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BACKGROUND—Repetitive transcranial magnetic stimulation (rTMS) is emerging as a
valuable therapeutic and diagnostic tool. rTMS appears particularly promising for disorders
characterized by positive sensory phenomena attributable to alterations in sensory cortex
excitability. Among these are tinnitus, auditory and visual hallucinations, and pain syndromes.
OBJECTIVE—Despite studies addressing rTMS efficacy in suppression of positive sensory
symptoms, the safety of stimulation of potentially hyperexcitable cortex has not been fully
addressed. We performed a systematic literature review and metanalysis to describe the rTMS
safety profile in these disorders.
METHODS—Using the PubMed database, we performed an English-language literature search
from January 1985 to April 2011 to review all pertinent publications. Per study, we noted and
listed pertinent details. From these data we also calculated a crude per-subject risk for each
adverse event.
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RESULTS—106 publications (n = 1815 subjects) were identified with patients undergoing rTMS
for pathologic positive sensory phenomena. Adverse events associated with rTMS were generally
mild and occurred in 16.7% of subjects. Seizure was the most serious adverse event, and occurred
in three patients with a 0.16% crude per-subject risk. The second most severe adverse event
involved aggravation of sensory phenomena, occurring in 1.54%.
CONCLUSIONS—The published data suggest rTMS for the treatment or diagnosis of pathologic
positive sensory phenomena appears to be a relatively safe and well-tolerated procedure. However,
published data are lacking in systematic reporting of adverse events, and safety risks of rTMS in
these patient populations will have to be addressed in future prospective trials.
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1. Introduction
Repetitive transcranial magnetic stimulation (rTMS), a well-tolerated method for focal
modulation of cortical excitability, is emerging as a therapeutic tool for a variety of
neurologic conditions (1–4). In experimental protocols, rTMS can also be used to study
cortical plasticity in healthy and disease states (1–7). Although rTMS modulatory
mechanisms are not completely known, the durable functional changes induced by lowfrequency (≤1Hz; LF rTMS) or high-frequency rTMS (≥10Hz; HF rTMS) resemble those of
long-term depression (LTD) and long-term potentiation (LTD) respectively (8–11).
Additionally, patterned rTMS delivered as either continuous or intermittent bursts of high
frequency trains, such as theta burst stimulation (TBS), can also induce LTD-like or LTPlike changes in regional cortical excitability (12).
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Therapeutic rTMS might be particularly beneficial for patients with disorders of regional
cortical excitability (13–17). Epilepsy is one such example where LF rTMS has been applied
over a cortical seizure focus to suppress seizures (18–21). Another broad category of
disorders are those characterized by positive sensory phenomena that may involve
pathologic activation of sensorimotor cortical areas along with related cerebral networks.
Among these are tinnitus, auditory hallucinations (AH), visual hallucinations (VH), and pain
syndromes such as somatic pain, visceral pain, migraine, and fibromyalgia. – all syndromes
where functional imaging data show excess regional sensory cortex activity (22–37).
In some of these disorders, cortical hyperactivity may be directly attributable to cortical deafferentation, resulting in disinhibition of excitatory cortical connections. Among these are
phantom limb pain, tinnitus, and the VH associated with Charles Bonnet Syndrome (CBS)
(37–39). In others, such as AH in schizophrenia, migraine or fibromyalgia, the anatomy of
aberrant regional cortical activity is less clear. However, functional imaging data in these
disorders support excess sensorimotor cortex activation (24, 33,35,36,40) and a number of
studies have been aimed to test whether rTMS can interfere with symptom physiology by
altering activity in hyperactive cortex. (41–43)
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Although rTMS is generally safe when following guidelines, seizure induction remains the
most serious safety concern (44–46). Analogous to the risks of rTMS in epilepsy (46), such
concern is warranted with positive sensory symptoms where stimulation targets may be
excessively excitable at baseline. While the assumption that hyperactivity corresponds to
hyperexcitability and lowered threshold for seizure and other adverse events remains to be
verified, the potential for excess risk in this patient population warrants consideration.
Accordingly, we assess the available published data regarding seizures, symptom
exacerbation or other adverse events when rTMS is applied over a sensori-motor cortex in
chronic pain syndromes as well as in AH, VH, and tinnitus.

2. Methods
2.1 Literature Review
Using PubMed, we reviewed publications from January 1985 to April 2011 using the
following keywords: “TMS,” ”transcranial magnetic stimulation,” “rTMS,” “repetitive
transcranial magnetic stimulation,” “auditory hallucinations,” “visual hallucinations,”
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“chronic,” “pain,” “visceral pain,” “migraine,” “fibromyalgia,” and “tinnitus.” Relevant
information concerning patient characteristics, rTMS protocol, adverse events, and study
outcomes were recorded (Tables 1–7) (13–17,41–43,47–144).
A secondary PubMed search from January 1985 through April 2011 used keywords: “TMS”,
“transcranial magnetic stimulation”, “rTMS”, “repetitive transcranial magnetic stimulation”,
“seizure”, and “epilepsy.” This was performed to assure that published reports of seizures
were not missed. As necessary, we contacted the corresponding author for clarification of
details that were not available in the publication.
2.2 Statistical Analysis
Each case of reported adverse event that occurred either during or immediately after rTMS
was factored into the risk analysis. Our analysis was limited to the crude per-person risk
with a 95% confidence interval (95% CI), truncated when appropriate to remain within
natural limits when approaching 0 or 100%. The rationale for restricting the analysis to
crude risk was the high variability in sample size (1–164 subjects) and rTMS protocol (0.2–
50 Hz, 120–5200 stimuli per day, study duration 1 day–8 weeks).

3. Results
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3.1 Literature Review
Subject characteristics, rTMS protocols and outcomes per publication are summarized in
Tables 1–7. For the present analysis we distinguish between tinnitus, AH, neuropathic pain,
visceral pain, migraine, fibromyalgia, and VH cases. Of 106 publications (ns (n of subjects)
= 1815) identified by literature review, there were 38 publications (ns = 393) related to AH,
37 publications (ns = 877 subjects) related to tinnitus, 18 publications (ns = 311) related to
neuropathic pain, five publications (ns = 165) where rTMS was applied to patients with
migraine, four publications (ns = 53) address fibromyalgia, two publications (ns = 14)
concerning visceral pain, and two publications (ns = 2) describing rTMS in patients with
VH. One publication (71) was counted for tinnitus and AH, due to its inclusion of patients
with both symptoms.
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A total of 101 studies (ns = 1653) described rTMS intensity as a percentage of motor
threshold (MT), while six (ns = 181) utilized only a specific machine output (MO). There
were two publications (ns = 103) in which a measure of rTMS intensity was not reported. Of
AH studies, 11 (ns = 86) used rTMS at or above MT (≥ MT; range 100–120%), and 26 (ns =
306) utilized rTMS at sub-MT levels (< MT; range 80–90%). In one publication (76;ns = 1)
rTMS intensity was not described. For the studies involving tinnitus, 29 (ns = 454) used
rTMS with ≥MT intensity, while nine (ns = 417) made use of rTMS with <MT intensity, and
there were two publications (ns = 128) in which percent of MT was not given, rather
stimulation was fixed at 50% MO. Of studies on neuropathic pain six (ns = 38) used rTMS
with ≥MT intensity, and 12 (ns = 273) used rTMS with <MT intensity. Two studies
describing rTMS in migraine (ns = 15) used ≥MT intensity, one (ns = 6) used <MT intensity,
one (ns = 42) used a fixed MO of 30 or 50%, and one (98;ns = 102) did not state the intensity
at which rTMS was performed. Fibromyalgia studies had 2 publications (ns = 18), which
used ≥MT intensity, and two publications (ns = 35), which used <MT intensity. The two
studies on visceral pain had one (ns = 5) which used <MT intensity, and the second (ns = 9)
utilized a set 70% MO. For two VH studies (ns = 2), rTMS intensity was 80% MO, and
involved two subjects.
There were 77 publications (ns = 1202) using low frequency (LF; ≤1 Hz) protocols, 39
publications using a high frequency (HF; >1Hz) protocol (ns = 804), and three publications
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using combined LF and HF rTMS (ns = 177). Based upon stimulation paradigm, these
studies were binned to both LF and HF or classified as combined.
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Thirty-five publications (ns = 373) on AH made use of LF and four studies (ns = 21) utilized
HF. For tinnitus, 28 studies (ns = 584) used LF rTMS and 13 studies (ns = 433) used HF
alone, while three studies (ns = 177) used HF in combination with LF rTMS. Within those
studies involving neuropathic pain, five (ns = 54) utilized LF rTMS, while 17 (ns = 302)
used HF rTMS. Migraine publications had three studies (ns = 157) that used LF rTMS, and
two (ns = 8) studies that used HF rTMS. Published reports for fibromyalgia had two studies
(ns = 18) using LF rTMS, and two studies (ns = 35) using HF rTMS. Visceral pain reports
had two studies (ns = 14) with LF rTMS and one (ns = 5) with HF rTMS. Both studies (ns =
2) concerned with VH used LF rTMS at 1 Hz.
Sixty-five studies reported the incidence of adverse events. Of 1815 subjects receiving
stimulation, across all 106 publications reviewed, the reported adverse events and numbers
of patients are listed in Table 9. There were eight studies where adverse events were
described, yet were not quantified in terms of number of patients.
(16,75,77,100,103,110,128,129). Finally, there were 38 studies where adverse events were
not reported (Tables 1–7).
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Of 106 publications, 39 did not include placebo or sham stimulation (Tables 1–7). The
remaining 67 studies included sham rTMS as part of either a cross-over or a group
comparison design.
3.2 Risk Assessment
For purposes of analysis, we sorted adverse rTMS-related events into five categories as
follows: (1) seizure induction, (2) other serious adverse events, (3) symptom exacerbation,
(4) mild adverse events, and (5) no adverse events. Analysis of specific adverse events,
categorized by separate positive sensory symptoms, is detailed in Table 9.
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a) Seizure induction—Seizures during rTMS were documented in three of 1815 patients
(Table 8): in one patient with tinnitus after 1 Hz rTMS over left primary auditory cortex
(111), and in two with complex regional pain syndrome (CRPS) after 10 Hz rTMS over
motor area (113,122). This approximates a 0.16% (95% CI: 0 – 0.19%) crude risk per
subject. The seizure in a tinnitus patient was one in 877 subjects undergoing rTMS,
translating to a 0.11% (95% CI: 0 – 0.22%) crude per subject risk of seizure during rTMS
for tinnitus. Considering the risk of seizure induction according to rTMS frequency within
tinnitus subjects: zero out of 477 patients had a seizure induced by HF rTMS while one out
of 584 patients had a seizure induced by LF rTMS. These equate a 0.17% (95% CI: 0 –
0.33%) crude risk for LF rTMS in patients with tinnitus. The other two seizures occurred in
two out of 311 patients with chronic pain giving a 0.64% (95% CI: 0 – 0.89%) crude risk.
Both seizures were induced by HF-rTMS, equating to a 0.66% (95% CI: 0 – 0.92%) crude
risk. None of the 54 patients with neuropathic pain undergoing LF rTMS had a seizure.
In all three patients, there was no previous history of seizure. One patient (122) had surgical
neurovascular decompression by supraclavicular approach for thoracic outlet syndrome,
while the other two patients had otherwise unremarkable medical histories. Only one patient
was on medication at the time (113), which consisted of an antidepressant (amitriptyline)
and an anticonvulsant (carbamazepine). In all three cases, a generalized seizure occurred
with post-ictal confusion. Follow-up did not indicate changes in EEG, MRI, or any motor
deficits.
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b) Other serious adverse events—In one study (13), a patient was removed from the
study because of ischemic chest pain. The authors note that this individual had a history of
hypertension, smoking, and diabetes mellitus, and thus assumed that rTMS did not play a
causal role in the ischemic event.
One incidence of optic neuritis was described (98) during a study aimed to test LF rTMS in
migraine treatment. The event arose before the treatment with TMS, and was thought by the
authors to also not be a result of the treatment.
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c) Aggravation of sensory symptoms—Aggravation of underlying sensory symptoms
was reported in 28 out of 1815 subjects across all studies. The crude risk per subject of
symptom aggravation was 1.54% (95% CI: 0.97 – 2.11%). When categorized by underlying
diagnosis, we found that in the tinnitus group 19 out of 877 patients had a worsening of
symptoms, which gives a 2.17% (95% CI: 1.21 – 3.13%) crude risk. There were 11 patients
out of 584 for LF rTMS, seven out of 433 patients for HF rTMS, and one out of 177 patients
with combined HF and LF rTMS who experienced an increase in tinnitus. Symptom
aggravation in AH occurred in four out of 39 subjects, which equates to a crude risk of
1.02% (95% CI: 0.03 – 2.01%). The crude risk per subject for aggravated tinnitus by LF
rTMS is 1.88% (95% CI: 0.78 – 2.98%), with HF rTMS it is 1.61% (96% CI: 0 – 2.8%), and
the combination of HF and LF rTMS gives 0.56% (96% CI: 0 – 1.66%). Four out of 373
patients reported aggravated AH with LF rTMS and zero out of 21 patients who were treated
with HF rTMS. Crude risk per subject for aggravated AH was 1.07% (95% CI: 0.03 –
2.11%) using LF rTMS and 0% for HF rTMS. Last, among patients with migraine there
were three out of 165 who had an aggravation of migraine including both headache and
aura, equating to a 1.81% (95% CI: 0 – 3.85%) crude risk. If the data are restricted only to
those patients who were treated with LF rTMS, then aggravation of migraine occurred in
three out of 157 patients or a 1.91% (95% CI: 0 – 4.05%) crude risk.
Only studies involving tinnitus, AH, and migraine reported symptom aggravation either
following or during stimulation. Two studies (13,76; ns = 23 and ns = 1, respectively),
reported an increase of AH from baseline during rTMS in four patients with LF rTMS. In
one study (13), increase in AH after stimulation of the temporo-parietal cortex was divided
into one reported case for active-blind rTMS and two reported instances for active non-blind
rTMS. Duration and level of AH aggravation was not detailed. The case report (76),
describes a single patient experiencing an increase in AH for one month, described as
“tolerable,” following the final LF rTMS session to the left tempoparietal cortex (LTC).
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For tinnitus studies, there were 19 patients, 11 receiving LF rTMS, seven receiving HF
rTMS, and one who received combined HF and LF rTMS, who experienced tinnitus
exacerbation. We note that symptom exacerbation in patients with tinnitus undergoing rTMS
requires a specialized definition, as even patients who improved after treatment have
experienced transient tinnitus worsening. For instance one study (125) reported that “most”
patients in this study experienced a 2–3 day increase in tinnitus symptoms, followed by a
clinical improvement afterward. We have chosen to include all instances of aggravated
tinnitus, as even in reports where some patients tolerated this increase there were others who
exited the study (47).
The authors of one LF rTMS tinnitus study (62; ns = 3) reported a single patient with
worsening tinnitus after the first two days of 1 Hz rTMS over auditory cortex (AC).
Following this transient increase, the patient had a reduction of tinnitus sensations for 1
week. One other patient (89; ns = 1) had a similar experience in which tinnitus after 1 Hz to
the AC increased for two days and then led to a significant reduction. In one LF rTMS study
(118; ns = 9) one patient reported an increase in tinnitus volume after only five minutes of
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stimulation to an area of increased PET signal. The patient returned to their baseline tinnitus
volume after resting for five minutes. LF rTMS in this patient was discontinued. Two
patients (90; ns = 28) reported a mild increase in tinnitus during 1 Hz rTMS which was
performed for 33 minutes per day for 10 days.
Two patients dropped out of their active rTMS trials to the LTC or AC (125; ns = 16) after a
two to three day increase in tinnitus. Their tinnitus rating recovered to basal values after two
days. Two patients (47; ns = 26) failed to complete the study due to worsening of tinnitus
after LF stimulation of the left auditory cortex (LAC). The same study reported a common
complaint of transient tinnitus increase during active stimulation. In the last LF rTMS study
reporting tinnitus exacerbation (114; n = 14), two patients reported a worsening of tinnitus
after rTMS to the tempoparietal junction (TPJ), however the details of this worsening are not
reported possibly due to the author’s classification of this adverse event as “moderate.”
With theta burst stimulation (TBS) to the LTC, three patients (119; ns = 33) complained of
worsening tinnitus after their first experience with one of three TBS protocols. A single
patient, (116; ns = 14), had an increase in tinnitus lasting for two weeks following one day of
10 Hz rTMS at various scalp locations. Three patients (101; ns = 10) reported a very loud
tinnitus after individual alpha frequency (IAF) rTMS, which lasted for several hours up to a
few days.
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The combined HF and LF rTMS study (99; ns = 13), reports one patient experiencing
aggravated tinnitus symptoms immediately after stimulation and lasting for 10 days. The
rTMS protocol utilized a brief 10 Hz pulse followed by longer 1Hz stimulation. The rTMS
target was posterior to the fMRI determined auditory cortex. This patient completed the
entire study.
Among migraine publications, there was one (98; ns = 102), which reported three patients
experiencing migraine during or following treatment of LF rTMS over occipital cortex. One
of these migraine attacks was considered severe, however relevant details are not provided
in the text.
d) Other adverse events—271 out of 1815 patients reported adverse events other than
seizure or primary symptom aggravation, which are listed in Table 9. This translates into a
14.93% (95% CI: 13.29 – 16.57%) crude risk for the remaining symptoms. The majority of
adverse events (208 out of 271 reported) were noted in tinnitus and AH groups.
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e) Adverse events during placebo rTMS—Of the 67 publications (ns = 1275) in
which included a placebo condition, there were 67 out of 1275 subjects that reported adverse
events. This equates to a 5.25% (95% CI: 4.03 – 6.47%) crude risk for adverse events in the
placebo rTMS condition. The most severe adverse event reported was deterioration of
psychological clinical state in 3 patients (64,75), which carries a crude risk of 0.23% (95%
CI: 0 – 0.49%). The second most severe adverse event, symptom exacerbation, was reported
in two AH studies (13,75; ns = 12, ns = 23). Another report (47) indicated an increase in
tinnitus in some patients, but the number of subjects for this adverse event was not
quantified. The most common adverse event was headache in 24 out of 1275 patients,
equating to a crude risk of 1.88% (95% CI: 1.13 – 2.63%). A single study (114) did not
clarify which adverse events corresponded to placebo or real rTMS.

4. Discussion
The published data suggest that rTMS is generally well tolerated in patients with positive
sensory symptoms. Seizure, the most serious reported adverse event was rare, occurring only
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in three of 1815 subjects: in one during LF rTMS for tinnitus and two during HF rTMS for
chronic pain (Table 8; 111,113,122). However that the data for patients experiencing seizure
during rTMS are derived from two case reports and one larger treatment trial, and should be
interpreted with caution. In particular there is published debate as to whether one of the
cases (111), an instance of seizure during LF rTMS in a patient with tinnitus, was indeed
seizure or convulsive syncope (147,149). Previous surgical intervention in one patient (122)
or concurrent use of antidepressant and anticonvulsant medication in another (113) should
also be considered important risk factors for increased seizure risk.
We note that 27 case reports are included in our safety review, of which only eight report the
occurrence of unwanted side effects (71,76,89,111,122,136,138,144). This was necessary as
two out three instances of seizure in this patient population were reported in case report
form. (111,122). The reader should recognize that inclusion of case reports may skew
metanalysis results towards a higher proportion of adverse events, and should be interpreted
with caution. For instance, three out of 25 reports were published explicitly to describe an
adverse event occurrence: either seizure (ns = 2) or increased “passivity” (ns = 1)
(111,122,136).
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Although statistically sound conclusions cannot be made from these limited data, the
likelihood of seizure induction by rTMS in patients with positive sensory symptoms may
approximate that of the general population. According to a review of the literature
incorporated into the 2009 TMS application guidelines, the risk of seizure in healthy
subjects is <1% with either LF rTMS or HF rTMS (44). With the conservative assumption
that all three reported instances were indeed seizures induced by rTMS, the crude per subject
risk in this group also appears <1% (0.08% (95% CI: 0 – 0.24%) for LF rTMS and 0.25%
(95% CI: 0 – 0.59%) for HF rTMS). In contrast, patients with epilepsy have a considerably
greater likelihood of seizure induction during rTMS (>1.4%) (14,28). Thus, although
alterations in regional cortical excitability may predispose patients with positive sensory
symptoms toward seizures, the published data do not support a markedly heightened risk
relative to other disease states (44,45,145).
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Along similar lines as seizure induction in patients with epilepsy, positive sensory symptom
exacerbation is another theoretical adverse effect of rTMS in the studied patient population.
As these syndromes are associated with pathologic alterations in regional cortical activity,
modulation of cortical excitability induced by rTMS may theoretically alter how the patient
perceives his or her symptom. However, here also, the risk of symptom exacerbation
appears to be relatively low 1.16% (95% CI: 0.61 – 1.71%). There were several studies in
which aggravation of disease state was described, but was not classified as an adverse event
(47,89,90,125,128).
It is interesting to point out that in several studies an increase in tinnitus was reported as an
adverse event, however its increase was not durable (47,62,89,91,116,117,119,125). In
addition, this symptom exacerbation would sometimes be preceded a significant reduction in
tinnitus severity (47,62,89,125). In cases reporting dropouts, patients never made it past the
two-day increase that was described. It may be that the auditory cortex has an inherent
threshold for activation that must be reached before stimulation becomes of therapeutic
benefit.
It is worth considering that neurologic rTMS effect may result from an interaction between
applied current and ongoing brain activity. Thus, in cases of seizure or symptom
exacerbation following rTMS in patients with positive sensory phenomena, state dependent
effect of rTMS might be playing an important role (151). In patients with positive sensory
phenomena, the targeted cortical may be characterized either by abnormal excitability or
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abnormal plasticity, and this will condition the effects of rTMS. Thus, the effects might be
opposite, in part due to metaplasticity mechanisms.
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Pharmacotherapy is another important confounding factor that can contribute to the
likelihood of adverse events during rTMS. While the disease state provides an initial change
in the cortical steady state activity, the introduction of drugs either past or present can have a
lasting impact on cortical activity and simultaneously alter the effect of rTMS.
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Upon examining adverse effects other than seizure or symptom exacerbation, we find that
the type and frequency of minor of adverse events are similar to rTMS studies on other
neuropsychiatric disorders (54,145,146,148,150). In our review these additional adverse
events were reported most often in AH studies, followed by tinnitus and were less frequently
observed in neuropathic pain and migraine (with only two VH and fibromyalgia cases
published, an absence of reported adverse events is of little statistical value). This may be
attributed to distinct pathophysiology of these symptoms. However, discrepancy in the
apparent rate of adverse events may also reflect differences in experimental design,
symptom surveys, or underreporting of adverse events that are considered less severe than
seizure. It is important to highlight that future prospective trials characterizing rTMS safety
and tolerability should incorporate detailed questionnaires, which may capture, in greater
detail, symptoms other than those relating to the chief complaint. Particularly, among
plausible adverse events, loss (or lack thereof) of normal function is not regularly mentioned
in rTMS clinical literature, and necessitates inclusion in adverse events records of future
trials.
Side effects were more frequent in active stimulation versus the placebo condition, 16.7% to
5.25%. In particular there was no report of seizure with placebo stimulation. However, the
range of adverse events was the similar to active stimulation, including aggravation of
positive sensory symptoms, but excluding seizure occurrence. The published data are
lacking a consistent controlled experimental design, and consistent report reporting of
adverse events during sham rTMS.
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As rTMS gains acceptance in management of neuropsychiatric symptoms, further studies of
its safety will be necessary. The published data to date support that in appropriate
circumstances the risk:benefit ratio may favor rTMS use for treatment of symptoms
characterized by positive sensory phenomena and likely regional cortical hyperxcitability,
but certainly warrants further investigation. It is the suggestion of these authors that all
reports include a section indicating presence or lack of adverse events and all pertinent
details. In particular, reports of seizure and symptom exacerbation make the case for future
studies aimed to characterize the overall safety and tolerability of a treatment paradigm,
which has the potential to alter cortical excitability.
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# of
Subjects
(Age
Range)

3 (30–54)

12 (32–50)

9 (19–43)

1 (49)

21 (18–60)

Author (Year)

Hoffman RE, et al.
(1999)

Hoffman RE, et al.
(2000)

d’Alfonso AA, et
al. (2002)
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Schreiber S, et al.
(2002)

Hoffman RE, et al.
(2003)

Yes

Maintained medication with
no change in dose
(antipsychotic)

Yes

Yes
Maintained medication with
no change in dose
(antipsychotic)

Maintained medication with
no change in dose
(anticonvulsant,
antipsychotic)

Yes

Maintained medication with
no change in dose
(antipsychotic)

Yes

Drug Therapy details

RDLPFC chosen using
documentation of right
hypofrontality in pretreatment SPECT

LTC based on 10–20
EEG system

[LF]
5 days/week × 4 weeks of (20
trains (10 Hz × 6s (w/1 min
ITI))) = 1200 pulses/day @
90% MT
[T]

[LF]
9 days of (1 Hz × 8min (Day
1), 12min (Day 2), 16min (Day

Halfway between T3
and P3 based on 10–20
EEG system

[LF]
4 days/week × 2 weeks of (1
Hz × 4min (Day 1), 8min (Day
2), 12min (Day 3), 16min (Day
4)) = 240–960 pulses/day @
80% MT
[T]

2cm above T3 based
on 10–20 EEG system

Halfway between T3
and P3 based on 10–
20 EEG system

[LF]
4 days/week × 2 weeks of (1
Hz × 4min (Day 1), 8min (Day
2), 12min (Day 3), 16min (Day
4)) = 240–960 pulses/day @
80% MT
[T]

[LF]
8 days of (1 Hzx 20min) =
1800 pulses/day @ 80% MT
[T]

Coil Position

rTMS Protocol [Therapeutic
or Diagnostic]

No

No

No

No

No

MRI Navigation

Coil tilted 45° from
the skull

None

None

Coil tilted 45° from
the skull

Coil tilted 45° from
the skull

Sham Method

Headache (n = 6)
Lightheaded (n = 4)

NR

NR

Headache (n = 2)

None

Adverse Events details

AHRS

VAS
BPRS
PANSS
SPECT

Topography of Voices Rating
Scale

Individualized composite score

Individualized composite score

AH Outcome Measure

9 (75%)

0 (0%)

NR
Statistically
significant effect on
hallucination
severity ratings. 7
out of 8 patients had
severity
improvement at
week 2.

NR
Symptom
improvements
relative to baseline
were significant for
12 and 16min
stimulation.

3 (100%)

# Responders (%
total) comments

All studies used a Figure of 8 TMS coil except for Loo et al (2009), which used a circular coil and Rosenberg et al (2011), which used an H-coil. AC, auditory cortex; AH, auditory hallucinations; AHRS,
auditory hallucination rating scale; AVH, auditory visual hallucinations; BPRS, 18-item brief psychiatric rating scale; CGI, clinical global impression scale; cTBS, continuous theta burst (3 50Hz pulses at
5Hz); D, diagnostic; DVR, daily voices ratings questionnaire; fMRI, functional magnetic resonance imaging; HCS, hallucination change scale; ITI, intertrain interval; LORETA, low-resolution brain
electromagnetic tomography; LTC, left tempoparietal cortex; MRI; magnetic resonance imaging; MT, motor threshold; NR, not reported; PANAS, positive and negative affect scale; PANNS (H), positive and
negative syndrome scale hallucinations subscale; PET, positron emission tomography; PSYRATS (AH), pyschotic symptom ratings scale auditory hallucinations subscale; QLS, quality of life scale; RMT,
resting motor threshold; SPECT, single photon emission computed tomography; STG, superior temporal gyrus; RTC, right tempoparietal cortex; rTMS, repetitive transcranial magnetic stimulation; SAH,
scale for assessment of auditory hallucinations; SANS, scale for assessment of negative symptoms; SAPS, scale for assessment of positive symptoms; t, therapeutic; TPJ, tempo-parietal junction; VAS, analog
scale of auditory hallucinations
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11 (26–58)

25 (18–60)

16 (22–65)

8 (21–53)

17 (16–65)

27 (18–60)

SchonefeldtLecuona C, et al.
(2004)

Lee SH, et al.
(2004)

McIntosh AM, et
al. (2004)

Chibbaro G, et al.
(2005)
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Fitzgerald PB, et
al. (2005)

Hoffman RE, et al.
(2005)

Halfway between T3
and P3 based on 10–
20 EEG system

[LF]
9 days of (1 Hz × 8min (Day
1), 12min (Day 2), 16min (Day
3–9)) = 480–960 pulses/day @
90% MT

Yes
Maintained medication with
no change in dose
(antipsychotic)

LTC based on 10–20
EEG system

[LF]
4 days out of 8 weeks of (1 Hz
× 15min) = 900 pulses/day @
90% MT
[T]

TP3 marking based on
10–20 EEG system

LTC based on 10–20
EEG system

[LF]
4 days/week × 2 weeks of (1
Hz × 4min (Day 1), 8min (Day
2), 12min (Day 3), 16min (Day
4)) w/15s interval between
each minute of stimulation =
240–960 pulses/day @ 80%
MT
[T]

[LF]
8 days of (1 Hz × 15min) w/
30s break at halfway point =
900 pulses/day @ 90% MT
[T]

LTC or RTC based on
10–20 EEG system

[LF]
8 days of (1 Hz × 20min) =
1200 pulses/day @ 100% MT
[T]

Yes
Maintained medication with
no change in dose
(antidepressant,
antipsychotic)

Maintained medication with
no change in dose
(antipsychotic)

Yes

NR

NR

LSTG and Broca’s
area based on fMRI

Coil Position

[LF]
5 days of (1 Hz × 16 min) =960
pulses/day @ 90% MT
[T]

3–9)) = 480–960 pulses/day @
90% MT
[T]

Maintained medication with
no change in dose
(antipsychotic)

Yes
Maintained medication with
no change in dose
(antipsychotic)

rTMS Protocol [Therapeutic
or Diagnostic]

NIH-PA Author Manuscript

Drug Therapy details

No

No

No

No

No

Yes

MRI Navigation

Coil tilted45° from
the skull

Coil tilted 45° from
the skull

Coil tilted 45° from
the skull

Coil tilted 45° from
the skull

Coil perpendicular to
head

Coil placed over the
parieto-occipital
transition

Sham Method

Memory difficulty (n = 2)
Headache, lightheadedness,
and concentration difficulty
all reported.

None

NR

Many patients complained of
headache during active
treatment.

Headache (n = 5)
Dizziness (n = 2)
Amnesia (n = 1)

Stimulation over the temporal
muscle when targeting
superior temporal gyrus or
Broca’s area was generally
reported as uncomfortable.

Chest pain caused by factors
such as smoking, diabetes,
and hypertension.

Concentration difficulty (n =
3)
Memory difficulty (n = 1)
Aggravation of AH (n = 3)
Racing thoughts (n = 1)
Visual hallucination (n = 1)
Ischemic chest pain (n = 1)

Adverse Events details

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

HCS
AHRS
PANNS (H)

PSYRATS (AH)
PANNS (H)

SAPS
SANS
SAH

VAS

AHRS

Haddock self-rating scale

AH Outcome Measure

14 (51.9%)

NR
No clinically
significant reduction
in loudness of
voices.

NR
Significant
improvement in
SAPS, SANS, and
SAH scores for real
rTMS versus sham.

NR
No significant
effects of TMS on
symptom measures
were found.

NR
Significant
improvements in
frequency of AHs,
positive symptoms
of PANSS, and
CGI-I scores.

3(27%)

# Responders (%
total) comments
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Author (Year)
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1 (50)

1 (59)

3 (23–61)

12 (25–44)

6 (18–50)

Poulet E, et al.
(2006)

Favalli G, et al.
(2007)

Fitzgerald PB, et
al. (2007)

Horacek J, et al.
(2007)

Rosa MO, et al.
(2007)

16 (19–70)

Jandl M, et al.
(2006)

1 (25)

2 (18–47)

Fitzgerald PB, et
al. (2006)

Langguth B, et al.
(2006)

10 (25–51)

Poulet E, et al.
(2005)

Halfway between T3
and P3 based on 10–
20 EEG system

Halfway between T3
and P3 based on 10–
20 EEG system

LTC based on 10–20
EEG system

LTC based on 10–20
EEG system

[LF]
10 days of (1 Hz × 16.6min)
=1000 pulses/day @ 100% MT
followed by: Maintenance with
1 day of (1 Hz × 16.6 min) =
1000 pulses/day @ 100% MT
[T]

[LF]
20 days of (1Hz × 20min) =
1200 pulses/day @ 90% MT
[T]

[LF]
10 days of (1 Hz × 15min) =
900 pulses/day @ 90% RMT
[D]

[LF]
10 days of (0.9 Hz × 20min) =
1080 pulses/day @ 100% MT
[D]

[LF]
8 days of (1 Hz × 16min) = 960
pulses/day @ 90% MT

NR

Yes
Maintained medication with
no change in dose
(anticonvulsant,
antipsychotic)

Yes
Maintained medication with
no change in dose
(antipsychotic)
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Yes

Maintained medication with
no change in dose
(antipsychotic)

Yes

LTC based on PET/
MRI

[LF]
20 days of (1 Hz × 33min) =
2000 pulses/day @ 110% MT
[T]

Yes
Maintained medication with
no change in dose
(antipsychotic)

TP3 marking based on
10–20 EEG system

No

No

No

No

No

Yes

No

Maintained medication with
no change in dose
(antipsychotic)

Left posterior portion
of STG, right posterior
portion of STG, and
midway based on to
10–20 EEG setup

[LF]
15 days of (1 Hz × 15min) =
900 pulses/day @ 100% MT
[T]

Yes

No

[LF]
10 days of (1 Hz × 15min) =
900 pulses/day @ 90% RMT
[T]

Yes
Maintained medication with
no change in dose
(antipsychotic)

No

MRI Navigation

TP3 marking based on
10–20 EEG system

[LF]
15 days of (1 Hz × 33min) =
2000 pulses/day @ 90% MT)
[T]
Halfway between T3
and P3 based on 10–
20 EEG system

Coil Position

Yes
Maintained medication with
no change in dose
(antipsychotic)

[T]

rTMS Protocol [Therapeutic
or Diagnostic]

NIH-PA Author Manuscript

Drug Therapy details

Sham Coil

None

None

None

None

None

Coil midway T4-P4

None

Sham Coil

Sham Method

Headache (n = 1)

Mild Headache

NR

NR

NR

NR

Headache (n = 1)
Clicking noise persistence (n
= 1)

NR

Headache (n = 1)

Adverse Events details

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

NR

NR
Significant decrease
in Hallucination
item and positive
PANSS score.

AHRS
HCS
PANSS
PET
LORETA
AHRS
VAS

3(100%)

1(100%)

1(100%)

1 (100%)

6 (38%)
5 (31%) with right
hemisphere
stimulation; 1 (6%)
with left hemisphere
stimulation

2(100%)

7 (70%)
7 responders at 1month follow-up; 5
(50%) at 2 month
follow-up

# Responders (%
total) comments

PANSS
PSYRATS (AH)
HCS

AHS
BPRS

AHRS
SAPS

AHRS

PSYRATS (AH)

HCS
PANSS

AHRS

AH Outcome Measure

NIH-PA Author Manuscript

Author (Year)

Muller et al.
Page 19

1 (26)

11 (24–57)

24 (19–48)

1 (63)

8 (18–65)

MontagneLarmurier A, et al.
(2009)

Vercammen A, et
al. (2009)

Consentino G, et
al. (2010)

de Jesus DR, et al.
(2010)

40 (18–37)

Bagati D, et al.
(2009)

Garcia-Toro M, et
al. (2009)

1 (22)

Thirthalli J, et al.
(2008)

15 (27–45)

Sommer IEC, et al.
(2007)

STS using fMRI and
frameless stereotaxic
TMS system

RTC and LTC based
on 10–20 EEG system

Right posterior
temporal lobe as
determined by MRI
and PET

LTC based on 10–20
EEG system

[HF]
2 days with 2 sessions of 13
trains (20 Hz × 10s (w/50s
ITI)) = 5200 pulses/day @ 80%
RMT
[T]

[LF]
6 days with 2 sessions of (1 Hz
× 20min) = 2400 pulses/day @
90% MT
[T]
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[LF]
10 days of (1 Hz × 20min) =
1200pulses/day @ 90% MT
[T]

[LF]
20 days of (Day 1 (1 Hz × 8
mins), Day 2 (1 Hz × 16 mins),
and Days 3–20 (1 Hz × 20
mins) =480–1200 pulses/day @
90% MT
[T]

Maintained medication with
no change in dose
(antipsychotic)

Yes

NR

Maintained medication with
no change in dose
(antipsychotic)

Yes

Maintained medication with
no change in dose
(antipsychotic)

Yes

LTC based on 10–20
EEG system

[LF]
34 pulse trains (1 Hz × 60s) =
2040 pulses/day at 100% MT
[T]

Yes
Maintained medication with
no change in dose
(antipsychotic)

LTC based on 10–20
EEG system

[LF]
10 days of 1 Hz @ 90% MT
[T]

Yes
Maintained medication with
no change in dose
(antipsychotic)

LTC based on 10–20
EEG system

Based on fMRI data or
halfway between T3
and P3 based on 10–20
EEG system

[LF]
Sessions of (1 Hz × 15 min) =
900 pulses/day @ 100% MT
[T]

[LF]
15 days of (1 Hz × 20min) =
1200 pulses/day @ 90% MT)
[T]

Yes
Maintained medication with
no change in dose
(antipsychotic)

Coil Position

Yes
Maintained medication with
no change in dose
(antipsychotic)

[T]

Maintained medication with
no change in dose
(antipsychotic)

rTMS Protocol [Therapeutic
or Diagnostic]

NIH-PA Author Manuscript

Drug Therapy details

No

Yes

No

Yes

No

No

No

Yes

MRI Navigation

Coil tilted 45° from
the skull

None

Sham Coil

None

None

None

None

None

Sham Method

Headache (n=2)

BPRS
QLS
CGI
AHRS

Self-rated scale from 1 to 10

AHRS
PANAS
PANSS

Headache (n = 8)
Tingling sensation (n = 1)
Restless legs (n = 1)
Light-headedness (n = 1)
Transient earache (n = 1)
Twitching of facial muscles (n
= 7)

NR

AHRS
CGI

PSYRATS (AH)

AHRS
PSYRATS (AH)

PANSS (AH)

AHRS
PANSS

AH Outcome Measure

Headache (n=2)
Slight contractions of
temporal and facial muscles
were reported

Facial twitching (n = 1)

NR

Headache (n = 1)

Increased Anxiety/Suspicion
(n = 2 )

Adverse Events details

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

NR
There was no
significant effect
observed on AHs.

1(100%)

8 (33%)
immediately after
rTMS;
6 (28.6%) after 1
week

7 (63.8%)

1 (100%)

NR
Significant
reduction of AH
parameters of AHRS
scores.

1 (100%)

NR
There was a
significant decrease
in AVH during the
study.

Weak reduction in
auditory
hallucinations.

# Responders (%
total) comments

NIH-PA Author Manuscript

Author (Year)
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8 (34–48)

18 (20–74)

42 (26–51)

1 (37)

1 (24)

Loo CK, et al.
(2010)

Slotema CW, et al.
(2010)

Sperling W, et al.
(2010)

Subramanian P, et
al. (2010)

1 (79)

Hong N, et al.
(2010)

Lai I, et al. (2010)

1 (52)

Eberle MC, et al.
(2010)

1 (56)

Dollfus S, et al.
(2010)

[LF]
15 days of (1Hz)
[T]

Yes
Maintained medication with
no change in dose
(antipsychotic)
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Yes

No

Yes
Maintained medication with
no change in dose
(antipsychotic)

Maintained medication with
no change in dose
(antidepressant,
antipsychotic)

Yes

Maintained medication with
no change in dose
(antipsychotic)

Yes

LTC and RTC based
on 10–20 EEG system

[LF]
4 days of (1 Hz × 10 min) × 2
hemispheres =1200 pulses/day
(600/hemisphere) @ 90% MT
[T]

[LF]

Halfway between T3
and P3 based on 10–
20 EEG system on
Left and Right side

[LF]
15 days of (1 Hz × 20 mins) =
1200 pulses/day @ 90% MT
[T]

No

No

Yes

Halfway between T3
and P3 based on 10–
20 EEG system
Site of maximal fMRI
activation during
AVHs

No

Yes

LTC, method of
location NR

No

No

Yes

MRI Navigation

Posterior half of the
LSTG and RSTG
based on MRI

[LF]
3 days of (1 Hz × 16 min) =
960 pulses/day @ 110% MT
[T]

[HF]
11 days of (1 Hz × 16 min) =
960 pulses/day @ 90% MT
[T]

TP3 and TP4 marking
based on 10–20 EEG
system

[HF]
45 days of (40s (3 pulses at 50
Hz every 200 msec)) =600
pulses/day @ 80% AMT
[T]

Yes
Maintained medication with
no change in dose
(antipsychotic)

Maintained medication,
however a new regimen was
started during treatment(antip
sychotic)

LTC, but method of
locating NR

TP3 marking based on
10–20 EEG system or
left superior temporal
sulcus based on fMRI

[LF]-[HF]
10 days of (1 Hz × 20min) =
1200pulses/day @ 90% MT
2 days of (2 sessions of 13
trains (20 Hz × 10s)) = 5200
pulses/day @ 80% RMT
[T]

Yes

Coil Position

rTMS Protocol [Therapeutic
or Diagnostic]

NIH-PA Author Manuscript

Drug Therapy details

None

None

Coil tilted 90° from
the skull

Coil tilted 45° from
the skull

Yes, but method not
reported

None

None

None

Sham Method

SAPS

VAS

Increased passivity
experiences of volition and
impulse (n = 1)

AHRS
PSYRATS (AH)
HCS
PANSS

AHRS
DVR

CGI
HCS

PSYRATS (AH)

HCS

AHRS

AH Outcome Measure

NR

Facial twitching (n = 7)
Increased psychosis (n = 2)
Scalp discomfort (n = 1)
Headache (n = 9)
Nausea (n = 1)
Dizziness (n = 1)
Abdominal pain (n = 1)
Fatigue (n = 1)

Eight participants reported
experiencing side-effects
during the active treatment
(right or left), with the most
commonly reported sideeffect being twitching

Increase in auditory threshold
(n = 2)

None

Aggravation of AH (n = 1)
Persisted for one month after
rTMS.

None

None

Adverse Events details

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

1 (100%)

1 (100%)

rTMS was not able
to significantly
reduced AVH as
compared to sham.

5 (27%)

3 (37.5%) with 50%
reduction
2 (25%) with 20%
reduction
1 (12.5%) with 10%
reduction

1(100%)

1(100%)

1(100%)
Patient responded
with HF stimulation,
but not with LF
stimulation.

# Responders (%
total) comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
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Rosenberg O, et al.
(2011)

8 (28–62)

9 (21–52)

Vercammen A, et
al. (2010)

20 days of 1 Hz stimulation
=Unknown # of pulses @
100% RMT
[T]

[LF]
6 days of (1 Hz × 20 min) for a
total of 12 sessions. =2400
pulses/day @ 90% MT
[D]

[LF]
10 or 20 days of (1 Hz × 10
min) =600 pulses/day @ 110%
MT
[T]

Maintained medication with
no change in dose
(antipsychotic)

Yes
Maintained medication with
no change in dose
(antipsychotic)

Yes
Maintained medication with
no change in dose
(antipsychotic)

rTMS Protocol [Therapeutic
or Diagnostic]

LTC based on H-coil
magnetic field
modeling.

Halfway between T3
and P3 based on 10–
20 EEG system

Coil Position

NIH-PA Author Manuscript

Drug Therapy details

No

No

MRI Navigation

None

Sham Coil

Sham Method

Headache (n = 1)

NR

Adverse Events details

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

AHRS
SAPS
CGI
SANS

PANSS

AH Outcome Measure

7(87.5%)
Improvement in
both 10 and 20 day
treatment regimens.
This improvement
was less in 20 days,
but upon follow-up
the reduction in AH
was markedly more
as compared to 10
days of treatment.

NR
Left TPJ active
stimulation showed
significant decrease
in PANSS score.

# Responders (%
total) comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
Page 22
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NIH-PA Author Manuscript

NIH-PA Author Manuscript

# of Subjects (Age
Range)

3 (48–62)

14 (35–59)

1 (62)

114 (Not Reported)

Author (Year)

Eichhammer P,
et al. (2002)

Plewnia C, et
al. (2003)

Langguth B, et
al. (2003)

Brain Stimul. Author manuscript; available in PMC 2013 May 17.

De Ridder D, et
al. (2005)

106 U
8B

1B

12 B
2L

2B
1L

Tinnitus Laterality

NR

No

NR

No

Drug Therapy details
Coil Position

AC based on PET

12 scalp positions based
on 10–20 EEG setup

AC based on PET

AC contralateral to
tinnitus site based on
fMRI

rTMS Protocol
[Therapeutic or
Diagnostic]
[LF]
5 days of (1Hz ×
33.3 min) =
2000 pulses/day
@ 110% MT
[D]
[HF]
1 day of (10 Hz
× 3s × 5 per each
of 12 scalp
positions) w/30s
inter train
interval = 1800
pulses @ 120%
MT
[D]
[LF]
20 days of (1Hz
× 33.3 min) =
2000 pulses/day
@ 110% MT
[D]
[LF/HF]
1 day with 200
pulses of 1, 3, 5,
10, and 20 Hz =
1000 pulses @
90% MT
[T]

Yes

Yes

No

Yes

MRI Navigation

Coil positions, coil
perpendicular to the skull

Sham Coil

None

Sham Coil

Sham Method

NR

Two days of tinnitus
worsening followed by a
dramatic reduction in
tinnitus.

NR
Aggravation of tinnitus
(n = 1)

NR
Aggravation of tinnitus
(n = 1)

Two days of tinnitus
worsening followed by a
dramatic reduction in
tinnitus.

Aggravation of tinnitus
(n = 1)

Adverse Events details

VAS

TQ

Self-rating scale (1– 4)

TQ
PET

Tinnitus Outcome Measure

32 (28%)
additional had a
partial response

28 (24.5%)

1(100%)

8 (57%)
with left
temporal or
temporoparietal
stimulation

3(100%)

# Responders
(% total)
comments

Note all studies used a Figure of 8 TMS coil except for De Ridder et al. (2005), which used a circular coil and Vanneste et al. (2011), which used a double cone coil. AC, auditory cortex; AMT, active motor
threshold; B, bilateral tinnitus; BDI, Beck depression inventory; BDI-II, Beck depression inventory, second edition; BSI-18, 18-item brief symptom inventory; CGI, clinical global impression scale; CT,
computed tomography; cTBS, continuous theta burst (3 50Hz pulses at 5Hz); D, diagnostic; fMRI, functional magnetic resonance imaging; IAF, individual alpha frequency (50, frequency ranging between 8
and 12 Hz); imTBS, intermediate theta burst (75 50Hz pulses at 0.06Hz); iTBS, intermittent theta burst (3 50Hz pulses at 0.1Hz); ITI, intertrain interval; L, left-sided tinnitus; LAC, left auditory cortex; LTA,
left tempoparietal area; LTC, left tempoparietal cortex; LTG, left temporal gyrus; MEG, magnetoencephalography; MPA, mesial parietal area; MRI, magnetic resonance imaging; MT, motor threshold; NR,
not reported; PET, positron emission tomography; PET-CT, positron emission tomography-computed tomography; R, right-sided tinnitus; RAC, right auditory cortex; RMT, resting motor threshold; RSTG,
right superior temporal gyrus; RTC, right tempoparietal cortex; rTMS, repetitive transcranial magnetic stimulation; SPECT, single photon emission computed tomography; T, therapeutic; THQ, tinnitus
handicap score; TPJ, tempo-parietal junction; TSIQ, tinnitus severity index questionnaire; TQ, tinnitus questionnaire; U, unilateral tinnitus; VARL, ear-specific visual analogue rating of tinnitus loudness;
VAS, visual analog scale

Table 2

NIH-PA Author Manuscript

Literature review summary of tinnitus treatment or investigation by rTMS
Muller et al.
Page 23

14 (20–62)

7 (44–68)

15 (44–71)

1 (43)

13 (22–64)

28 (38–65)

1 (27)

Kleinjung T, et
al. (2005)

Fregni F, et al.
(2006)

Folmer RL, et
al. (2006)

Richter GT, et
al. (2006)

Londero A, et
al. (2006)

Brain Stimul. Author manuscript; available in PMC 2013 May 17.

Langguth B, et
al. (2006)

Nowak DA, et
al. (2006)

1U

13 B
9L
6R

10 L
3R

1B

7L
8R

No

NR

Patients had
undergone previous
treatment with
antiepileptics.

No

NR

No

NR

No

2B
6L
6R

7B

Drug Therapy details
Coil Position

12 LAC and 2 RAC
based on PET

LTA and MPA based on
10–20 EEG system

LTC and RTC based on
10–20 EEG system

RAC based on PET-CT

AC contralateral to
tinnitus site based on
fMRI

LAC based on 10–20
EEG system

LAC

rTMS Protocol
[Therapeutic or
Diagnostic]
[LF]
5 days of (1 Hz
× 33min) = 2000
pulses @ 110%
MT
[T]
[HF]
1 day of (10 Hz
× 3s × 9 trains)
w/5min inter
train interval
=270 pulses @
120% MT
[T]
[HF]
1 day of (10 Hz
× 3s × 5 sessions
w/57s intertrain
interval) = 150
pulses @ 100%
MT
[D]-[T]
[LF]
5 days of (1 Hz
× 30s w/1 day
inter train
interval) = 1800
pulses @ 110%
MT
[D]-[T]
[LF/HF]
1 day of (10 Hz
× 3s followed by
1 Hz × 20min) =
1230 pulses @
120% MT
[T]
[LF]
10 days of (1 Hz
× 33min) = 2000
pulses/day @
110% MT
[T]
[LF]
5 days of (1 Hz
× 18min) = 1080
pulses/day @
90% MT

NIH-PA Author Manuscript

Tinnitus Laterality

No

No

No

No

No

No

Yes

MRI Navigation

None

None

None

None

Coil with recorded
sounds of actual TMS

Sham Coil

Sham Coil

Sham Method

NIH-PA Author Manuscript

# of Subjects (Age
Range)

GTC seizure (n = 1)

Aggravation of tinnitus
(n = 2)

Aggravation lasting
for10 days

NR
Aggravation of tinnitus
(n = 1)

None

NR

None

None

Adverse Events details

NR

TQ

THQ

PET-CT
Tinnitus severity
questionnaire with analogue
scale

Self-rating scale (1– 10)

Self-rating scale (1– 4)

TQ

Tinnitus Outcome Measure

0 (0%)

19 (67%)

6(46%) with 1
Hz stimulation
1(7.7%) with 10
Hz stimulation

1 (100%)

6 (40%)
5 (33.3%) with
LTC
stimulation,
1 (6.6%) with
RTC stimulation

3 (42%)
with LTA
stimulation

8 (57%)

# Responders
(% total)
comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
Page 24

9 (49–68)

6 (49–68)

45 (20–69)

16 (only 14
completed) (35–72)

4 (30–60)

Plewnia C, et
al. (2007a)

Plewnia C, et
al. (2007b)

Kleinjung T, et
al. (2007)

Rossi S, et al.
(2007)

Smith JA, et al.
(2007)

46 (>18)

De Ridder D, et
al. (2007)
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No

7B
4L
3R

No

NR

30 B
8L
7R

4B

No

Lidocaine (1.5 mg/kg)
i.v.

Yes

NR

6B

8B
1R

46 U

Drug Therapy details

Based on PET scan
results

Based on PET scan
results

AC based on fMRI

LTC based on PET or AC
based on 10–20 EEG
system

Primary AC based on
PET/CT

[LF]
20 days of (1 Hz
× 30min) = 1800
pulses/day @
120% MT
[T]
[LF]
10 days of (1 Hz
× 33 mins) =
2000 pulses/day
@ 110% MT
[T]
[LF]
5 days of (4
trains of (1Hz ×
6.66 mins w/ITI
of 30s)) = 1200
pulses/day @
120% MT
[T]
[LF]
5 days of (1 Hz
× 30 mins) =
1600 pulses/day
@ 110% MT
[D]

AC contralateral to
tinnitus site

Coil Position

[LF]
2 days of (1 Hz
× 5, 15, and
30min w/30 min
inter train
interval) = 3000
pulses/day @
120% MT
[D]-[T]

[HF]
1 day of tonic
rTMS with 200
pulses at5, 10,
and 20 Hz = 600
pulses followed
by a second day
of burst rTMS at
5, 10, and 20 Hz
Hz both @ 90%
MT
[T]

[T]

rTMS Protocol
[Therapeutic or
Diagnostic]

NIH-PA Author Manuscript

Tinnitus Laterality

Yes

Yes

Yes

Yes

Yes

No

MRI Navigation

Coil positioned 45° from
the skull

Coil positioned 45° from
the skull

None

Occipital control position

Occipital control position

Coil positions, coil
perpendicular to the skull

Sham Method

NIH-PA Author Manuscript

# of Subjects (Age
Range)

None

Slight headache or
tongue paraesthesia

Aggravation of tinnitus
(n = 2)

NR

None

Tinnitus increased after
5 minutes stimulation
and returned to baseline
after 30 mins.

Aggravation of tinnitus
(n = 1)

NR

Adverse Events details

PET
TSIQ
VAS

VAS

TQ

TQ

VAS

VAS
TQ

Tinnitus Outcome Measure

NR
TSIQ and VAS
scores
decreased, but
were not
considered

8(57%)

18 (40%)

5 (83%)

6 (66%)

14 (30.4%)
5 (10.9%) with
5Hz
2 (4.3%) with
10Hz
7 (15.2%) with
20Hz

# Responders
(% total)
comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
Page 25

1 (44)

16 (41–60)

50 (6 mo – 25yrs)

1 (73)

32 (35–56)

Mennemeir M,
et al. (2008)

Kleinjung T, et
al. (2008)

Khedr EM, et
al. (2008)

Garcia-Toro M,
et al. (2009)

Kleinjung T, et
al. (2009)

8 (57–85)

Lee SL, et al.
(2008)

Coil Position

LTC, but method of
finding area NR

Anterior RSTG based on
PET

Neuronavigation to LAC

LTC based on 10– 20
EEG system

LTC based on 10– 20
EEG system

Neuronavigation to LAC

[LF]
5 days of (0.5 Hz
× 20 min) = 600
pulses/day @
100% MT
[T]
[LF]
10 days of (1 Hz
× 30 min) =
1800 pulses/day
@ 110% MT
[T]
[LF]-[HF]
1 day of (1 Hz ×
33 min) = 2000
pulses/day @
110% MT
1 day of (20 Hz
× 50s) followed
by (1 Hz ×
16min) = 2000
pulses/day @
110% MT
[D]
[LF]-[HF]
10 days of either
1, 10, 25 Hz @
100% RMT
(90% RMT for
25 Hz)
[T]
[LF]
34 pulse trains (1
Hz × 60s) =
2040 pulses/day
at 100% MT
[T]

[LF] 10 days of
(1 Hz × 33.3
mins) =2000
pulses/day @
110%MT
[D]-[T]

No

NR
Patients had
previously been on
vasodilators and antidepressesants as
possible tinnitus
treatment.

No

1B

27 B
3L
2R

12 B
22 R
32 L
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12 B
9L
11 R

1B

8B

Yes
16 patients received
levodopa (100mg) and
benserazide (25mg)

Trimetazidine (60mg
daily) although period
of treatment NR.

Yes

NR

Drug Therapy details

rTMS Protocol
[Therapeutic or
Diagnostic]

NIH-PA Author Manuscript

Tinnitus Laterality

Yes

No

No

Yes

Yes

No

MRI Navigation

None

None

Occipital control position

None

Coil positioned 45° from
the skull

None

Sham Method

NIH-PA Author Manuscript

# of Subjects (Age
Range)

None

Facial twitching (n =1)

NR

None

None

Jaw Soreness (n =1)
Photophobia (n=1)
Restlessness (n=1)
Imbalance (n=1)

Adverse Events details

TQ

Self Rating Scale (0–100)
HDS

THI

TQ

PET-CT
VAR

THI

Tinnitus Outcome Measure

NR
TQ scores in
both control and
levodopa
groups. No
significant
difference
between groups
and only the

1 (100%)

38 (76%)
13 (26%) with
1Hz
13 (26%) with
10Hz
12 (24%) with
25Hz

3 (18.75%) with
1Hz
8 (50%) with
50Hz/1Hz

1 (100%)

1 (12.5%)

statistically
significant.

# Responders
(% total)
comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
Page 26

26 B
24 U

12 B
4L
4R

50 (22–78)

33 (only 20
completed the trial)
(35–60)

1 (54)

Meeus O, et al
(2009)

Poreisz C, et al.
(2009)

Soekadar SR, et
al. (2009)
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1B

NR

10 (>18)

Marcondes RA,
et al. (2009)

Coil Position

LTC based on 10– 20
EEG system

AC contralateral to the
tinnitus, 5 cm above the
entrance of the external
auditory meatus on
straight line to the vertex

LTC based on 10– 20
EEG system

LTC and/or RTC based
on 10–20 EEG system

[LF]
5 days of (1 Hz
× 17min) = 1020
pulses/day
@110% MT
[D]-[T]

[LF/HF]
1 day of 1, 5, 10,
and 20 Hz tonic
stimulation for
200 pulses
followed by 5,
10, or 20 Hz
burst stimulation
(50 or 100 Hz
bursts with
either 3, 5, or 10
pulses) for 200
pulses = 400
pulses/day @
50% MO
[D]
[HF]
cTBS, iTBS, or
imTBS separated
by 5 days for
600 pulses at
80% AMT (6
patients) or 80%
RMT (14
patients)
[D]
[HF]
15 days of
((cTBS × 40s
train) × 30 mins)
× 1 or 2 times/
day =18,000 –
36,000 pulses/
day @ 80%
AMT

No

Yes
Prior treatment with
antidepressants.
Mirtazapine 45 mg/
day started 4 weeks
before treatment and
maintained through
treatment.

NR

No

Drug Therapy details

rTMS Protocol
[Therapeutic or
Diagnostic]

NIH-PA Author Manuscript

Tinnitus Laterality

No

No

No

No

MRI Navigation

None

None

Coil positioned 45° from
the skull

Sham Coil

Sham Method

NIH-PA Author Manuscript

# of Subjects (Age
Range)

NR

Headache (n = 2)
Unpleasant feeling (n =
5)
Aggravation of tinnitus
(n = 3)

NR

None

Adverse Events details

TQ
VAS

TQ
VAS

VAS

THI
VAS
SPECT

Tinnitus Outcome Measure

1(100%)

11 (55%)

NR
Active rTMS
showed a
significant
reduction in
tinnitus outcome
measures as
compared to
Sham rTMS.
1 Hz stimulation
was significantly
better at
reducing tinnitus
than high
frequency
stimulation.

NR
Active rTMS
showed
significant
reduction in
tinnitus outcome
measures as
compared to
Sham rTMS.

control group
had a significant
lasting
suppression
during the
follow-up period

# Responders
(% total)
comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
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1 (61)

62 (26–55)

Frank E, et al.
(2010)

Khedr EM, et
al. (2010)

26 (20–69)

Anders M, et
al. (2010)

Brain Stimul. Author manuscript; available in PMC 2013 May 17.

30 L
32 R

No

NR

No

13 B
3L
6R

1R

Drug Therapy details

Based on PET scan
results

LTC or RTC based on
10–20 EEG system

[LF]-[HF]
10 days of either
ipsilateral or
contralateral
stimulation
using:

Neuronavigation to LAC

Coil Position

[LF]-[HF]
10 days of (1Hz
× 16min) = 2000
pulses/day @
110% MT
1 day of:
−5 Hz tonic; 10
Hz tonic; 20 Hz
tonic = 100
pulses/day @
110% MT−cTBS
for 100 pulses/
day @ 110%
MT
−10 Hz burst (3
stimuli with a
frequency of 100
Hz) = 100
pulses/day @
110% MT
−20 Hz burst (5
stimuli with a
frequency of 500
Hz) = 100
pulses/day @
110% MT
10 days of (40
trains of 50
bursts (5 stimuli
at 500Hz) w/ITI
25s) = 2000
pulses/day @
110% MT
[T]

[LF]
10 days of (1 Hz
× 25 mins)
=1500 pulses/
day @ 110%
RMT
[T]

[T]

rTMS Protocol
[Therapeutic or
Diagnostic]

NIH-PA Author Manuscript

Tinnitus Laterality

No

Yes

Yes

MRI Navigation

None

Yes, but not detailed.

Coil positioned 45° from
the skull

Sham Method

NIH-PA Author Manuscript

# of Subjects (Age
Range)

Headache (n = 19)

HF

Headache (n = 21)
Neck Pain (n = 14 )
Jaw Pain (n = 16)

LF

NR

Transient headache,
mild tongue paresthesia,
transient worsening of
tinnitus, and changes in
sleep quality also
reported.

Aggravation of tinnitus
(n = 2)
Neck muscle
contractions (n = 1)

Adverse Events details

THI
VAS

TQ
CGI

THI
TQ
VAS

Tinnitus Outcome Measure

43 (69%) for
both HF and LF
rTMS with THI
40 (64%) for
both HF and LF

1(100%)
With 1 Hz and
20 Hz burst
stimulation.

NR
Active rTMS
was capable of
significantly
reducing the
total baseline
score of basic
scales that
measure tinnitus
severity.

# Responders
(% total)
comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
Page 28

10 (21–70)

10 (>18)

16 (23–79)

100 (38–63)

Lorenz I, et al.
(2010)

Marcondes RA,
et al. (2010)

Minami SB, et
al. (2010)

Vanneste S, et
al. (2010)

No

NR

NR

4B
7L
5R

25 B
23 U
52 NR

No

NR

5B
4L
1R

Drug Therapy details

AC contralateral to
tinnitus site based on 10–
20 EEG system

LTC based on 10– 20
EEG system

LAC based on 10–20
EEG system

AC, method of locating
NR

[LF]
5 days of (1 Hz
× 17min) = 1020
pulses/day
@110% MT
[T]

[LF]
1 day of (1 Hz ×
20 mins) = 1200
pulses/day @
110% RMT
[T]
[LF]-[HF]
1 day of (1, 5,
10, 20 Hz w/5
pulse bursts) =
800 pulses/day
@ 90%MT
[D]-[T]

Coil Position

[LF]-[HF]
1 day of either 1
Hz, IAF (20
trains with 25s
ITI), iTBS (10
trains with 8s
ITI), or cTBS =
1000 pulses/day
@110 %RMT
for 1 Hz/IAF or
80% RMT for
iTBS/cTBS
[D]

−1 Hz =2000
pulses/day @
100% RMT
−25 Hz for 40
trains × 50
pulses w/5s ISI =
2000 pulses/day
@ 90% RMT
[T]

rTMS Protocol
[Therapeutic or
Diagnostic]

NIH-PA Author Manuscript

Tinnitus Laterality

Brain Stimul. Author manuscript; available in PMC 2013 May 17.
No

No

No

No

MRI Navigation

Coil positioned 45° from
the skull

None

Sham Coil

Coil positioned 45° from
the skull

Sham Method

NIH-PA Author Manuscript

# of Subjects (Age
Range)

NR

None

None

Aggravation of tinnitus
with IAF (n = 3)

Neck Pain (n = 10)
Jaw Pain (n = 7)

Adverse Events details

VAS
TQ

VAS
THI

THI
VAS
SPECT

MEG
VAS

Tinnitus Outcome Measure

48(48%)
48 patients were
described as
placebo free
responders.

NR
Significant
reduction in
VAS scores, but
not in THI
scores.

NR
Significant
reduction in
tinnitus with
Active
stimulation
versus Sham.
Reduction in
cortical activity
shown by
SPECT with
Active
stimulation.

NR
1 Hz, iTBS, and
cTBS all showed
a reduction in
tinnitus, while
IAF caused an
increase in
tinnitus.

rTMS with
Loudness
40 (64%) for
both HF and LF
rTMS with
Annoyance
38 (61%) for
both HF and LF
rTMS with
Awareness

# Responders
(% total)
comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
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14 (42–59)

78 (22–81)

Piccirillo JF, et
al. (2011)

Vanneste S, et
al. (2011)

21 (28–75)

Mennemeir M,
et al. (2011)

55 B
25 U

9B
3R
2L

21 B

NR

Yes
Maintained
medication with no
change in dose
(antidepressant)

No

Drug Therapy details

TPJ based on 10– 20
EEG system or
neuronavigation

Medial frontal cortex
defined as 1.5cm anterior
to one-third distance from
nasion inion.

[LF]-[HF]
1 day of (1, 3, 5,
10, 20 Hz w/200
pulses per
frequency)
=1000 pulses/
day @ 50%MO
[D]-[T]

MRI-guided using PET
asymmetry, posterior one
third of the STG that lies
opposite to ear with
tinnitus if no asymmetry
but lateralized tinnitus, or
left hemisphere STG if
no asymmetry/later alized
tinnitus

[LF]
5 days of (1 Hz
× 30 mins)
=1800 pulses/
day @ 110%MT
[D]-[T]

[LF]
10 days of (6
trains of (1 Hz ×
5.5 minutes for 5
trains and 6
minutes for last
train w/90s ITI))
= 2000 pulses/
day @ 110%MT
[D]-[T]

Coil Position

rTMS Protocol
[Therapeutic or
Diagnostic]

NIH-PA Author Manuscript

Tinnitus Laterality

No

Yes

Yes

MRI Navigation

Coil positioned 45° from
the skull

Sham Coil

Sham Coil w/electrical
scalp stimulation

Sham Method

NIH-PA Author Manuscript

# of Subjects (Age
Range)

VAS

THI
BDI-II
BSI-18

Jaw twitch (6)
Neck/Shoulder Twitch
(5)
Facial twitch (4)
Headache (2)
Eye twitching (1)
Facial tingling (1)
Jaw pain (1)
Arm twitch (1)
Lightheadedness (1)
Temple pain (1)
Aggravation of tinnitus
(2)

NR

VARL
PET

Tinnitus Outcome Measure

NR
Only looked at results of
neuropsychological tests
as a reporter of
detrimental effects.

Adverse Events details

31(59.61%)
52 out of 78
patients
(66.67%) were
non responders
to sham and
were used to
calculate the
percent of
responders/nonresponders.

2(14%)

9(43%)

# Responders
(% total)
comments

NIH-PA Author Manuscript

Author (Year)

Muller et al.
Page 30
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NIH-PA Author Manuscript

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

18 (28–75)

14 (34–80)

12 (33–67)

2 (29–37)

60 (27–69)

10 (29–72)

Author (Year)

Lefaucheur JP, et
al. (2001a)

Lefaucheur JP, et
al. (2001b)

Rollnik JD, et al.
(2002)

Topper R, et al.
(2003)

Lefaucheur JP, et
al. (2004)
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Pleger B, et al.
(2004)

No

CRPS I

Lesional

Phantom- Limb

Yes
Maintained medication
with no change in dose
(analgesic, NSAIDs)

NR

Varied

Varied

Lesional

Pain Type

NR

NR

NR

Drug therapy details

Motor cortex as
definedby maximal
contralateral MEP
amplitude
Motor cortex as
defined by maximal
contralateral MEP
amplitude
F3, F4, Fz, C3, C4,
Cz, P3, P4, Pz, T5,
T6, O1 and O2, all
according to the
International 10–20
System
Motor cortex as
defined by maximal
contralateral MEP
amplitude

[HF]
1 day of (20 trains (20 Hz × 5s)
over 20 min) = 800 pulses/day
@ 80% MT
[T]

[LF]-[HF]
15 Hz × 2s for multiple
stimulation sites
15 days of (20trains (10Hz ×
2s) w/1min ITI) = 400 pulses/
day @ 110% RMT
15 days of (1Hz × 12min) = 720
pulses/day @ 110% RMT
[D]-[T]

[HF]
1 day of (20 trains (10Hz × 5s
w/55s ITI) = 1000 pulses/day @
80% RMT
[D]
Motor cortex as
defined by maximal

No

Motor cortex as
defined by maximal
contralateral MEP
amplitude

[HF]
2 days of (20 trains (10Hz × 5s
w/55s ITI) = 1000 pulses/day @
80% RMT
[T]

[HF]

No

Motor cortex as
defined by maximal
contralateral MEP
amplitude

[LF]-[HF]
1 day of (20 trains (10Hz × 5s
w/55s ITI) = 1000 pulses/day @
80% RMT
1 Day of (0.5 Hz × 20 min)
=600 pulses/day @ 80% RMT
[T]

No

No

No

No

Coil Position

rTMS Protocol [Therapeutic
or Diagnostic]
MRI Navigation

Coil tilted 45°
from the skull

Sham Coil

None

Coil tilted 45°
from the skull

Sham Coil

Coil tilted 45°
from the skull

Sham Method

Hemihyperthermaesthesy (n = 2)

None

NR

Headache (n=1)

None

None

Adverse Events details

VAS

Thermal sensory threshold
VAS

VAS

VAS

VAS

VAS

Pain Outcome Measure

7 (70%)

39 (65%)

2 (100%)

6 (50%)

8 (57%)

7 (38.9%)

#of
Responders
(% total)
comments

Note all studies used a figure-of-8 TMS coil except for Rollnik et al. (2002), which used a circular coil. bid, twice daily; BPI, brief pain inventory; CNP, chronic neuropathic pain; D, diagnostic; NRS, numeric
rating scale; CRPS, complex regional pain syndrome; HF, high frequency; HRSD, Hamilton rating scale for depression; ITI, intertrain interval; LANSS, Leeds assessment of neuropathic symptoms and signs;
LF, low frequency; LPC, left prefrontal cortex; MEP, motor evoked potential; MPQ, McGill pain questionnaire; MRI, magnetic resonance imaging; MT, motor threshold; NPS, neuropathic pain scale; NPSI,
neuropathic pain symptom inventory; NR, not reported; PIQ, pain impact questionnaire; qd, once daily; RMT, resting motor threshold; rTMS, repetitive transcranial magnetic stimulation; T, therapeutic; THQ,
tinnitus handicap score; TQ, tinnitus questionnaire; VAS, visual analog scale; VNS, visual numeric scale
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48 (39–63)

12 (31–66)

20 (28–72)

36 (30–79)

1 (24)

13 (29–76)

Khedr EM, et al.
(2005)

Andre-Obadia N,
et al. (2006)

Hirayama A, et al.
(2006)

Lefaucheur JP, et
al. (2006)

Rosa MA, et al.
(2006)
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Saitoh Y, et al.
(2007)

Lesional

Varied

Yes
Maintained medication
with no change in
dose(antianxiety,
anticonvulsant,
antidepressant, NSAIDs)

Yes
Maintained medication
with no change in dose
(analgesics, anti- anxiety,
anti- convulsants, antidepressants)

Yes

Lesional

CRPS

Lesional

Yes
Maintained medication
with no change in dose
(analgesic, anticonvulsant,
antidepressant,
antipsychotic, antispastic)

NR

Varied CNP

NR

Pain Type

Motor cortex as
defined by maximal

Motor cortex as
defined by maximal
contralateral MEP
amplitude

[HF]
1 day of (25 trains (10Hz × 10s
w/20s ITI)) = 2500 pulses/day
@ 100% MT
[T]

[LF]-[HF]

Motor cortex as
defined by maximal
contralateral MEP
amplitude

[HF]
1 day of (20 trains (10Hz × 10s
w/50s ITI) = 2000 pulses/day @
90% RMT
[D]

Motor cortex as
defined by maximal
contralateral MEP
amplitude

Motor cortex as
defined by maximal
contralateral MEP
amplitude

[LF]-[HF]
2 days of (1 Hz × 26min) =1560
pulses/day @ 90% MT
1 day of (20 trains of 80 pulses
at 20 Hz with ITI of 84s) =
1600 pulses/day @ 90% MT
[T]

[HF]
2 days of 20 Trains (5 Hz × 10s
with ITI of 50s @ 90% RMT) =
500 pulses/day
[D]

Motor cortex as
defined by maximal
contralateral MEP
amplitude

contralateral MEP
amplitude

1 day of (10 trains (10 Hz ×
1.2s w/10s ITI)) = 120 pulses/
day @ 110% MT
[T]

[HF]
5 days of (10 trains (20 Hz ×
10s) w/50s ITI)) =2000 pulses/
day @ 80% RMT
[T]

Coil Position

rTMS Protocol [Therapeutic
or Diagnostic]

NIH-PA Author Manuscript

Drug therapy details

Yes

No

No

Yes

Yes

No

MRI Navigation

Coil tilted 45°
from the skull

None

None

Coil tilted 45°
from the skull

Coil tilted 45°
from the skull

Coil tilted 45°
from the skull

Sham Method

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

None

Seizure (n=1)

None

None

None

NR

Tingling sensation in limb
(n = 2)
Drowsiness (n = 1)
Dizziness (n = 1)
Headache (n = 1)

Adverse Events details

VAS
MPQ

VAS
MPQ

VAS
CGI

VAS

VAS
Global subjective assessment

VAS
LANSS

Pain Outcome Measure

21(43.75%)
immediately
after rTMS
15(31.25%)
Two weeks
after rTMS
VAS
responders
21(43.75%)
immediately
after rTMS
17(35.4%)
Two weeks
after rTMS

LANSS
responders

#of
Responders
(% total)
comments

NR

0 (0%)

Varied by pain
location and
stimulation
site

10 (50%)

1 (8.3%) with
1Hz
5 (41.6%) with
20Hz

NIH-PA Author Manuscript

Author (Year)
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9 (18–65)

1 (62)

Zhagi S, et al.
(2009)

Sampson SM, et
al. (2011)

11 (33–75)

Kang BS, et al.
(2009)

12 (22–65)

4 (33–58)

Borckardt JJ, et al.
(2009)

Picarelli H, et al.
(2010)

28 (31–72)

Andre-Obadia N,
et al. (2008)

Motor cortex as
defined by maximal
contralateral MEP
amplitude
Motor cortex as
defined by maximal
contralateral MEP
amplitude

[HF]
1 day of (20 trains (10 Hz × 5s
w/55s ITI)) = 1000 pulses/day
@ 80% RMT
[T]

[HF]
35 days of (30 trains (10 Hz ×
4s w/26s ITI)) =1200 pulses/
day @ 80% RMT
[T]

Varied

Varied CNP

CNP

CRPS I

Varied CNP

Yes
Maintained medication
with no change in dose
(analgesic, antidepressant,
anti-anxiety, anti-spastic)

Yes
Maintained medication
(anticonvulsant,
antidepressant, NSAIDs)

Yes
Maintained medication
with no change in dose
(analgesic, anticonvulsant)

Yes
All patients were washed
out of their previous
treatment and started on a
standardized
pharmacological treatment
based on the best evidence
available for 30 days
(naproxen 250 mg bid,
amitriptyline 50 mg qd, and
carbamazepine 200 mg bid)

Yes
Maintained medication
with no change in dose
(analgesic)

[LF]
15 days of (1 Hz × 26.67 mins)
=1600 pulses/day @ 110% MT
[D]-[T]

RDLPC defined as
area 5cm anterior to
MC for activation of
ABP

Motor cortex as
defined by maximal
contralateral MEP
amplitude

Motor cortex as
defined by maximal
contralateral MEP
amplitude
LPC using frameless
stereotactic system

[HF]
3 days of (40 trains (10Hz × 10s
w/20s ITI)) = 4000 pulses/day
@ 100% RMT
[D]

Varied

Yes
Maintained medication
(analgesic, anticonvulsant,
antidepressant)

[HF]
10 days of (25 trains (10 Hz ×
10s w/60s ITI) = 2500 pulses/
day @ 100% RMT
[T]

Yes

Motor cortex as
defined by maximal
contralateral MEP
amplitude

[HF]
1 day of (20 trains (20Hz × 4s
w/84s ITI)) = 1600 pulses/day
@ 90% MT
[D]-[T]

Maintained medication
with no change in dose
(anticonvulsants,
antidepressants, NSAIDs)

No

No

No

No

No

contralateral MEP
amplitude

1 day of (10 trains (10Hz × 5s
w/50s ITI))
1 day of (5 trains (10Hz × 10s
w/50s ITI)) = 500 pulses/day @
90% RMT
1 day of (1Hz × 500s) = 500
pulses/day @ 90% RMT
[D]

MRI Navigation

Coil Position

rTMS Protocol [Therapeutic
or Diagnostic]

Pain Type

NIH-PA Author Manuscript

Drug therapy details

None

Sham Coil

None

Coil tilted 45°
from the skull

Sham Coil

Coil tilted 45°
from the skull

Sham Method

NIH-PA Author Manuscript

# of
Subjects
(Age
Range)

NR
Treatment site discomfort
Transient mild headeche

Seizure (n = 1)
Headache (n = 6)
Neck Pain (n = 2)
Scalp Tingling (n = 4)
Dizziness (n = 1)

Headache (n=1)
Neck Pain (n = 1)

NR

NR

None

Adverse Events details

HRSD
VAS
Likert pain ratings

VAS
MPQ
PIQ

Self-reported overall daily
pain

NRS
BPI

Pain Diary
NPS
BPI
Cutaneous and Mechanical
Pain Assessment

NPSI
VNS

Pain Outcome Measure

#of
Responders
(% total)
comments

4 (44.4%)

7 (58%)

1(100%)

0 (0%)

3 (75%)

14 (50%)

Pain reduced
significantly in
the entire
treatment
group relative
to control

NIH-PA Author Manuscript

Author (Year)
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NIH-PA Author Manuscript

NIH-PA Author Manuscript

6 (40–54)

42 (30–53)

2 (51–66)

13 (20–63)

102 (27–50)

Clarke BM, et al.
(2006)

O’Reardon JP, et
al. (2007)

Teepker M, et al.
(2009)

Lipton RB, et al.
(2010)

# of Subjects
(Age Range)

Brighina F, et al.
(2004)

Author (Year)
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Additional patient
data missing.

37 VA
45 NVA

6M
7A

2M

32 M
10 A

6M

Type of Migraine

[LF]
1 day of (0.03 Hz ×
variable time) =max 120
pulses/day @ MO NR
[T]

No

Yes
Maintained medication with
no change in dose (βadrenergic antagonists, SSRI,
calcium-channel blockers)
Occiput just below
the occipital bone,
location method
not specified.

Vertex, method of
locating
stimulation site not
specified.

[LF]
5 days of (2 trains (1 Hz ×
8.3 mins w/1 min ITI))
=1000 pulses/day @ 100%
RMT
[T]

NR

[LF]
1–3 days of (0.2 Hz × 5s)
=2 pulses/day @ 30% or
50% MO
[T]

LDLPC defined as
area 5cm anterior
to MC for
activation of FDI

LDLPC defined as
area 5cm anterior
to MC for
activation of FDI

Coil Position

[HF]
12 days of (10 trains (20
Hz × 2s w/30s ITI)) =400
pulses/day @ 90% MT
[D]-[T]

rTMS Protocol
[Therapeutic or
Diagnostic]

[HF]
30 days of (10 Hz × 5
mins) =3000 pulses. day
@ 120% MT
[T]

NR
Both patients used varying
pharmacologic methods of
treating migraines, but no
mention of use during trial,
including anticonvulsants and
analagesics.

Maintained medication with
no change in dose.
(analgesics, antiemetics)

Yes

Maintained medication with
no change in
dose(anticonvulsant, βblockers, calcium channelblocker, SSRI)

Yes

Drug therapy details

No

No

No

No

No

MRI Navigation

Sham Coil

Sham Coil

None

None

Coil tilted 45°
from the skull

Sham Method

Headache (n = 3)
Migraine (n = 3)
Sinusitis (n = 2)
Optic neuritis (n = 1)
Nausea (n = 1)

Drowsiness (n = 1)
Amyostasia (n = 1)
Irritability (n = 1)
Phonophobia (n = 1)
Vigorous dreams (n = 1)

NR

Dizziness (n = 1)
Drowsiness (n = 3)

None

Adverse Events details

Self-reporting
Self-rating scale

Self-reporting
Self-rating scale

Self-rating scale

5- point Likert scale
MASQ

Self-rating scale

Migraine Outcome Measure

34(42.7%)

NR
Significant
reduction in
migraine
occurrence with
active rTMS.

2(100%)

29(69%) improved
with 1 trial
19(87%) improved
with 2 trials
9(82%) improved
with 3 trials

NR
rTMS had a
significant longlasting effect in
reducing headache
attack frequency,
headache index,
and the number of
abortive pills.

#of Responders
(% total)
comments

Note all studies used a figure-of-8 TMS coil except for Teepker M et al. (2009), which used a circular coil. A, migraine with aura; D, diagnostic; FDI, first dorsal interosseous; HF, high-frequency; LDLPC,
left dorsolateral prefrontal cortex; LF, low-frequency; M, migraine without aura; MASQ, measuring and assessing suffering questionnaire; MC, motor cortex; MEP, motor evoked potential, MO, machine
output; MPQ, McGill pain questionnaire; MT, motor threshold; NR, not reported; NSAID, non-steroidal anti-inflammatory drug; NVA, migraine with non-visual aura; RMT, resting motor threshold; rTMS,
repetitive transcranial magnetic stimulation; SSRI, selective serotonin reuptake inhibitors; T, therapeutic; TCA, tricyclic antidepressant
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# of
Subjects
(Age
Range)

4 (36–51)

15 (44–60)

14 (41–53)

20 (40–62)

Author (Year)

Sampson SM, et al.
(2006)

Passard A, et al
(2007)

Carretero B, et al.
(2009)

Mhalla A, et al.
(2011)

RDLPC defined as
area 5cm anterior to
MC for activation of
ABP

Motor cortex as
defined by maximal
contralateral MEP
amplitude

RDLPC defined as
area 5cm anterior to
MC for activation of
ABP

Motor cortex as
definedby maximal
contralateral MEP
amplitude

[HF]
10 days of (25 trains (10 Hz ×
8s w/52s ITI)) =2000 pulses/
day @ 80% RMT
[T]

[LF]
20 days of (20 trains (1 Hz × 1
min w/45s ITI)) =1200 pulses/
day @ 110% MT
[T]

[HF]
14 days of (15 trains (10 Hz ×
10s w/50s ITI)) =1500 pulses/
day @ 80% RMT
[T]

Yes
Maintained medication with
no change in dose (analgesics,
antidepressants, NSAIDS)

Yes
Maintained medication with
no change in dose (analgesic,
antidepressant)

Yes
Maintained medication with
no change in dose (analgesics,
antidepressants)

Coil Position

[LF]
18–20 days of (2 trains (1 Hz ×
13.3 mins w/60s ITI)) =1600
pulses/day @ 110% MT
[T]

rTMS Protocol [Therapeutic
or Diagnostic]

Yes
Maintained medication with
no change in dose (analgesic,
anticonvulsant)

Drug therapy details

No

No

No

No

MRI Navigation

Sham Coil

Coil tilted 45°
from the skull

Sham Coil

Coil tilted 45°
from the skull

Sham Method

Headache (n = 6)
Dizziness (n = 1)

Headache (n = 6)
Neck Pain (n = 6)
Aggravation of depression (n
= 1)

Headache (n = 4)
Nausea (n = 1)

NR

Adverse Events details

NR
Active rTMS
improved pain
associated with
fibromyalgia.
NR
Active rTMS
improved pain and
quality of life
associated with
fibromyalgia. SICI
and ICF were
significantly higher
after rTMS.

BPI
MPQ
FIQ
HAD
BDI
PCS
ICF
SICI
MEP
RMT

NR
Active rTMS
improved pain
associated with
fibromyalgia.

BPI
MPQ
FIQ
manual tender
point survey
HDRS
BDI
HAD
HDRS
CGI
Likert pain scale
FibroFatigue scale

4(100%)

#of Responders (%
total) comments

HRSD
MADRS
CGI
GAF
Self-rating scale

Fibromyalgia Outcome Measure

Note all studies used a figure-of-8 TMS coil. ABP, abductor pollicis brevis; BDI, Beck depression inventory; BPI, brief pain inventory; CGI, clinical global impression; D, diagnostic; FIQ, fibromyalgia
impact questionnaire; GAF, global assessment of function; HAD, hospital anxiety and depression scale; HF, high-frequency; HRSD, Hamilton rating scale for depression; ICF, intracortical facilitation; LF,
low-frequency; MADRS, Montgomery Asberg depression rating scale; MC, motor cortex; MEP, motor evoked potential; MPQ, McGill pain questionnaire; NR, not reported; NSAID, non-steroidal antiinflammatory drug; PCS, pain catastrophizing RDLPC, right dorsolateral prefrontal cortex; rTMS, repetitive transcranial magnetic stimulation; SICI, short intracortical inhibition; T, therapeutic

Table 5

NIH-PA Author Manuscript

Literature review summary of fibromyalgia treatment or investigation by rTMS
Muller et al.
Page 35

Brain Stimul. Author manuscript; available in PMC 2013 May 17.

NIH-PA Author Manuscript
Table 6

NIH-PA Author Manuscript

5 (33–55)

9 (30–52)

Fregni F, et al.
(2011)

# of
Subjects
(Age
Range)

Fregni F, et al.
(2005)

Author (Year)

NR

NR

Drug therapy details

Left or right
SII using
MRI
navigation

Right SII
using MRI
navigation

[LF]
10 days of (1
Hz × 26.6
mins) =1600
pulses/day @
70% MO
[D]-[T]

Coil Position

[LF]-[HF]
6 days of (1 or
20 Hz) =1600
pulses/day @
90% RMT
[D]-[T]

rTMS
Protocol
[Therapeutic
or Diagnostic]

Yes

Yes

MRI Navigation

Sham Coil

Sham Coil

Sham Method

Total number of adverse
events was reported per
treatment group.
Numbers of patients
with adverse events is
not reported.

None

Adverse Events details

VAS
BDI
MRS
Biological markers

VAS
MMSE

Visceral Pain
Outcome
Measure

NR
Active rTMS
significantly
reduced
visceral pain.

NR
1 Hz active
rTMS
reduced pain
when
stimulating
both left and
right SII. 20
Hz worsened
pain when
stimulating
left SII and
improved
pain when
stimulating
right SII.

#of
Responders
(% total)
comments

Note all studies used a figure-of-8 TMS coil. BDI, Beck depression inventory; D, diagnostic; HF, high-frequency; LF, low-frequency; MMSE, minimental state examination; MRS, magnetic resonance spectroscropy; NR, not reported; rTMS, repetitive transcranial magnetic stimulation; SII, secondary
somatosensory area; T, therapeutic; VAS, visual analog scale
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Table 7

NIH-PA Author Manuscript
1 (52)

1 (50)

Meppelink
AM, et al.
(2010)

# of
Subjects
(Age)

Merabet LB, et
al. (2003)

Author (Year)

Use of antipsychotic
and antiepileptic
medication.

NR

diabetes, and lipid
controlling medication.

NR
Use of β-blockers,

Drug Therapy details
Coil Position

Striate cortex
2 cm above
inion

Based on
fMRI
activation

rTMS Protocol
[Therapeutic
or Diagnostic]
[LF]
1 day of (1 Hz
× 10 min) = 600
pulses/day @
80% MO
[T]
[LF]
1 day of (1Hz ×
10 min) = 600
pulses/day @
80% MO
[T]
Yes

None

MRI Navigation

Yes, but
method NR

Sham Coil

Sham Method

NR

None

Adverse Events details

Self-report

Self-report

Outcome Measure

1(100%)

1 (100%)

#
Responders
(% total)
comments

Data from one case report are summarized. A figure-of-eight coil was employed. D, diagnostic; LF, low frequency; MO; Machine output; MRI, magnetic
resonance imaging; rTMS, repetitive transcranial magnetic stimulation; T, therapeutic; VH, visual hallucinations
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Table 8

NIH-PA Author Manuscript

27y M

24y F

>22y Sex NR

Rosa MA, et
al. (2006)

Picarelli H,
et al (2010)

Age/Sex

Nowak DA,
et al. (2006)

Reference
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•

Seizure occurred on the
stimulation.

7th

day of

Following seizure there were no motor
deficits, head CT and EEG were
normal.

Mild post-ictal confusion lasting 15
minutes.

•
•

GTC (no focal onset, lasting 15
seconds)

10 min postictal confusion.

•

•

No incontinence.

•

Seizure occurred on the 5th day of
stimulation during the 10th session.

Heart rate elevation.

•

•

GTC (initial tonic phase for 8 seconds,
followed by clonic movements for
about 3 min).

•

Oxygenation was provided and
intravenous medication access was
achieved but occurred after seizure had
ended.

Complete amnesia for event

•

•

10 sec postictal unresponsiveness

•

Complete amnesia for event.

No incontinence

•

•

Right versive seizure with epigastric
aura (epigastricdiscomfort followed by
loss of consciousness with head and
eye version to right, for 5 secs, and
generalized tonic stiffening for 10
secs)

•

Seizure Details

Left motor cortex,
as defined by
optimal position
for induction of
MEPs in the FDI.

Left motor cortex,
as defined by
optimal position
for induction of
MEPs in the ABP.

Over left primary
auditory cortex

Coil Location

10 days of (25
trains (10 Hz × 10s
w/60s ITI) = 2500
pulses/day @ 100%
RMT

5 days of 25 trains
per day (10 Hz ×
10s; 20s ITI) =
2500 pulses/day @
100% MT

5 days of 1 train per
day (1 Hz × 18
min) = 1080 pulses/
day @ 90% MT

Stimulation

CRPS
Physical therapy
program
(kinesiotherapy plus
low impact, aerobic,
relaxation and
stretching exercises)
No history of seizure
or epileptic disorders.

•

•

Otherwise
unremarkable medical
history
•

•

Had previous surgical
neurovascular
decompression by
supraclavicular
approach for a
thoracic outlet
syndrome.

CRPS

Otherwise
unremarkable medical
history

Mono-auricular
tinnitus

•

•

•

•

Medical History

NR

None

naproxen 250mg
bid
amitriptyline
50mg qd
carbamazepine
200 mg bid

•
•
•

Medications

Details of three case reports are summarized. ABP, abductor pollicis brevis; bid, twice daily; CRPS, complex regional pain syndrome; FDI, first dorsal
interosseus muscle; GTC, generalized tonic clonic seizure; ITI, intertrain interval; MEP, motor evoked potential; MT, motor threshold; NR, not reported;
qd, once daily
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9 (2.89%)
0

44 (5.02%)
0

1 (0.11%)
1 (0.11%)

3 (0.76%)
3 (0.76%)
1 (0.25%)
1 (0.25%)
39 (9.92%)
2 (0.51%)
0
0
0
1 (0.25%)
0
5 (1.27%)
4 (1.02%)
14 (3.56%)
1 (0.25%)
0
0
0
0
6 (1.53%)
1 (0.25%)
0
1 (0.25%)

Dizziness

Earache

Fatigue/Drowsiness

Headache

Hearing Problems

Hot/Cold Sensitivity

Imbalance

Irritability

Ischemic Chest Pain

Jaw Soreness

Light-Headedness

Memory Difficulty

Muscle Twitching

Nausea

Neck Pain
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Optic Neuritis

Pain in Shoulder

Photophobia

Psychiatric Symptom Exacerbation

Restlessness

Seizure

Scalp Discomfort

0

0

1 (0.11%)

0

0

24 (2.74%)

0

19 (2.17%)

0

1 (0.11%)

25 (2.85%)

0

0

1 (0.11%)

0

0

0

0

0

0

2 (0.64%)

0

0

0

0

0

3 (0.96%)

0

0

0

0

0

0

0

0

2 (0.64%)

1 (0.32%)

0

2 (0.64%)

0

0

Concentration Difficulty

0

1 (0.25%)

0

Neuropathic Pain (n = 311)

Clicking Noise Persistence

0

Tinnitus (n =877)

1 (0.25%)

Abdominal Pain

AH (n =393)

0

0

0

0

0

0

1 (0.61%)

0

1 (0.61%)

1 (0.61%)

0

0

0

0

1 (0.61%)

0

0

1 (0.61%)

3 (1.82)

4 (2.42%)

0

1 (0.61%)

0

0

0

Migraine (n = 165)

0

0

0

1 (1.89%)

0

0

0

6 (11.32%)

1 (1.89%)

0

0

0

0

0

0

0

0

0

16 (30.19%)

0

0

1 (1.89%)

0

0

0

Fibromyalgia (n = 53)

Number of patients experiencing specified adverse events per positive sensory symptom. Total number patients with adverse event are given along with
corresponding percentage of total patient population within positive sensory symptom.

Table 9
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rTMS adverse events by positive sensory symptom
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5 (0.57%)
0

1 (0.25%)
0
0
0
1 (0.25%)

Tingling Sensation
Temple Pain
Unpleasantness
Vigorous Dreams
Visual Hallucination
0

1 (0.11%)

1 (0.11%)

19 (2.17%)

4 (1.02%)

Symptom Exacerbation

0

0

Sinusitis

Tinnitus (n =877)

0

0

0

0

5 (1.61%)

0

0

Neuropathic Pain (n = 311)

0

1 (0.61%)

0

0

0

4 (2.42%)

2 (1.21%)

Migraine (n = 165)

0

0

0

0

0

0

0

Fibromyalgia (n = 53)
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AH (n =393)
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