapeutic impact of repetitive transcranial magnetic stimulation 
(rTMS) on tinnitus: a systematic review and meta-analysis. Eur Arch Otorhinolaryngol 2016;273:1663-
75. 

Sonmez AI, Camsari DD, Nandakumar AL, Voort JLV, Kung S, Lewis CP, et al. Accelerated TMS for 
Depression: A systematic review and meta-analysis. Psychiatry Res 2019;273:770-81. 

Su H, Zhong N, Gan H, Wang J, Han H, Chen T, et al. High frequency repetitive transcranial magnetic 
stimulation of the left dorsolateral prefrontal cortex for methamphetamine use disorders: A randomised 
clinical trial. Drug Alcohol Depend 2017;175:84-91. 

Tavares DF, Myczkowski ML, Alberto RL, Valiengo L, Rios RM, Gordon P, et al. Treatment of Bipolar 
Depression with Deep TMS: Results from a Double-Blind, Randomized, Parallel Group, Sham-
Controlled Clinical Trial. Neuropsychopharmacology 2017;42:2593-601. 

Tendler A, Barnea Ygael N, Roth Y, Zangen A. Deep transcranial magnetic stimulation (dTMS) - beyond 
depression. Expert Rev Med Devices 2016;13:987-1000. 

Teng S, Guo Z, Peng H, Xing G, Chen H, He B, et al. High-frequency repetitive transcranial magnetic 
stimulation over the left DLPFC for major depression: Session-dependent efficacy: A meta-analysis. 
Eur Psychiatry 2017;41:75-84. 

Terraneo A, Leggio L, Saladini M, Ermani M, Bonci A, Gallimberti L. Transcranial magnetic stimulation of 
dorsolateral prefrontal cortex reduces cocaine use: A pilot study. Eur Neuropsychopharmacol 
2016;26:37-44. 

Terranova C, Rizzo V, Cacciola A, Chillemi G, Calamuneri A, Milardi D, et al. Is There a Future for Non-
invasive Brain Stimulation as a Therapeutic Tool? Front Neurol 2019;9:1146. 

Thabit MN, Fouad N, Shahat B, Youssif M. Combined central and peripheral stimulation for treatment of 
chronic tinnitus: a randomized pilot study. Neurorehabil Neural Repair 2015;29:224-33. 

Theleritis C, Sakkas P, Paparrigopoulos T, Vitoratou S, Tzavara C, Bonaccorso S, et al. Two Versus One High-
Frequency Repetitive Transcranial Magnetic Stimulation Session per Day for Treatment-Resistant 
Depression: A Randomized Sham-Controlled Trial. J ECT 2017;33:190-7. 

Thiel A, Hartmann A, Rubi-Fessen I, Anglade C, Kracht L, Weiduschat N, et al. Effects of noninvasive brain 
stimulation on language networks and recovery in early poststroke aphasia. Stroke 2013;44:2240-6. 



 107

Thielscher A, Kammer T. Electric field properties of two commercial figure-8 coils in TMS: calculation of 
focality and efficiency. Clin Neurophysiol 2004;115:1697-708. 

Timpert DC, Weiss PH, Vossel S, Dovern A, Fink GR. Apraxia and spatial inattention dissociate in left 
hemisphere stroke. Cortex 2015;71:349-58. 

Torta DM, Legrain V, Algoet M, Olivier E, Duque J, Mouraux A. Theta burst stimulation applied over primary 
motor and somatosensory cortices produces analgesia unrelated to the changes in nociceptive event-
related potentials. PLoS One 2013;8:e73263. 

Trebbastoni A, Raccah R, de Lena C, Zangen A, Inghilleri M. Repetitive deep transcranial magnetic stimulation 
improves verbal fluency and written language in a patient with primary progressive aphasia-logopenic 
variant (LPPA). Brain Stimul 2013;6:545-53. 

Tremblay S, Rogasch NC, Premoli I, Blumberger DM, Casarotto S, Chen R, et al. Clinical utility and 
prospective of TMS-EEG. Clin Neurophysiol 2019; in press. doi: 10.1016/j.clinph.2019.01.001. 

Tringali S, Perrot X, Collet L, Moulin A. [Related noise exposure and auditory consequence during transcranial 
magnetic stimulation: new insights and review of the literature]. Neurophysiol Clin 2013;43:19-33. 

Trojak B, Meille V, Achab S, Lalanne L, Poquet H, Ponavoy E, et al. Transcranial Magnetic Stimulation 
Combined With Nicotine Replacement Therapy for Smoking Cessation: A Randomized Controlled 
Trial. Brain Stimul 2015;8:1168-74. 

Tsai PY, Wang CP, Ko JS, Chung YM, Chang YW, Wang JX. The persistent and broadly modulating effect of 
inhibitory rTMS in nonfluent aphasic patients: a sham-controlled, double-blind study. Neurorehabil 
Neural Repair 2014;28:779-87. 

Udupa K, Bahl N, Ni Z, Gunraj C, Mazzella F, Moro E, et al. Cortical Plasticity Induction by Pairing 
Subthalamic Nucleus Deep-Brain Stimulation and Primary Motor Cortical Transcranial Magnetic 
Stimulation in Parkinson's Disease. J Neurosci 2016;36:396-404. 

Umezaki Y, Badran BW, DeVries WH, Moss J, Gonzales T, George MS. The Efficacy of Daily Prefrontal 
Repetitive Transcranial Magnetic Stimulation (rTMS) for Burning Mouth Syndrome (BMS): A 
Randomized Controlled Single-blind Study. Brain Stimul 2016;9:234-42. 

Valmunen T, Pertovaara A, Taiminen T, Virtanen A, Parkkola R, Jääskeläinen SK. Modulation of facial 
sensitivity by navigated rTMS in healthy subjects. Pain 2009;142:149-58. 

Vercammen A, Knegtering H, Bruggeman R, Westenbroek HM, Jenner JA, Slooff CJ, et al. Effects of bilateral 
repetitive transcranial magnetic stimulation on treatment resistant auditory-verbal hallucinations in 
schizophrenia: a randomized controlled trial. Schizophr Res 2009;114:172-9. 

Verma R, Kumar N, Kumar S. Effectiveness of adjunctive repetitive transcranial magnetic stimulation in 
management of treatment-resistant depression: A retrospective analysis. Indian J Psychiatry 
2018;60:329-33. 

Vielsmeier V, Schecklmann M, Schlee W, Kreuzer PM, Poeppl TB, Rupprecht R, et al. A Pilot Study of 
Peripheral Muscle Magnetic Stimulation as Add-on Treatment to Repetitive Transcranial Magnetic 
Stimulation in Chronic Tinnitus. Front Neurosci 2018;12:68. 

Volz LJ, Sarfeld AS, Diekhoff S, Rehme AK, Pool EM, Eickhoff SB, et al. Motor cortex excitability and 
connectivity in chronic stroke: a multimodal model of functional reorganization. Brain Struct Funct 
2015;220:1093-107. 

Volz LJ, Rehme AK, Michely J, Nettekoven C, Eickhoff SB, Fink GR, et al. Shaping Early Reorganization of 
Neural Networks Promotes Motor Function after Stroke. Cereb Cortex 2016;26:2882-94. 

Vuksanović J, Jelić MB, Milanović SD, Kačar K, Konstantinović LJ, Filipović SR. Improvement of language 
functions in a chronic non-fluent post-stroke aphasic patient following bilateral sequential theta burst 
magnetic stimulation, Neurocase 2015, 21:244-50. 

Wagle-Shukla A, Angel MJ, Zadikoff C, Enjati M, Gunraj C, Lang AE, et al. Low-frequency repetitive 
transcranial magnetic stimulation for treatment of levodopa-induced dyskinesias. Neurology 
2007;68:704-5. 

Wagner E, Wobrock T, Kunze B, Langguth B, Landgrebe M, Eichhammer P, et al. Efficacy of high-frequency 
repetitive transcranial magnetic stimulation in schizophrenia patients with treatment-resistant negative 
symptoms treated with clozapine. Schizophr Res 2019; in press. doi: 10.1016/j.schres.2019.01.021. 

Waldowski K, Seniów J, Leśniak M, Iwański S, Członkowska A. Effect of low-frequency repetitive transcranial 
magnetic stimulation on naming abilities in early-stroke aphasic patients: a prospective, randomized, 
double-blind sham-controlled study. ScientificWorldJournal 2012;2012:518568. 

Wall CA, Croarkin PE, Maroney-Smith MJ, Haugen LM, Baruth JM, Frye MA, et al. Magnetic Resonance 
Imaging-Guided, Open-Label, High-Frequency Repetitive Transcranial Magnetic Stimulation for 
Adolescents with Major Depressive Disorder. J Child Adolesc Psychopharmacol 2016;26:582-9. 

Walpoth M, Hoertnagl C, Mangweth-Matzek B, Kemmler G, Hinterhölzl J, Conca A, et al. Repetitive 
transcranial magnetic stimulation in bulimia nervosa: preliminary results of a single-centre, randomised, 
double-blind, sham-controlled trial in female outpatients. Psychother Psychosom 2008;77:57-60. 

Wang CP, Hsieh CY, Tsai PY, Wang CT, Lin FG, Chan RC. Efficacy of synchronous verbal training during 
repetitive transcranial magnetic stimulation in patients with chronic aphasia. Stroke 2014a;45:3656-62. 



 108

Wang CP, Tsai PY, Yang TF, Yang KY, Wang CC. Differential Effect of Conditioning Sequences in Coupling 
Inhibitory/Facilitatory Repetitive Transcranial Magnetic Stimulation for PostStroke Motor Recovery. 
CNS Neurosci Ther 2014b;20:355-63. 

Wang JX, Rogers LM, Gross EZ, Ryals AJ, Dokucu ME, Brandstatt KL, et al. Targeted enhancement of cortical-
hippocampal brain networks and associative memory. Science 2014c;345:1054-7. 

Wang H, Li B, Feng Y, Cui B, Wu H, Shi H, et al. A Pilot Study of EEG Source Analysis Based Repetitive 
Transcranial Magnetic Stimulation for the Treatment of Tinnitus. PLoS One 2015;10:e0139622. 

Wang H, Li B, Wang M, Li M, Yu D, Shi H, et al. Factor Analysis of Low-Frequency Repetitive Transcranial 
Magnetic Stimulation to the Temporoparietal Junction for Tinnitus. Neural Plast 2016a;2016:2814056. 

Wang H, Li B, Wu H, Shi H, Yin S. Combination of gaps in noise detection and visual analog scale for 
measuring tinnitus components in patients treated with repetitive transcranial magnetic stimulation. 
Auris Nasus Larynx 2016b;43:254-8. 

Watanabe K, Kudo Y, Sugawara E, Nakamizo T, Amari K, Takahashi K, et al. Comparative study of ipsilesional 
and contralesional repetitive transcranial magnetic stimulations for acute infarction. J Neurol Sci 
2018;384:10-4. 

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. 

Wessel MJ, Hummel FC. Non-invasive Cerebellar Stimulation: a Promising Approach for Stroke Recovery? 
Cerebellum 2018;17:359-71. 

Wobrock T, Guse B, Cordes J, Wölwer W, Winterer G, Gaebel W, et al. Left prefrontal high-frequency 
repetitive transcranial magnetic stimulation for the treatment of schizophrenia with predominant 
negative symptoms: a sham-controlled, randomized multicenter trial. Biol Psychiatry 2015;77:979-88. 

Wölwer W, Lowe A, Brinkmeyer J, Streit M, Habakuck M, Agelink MW, et al. Repetitive transcranial magnetic 
stimulation (rTMS) improves facial affect recognition in schizophrenia. Brain Stimul 2014;7:559-63. 

Wu Y, Xu W, Liu X, Xu Q, Tang L, Wu S. Adjunctive treatment with high frequency repetitive transcranial 
magnetic stimulation for the behavioral and psychological symptoms of patients with Alzheimer's 
disease: a randomized, double-blind, sham-controlled study. Shanghai Arch Psychiatry 2015;27:280-8. 

Wu M, Wu Y, Yu Y, Gao J, Meng F, He F, et al. Effects of theta burst stimulation of the left dorsolateral 
prefrontal cortex in disorders of consciousness. Brain Stimul 2018;11:1382-1384. 

Xia X, Bai Y, Zhou Y, Yang Y, Xu R, Gao X, et al. Effects of 10 Hz Repetitive Transcranial Magnetic 
Stimulation of the Left Dorsolateral Prefrontal Cortex in Disorders of Consciousness. Front Neurol 
2017a;8:182. 

Xia X, Liu Y, Bai Y, Liu Z, Yang Y, Guo Y, et al. Long-lasting repetitive transcranial magnetic stimulation 
modulates electroencephalography oscillation in patients with disorders of consciousness. Neuroreport 
2017b;28:1022-9. 

Yang H, Xiong H, Ou Y, Xu Y, Pang J, Lai L, et al. Effect of repetitive transcranial magnetic stimulation on 
auditory function following acoustic trauma. Neurol Sci 2016;37:1511-6. 

Yang NY, Fong KN, Li-Tsang CW, Zhou D. Effects of repetitive transcranial magnetic stimulation combined 
with sensory cueing on unilateral neglect in subacute patients with right hemispheric stroke: a 
randomized controlled study. Clin Rehabil 2017;31:1154-63. 

Yang C, Guo Z, Peng H, Xing G, Chen H, McClure MA, et al. Repetitive transcranial magnetic stimulation 
therapy for motor recovery in Parkinson's disease: A Meta-analysis. Brain Behav 2018; in press. doi: 
10.1002/brb3.1132. 

Yılmaz B, Kesikburun S, Yaşar E, Tan AK. The effect of repetitive transcranial magnetic stimulation on 
refractory neuropathic pain in spinal cord injury. J Spinal Cord Med 2014;37:397-400. 

Yilmaz M, Yener MH, Turgut NF, Aydin F, Altug T. Effectiveness of transcranial magnetic stimulation 
application in treatment of tinnitus. J Craniofac Surg 2014;25:1315-8. 

Yokoe M, Mano T, Maruo T, Hosomi K, Shimokawa T, Kishima H, et al. The optimal stimulation site for high-
frequency repetitive transcranial magnetic stimulation in Parkinson's disease: A double-blind crossover 
pilot study. J Clin Neurosci 2018;47:72-8. 

Yoon TH, Han SJ, Yoon TS, Kim JS, Yi TI. Therapeutic effect of repetitive magnetic stimulation combined with 
speech and language therapy in post-stroke non-fluent aphasia. NeuroRehabilitation. 2015;36:107-14.  

Zack M, Cho SS, Parlee J, Jacobs M, Li C, Boileau I, et al. Effects of High Frequency Repeated Transcranial 
Magnetic Stimulation and Continuous Theta Burst Stimulation on Gambling Reinforcement, Delay 
Discounting, and Stroop Interference in Men with Pathological Gambling. Brain Stimul 2016;9:867-75. 

Zanjani A, Zakzanis KK, Daskalakis ZJ, Chen R. Repetitive transcranial magnetic stimulation of the primary 
motor cortex in the treatment of motor signs in Parkinson's disease: A quantitative review of the 
literature. Mov Disord 2015;30:750-8. 

Zeiler FA, Matuszczak M, Teitelbaum J, Gillman LM, Kazina CJ. Transcranial Magnetic Stimulation for Status 
Epilepticus. Epilepsy Res Treat 2015;2015:678074. 

Zhang D, Ma Y. Repetitive transcranial magnetic stimulation improves both hearing function and tinnitus 
perception in sudden sensorineural hearing loss patients. Sci Rep 2015;5:14796. 



 109

Zhang C, Zheng X, Lu R, Yun W, Yun H, Zhou X. Repetitive transcranial magnetic stimulation in combination 
with neuromuscular electrical stimulation for treatment of post-stroke dysphagia. J Int Med Res 2018; in 
press. doi: 10.1177/0300060518807340. 

Zhao S, Kong J, Li S, Tong Z, Yang C, Zhong H. Randomized controlled trial of four protocols of repetitive 
transcranial magnetic stimulation for treating the negative symptoms of schizophrenia. Shanghai Arch 
Psychiatry 2014;26:15-21. 

Zhao J, Li Z, Cong Y, Zhang J, Tan M, Zhang H, et al. Repetitive transcranial magnetic stimulation improves 
cognitive function of Alzheimer’s disease patients. Oncotarget 2017;8:33864-71. 

Zheng C, Liao W, Xia W. Effect of combined low-frequency repetitive transcranial magnetic stimulation and 
virtual reality training on upper limb function in subacute stroke: a double-blind randomized controlled 
trail. J Huazhong Univ Sci Technolog Med Sci 2015;35:248-54. 

Zrenner C, Belardinelli P, Müller-Dahlhaus F, Ziemann U. Closed-Loop Neuroscience and Non-Invasive Brain 
Stimulation: A Tale of Two Loops. Front Cell Neurosci 2016;10:92. 

Zrenner C, Desideri D, Belardinelli P, Ziemann U. Real-time EEG-defined excitability states determine efficacy 
of TMS-induced plasticity in human motor cortex. Brain Stimul 2018;11:374-89. 

 



1 

 

Table 1. HF-rTMS of M1 contralateral to pain region in neuropathic pain 

Articles Number of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session 

and number of 

sessions 

Significant clinical 

effects of real versus 

sham condition 

Class 

of the 

study 

Khedr et 
al., 2015 

30 patients with 
malignant 
neuropathic pain 
(real: 15; sham: 
15) 

Hand M1 contralateral 
to pain, F8c 
(anteroposterior 
orientation) 

Tilted coil 20Hz, 80% 
RMT 

2000 pulses, 10 
sessions 

Reduction of pain score 
at the end of rTMS 
protocol (49% on VRS 
and 37% on VAS), up to 
2 weeks after the last 
session (46% on VRS 
and 36% on VAS); 87-
80% responders (>30% 
pain relief) 

II 

Ma et al., 
2015 

40 patients with 
postherpetic 
neuralgia (real: 
20; sham: 20) 

Homotopic M1 
contralateral to pain 
region, F8c 
(anteroposterior 
orientation) 

Tilted coil 10Hz, 80% 
RMT 

1500 pulses, 10 
sessions 

Reduction of pain score 
(17% on VAS), up to 3 
months after the last 
session; 50% responders 
(>50% pain relief) 

II 

Attal et al., 
2016 

32 patients with 
neuropathic 
lumbar radicular 
pain (real: 21; 
sham: 11) 

Hand M1 contralateral 
to pain, F8c 
(anteroposterior 
orientation) 

Sham coil 10Hz, 80% 
RMT 

3000 pulses, 3 
sessions 

Reduction of pain score 
at the end of rTMS 
protocol (#60% on 
VAS), up to 5 days after 
the last session (#25% 
on VAS); 43% 
responders (>30% pain 
relief) 

II 

Nurmikko 
et al., 2016 

27 patients with 
neuropathic pain 
of various 
origins 
(crossover) 

Homotopic M1 
contralateral to pain 
region or an adjacent 
motor region, F8c 
(perpendicular to 
central sulcus) 

Occipital 
stimulation 

10Hz, 90% 
RMT 

2000 pulses, 5 
sessions 

Reduction of pain score 
compared to control 
condition one week after 
the last session (9-11% 
on VAS); 30% 
responders (>30% pain 
relief) 

II 

 

Table 2. HF-rTMS of bilateral M1 regions in Parkinson’s disease (motor symptoms) 

Articles Number of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency and 

intensity 

Number of 

pulses/session and 

number of 

sessions 

Significant clinical 

effects of real versus 

sham condition 

Class 

of the 

study 

Kim et 
al., 2015 

17 
(crossover) 

Bilateral M1, 
lateralized to the 
dominant hemisphere 
(leg representation), 
DCc 

Tilted coil 10Hz, 90% 
RMT 

1000 pulses, 5 
sessions 

Improvement of 
UPDRS-III motor score 
(26%) and freezing of 
gait, one week after 
rTMS protocol 

II 

Brys et 
al., 2016 

29 (real: 14; 
sham: 15) 

Bilateral M1 (hand 
representation), F8c 

Realistic 
sham coil 

10Hz, NR 2000 pulses, 10 
sessions 

Improvement of 
UPDRS-III motor score 
(15%), one month after 
rTMS protocol 

II 

Makkos 
et al., 
2016 

44 (real: 23; 
sham: 21) 

Bilateral M1 (hand 
representation), F8c 

Tilted coil 5Hz, 90% 
RMT 

2 x 300 pulses, 10 
sessions 

Improvement of 
UPDRS-III motor score 
(23%), one month after 
rTMS protocol 

II 
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Table 3. LF-rTMS of contralesional M1 in motor stroke at the postacute stage 

Articles Number of 

patients 

Target, 

coil type 

Control 

condition 

Stimulation 

frequency 

and 

intensity 

Number of 

pulses/session and 

number of sessions 

Significant clinical effects of 

real versus sham condition 

Class of 

the 

study 

Lüdemann-
Podubecká 
et al., 2015 

40 patients at 
0.5-4 months 
post-stroke 
(real: 20; sham: 
20) 

Hand 
M1, F8c 

0% RMT 1Hz, 100% 
RMT 

900 pulses, 15 
sessions (followed by 
30-min session of 
physical motor 
therapy) 

Improved dexterity of the affected 
hand in patients with stroke of the 
dominant hemisphere, but not of 
the non-dominant hemisphere, 
lasting at least 6 months after the 
last session 

II 

Matsuura 
et al., 2015 

20 patients at 
4-21 days post-
stroke (real: 10; 
sham: 10) 

Hand 
M1, F8c 

Sham coil 1Hz, 100% 
RMT 

1200 pulses, 5 
sessions 

Improved motor function of the 
affected hand (FMA-UL and 
Pegboard test scores), one day 
after rTMS protocol (no follow-
up) 

II 

Zheng et 
al., 2015 

108 patients at 
an average of 
19 days post-
stroke (real: 55; 
sham: 53) 

Hand 
M1, F8c 

Sham coil 1Hz, 90% 
RMT 

1800 pulses, 24 
sessions (followed by 
virtual reality therapy) 

Improved motor function of the 
affected hand (FMA-UL, WMFT, 
and mBI), at the end of the 4-
week rTMS protocol 

I 

Du et al., 
2016a 

35 patients at 
3-30 days post-
stroke (real: 16; 
sham: 19) 

Hand 
M1, F8c 

Tilted coil 1Hz, 110-
120% RMT 

1200 pulses, 5 
sessions (followed by 
60-min session of 
physical motor 
therapy) 

Improved motor function of the 
affected limbs (FMA-UL/LL and 
MRC scores), more marked than 
after ipsilesional HF-rTMS, and 
lasting at least 3 months after the 
last session 

II 

Meng and 
Song, 2017 

20 patients at 
unknown 
postacute stage 
(real: 10; sham: 
10) 

Hand 
M1, F8c 

Coil away 
from the 
head 

1Hz, 90% 
RMT 

1800 pulses, 14 
sessions (40-minute 
physical motor therapy 
twice a day) 

Improved motor function of the 
affected hand (FMA-UL, NIHSS, 
and BI scores) at the end of the 
14-day rTMS protocol 

III 

Long et al., 
2018 

62 patients at 
an average of 
19-20 days 
post-stroke 
(real LF only: 
21; real 
LF+HF: 21; 
sham: 20) 

Hand 
M1, Cc 

Tilted coil 1Hz (or 1Hz 
followed by 
10Hz), 90% 
RMT 

1000 pulses (or 1000 
pulses followed by 
1000 pulses at 10Hz), 
15 sessions 

Improved upper limb motor 
function (FMA-UL and WMFT 
score) up to 3 months after the 
last session, with bihemispheric 
LF+HF protocol more beneficial 
than contralesional LF-rTMS 
protocol alone 

II 

Li et al., 
2016b 

84 patients at 
an average of 
1.6-1.9 months 
post-stroke 
(real: 42; sham: 
42) 

Hand 
M1, Cc 

Sham coil 1Hz, 80% 
RMT 

1000 pulses, 10 
sessions (followed by 
40-min session of 
occupational therapy) 

Improved motor function of the 
affected hand (FMA-UL), at the 
end of the 2-week rTMS protocol, 
with no difference between 
contralesional LF-rTMS and 
ipsilesional HF-rTMS protocols 

II 

Lin et al., 
2015b 

31 patients at 
an average of 
34-41 days 
post-stroke 
(real: 16; sham: 
15) 

Leg M1, 
F8c 

Sham coil 1Hz, 130% 
RMT 

900 pulses, 15 
sessions (followed by 
45-min session of 
physical motor 
therapy) 

Improvement of leg mobility, 
posture, and gait at the end of the 
3-week rTMS protocol 

II 

Huang et 
al., 2018b 

38 patients at 
10-90 days 
post-stroke 
(real: 18: sham: 
20) 

Thigh 
M1, 
DCc 

Sham coil 1Hz, 120% 
AMT 

900 pulses, 15 
sessions (followed by 
45-min session of 
physical motor 
therapy) 

No effect on walking abilities 
(timed up and go test), balance, 
motor function, and activity of 
daily living at the end of the 3-
week rTMS protocol 

II 
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Table 4. HF-rTMS of ipsilesional M1 in motor stroke at the postacute stage 

Articles Number of 

patients 

Target, coil 

type 

Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session and 

number of sessions 

Significant clinical effects of real 

versus sham condition 

Class 

of 

the 

study 

Du et 
al., 
2016a 

39 patients at 
3-30 days post-
stroke (real: 
20; sham: 19) 

Hand M1, 
F8c 

Tilted coil 3Hz, 80-90% 
RMT 

1000 pulses, 5 
sessions (followed 
by 60-min session of 
physical motor 
therapy) 

Improved motor function of the 
affected limbs (FMA-UL/LL and 
MRC scores) less marked than after 
contralesional LF-rTMS 

II 

Hosomi 
et al., 
2016 

39 patients at 
an average of 
45 days post-
stroke (real: 
18; sham: 21) 

Hand M1, 
F8c 

Tilted coil 5Hz, 90% 
RMT 

500 pulses, 10 
sessions 

Improved motor function of the 
affected hand (Brunnstrom 
recovery stage (BRS-hand), FMA-
UL, National Institutes of Health 
Stroke Scale (NIHSS) motor score, 
grip strength, and finger tapping), 
at the end of the 2-week rTMS 
protocol, lasting at least 16 days 
beyond the last session 

II 

Guan et 
al., 
2017 

27 patients at 
1-14 days post-
stroke (real: 
13; sham: 14) 

Hand M1, 
F8c 

Tilted coil 5Hz, 120% 
RMT 

1000 pulses, 10 
sessions 

Improved motor function of the 
affected hand (FMA-UL, National 
Institutes of Health Stroke Scale 
(NIHSS) motor score, and mBI), at 
the end of the 2-week rTMS 
protocol, lasting about 1 month 
beyond the last session, up to 1 year 
for the FMA-UL score 

II 

Li et al., 
2016b 

85 patients at 
an average of 
1.4-1.6 months 
post-stroke 
(real: 43; 
sham: 42) 

Hand M1, Cc Sham coil 10Hz, 80% 
RMT 

1350 pulses, 10 
sessions (followed 
by 40-min session of 
occupational 
therapy) 

Improved motor function of the 
affected hand (FMA-UL), at the 
end of the 2-week rTMS protocol, 
with no difference between 
ipsilesional HF-rTMS and 
contralesional LF-rTMS protocols 

II 

Sasaki 
et al., 
2017 

21 patients at 
an average of 
11 days post-
stroke (real: 
11, sham: 10) 

Leg M1, DCc Sham coil 10Hz, 90% 
RMT 

1000 pulses, 5 
sessions 

Improvement motor function of the 
affected lower limbs (Brunnstorm 
recovery stage (BRS-leg) and 
ability for basic movement scale 
(ABMS II) score) 

II 

 

Table 5. iTBS of ipsilesional M1 in motor stroke at the chronic stage 

Articles Number of 

patients 

Target, 

coil type 

Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session and 

number of sessions 

Significant clinical effects of 

real versus sham condition 

Class of 

the 

study 

Lai et 
al., 2015 

72 patients at an 
average of 9.7-
11.4 months post-
stroke (real: 55; 
sham: 17) 

Hand 
M1, F8c 

Sham coil iTBS, 80% 
AMT 

600 pulses, 10 
sessions 

Improved motor function of the 
affected hand (WMFT, finger 
tapping task) at the end of the 2-
week rTMS protocol (no follow-
up), with better improvement in 
patients (n=21) with present MEP 
in the paretic hand at baseline 
than in patients (n=34) with 
absent MEP, especially if hand 
grip strength was also null 

II 

Lin et 
al., 2018 

20 patients at an 
average of 12-
12.8 months post-
stroke (real: 10; 
sham: 10) 

Thigh 
M1, F8c 

Sham coil iTBS, 100% 
AMT 

1200 pulses, 10 
sessions (followed 
by 45-min session 
of physical motor 
therapy) [2 
sessions/week over 
5 weeks] 

Marginal improvement of the 
affected lower limb (FMA-LL, 
computerized dynamic 
posturography), at the end of the 
5-week rTMS protocol 

III 
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Table 6. HF-rTMS of ipsilesional M1 in post-stroke dysphagia 

Articles Number of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session 

and number of 

sessions 

Significant clinical 

effects of real versus 

sham condition 

Class 

of the 

study 

Postacute stage 

Du et 
al., 
2016b 

25 patients at 4-26 
days post-stroke 
(real: 13; sham: 
12) 

Mylohyoid M1, F8c Tilted coil 3Hz, 90% 
RMT 

1200 pulses, 5 
sessions 

Improved swallowing 
function at the end of 
the rTMS protocol, 
lasting at least 3 
months beyond the last 
session 

II 

Park et 
al., 2017 

22 patients at an 
average of 4.2 to 
6.6 weeks post-
stroke (real: 11; 
sham: 11) 

Mylohyoid M1, F8c Tilted coil 10Hz, 90% 
RMT 

500 pulses, 10 
session 

No effect on 
swallowing function 

II 

Zhang et 
al., 2018 

31 patients at an 
average of 21 to 
26 days post-
stroke (real: 15; 
sham: 16) 

Mylohyoid M1, F8c Tilted coil 10Hz, 110% 
RMT 

900 pulses, 10 
session combined 
with digastic 
muscle electrical 
stimulation 

Improved swallowing 
function at the end of 
the rTMS protocol, 
lasting at least 1 month 
beyond the last session 

III 

Chronic stage 

Cheng et 
al., 2017 

14 patients at 19-
77 months post-
stroke (real: 10; 
sham: 4) 

Tongue M1, F8c Sham coil 5Hz, 90% 
RMT 

3000 pulses, 10 
sessions 

No effect on 
swallowing function, 
video-fluoroscopic 
assessment, tongue 
strength, or 
swallowing-related 
quality of life at any 
time point (up to 2 to 
12 months post-rTMS) 

III 

 

Table 7. LF-rTMS of right IFG in post-stroke nonfluent aphasia at chronic stage 

Articles Number of 

patients 

Target, 

coil type 

Control 

condition 

Stimulation 

frequency 

and 

intensity 

Number of 

pulses/session and 

number of sessions 

Significant clinical effects of real 

versus sham condition 

Class 

of the 

study 

Tsai et 
al., 2014 

53 patients at 18 
months post-
stroke on average 
(real: 31; sham: 
22) 

Right 
IFG 
(BA45), 
F8c 

Sham coil 1Hz, 90% 
RMT 

600 pulses, 10 
sessions 

Improved speech on the CCAT, 
object and action naming accuracy 
and reaction time at the end of the 
2-week rTMS protocol, lasting at 
least 3 months beyond the last 
session for the CCAT score 

II 

Wang et 
al., 
2014a 

43 patients at 16 
months post-
stroke on average 
(real: 29; sham: 
14) 

Right 
IFG 
(BA45), 
F8c 

Sham coil 1Hz, 90% 
RMT 

1200 pulses, 10 
sessions (with 
concomitant (n=15) 
or subsequent (n=14) 
naming task, plus 60-
minute speech 
training twice a week) 

Improved speech on the CCAT, 
object and action naming accuracy 
at the end of the 2-week rTMS 
protocol, only in case of 
concomitant naming training, with 
benefit lasting at least 3 months 
beyond the last session 

II 

Yoon et 
al., 2015 

20 patients at 5.2-
6.8 months post-
stroke on average 
(real: 10; sham: 
10) 

Right 
IFG 
(BA45), 
F8c 

No 
stimulation 

1Hz, 90% 
RMT 

1200 pulses, 20 
sessions (followed by 
45-minute speech and 
language therapy) 

Improved repetition and naming 
scores of the WAB at the end of the 
4-week rTMS protocol 

III 

Hu et 
al., 2018 

20 patients at 6.8-
7.5 months post-
stroke on average 
(real: 10; sham: 
10) 

F4, F8c Tilted coil 1Hz, 80% 
RMT 

600 pulses, 10 
sessions 

Improved aphasia quotients, 
spontaneous speech and auditory 
comprehension scores of the WAB 
at the end of the 2-week rTMS 
protocol, lasting at least 2 months 
beyond the last session 

III 
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Table 8. rTMS (cTBS) studies in hemispatial neglect (target: left posterior parietal cortex) 

Articles Number of 

patients 

Target, 

coil type 

Control 

condition 

Stimulation 

frequency and 

intensity 

Number of 

pulses/session 

and number 

of sessions 

Significant clinical effects of real 

versus sham condition 

Class 

of the 

study 

Fu et al., 
2015 

20 (17-114 
days after 
stroke) (real: 
10, control: 
10) 

P5, F8c Tilted coil cTBS (3-pulse bursts 
delivered at 30Hz 
and repeated at 5Hz 
for 40s), 80% RMT 

4 cTBS trains 
(15-min 
interval), 14 
sessions 

Improvement in tests for visuospatial 
neglect (star cancellation and line 
bisection tests) by 21-37% at the end 
of 2-week rTMS therapy and by 36-
47% after 4-week follow-up 

III 

Nyffeler 
et al., 
2019 

30 (12–1080 
days after 
stroke) (real: 
20, control: 
10) 

P3, Cc Sham F8c cTBS (3-pulse bursts 
delivered at 30Hz 
and repeated at 6Hz 
for 44s) 100% RMT 

4 cTBS trains 
(15 to 45-min 
interval), 2 or 
4 sessions 

Improvement in the impact of 
neglect-related deficits on the 
activities of daily life and in various 
tests for visuospatial neglect up to 3 
months after either 2 or 4 cTBS 
sessions 

II 

 

Table 9. iTBS of M1 in multiple sclerosis 

Articles Number of 

patients 

Target, 

coil 

type 

Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session and 

number of sessions 

Significant clinical effects of 

real versus sham condition 

Class 

of the 

study 

Azin et 
al., 2016 

36 RR patients 
(real: 19; sham: 
17) 

Left or 
right (?) 
hand 
M1, F8c 

Tilted coil iTBS, 80% 
AMT 

600 pulses (?), 10 
sessions 

Improved manual dexterity 
(9HPT and BBT) at the end of the 
2-week rTMS protocol 

II 

Korzhova 
et al., 
2018 

22 SP patients 
(real: 12; sham: 
10) 

Bilateral 
(?) leg 
M1, F8c 

Coil away 
from the 
head 

iTBS, 80% 
MSO 

1200 pulses, 10 
sessions 

Improved spasticity (mAS, SESS) 
at the end of the 2-week rTMS 
protocol, lasting at least 12 weeks 
beyond the last session for the 
SESS score 

II 
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Table 10. LF-rTMS of the auditory cortex in chronic tinnitus 

Articles Number of patients Target, coil type Control 

condition 

Stimulation 

frequency 

and 

intensity 

Number of 

pulses/session 

and number 

of sessions 

Significant clinical 

effects of real versus 

sham condition 

Class 

of the 

study 

Langguth 
et al., 2014 

139 (real: 95; sham: 
44) 

Post-T3-C3-line 
target (real, n=48) 
or navigated target 
on the region of the 
most increased 
PET activation 
within the left 
auditory cortex 
(real, n=47 or 
sham, n=44), F8c 

Sham coil 1Hz, 110% 
RMT 

2000 pulses, 
10 sessions 

No significant reduction 
of average TQ score 
between real and sham 
treatment, but more 
responders on the TQ 
score after targeting the 
post-T3-C3 site only 
(real: 38%, sham: 13%) 
at the end of 2-week 
rTMS protocol 

I 

Yilmaz et 
al., 2014 

60 (real: 30; sham: 
30) 

Target not 
specified, F8c 

Sham not 
specified 

1Hz, 
intensity not 
specified 

1800 pulses, 
10 sessions 

Significant reduction in 
THI score and tinnitus 
loudness one month after 
real rTMS 

III 

Bilici et 
al., 2015 

60 (real rTMS 
alone/+paroxetine: 
15/15; paroxetine 
alone: 15; sham 
rTMS alone: 15) 

Left TPC, Cc Sham coil 1Hz, 110% 
RMT 

900 pulses, 10 
sessions 

Improvement of the THI 
score 2 weeks to 6 
months after the end of 
the 2-week rTMS 
protocol alone, and only 
at 6 moths in case of 
paroxetine intake. No 
effect on the TSI score, 
except if combined with 
paroxetine 

III 

Folmer et 
al. 2015 

64 (real: 32; 
sham:32) 

Post-T3-C3-line 
target, F8c 

Sham coil 1Hz, 110% 
RMT 

2000 pulses, 
10 sessions 

More responders on the 
TFI score at the end of 2-
week rTMS protocol 
(real: 56%, sham: 22%) 
and significant reduction 
of average TFI score 
after real (vs. sham) 
rTMS at 1 and 2 weeks 
and especially 26 weeks 
after rTMS intervention 

I 

Wang et 
al. 2016b 

24 (real: 14; sham: 
10) 

Halfway between 
T5 and C3, F8c 

Coil away 
from the 
head 

1Hz, 110% 
RMT 

1000 pulses, 
10 sessions 

More responders in terms 
of reduction in tinnitus 
annoyance (assessed on a 
VAS) and loudness 
(evidenced by gaps in 
noise detection) at the 
end of 2-week rTMS 
protocol (with positive 
correlation between these 
score reductions) 

III 

Cacace et 
al. 2017 

25 (crossover) Halfway between 
T3 and T5, F8c 

Sham coil 1Hz 110% 
RMT 

1200 pulses, 5 
sessions 

Reduction in tinnitus 
loudness level and THQ 
score at the end of 1-
week rTMS protocol 

III 

James et 
al. 2017 

12 (crossover) Navigation-defined 
STG opposite to 
tinnitus side if 
unilateral or left 
STG if bilateral, 
F8c 

Realistic 
sham coil 
procedure 

1Hz 110% 
RMT 

1800 pulses, 4 
sessions 

Improved tinnitus 
awareness, annoyance 
and loudness at the end 
of 1-week rTMS protocol 

III 

Landgrebe 
et al. 
2017a 

146 (real: 71; control 
75) 

Post-T3-C3-line 
target, F8c 

Tilted coil 1Hz 110% 
RMT 

2000 pulses, 
10 sessions 

No significant difference 
between real and sham 
treatment (TQ sum score, 
quality of life) 

I 

Sahlsten et 
al. 2017 

39 (real: 19; control 
20) 

Navigation-defined 
left STG, targeted 
roughly according 
to the tonotopic 
presentation of 
tinnitus pitch, F8c 

Coil away 
from the 
head (a 15-
cm plastic 
block being 
attached 
under the 
coil) 

1Hz, 100% 
RMT 

4000 pulses, 
10 sessions 

No significant difference 
between real and sham 
treatment (Tinnitus 
intensity, annoyance, 
distress and THI scores). 
Trend towards more 
responders (real: 42-
37%, sham: 15-10%) at 1 
to 3 months after rTMS 
intervention 

II 
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Table 11. LF-rTMS of the auditory cortex combined with HF-rTMS of the left DLPFC in 

chronic tinnitus 

Articles Number of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency and 

intensity 

Number of 

pulses/session 

and number of 

sessions 

Significant clinical 

effects of real versus 

sham condition 

Class 

of 

the 

study 

Langguth 
et al., 2014 

90 (real: 46; 
sham: 44) 

Post-T3-C3-line 
target (auditory 
cortex) and 6cm 
anterior to the hand 
motor hotspot 
(DLPFC), F8c 

Sham 
coil 

1Hz (auditory 
cortex) and 
20Hz (DLPFC), 
110% RMT 

2000 pulses on 
each target, 10 
sessions 

No significant reduction 
of average TQ score 
between real and sham 
treatment, but more 
responders on the TQ 
score (real: 43%, sham: 
13%) at the end of 2-
week rTMS protocol 

I 

Formánek 
et al., 2018 

32 (real: 20; 
sham: 12) 

Auditory cortex of 
both hemispheres 
and left DLPFC, 
F8c 

Sham 
coil 

1Hz (auditory 
cortex), 110% 
RMT and 25Hz 
(DLPFC), 80% 
RMT 

1000 pulses on 
each auditory 
cortical target and 
300 pulses on the 
left DLPFC, 5 
sessions 

No significant tinnitus 
reduction between real 
and sham treatment 
(THQ and TRQ scores) 
at 1 and 6 months after 
rTMS intervention 

II 

 

Table 12. HF-rTMS of the left DLPFC in major depressive disorder 

Articles Number of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session 

and number of 

sessions 

Significant clinical effects of real 

versus sham condition 

Class 

of the 

study 

Blumberger 
et al., 2016 

81 (real: 40; 
sham: 41), 
with drug-
resistant 
MDD 
episode 

Navigated 
BA9/BA46, F8c 

Tilted coil 10Hz, 120% 
of distance-
adjusted 
RMT 

2100 pulses, 15 
or 30 sessions 

No significant difference in the 
response rate (HDRS-17 score 
reduction >50%) or remission rate 
(HDRS-17 score ≤ 7) at the end of 
3- or 6-week rTMS protocol 
between real and sham rTMS 
groups (real: 15/7.5%, sham: 
4.9/2.4%) 

I 

Kang et al., 
2016 

24 (real: 13; 
sham: 11) 

Left DLPFC Sham coil 10Hz, 110% 
RMT 

1600 pulses, 10 
sessions 

Significant decrease in HDRS-17 
scores in real vs. sham rTMS 
groups at the end of 2-week rTMS 
protocol, associated with a greater 
reduction of connectivity strength 
between bilateral DLPFC regions 
and left caudate (fMRI) 

III 

Li et al., 
2016a 

36 (real: 12; 
real + 
cognitive 
task: 12; 
sham + 
cognitive 
task: 12) 

Navigated Left 
DLPFC 

Titled coil 10Hz, 100% 
RMT 

1600 pulses, 10 
sessions 

Significant decrease in HDRS-17 
scores in real vs. sham rTMS 
groups (real: -40 to 52%, sham: -
19%) and significant difference in 
the response rate (HDRS-17 score 
reduction >50%) or remission rate 
(HDRS-17 score ≤ 7) at the end of 
2-week rTMS protocol between 
real and sham rTMS groups (real: 
42-58/17-42%, sham: 8/0%), 
associated with an increase in 
frontal theta power (EEG) and 
rostral anterior cingulate cortex 
metabolic activity (PET) 

III 

Theleritis et 
al., 2017 

96 (real: 52; 
sham: 44) 

Left DLPFC 
defined as 5cm 
anterior to hand 
motor hotspot 
(adjusted to 6cm 
on MRI basis in 
35% of patients), 
F8c 

Titled coil 20Hz, 
100%RMT 

1600 pulses, 15 
sessions once a 
day or twice a 
day (30 sessions) 

Significant difference in the 
response rate (HDRS-17 score 
reduction ≥50%) or remission rate 
(HDRS-17 score < 8) at the end of 
3-week rTMS protocol between 
real and sham rTMS groups (real: 
59.2/24.5%, sham: 2.5/0%), with 
greater HDRS-17 score reduction 
when rTMS was performed twice a 
day 

II 
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Table 13. Deep HF-rTMS of the left DLPFC in major depressive disorder 

Articles Number of 

patients 

Target, 

coil type 

Control 

condition 

Stimulation 

frequency 

and 

intensity 

Number of 

pulses/session 

and number 

of sessions 

Significant clinical effects of real versus 

sham condition 

Class 

of 

the 

study 

Levkovitz 
et al., 
2015 

181 (real: 89, 
sham: 92), 
without bipolar 
MDD 

Left 
DLPFC, 
H1-coil 

Sham 
coil 

18Hz, 
120% RMT 

1980 pulses, 
20 sessions 
(and 24 
additional 
sessions for 
maintenance) 

Reduction of depression score (HDRS-
21: real: -6.4, sham: -3.3) and higher 
rates of remission (HDRS-21 score <10: 
real: 32.6%, sham: 14.6%) and response 
(HDRS-21 score reduction ≥50%: real: 
38.4%, sham: 21.4%) at the end of 5-
week rTMS protocol, with benefit 
maintained after 12-week maintenance 
therapy 

I 

Tavares 
et al, 
2017 

43 (real: 20, 
sham: 23), with 
drug-resistant 
bipolar MDD 

Left 
DLPFC, 
H1-coil 

Sham 
coil 

18Hz, 
120% RMT 

1980 pulses, 
20 sessions 

Reduction of depression score (HDRS-
17: real: -12.3, sham: -7.1) and a trend 
towards higher rate of response (HDRS-
17 score reduction ≥50%: real: 54.6%, 
sham: 26.1%) but not of remission 
(HDRS-17 score ≤7: real: 31.8%, sham: 
17.4%) and at the end of 4-week rTMS 
protocol, but not at 4-week follow-up 

II 

Kaster et 
al, 2018 

52 (real: 25, 
sham: 27), 
without bipolar 
MDD 

Left 
DLPFC, 
H1-coil 

Sham 
coil 

18Hz, 
120% RMT 

6012 pulses, 
20 sessions 

No reduction of depression score 
(HDRS-24), but higher rate of remission 
(HDRS-24 score ≤10: real: 40.0%, 
sham: 14.8%) and response (HDRS-24 
score reduction >50%: real: 44.0%, 
sham: 18.5%) at the end of 4-week 
rTMS protocol 

I 

 

Table 14. cTBS/iTBS of the right/left DLPFC in major depressive disorder 

Articles Number of 

patients 

Target, coil 

type 

Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session 

and number 

of sessions 

Significant clinical effects of real 

versus sham condition 

Class 

of 

the 

study 

Li et al , 
2014 

60 (real: 15 
x3, sham: 
15), with 
unipolar 
MDD 

Left/right 
DLPFC 
defined as 
navigated 
BA9/BA46, 
F8c 

Titled 
coil 

Left-sided 
iTBS, right-
sided cTBS, 
combination 
of both, 80% 
RMT 

1800 pulses 
on each site, 
10 sessions 

Reduction of depression score 
(HDRS-17: bilateral TBS: -52.5%, 
left iTBS: -42.3%, sham: -17.4%) 
and higher rates of response (HDRS-
17 score reduction ≥50%: bilateral 
TBS: 66.7%, left iTBS: 40.0%, sham: 
13.3%) at the end of the 2-week 
rTMS protocol 

II 

Plewnia et 
al., 2014 

32 (real: 16, 
sham: 16), 
with 
unipolar 
MDD 

Left/right 
DLPFC 
defined as 
F3/F4 sites, 
F8c 

Tilted 
coil 

Left-sided 
iTBS + 
right-sided 
cTBS, 80% 
RMT 

600 pulses 
on each site, 
30 sessions 

Higher rate of response (MADRS 
score reduction ≥50%: real: 56%, 
sham: 25%) and a trend towards 
higher rate of remission 
(MADRS/BDI score ≤7/8: real: 
44/38%, sham: 19/6%) 

II 

Chistyakov 
et al., 2015 

29 (real: 15, 
sham: 14), 
with 
unipolar or 
bipolar 
MDD 

Right 
DLPFC 
defined as 
5cm anterior 
to hand 
motor 
hotspot, F8c 

Sham 
coil 

cTBS, 100% 
AMT 

3600 pulses, 
10 sessions 
(followed by 
10 additional 
real 
stimulation 
sessions) 

No significant difference in 
depression score reduction (HDRS-
21) between real and sham 
stimulation groups 

III 

Prasser et 
al, 2015 

56 (real: 39, 
sham: 17), 
with 
unipolar or 
bipolar 
MDD 

Left/right 
DLPFC 
defined as 
6cm anterior 
to hand 
motor 
hotspot, F8c 

Sham 
coil 

Left-sided 
iTBS + 
right-sided 
cTBS, 80% 
RMT 

1200 pulses 
on each site, 
15 sessions 

No significant difference in 
depression score reduction (HDRS-
21) between real and sham 
stimulation groups, but a trend 
towards higher responder rate at the 
end of the follow-up period 

III 

Duprat et 
al., 2016 

47 
(crossover), 
with 
unipolar 
MDD 

Left DLPFC 
defined as 
navigated 
BA9/BA46, 
F8c  

Sham 
coil 

iTBS, 110% 
RMT 

1620 pulses, 
20 sessions 
(in 4 days: 5 
sessions/day) 

No significant difference in 
depression score reduction (HDRS-
17) between real and sham 
stimulation groups  

II 
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Table 15: LF-rTMS of the left TPC in auditory hallucinations (schizophrenia) 

Articles Number of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session 

and number of 

sessions 

Significant clinical 

effects of real 

versus sham 

condition 

Class 

of the 

study 

Bais et 
al., 2014 

32 (real: 16, 
sham: 16) 

Left TPC (halfway 
between T3 and P3), 
F8c 

Sham coil 1Hz, 90% 
RMT 

1200 pulses, 12 
sessions (2/day) 

Trend towards 
reduction of 
hallucination (item 
P3 of the PANSS) 

II 

Paillère-
Martinot 
et al., 
2017 

27 (real: 15; 
sham: 12) 

Left superior or 
middle temporal 
gyrus (fMRI–based 
navigation), F8c 

Sham coil 1Hz, 100% 
RMT 

1000 pulses, 10 
sessions 

No significant 
difference in 
hallucination 
reduction (on SAPS) 
between real and 
sham stimulation 
groups 

II 

 

Table 16: HF-rTMS of the left TPJ in auditory hallucinations (schizophrenia) 

Articles Number of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session 

and number of 

sessions 

Significant clinical 

effects of real versus 

sham condition 

Class 

of the 

study 

Kimura 
et al., 
2016 

30 (real: 16, 
sham: 14) 

Navigated left TPJ 
according to 
Montagne-Larmurier 
et al. (2009), F8c 

Sham coil 20Hz, 80% 
RMT 

2600 pulses, 4 
sessions (2/day) 

No significant effect on 
AHRS 

II 

Dollfus 
et al., 
2018 

59 (real: 26; 
sham: 33) 

Navigated left TPJ 
according to 
Montagne-Larmurier 
et al. (2009), F8c 

Sham coil 20Hz, 80% 
RMT 

2600 pulses, 4 
sessions (2/day) 

No significant reduction 
of AHRS total score 
between real and sham 
treatment, but more 
responders (AHRS 
decrease >30%) in the 
real stimulation group 
(real: 34.6%, sham: 
9.1%) at 2 weeks after 
rTMS protocol 

II 

 

Table 17. HF-rTMS studies of the left DLPFC in negative symptoms of schizophrenia 

Articles Number 

of 

patients 

Target, coil 

type 

Control 

condition 

Stimulation 

frequency 

and intensity 

Number of 

pulses/session 

and number of 

sessions 

Significant clinical effects of 

real versus sham condition 

Class 

of the 

study 

Wölwer 
et al., 
2014 

32 (real 
18, sham: 
14) 

Left DLPFC 
(5cm anterior 
to motor 
hotspot), F8c 

Sham coil 10Hz, 110% 
RMT 

1000 pulses, 10 
sessions 

Similar improvement on the 
PANSS negative subscale and 
total scores in the real and sham 
stimulation groups at the end of 
the 2-week rTMS protocol. 
However, facial affect 
recognition improved 
significantly more after real 
rTMS 

III 

Zhao et 
al., 2014 

69 (real 
47, sham: 
22) 

Left DLPFC 
(site not 
defined), F8c 

Titled coil 10Hz or 
20Hz, 80-
110% RMT 

1500 pulses, 20 
sessions 

Decreased PANSS negative 
subscale and SANS scores at the 
end of the 4-week real (but not 
sham) rTMS protocol 

II 

Wobrock 
et al., 
2015 

157 (real: 
76; 
sham: 
81) 

Left DLPFC 
(F3 site), F8c 

Tilted coil 10Hz, 110% 
RMT 

1000 pulses, 15 
sessions 

Similar improvement on the 
PANSS negative subscale and 
total scores in the real and sham 
stimulation groups at the end of 
the 3-week rTMS protocol and 
up to 12 weeks later 

I 

Li et al., 
2016c 

47 (real: 
25; 
sham: 
22) 

Left DLPFC 
(site not 
defined), F8c 
(?) 

Sham coil 
(?) 

10Hz, 110% 
RMT 

1500 pulses, 20 
sessions 

Decreased SANS total score after 
real but not sham stimulation, 
with between-group difference 
not at the end of the 4-week 
rTMS protocol but 4 weeks later. 
No difference on PANSS total 

III 
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score between real and sham 
treatments. 

 

Table 18. LF-rTMS of the DLPFC in obsessive compulsive disorder 

Articles Number 

of 

patients 

Target, coil 

type 

Control 

condition 

Stimulation 

frequency 

and 

intensity 

Number of 

pulses/session 

and number 

of sessions 

Significant clinical effects of real 

versus sham condition 

Class 

of the 

study 

Elbeh et al., 
2016 

30 (real: 
15, sham: 
15) 

Right DLPFC 
(5cm-rule), 
F8c  

Tilted coil 1Hz, 100% 
RMT 

2000 pulses, 
10 sessions 

Significant reduction of YBOCS and 
HARS scores at the end of the 2-week 
protocol (YBOCS: real: -45%, sham: -
6%; HARS: real: -41%, sham: -6%) and 
3 months after YBOCS: real: -41%, 
sham: -8%; HARS: real: -40%, sham: -
11%) 

II 

Seo et al., 
2016 

27 (real 
14, sham 
13) 

Right DLPFC 
(5cm-rule), 
F8c 

Sham coil 1Hz, 100% 
RMT 

1200 pulses, 
15 sessions 

Significant reduction of YBOCS score at 
the end of the 3-week protocol (real: -
32%, sham: -12%). 

III 

 

Table 19. Bilateral LF-rTMS of the pre-SMA in obsessive compulsive disorder 

Articles Number 

of 

patients 

Target, coil type Control 

condition 

Stimulation 

frequency 

and 

intensity 

Number of 

pulses/session and 

number of sessions 

Significant clinical effects 

of real versus sham 

condition 

Class 

of 

the 

study 

Hawken et 
al., 2016 

22 (real: 
10, 
sham:12) 

Pre-SMA (defined 
as 15% anterior to 
Cz, on the nasion-
inion line), F8c 

Tilted coil 1Hz, 110% 
RMT 

1200 pulses, 25 
sessions 

Significant reduction of 
YBOCS score at the end of 
the 6-week protocol (real: -
40%, sham: -5%), with 
benefit maintained at 6 
weeks after the last rTMS 
session 

III 

Pelissolo et 
al., 2016 

34 (real: 
19, sham: 
15) 

Pre-SMA (defined 
using image-guided 
navigation system), 
F8c 

Sham coil  1Hz, 100% 
RMT 

1500 pulses, 20 
sessions 

No difference between real 
and sham stimulation on 
YBOCS score reduction 
(real: -13%, sham: -11%) 
and responder rate (YBOCS 
reduction >25%: real: 10%, 
sham: 20%) at the end of 
the 4-week protocol  

II 

Arumugham 
et al., 2018 

36 (real: 
19, sham: 
17) 

Pre-SMA (defined 
as 15% anterior to 
Cz, on the nasion-
inion line), F8c 

Sham coil  1Hz, 100% 
RMT 

1200 pulses, 18 
sessions 

No difference between real 
and sham stimulation on 
YBOCS reduction 

III 
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Table 20. Summary of recommendations on rTMS efficacy according to clinical indication 

Neuropathic pain Definite analgesic efficacy of HF-rTMS of M1 contralateral to pain side (Level A), while LF-rTMS is probably 

ineffective (Level B) 

CRPS type I Possible analgesic efficacy of HF-rTMS of M1 contralateral to pain side (Level C) 

Fibromyalgia Probable efficacy of HF-rTMS of the left M1 in improving quality of life of patients with fibromyalgia 

(Level B) 

Fibromyalgia Probable analgesic efficacy of HF-rTMS of the left DLPFC in patients with fibromyalgia (Level B) 

Parkinson’s disease Probable efficacy of HF-rTMS of bilateral M1 regions in motor symptoms of PD patients (Level B) 

Parkinson’s disease Probable antidepressant efficacy of HF-rTMS of the left DLPFC in PD patients (Level B) 

Motor stroke Definite efficacy of LF-rTMS of contralesional M1 in hand motor recovery at the postacute stage (Level A) 

Motor stroke Probable efficacy of HF-rTMS of ipsilesional M1 in hand motor recovery at the postacute stage (Level B) 

Motor stroke Possible efficacy of LF-rTMS of contralesional M1 in hand motor recovery at the chronic stage (Level C) 

Post-stroke aphasia Probable efficacy of LF-rTMS of right IFG in nonfluent aphasia recovery at the chronic stage (Level B) 

Hemispatial neglect Possible efficacy of cTBS of the contralesional left parietal in visuospatial hemineglect recovery at the post-acute 

stage of stroke (Level C) 

Multiple sclerosis Probable efficacy of iTBS of the leg area of M1 contralateral to the most affected limb (or both M1) in 

lower limb spasticity (Level B) 

Epilepsy Possible antiepileptic efficacy of LF-rTMS of the epileptic focus (Level C) 

Alzheimer’s disease Possible efficacy of multisite rTMS-COG to improve cognitive function, memory and language level of AD 

patients, especially at a mild/early stage of the disease (Level C) 

Tinnitus Possible efficacy of LF rTMS of the auditory cortex of the left hemisphere (or contralateral to the affected ear) in 

chronic tinnitus (Level C) 

Depression Definite antidepressant efficacy of HF-rTMS of the left DLPFC in major depression using a figure-of-8 coil or a 

H1-coil (Level A) 

Depression Definite antidepressant efficacy of deep HF-rTMS over the left DLPFC in major depression (Level A) 

Depression Probable antidepressant efficacy of LF-rTMS of the right DLPFC in major depression (Level B) 

Depression Probable antidepressant efficacy of bilateral right-sided LF-rTMS and left-sided HF-rTMS of the DLPFC 

in major depression (Level B) 

Depression Probable antidepressant efficacy of bilateral right-sided cTBS and left-sided iTBS of the DLPFC in major 

unipolar depression (Level B), while unilateral right-sided cTBS is possibly ineffective (Level C) 

Depression Possibly no differential antidepressant efficacy between: right LF-rTMS vs. left HF-rTMS, bilateral vs. 

unilateral rTMS of the DLPFC, and rTMS performed alone vs. combined with antidepressants (Level C) 

Post-traumatic stress 

disorder 

Probable efficacy of HF-rTMS of the right DLPFC in PTSD (Level B) 

Obsessive compulsive 

disorder 

Possible efficacy of LF-rTMS of the right DLPFC in OCD (Level C) 

Schizophrenia:auditory 

hallucinations 

Possible efficacy of LF-rTMS of the left TPC in auditory hallucinations in schizophrenia (Level C) 

Schizophrenia: 

negative symptoms 

Possible efficacy of HF-rTMS of the left DLPFC on negative symptoms of schizophrenia (Level C) 

Addiction and craving Possible efficacy of HF-rTMS of the left DLPFC on cigarette craving and consumption (Level C) 

In all other conditions, there is "no recommendation", which means the absence of sufficient data to make a recommendation, but not the 

evidence for an absence of effect. Recommendations that change from our previous work (Lefaucheur et al., 2014) are shown in bold. 

 

 




