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Coverage Policy

CIGNA does not cover transcranial magnetic stimulation (TMS) for any indication, including depression
or other psychiatric disorders, because it is considered experimental, investigational or unproven.

General Background

Though the majority of individuals treated for depression respond to standard treatments for depression, some
do not benefit, or cannot tolerate, interventions such as psychotherapy, pharmacotherapy, or electroconvulsive
therapy (ECT). Alternate approaches to treat depression are being investigated, including transcranial magnetic
stimulation (TMS), vagal nerve stimulation, cranial electrical stimulation and herbal/homeopathic remedies
(Rutherford and Roose, 2009; Miniussi, et al., 2005).

TMS was first used in 1985 as a neurophysiological investigational method to study brain—behavior relationships
and was applied clinically in a neurosurgical context. Brief pulses of magnetic energy are applied to the scalp via
a large electromagnetic coil to generate low levels of electrical current in underlying brain tissue. The goal of
repetitive trains of stimulation (rTMS) is to stimulate areas of the brain involved in mood regulation in order to
lessen the duration or severity of depressive episodes. In the course of its use, mood effects have been
observed, and interest in developing TMS as a treatment followed, along with interest in continued use to probe
neural pathways related to mood disorders. TMS may be delivered as a single pulse, in paired pulses, or as
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rTMS. rTMS is described by the number of pulses per second or frequency in hertz (Hz). Effects of rTMS on
cortical excitability and inhibition outlast the stimulation itself, from minutes to hours, a characteristic that could
lead to therapeutic applications (Gooch and Pullman, 2005).

The earliest studies used single-pulse TMS at low frequencies. It is now known that lower frequencies are
inhibitory and that higher frequencies are excitatory, and low- and high-frequency rTMS have been studied.
Over time, improvements in coil design have allowed more focal stimulation, and the prefrontal cortex has been
the region of interest in many recent studies in which rTMS was used in the treatment of mood disorders. With
rTMS, the electrical current generates a focused magnetic field that passes through the scalp and is largely
unimpeded by bone or tissue. The magnetic field, in turn, depolarizes brain cells to a depth of 2 cm from the coil.
The fact that the skull is transparent to magnetic stimulation has led to speculation about, and exploration of,
enhancing control of the site and intensity of stimulation delivered by using rTMS. Individuals are usually fully
awake and sitting during TMS therapy, with sessions lasting from 20 minutes to one hour. If multiple sessions
are required, they occur daily on consecutive weekdays for a number of weeks (Prudic, 2005; Peselow, 2005;
Burt, et al., 2002).

While the majority of clinical trials on TMS have evaluated its use in depression, other conditions have also been
studied, including, but not limited to, Parkinson’s disease, post-traumatic stress disorder, acute ischemic stroke,
obsessive-compulsive disorders and schizophrenia, alcohol dependence, tinnitus, migraines, chronic
neuropathic pain, spinal cord injury. Ongoing research supports continued investigation of the usefulness of
rTMS in the treatment of depression, although effect sizes vary and are modest. Studies have typically used
high-frequency rTMS for a minimum of two weeks. Study designs have been both open and sham-controlled.
Sample sizes have been relatively small. Few patients were without psychotropics or were followed for any
substantial period. There have been a few direct comparisons of ECT and rTMS. Such comparisons have not
favored rTMS. Studies have not shown the intervention to be effective for psychotic iliness. As well, it may be
less effective in elderly patients because of increased distance of brain tissue (associated with age) from the
skull and, hence, from the magnetic field generated. rTMS has the advantages of being a subconvulsive and
focal treatment, thus eliminating the need for anesthesia, and having minimal to no noticeable cognitive side
effects. It has been reported that TMS does carry a very small risk of seizures, and it is recommended that
patients be monitored for this adverse effect during the procedure (Machii, et al., 2006; Prudic, 2005; Gooch and
Pullman, 2005).

U.S. Food and Drug Administration (FDA)

On October 8, 2008, a TMS device, NeuroStar" TMS System from Neuronetics, Inc. (Malvern, PA) has been
approved for use by the FDA. The FDA determined that the NeuroStar TMS System is indicated for the
treatment of Major Depressive Disorder (MDD) in adult patients who have failed to achieve satisfactory
improvement from one prior antidepressant medication at or above the minimal effective dose and duration in
the current episode and can be classified in class Il with the establishment of special controls. The FDA states
that class Il special controls provide reasonable assurance of the safety and effectiveness of the device type.
Risks involved with the use of the device type include (FDA, 2008):

usage outside of labeled patient population

ineffective treatment

seizure

scalp discomfort, scalp burn or other adverse events

magnetic field effects on functioning of other medical devices

adverse tissue reaction

hazards associated with electrical equipment

hazards caused by electromagnetic interference and electrostatic discharge hazards
hearing loss

Literature Review—Depression

Published clinical trials evaluating the efficacy of TMS to date have generally involved small numbers of patients
with major depression as the focus of treatment. The studies include varied diagnostic groups on and off
pharmacotherapy. Studies have varied in terms of interval of treatment, degree and placement of stimulation
and tend to be of short duration with limited follow-up intervals.
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In a prospective study, Janicak et al. (2010) assessed the durability of antidepressant effect after acute
response to TMS in patients with major depressive disorder (MDD) using protocol-specified maintenance
antidepressant monotherapy. Three hundred one patients were randomly assigned to active or sham TMS in a
6-week, controlled trial. Nonresponders could enroll in a second, 6-week, open-label study. Patients who met
criteria for partial response (i.e., >25% decrease from the baseline HAMD 17) during either the sham-controlled
or open-label study (n=142) were tapered off TMS over three weeks, while simultaneously starting maintenance
antidepressant monotherapy. Patients were then followed for 24 weeks in a naturalistic follow-up study
examining the long-term durability of TMS. During this durability study, TMS was readministered if patients met
prespecified criteria for symptom worsening (i.e., a change of at least one point on the CGI-S scale for two
consecutive weeks). Relapse was the primary outcome measure. Ten of 99 (10%; Kaplan-Meier survival
estimate =12.9%) patients relapsed. Thirty-eight (38.4%) patients met criteria for symptom worsening and 32/38
(84.2%) reachieved symptomatic benefit with adjunctive TMS. Safety and tolerability were similar to acute TMS
monotherapy. Limitations of this study include the lack of a controlled comparison. The two groups were no
longer fully randomized after entry in the long-term trial, inferential statistical comparisons are not appropriate.
Further, all patients, regardless of whether they benefited from active or sham TMS during acute treatment,
were continued on antidepressant medication monotherapy as a primary maintenance strategy during the 24-
week follow-up. Hence, the acute sham responder group was not followed as a “pure” sham responder (or no
treatment) extension cohort, because these patients may have received clinical benefit from the introduction of
antidepressant medication.

In a prospective, multi-site, randomized, active sham-controlled (1:1 randomization) study, George et al. (2010)
examined if daily left pre-frontal rTMS safely and effectively treats major depressive disorder. Approximately 860
outpatients were screened, yielding 199 antidepressant drug-free patients with unipolar non-psychotic major
depressive disorder. The researchers delivered rTMS to the left pre-frontal cortex at 120 % motor threshold (10
Hz, 4-second train duration, and 26-second intertrain interval) for 37.5 minutes (3000 pulses per session) using
a figure-eight solid-core coil. Sham rTMS used a similar coil with a metal insert blocking the magnetic field and
scalp electrodes that delivered matched somatosensory sensations. In the intention-to-treat sample (n=190),
remission rates were compared for the two treatment arms using logistic regression and controlling for site,
treatment resistance, age, and duration of the current depressive episode. Patients, treaters, and raters were
effectively masked. Minimal adverse effects did not differ by treatment arm, with an 88% retention rate (90%
sham and 86% active). Primary efficacy analysis revealed a significant effect of treatment on the proportion of
remitters (14.1% active rTMS versus 5.1% sham) (p=0.02). The odds of attaining remission were 4.2 times
greater with active rTMS than with sham (95% ClI, 1.32-13.24). The number needed to treat was 12. Most
remitters had low antidepressant treatment resistance. Almost 30% of patients remitted in the open-label follow-
up (30.2% originally active and 29.6% sham). There are several limitations reported with the study. As a
consequence of the extensive work in designing a sham system, which delayed the start of the trial, the study
failed to enroll the projected 240 subjects suggested by the initial power analysis. This power issue may be the
reason why the treatment condition effect on remission rate in the fully adherent sample analysis was not
statistically significant. Treaters were able to guess randomization assignment better than chance, without much
confidence, which was not explained by covarying for clinical benefit. Although the treatment effect was
statistically significant on a clinically meaningful variable (remission), the overall number of remitters and
responders was less than one would like with a treatment that requires daily intervention for three weeks or
more, and it is unclear how long the clinical benefit lasts once achieved.

In a three-group, three week double-blind, randomized controlled trial, Pallanti et al. (2010) compared unilateral
low frequency, sequential bilateral rTMS treatment and sham in patients with treatment resistant depression
(TRD) under stable pharmacological treatment. Sixty patients were assigned to receive either low-frequency
rTMS over the right dorsolateral prefrontal cortex (DLPFC) (140s x1 Hz) followed by controlateral sham
(unilateral group, n=20), low frequency right DLPFC rTMS followed by left DLPFC high frequency rTMS (5s x 10
Hz) (bilateral group, n=20), or bilateral sham (sham group, n=20). The primary outcome variable was the score
on Hamilton Depression Scale (HAM-D). Low frequency right-sided and sequential bilateral stimulation showed
different antidepressant efficacy at three weeks and across the full duration of the study, only the unilateral
method appearing significantly more effective than sham at the end of the trial, and correlated to the higher
percent of remitters (30% of the group versus 10% -bilateral- and 5% -sham). Unilateral stimulation, but not
bilateral, showed higher antidepressant efficacy compared to sham stimulation. The data suggest that right-
sided low frequency stimulation may be a first line treatment alternative in resistant depression. The authors
report that to confirm and extend these findings further studies require a longer follow-up period.
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Mogg et al. (2008) conducted a randomized clinical trial with four month follow-up to evaluate the effectiveness
of rTMS for major depression. Fifty-nine patients with major depression were randomly assigned to a 10-day
course of either real (n=29) or sham (n=30) rTMS of the left dorsolateral prefrontal cortex. Primary outcome
measures were the 17-item Hamilton Depression Rating Scale (HAMD) and proportions of patients meeting
criteria for response (= 50% reduction in HAMD) and remission (HAMD < 8) after treatment. Secondary
outcomes included mood self-ratings on Beck Depression Inventory-ll and visual analogue mood scales, Brief
Psychiatric Rating Scale (BPRS) score, and both self-reported and observer-rated cognitive changes. Patients
had six-week and four-month follow-ups. Overall, HAMD scores were modestly reduced in both groups but with
no significant group x time interaction (p=0.09) or group main effect (p=0.85); the mean difference in HAMD
change scores was -0.3 (95% CI -3.4 to 2.8). At end-of-treatment time-point, 32% of the real group were
responders compared with 10% of the sham group (p=0.06); 25% of the real group met the remission criterion
compared with 10% of the sham group (p=0.2); the mean difference in HAMD change scores was 2.9 (95% ClI
-0.7 to 6.5). There were no significant differences between the two groups on any secondary outcome
measures. Blinding was difficult to maintain for both patients and raters. Four patients did not complete the full
treatment course, of whom two were lost to follow-up. The authors reported that adjunctive rTMS of the left
dorsolateral prefrontal cortex could not be shown to be more effective than sham rTMS for treating depression.

O’Reardon et al. (2007) conducted a multi-site, randomized, double-blind, controlled study examining whether
TMS over the left dorsolateral prefrontal cortex (DLPFC) is effective and safe in the acute treatment of major
depression. In this multicenter study, 301 medication-free patients with major depression who had not benefited
from prior treatment were randomized to active (n=155) or sham TMS (n=146) conditions. The patients had a
current episode duration of three years or less. Patients were required to have failed at least one but no more
than four adequate antidepressant treatments in this or the most recent episode. Patients were eligible if they
had marked intolerance to antidepressants as indicated by four failed attempts to tolerate an adequate
medication trial during their lifetime. Exclusionary criteria for study participation included a lifetime history of
psychosis, bipolar disorder, or obsessive—compulsive disorder; posttraumatic stress disorder and eating
disorders (if present in the past year); lack of response to an adequate trial of ECT; prior treatment with TMS or
a vagus nerve stimulator implant; pregnancy; a personal or close family history of a seizure disorder; presence
of neurologic disorder or medication therapy known to alter seizure threshold; or presence of ferromagnetic
material in or in close proximity to the head.

The study had three phrases: a one week lead in phase with no treatment, a six week acute treatment phase
with daily treatment with sham or TMS, and a taper phase consisting of three weeks of reduced frequency of
TMS or sham and start of antidepressant. Sessions were conducted five times per week with TMS at 10
pulses/sec, 120% of motor threshold, 3000 pulses/session, for 4—6 weeks. Primary outcome was the symptom
score change as assessed at week four with the Montgomery—Asberg Depression Rating Scale (MADRS).
Response was defined as at least 50% reduction from baseline score. Remission was defined by an absolute
scale-specific score. Secondary outcomes included changes on the 17- and 24-item HAMD and response and
remission rates with the MADRS and HAMD.

Loss to follow-up was similar in the two groups, with 301 (92.6%) patients completing at least one post-baseline
assessment and an additional 8% of patients from both groups dropping out before the four week assessment,
which then become an open-label study. A dropout rate of 4.5% was reported for transient scalp discomfort or
pain. Subjects in the TMS group exhibited improvement on several secondary outcome measures, but
antidepressant effects did not reach statistical significance for the primary outcome measure, the MARDS.
Baseline symptom scores MARDS (active 32.8 versus sham 33.9, p=0.36). Week four symptom scores MARDS
(active 27 versus sham 29.8, p=0.57). Week six symptom scores MARDS (active 26.8 versus sham 30, p=0.58).
There was no long-term follow-up in this study. No outcomes were reported beyond six weeks.

Avery et al. (2008) provided further analysis of the open-label extension study of active rTMS for patients from
the O'Reardon et al. (2007) study who did not benefit from the initial four week course of rTMS. As with
O'Reardon's study, Avery used a sham-controlled design. They noted that patients who had failed only one
adequate trial of an antidepressant were more likely to achieve a favorable response than those who had more
than one treatment prior to rTMS. In those patients who received sham in the preceding randomized controlled
trial (n=85), the mean reduction in MADRS scores after six weeks of open-label active TMS was -17.0 (95% CI
=-14.0 to -19.9). Further, at six weeks, 36 (42.4%) of these patients achieved response on the MADRS, and 17
patients (20.0%) remitted (MADRS score < 10). For those patients who received and did not respond to active
TMS in the preceding randomized controlled trial (n=73), the mean reduction in MADRS scores was -12.5 (95%
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Cl =-9.7 to -15.4), and response and remission rates were 26.0% and 11.0%, respectively, after 6 weeks of
additional open-label TMS treatment. The authors acknowledged that the response and remission rates at six
weeks were probably higher than they actually were given that it was an open-label extension study, and there
likely was a placebo effect related to expectations of a positive treatment outcome. Avery compared the data
with the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) results (Rush, et al., 2006), also
an open-label trial. They compared remission rates after 1—2 unsuccessful courses of antidepressants to be
similar to those of the current study of TMS, and conclude that their data suggested the efficacy of rTMS to be
comparable to that of second or third line pharmaceutical strategies. Avery did not note that the STAR*D study
had a much larger sample size (n=4041 versus 158), or that they were comparing data that included two full 6
week courses of rTMS for 73 patients. The lack of a control treatment condition limits the interpretation of the
data.

In a randomized clinical trial, Herwig et al. (2007) evaluated whether the application of rTMS in a routine clinical
setting as an additional strategy to standard antidepressant medication would enhance the clinical improvement
of depression compared with sham treatment with regard to the number of responders and the decrease in
depression rating scores. A total of 127 patients were randomized to rTMS group (n=62) duration of current
episode eight weeks or less in 25 pts, longer in 36 patients. The sham group (n=65) duration of current episode
eight weeks or less in 24 patients, longer in 41 patients. The patients ranged in age from 18—75 years with a
diagnosis of major depressive episode with Diagnostic and Statistical Manual of Mental Disorders Diagnostic
and Statistical Manual of Mental Disorders (DSM)-IV criteria including bipolar affective disorder, score of = 18
points on at least two of three depression rating scales. rTMS used as adjunct to venlafaxine or mirtazapine
therapy or as monotherapy when no medication was possible. Patients stable on lithium therapy for at least
three months prior to study entry were allowed to continue taking lithium. The rTMS group, received rTMS on
the left side (position F3 according to international 10-20 system for electroencephalography electrode
placement) with frequency 10 Hz and intensity 110% motor threshold (MT); 2000 stimuli/session times 15 daily
sessions. The sham group received therapy with the coil placed 5 cm lateral to position F3 at an angle of 45°;
intensity reduced to 90% MT for 15 daily sessions. Outcomes were measured at baseline, weeks one, two,
three, and six. Response rate (response defined as = 50% improvement in scores on at least two depression
scales [MADRS; HAMD, Beck Depression Inventory (BDI)] after three wks of therapy); secondary outcome was
overall change in depression rating score. Remission was defined as a score of 10 points or below in all three
scales. No difference was found in the responder rates of the real and the sham treatment groups (31% in each)
or in the decrease of the scores on the depression rating scales. The authors reported that the data do not
support previous reports from smaller samples indicating an augmenting or accelerating antidepressant effect of
rTMS.

Loo et al. (2007) studied the efficacy and safety of twice-daily rTMS over two weeks. A total of 38 patients with
depression enrolled in a sham-controlled trial of twice-daily rTMS (left prefrontal cortex, 10 Hz, 110% intensity,
1500 stimuli per session) over two weeks. Mood and neuropsychological functioning were assessed weekly by
blind raters, using the MADRS as the primary outcome measure, plus HAMD and self-report measures. Two
subjects, one sham and one active, withdrew before completion of the two- week blind phase. After the blind
period, 22 subjects continued with once-daily rTMS to receive a total of six weeks of active rTMS. The patients
were moderately treatment-resistant. Active treatment resulted in significantly greater improvement than sham
over the two-week blind period on one outcome measure only (MADRS p<0.05). Subjects showed further
improvement over the six weeks of active rTMS. Neuropsychological test scores did not change significantly.
The authors reported a limitation of this study is the direct lack of comparison with rTMS given once daily. Also,
subjects in this study were not medication—free, although the antidepressants during the trial were medications
to which the subjects had failed to respond and were maintained at stable doses over the study period. The
authors reported that rTMS given twice daily was effective and safe, with no adverse neuropsychological effects,
although further investigations are needed to compare the efficacy of once daily and twice daily rTMS within a
single study.

In a six-week randomized sham-controlled trial (n=50) Fitzgerald et al. (2006a) studied the efficacy of sequential
bilateral rTMS combining both high-frequency left-sided stimulation (i.e., 15 trains of five seconds’ duration at 10
Hz) with low-frequency right-side rTMS (i.e., three trains of 140 seconds’ duration at 1 Hz). Forty-two patients
had a diagnosis of major depressive episode (unipolar), and eight had a diagnosis of bipolar | disorder,
depressive episode (four in each group). Twenty-five patients were in each arm of the study. All patients
(unipolar and bipolar) had failed to respond to a minimum of two courses of antidepressant medications for at
least six weeks. These courses were required to be at a standard minimum effective dose (e.g., 20 mg/day of
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fluoxetine, paroxetine, or citalopram; 150 mg/day of a tricyclic antidepressant; or 125 mg/day of venlafaxine).
There was no difference in the proportions of patients taking any of the medication types between the two
groups. Patients were not withdrawn from medication prior to treatment. Their dosage of medication was not
allowed to change four weeks prior to and during treatment. Twenty patients reported at least one previous ECT
treatment course. Half of these patients reported a previously favorable response to ECT, seven reported no
response, and three reported a course limited by cognitive side effects. Patients with significant medical iliness,
neurological disorders, or other axis | psychotic disorders were excluded. For five consecutive days per week,
all patients received ten outpatient treatment sessions. After the tenth session, a blind assessment was made
classifying patients as initial responders if they achieved a > 20% reduction in score on the MADRS. If the
patients met the > 20% reduction in MADRS score, they received another week of rTMS. The patients were
assessed on a weekly basis and received further rTMS if they achieved an additional 10% reduction in MADRS
score up to a maximum of six weeks of total treatments. Open-label active rTMS under the same treatment
conditions was offered for those patients receiving sham stimulation. Five patients in the active group and two
patients in the sham group reported a brief headache after one or more treatment sessions. In the active group,
three patients reported brief nausea. No adverse events were reported. In the active group, 10/25 patients
finished after two weeks, two continued for three weeks, two for four weeks, and 11 for the full six weeks. In the
sham group, only seven continued for longer than 2 weeks. Two of these continued into week four, but none
progressed further than week four in the study. The response rate in the active group was 44% (11/25) and 8%
in the sham group (2/25); (p<0.05). Clinical remission in the active group was 6% (9/25) and in the sham group
0% (0/25); (p=0.005). Therapeutic response increased over a period of six weeks. The study limitations
included: small sample size; lack of long-term follow-up period; heterogeneous patient population; slow-
responding patients were excluded after two weeks; there was not good information as to the integrity of the
blinding after two weeks of treatment, and the clinicians providing treatment were not blind to group;
interpretation of the results of this study is complicated by the concurrent medication treatment of most subjects.

Fitzgerald et al. (2006b) conducted a randomized controlled trial of the efficacy of 1 Hz versus 2 Hz right
prefrontal cortex rTMS. A total of 130 patients with treatment-resistant depression were randomized to either 1
or 2 Hz rTMS over the right prefrontal cortex for two weeks with a possible further two-week extension.
Nonresponders were randomized to either 5 or 10 Hz left prefrontal cortex rTMS. Overall, 66 patients (51%)
achieved response and 35 (27%) remission criteria. For right-sided treatment, depression significantly improved,
but there was no between-group difference. Twenty-eight (42%) patients in the 1 Hz group and 33 (53%)
patients in the 2 Hz group achieved response criteria (p>0.05). Depression symptom scores also improved for
patients who crossed over to left-sided treatment, but there was no significant difference in response between 5
and 10 Hz rTMS. The authors reported that, despite a heterogeneous sample, a significant proportion of
patients met clinical response criteria following treatment, but response to 1 and 2 Hz did not differ. Two Hz right
prefrontal cortex rTMS has antidepressant properties but offers no advantage over 1 Hz despite doubling pulse
number.

In a sham-controlled study, Avery et al. (2006) investigated the clinical efficacy of TMS using a more aggressive
treatment protocol than was used in previous sham-controlled studies by utilizing a greater intensity of
stimulation, greater number of sessions and total pulses. An Investigational Device Exemption was received
from the FDA. There were multiple patient exclusions including, but not limited to: patients with active suicide
ideation or recent suicide attempt; patients with a history of ECT therapy nonresponse; and chronically
depressed patients. Patients had to be age 21-65 and have a diagnosis of major depressive disorder. The
patients had to have failed, or been unable to respond to, at least two previous antidepressant trials. Patients
had to have a 17-item HAMD score of 17 or more at both screening and treatment day one with a decrease of
no more than 20% between these two visits. There were no significant differences between subjects
randomized to receive TMS (n=35) and those randomized to receive sham (n=33). The patients received 15
sessions of active or sham rTMS delivered to the left dorsolateral prefrontal cortex at 110% the estimated
prefrontal threshold. Each session consisted of 32 trains of 10 Hz rTMS delivered in five-second trains. The
primary end point was treatment response defined as a = 50% decrease in HAMD score at one and two weeks
following the final rTMS treatment. Remission was defined as an HAMD score less than eight. Forty-one percent
of the TMS group reported pain at the site of stimulation. The response time for the TMS group was 30.6%
(11/35) greater than the 6.1% (2/33) rate in the sham group (p=0.008). The remission rate for the TMS group
was 20% (7/35) greater than the 3% (1/33) for the sham group (p=0.033). Of the 11 responders to TMS, five did
not relapse during the six-month follow-up. Mean HAMD score at six months was 4.6. Of the five active TMS
responders, one each relapsed at months one, two, three, four, and five. The authors reported that with this
study, and the following study by Fitzgerald et al. (2003), clinically relevant antidepressant responses can be
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obtained in TMS studies if higher intensities and more sessions are used. The authors do state more research is
needed with larger sample sizes and higher intensities to determine the efficacy of TMS treatment.

Miniussi et al. (2005) studied the efficacy of a five-day treatment regimen with high and low TMS rates in a
population of depressed patients. Additionally, the TMS-induced changes in plasma levels of neurotransmitters
were evaluated. Seventy-one drug-resistant depressed patients were randomly assigned to low (1 Hz) or high
(17 Hz) rate TMS, applied for five days over the left dorsolateral prefrontal cortex. Two study designs were used.
One group of 20 patients received active treatment, while the other group entered a double-blind, placebo-
controlled, crossover design. Pre- and post-treatment blood samples were taken to evaluate plasma levels of
serotonin and dopamine. The authors reported that using the treatment schedule of one week, rTMS produced
an antidepressant effect that is not distinguishable from a placebo effect. Also, differences in the type of
treatment or clinical response do not correlate with changes in plasma levels of neurotransmitters implicated in
mood control. The authors stated that further studies with larger patient populations, and for longer treatment
periods, are required to assess the potential benefit of TMS in the treatment of depression.

In a five-week, randomized placebo-controlled trial, Rossini et al. (2005) investigated the efficacy of high
frequency rTMS directed to the left prefrontal cortex in drug-resistant depressed patients. Fifty-four patients
were randomized to 10 daily applications of real or sham rTMS. Subjects receiving active stimulation were
further randomized into subgroups according to the intensity of stimulation: 80% versus 100% of motor
threshold. Two patients dropped out of the study due to withdrawal and the other, from the 80% sham group,
due to worsening of clinical condition during the first week of treatment. At the end of the study, the response
rates were 61.1%, 27.8%, and 6.2% for the 100% motor threshold group, 80% motor threshold group, and sham
group, respectively. A significant difference was found between the sham and 100% motor threshold groups,
while the 80% motor threshold group did not differ significantly from the sham group.

In a single-center, prospective, double-blind, sham-controlled “add on” trial, Hausmann et al. (2004) concluded
that rTMS as an “add on” in the stimulation of depression did not exert an additional antidepressant effect.

The efficacy of high-frequency, left-sided repetitive TMS and low-frequency, right-sided TMS to the right
prefrontal cortex in treatment-resistant depression was evaluated in a double-blind, randomized, sham-
controlled trial conducted by Fitzgerald et al. (2003). Sixty patients were divided into three groups of 20 that did
not differ in age, sex, or any other clinical variables. The researchers reported a significant difference in
response among the three groups, with a substantial difference between the high-frequency, left-sided repetitive
TMS and low-frequency, right-sided TMS groups and the sham group but not between the treatment groups.

In a double-blind controlled study, Loo et al. (1999) examined the efficacy and safety of left prefrontal rTMS for
treating resistant major depression. Eighteen subjects were randomly assigned to two weeks of real or sham
rTMS, and then permitted up to four weeks of real rTMS. Mood, electroencephalogram (EEG), hearing and
neuropsychological function were assessed. The results after two weeks showed no significant difference
between groups. The researchers found that four weeks of rTMS yielded progressive improvement and was
safe.

TMS and ECT: A randomized clinical trial conducted for the National Coordinating Center for Health Technology
Assessment (NCCHTA) found that ECT is a more effective antidepressant treatment than three weeks of rTMS
(McLoughlin, et al., 2007). Forty-six patients with major depression were randomized to receive a 15-day course
of rTMS (n=24) or a course of ECT (n=22). One patient was lost to follow-up at end of treatment and another
eight at six months. The end-of-treatment HRSD scores were lower for ECT (95% confidence interval (Cl) 3.40-
14.05, p=0.002), with 13 (59%) achieving remission compared with four (17%) in the rTMS group (p=0.005).
However, HRSD scores did not differ between groups at six months. Beck Depression Inventory-Il, visual
analogue mood scales (VAMS), and Brief Psychiatric Rating Scale scores were lower for ECT at the end of
treatment and remained lower after six months. Improvement in subjective reports of side-effects following ECT
correlated with antidepressant response. There was no difference between the two groups before or after
treatment on global measures of cognition. The investigators reported that there was also no difference in gain
in quality adjusted life years (QALYs) for ECT and rTMS patients. It should be noted that rater blinding was not
maintained and is a potential source of bias. However, similar results were obtained on both observer- and self-
rated measures. The optimal parameters for administering rTMS to achieve an antidepressant effect are not yet
known.
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In a randomized single-blind study, Rosa et al. (2006) compared the efficacy of rTMS and ECT. Forty-two
patients between 18 and 65 years of age, referred to ECT due to unipolar non-psychotic depression
refractoriness, entered the trial. They were randomly assigned to receive either rTMS or ECT. Depressive
symptom changes were blindly measured by HAMD, visual analogue scale for depression and Clinical Global
Impression at baseline, after two and four weeks of treatment. There was no difference in the antidepressant
efficacy of ECT and rTMS. Response rates were relatively low in both groups (40% and 50% respectively), with
no significant difference between them (p=0.55). Remission rates were also low for both groups (20% and 10%
respectively), also with no significant difference (p=0.631). There was no significant difference in the
neuropsychological test performance after either one of these therapies. The authors reported that both
treatments were associated with a degree of improvement in refractory depression and therefore add to the
literature that rTMS can be an effective option to ECT. The authors reported that the limitations of this study
were the lack of a placebo group, small sample size, and their neuropsychological battery might not have been
adequate to detect memory changes following ECT treatment, especially with unilateral ECT (deficits of
orientation, anterograde memory and delayed recall of non-verbal material), or the sample was too small to
show this difference.

Eranti et al. (2006) conducted a multicenter randomized controlled trial to test the equivalence of rTMS with
ECT. A total of 107 patients met the inclusion criteria with 61 patients declining participation in the study due to
clinical decision or they did not want to participate in research. Forty-six patients with major depression referred
for ECT were randomly assigned to either a 15-day course of rTMS of the left dorsolateral prefrontal cortex
(n=24) or a standard course of ECT (n=22). The primary outcome measures were the score on the 17-item
HAMD and the proportion of patients with remissions (Hamilton score, <8) at the end of treatment. Secondary
outcomes included mood self-ratings on the Beck Depression Inventory-Il and visual analogue mood scales,
Brief Psychiatric Rating Scale score, and both self-reported and observer-rated cognitive changes. Follow-up
was after six months. Five of the rTMS patients stopped treatment within two weeks because of a perceived lack
of benefit. A total of 23 patients were analyzed for primary outcome in the rTMS group. Two patients were lost to
follow-up, and one death was noted due to previously diagnosed prostate cancer. A total of 22 patients were
analyzed for primary outcome in the ECT group. Six patients were lost to follow-up. The HAMD scores at the
end of treatment were significantly lower for ECT, with 13 patients (59.1%) achieving remission in the ECT
group and four (16.7%) in the rTMS group. However, at six months, the HAMD scores did not differ between
groups. Beck scale, visual analogue mood scale, and Brief Psychiatric Rating Scale scores were lower for ECT
at the end of treatment and remained lower after six months. Self- and observer-rated cognitive measures were
similar in the two groups. The authors reported that rTMS was not as effective as ECT, and ECT was
substantially more effective for the short-term treatment of depression.

Janicak et al. (2002) compared rTMS to ECT in severely ill, depressed patients in a randomized clinical trial.
Twenty-five patients with major depression (i.e., unipolar or bipolar) were randomly assigned to rTMS or a
course of ECT. The primary outcome measure was the 24-item HAMD. The authors reported that rTMS and
ECT had comparable therapeutic effects. Similar conclusions were reported in studies by Grunhaus et al. (2003)
and Pridmore et al. (2000).

Literature Review-Safety of TMS: Machii et al. (2006) conducted a review of the literature and their own data
to asses the safety of rTMS to non-motor areas. The authors identified 173 articles, published between 1998
and 2003, that applied rTMS to non-motor areas. Also, they analyzed data on 249 patients from their own
studies between 1997 and 2003. The authors found 74 articles in which the authors reported the presence or
absence of adverse events. Overall, headache was the most common adverse event, occurring in 23% of the
patients, and more frequently with frontal rTMS. Serious adverse events were rare and consisted of four cases
of psychotic symptoms and two seizures induced by rTMS to the dorsolateral prefrontal cortex in patients with
depression. The authors concluded that rTMS, as currently applied to non-motor areas, appears to be safe with
few adverse events.

Institute for Clinical Systems Improvement (ICSI): The 2010 ICSI healthcare guideline titled Major
Depression in Adults in Primary Care discusses other therapies for major depression stating that based on work
group consensus, the following other strategies are in order of the likely clinical judgment and decision process
of a primary care provider (light therapy, ECT, vagus nerve stimulation, rTMS, magnetic seizure therapy, deep
brain stimulation, acupuncture). The authors report on the evidence for rTMS stating that "older studies used a
protocol of four weeks of rTMS and had more variable results. More recent studies had better results with a
longer (six week) protocol." The guideline concludes "at this time it appears there probably is enough evidence
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to consider rTMS (as implemented with a protocol that utilizes a six-week standardized protocol) an evidence-

based treatment for treatment-resistant depression in adults. It is not a first-line treatment, and there is ongoing
lack of clarity about which patient populations should be targeted first-line treatment, and there is ongoing lack

of clarity about which patient populations should be targeted (Lisanby, 2009)".

National Institute for Health and Clinical Excellence (NICE): In November 2007, the NICE (United Kingdom)
issued an interventional procedural guidance document on TMS for severe depression. The authors reported
that there are no major safety concerns about TMS. However, there are uncertainties about how to achieve the
best results from this procedure, in terms of what intensity of electromagnetic energy should be used, how
frequently the procedure should be carried out, how long treatment sessions should last and whether both sides
of the brain should be stimulated. For these reasons, NICE has reported that this procedure should only be
carried out as part of a research or clinical study that looks at these questions. NICE reports that these research
studies should consider how to decide whether the procedure is suitable for certain types of patients, whether
other treatments patients are taking affect the results of the procedure, and the long term outcomes of
electromagnetic stimulation of the brain.

Meta-analyses and Reviews: In a meta-analysis, Slotema et al. (2010) examined if rTMS is effective for
various psychiatric disorders. A literature search was performed from 1966 through October 2008. Data were
obtained from randomized, sham-controlled studies of rTMS treatment for depression (34 studies, n=751 rTMS
and n=632 sham), auditory verbal hallucinations (AVH, seven studies), negative symptoms in schizophrenia
(seven studies), and obsessive-compulsive disorder (OCD, three studies). Studies of rTMS versus electro-
convulsive therapy (ECT, six studies) for depression. Standardized mean effect sizes of rTMS versus sham
were computed based on pre-treatment versus post-treatment comparisons. The mean weighted effect size of
rTMS versus sham for depression was 0.55 (p<0.001). Monotherapy with rTMS was more effective than rTMS
as adjunctive to antidepressant medication. ECT was superior to rTMS in the treatment of depression (mean
weighted effect size -0.47, p=0.004). In the treatment of AVH, rTMS was superior to sham treatment, with a
mean weighted effect size of 0.54 (p<0.001). The mean weighted effect size for rTMS versus sham in the
treatment of negative symptoms in schizophrenia was 0.39 (p=0.11) and for OCD, 0.15 (p=0.52). Side effects
were mild, yet more prevalent with high-frequency rTMS at frontal locations. The authors stated that although
the efficacy of rTMS in the treatment of depression and AVH may be considered proven, the duration of the
effect is as yet unknown. Effect sizes were measured immediately after the cessation of rTMS treatment. There
are indications that the effects of rTMS may last for several weeks to months. The authors reported that
although rTMS cannot replace ECT in depressive patients, there may be subgroups in which rTMS can replace
antidepressant medication.

A random effects meta-analysis by Schutter et al. (2009) was performed to investigate the clinical efficacy of
rTMS over the left dorsolateral prefrontal cortex (DLPFC) in depression. This meta-analysis included 30 double-
blind sham-controlled trials with 1164 patients. The clinical trial by O’'Reardon et al. (2007) was included in this
assessment and is included in this meta-analysis contributing to over one-fourth of the total number of patients.
The authors concluded that, “The results show that fast frequency rTMS over the left DLPFC is superior to sham
and may be as effective as at least a subset of commercially available antidepressant medications. In addition,
TMS is a safe method and because of its few side-effects is well tolerated by patients. However, at this point
caution should be exercised because the integrity of blinding and the lack of a proper control condition are
considered limitations of rTMS trials. In addition, age bias, medication, suboptimal stimulation parameters, lack
of biological information and follow-up assessments may stand in the way of exploiting the effects of rTMS.
Nevertheless, ongoing methodological innovations and technological advancements in the field will without
doubt further improve the quality and therapeutic efficacy of future rTMS trials. All in all, the present findings
suggest that rTMS treatment may be an alternative for patients suffering from major (non-psychotic) depression,
and especially for those patients who do not tolerate the side-effects associated with regular pharmacological
treatment.”

Lam et al. (2008) conducted a systematic review of randomized controlled trials of active rTMS compared with a
sham in patients with treatment resistant depression (i.e., at least one failed trial). The primary outcome was
clinical response as determined from global ratings, or 50% or greater improvement on a rating scale. Other
outcomes included remission and standardized mean differences in end point scores. Meta-analysis was
conducted for absolute risk differences using random effects models. Sensitivity and subgroup analyses were
also conducted to explore heterogeneity and robustness of results. A total of 24 studies (n=1092 patients) met
criteria for quantitative synthesis. Active rTMS was significantly superior to sham conditions in producing clinical
response, with a risk difference of 17% and a number-needed-to-treat of 6. The pooled response and remission
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rates were 25% and 17%, and 9% and 6% for active rTMS and sham conditions, respectively. Sensitivity and
subgroup analyses did not significantly affect these results. Dropouts and withdrawals owing to adverse events
were very low. For patients with treatment resistant depression, rTMS appears to provide significant benefits in
short-term treatment studies. However, the relatively low response and remission rates, the short durations of
treatment, and the relative lack of systematic follow-up studies suggest that further studies are needed before
rTMS can be considered as a first-line monotherapy treatment for treatment resistant depression or less
refractory cases of depression.

Gross et al. (2007) performed a systematic review and a meta-analysis of the rTMS studies on depression
published in the past 12 months comparing these results with an earlier meta-analysis that analyzed the results
of the initial rTMS studies on depression. The inclusion criteria included the meta-analysis of Martin et al. (2003)
that included 13 studies (324 patients) and five studies for the recent meta-analysis (274 patients). The pooled
effect size (standardized mean difference between pretreatment versus post-treatment) from the random effects
model was -0.76 (95% confidence interval, Cl, -1.01 to -0.51). This result was significantly larger than that of the
earlier meta-analysis -0.35, (95% CI) -0.66 to -0.04). The authors concluded that the recent rTMS clinical trials
have shown larger antidepressant effects when compared with the earlier studies but larger multicenter studies
are still necessary to confirm these trends.

Hermann et al. (2006) conducted a meta-analysis that included prospective studies investigating the effects of
rTMS on depressive symptoms in patients. Thirty-three studies met the inclusion criteria. Studies had to be
randomized parallel or crossover design with sham control, with both patients and investigators unaware of
whether patients were receiving real or sham rTMS. Patients were required to have a diagnosis of depression
(i.e., major depressive disorder or bipolar disorder). The studies were required to report their findings using
either the HAMD or the MADRS. The authors concluded that studies that have examined rTMS efficacy in the
treatment of depression are heterogeneous in terms of outcome, sample characteristics, and treatment
parameters. Most of the studies have a small number of participants. Strict double-blinding often cannot be
guaranteed because of sham conditions that may be detected by patients. The authors reported that there is as
yet no compelling evidence regarding the most effective combination of rTMS parameters and that larger
controlled trials are needed with more knowledge regarding the characteristics of patients who benefit from this
treatment and the size and persistence of clinical outcomes.

A 2003 Cochrane review assessed the efficacy of rTMS in treating depression. After a systematic review and
meta-analysis of published randomized controlled trials comparing rTMS with sham in patients with depression,
a total of 16 trials were included in the review, with 14 containing data in a suitable form for quantitative analysis.
The HAMD showed an effect that favored rTMS compared to sham after two weeks of treatment, but this was
not significant at the two-week follow-up. The authors concluded that current trials are of low quality and provide
insufficient evidence to support the use of rTMS in the treatment of depression (Martin, et al., 2003). The
Cochrane review conclusion is in accordance with the conclusions from the systematic and meta-analysis of
TMS for the treatment of depression conducted by Couturier (2005) and Gershon et al. (2003).

Kozel and George (2002) conducted a meta-analysis to determine whether the literature supports the use of left
prefrontal rTMS as a treatment option for depression. Ten of 14 studies (n=230) were suitable for analysis. The
authors concluded that, as of the date of this meta-analysis, double-blind published rTMS literature supports the
use of left prefrontal rTMS to improve depressive symptoms. The authors discuss that multiple TMS parameters
have been used with varying protocol designs. It is not known which TMS parameters maximize effectiveness.
The duration of improvement after acute treatment, or whether maintenance rTMS could be used to prolong the
benefits of rTMS, is unknown. Also, the relationship between medication use and rTMS is unknown.

McNamara et al. (2001) conducted a meta-analysis to evaluate the effectiveness of repetitive TMS in mood
disorders and schizophrenia. Included in the study were five randomized control trials (n=81) and one
randomized nonplacebo-controlled trial of patients with mania and a placebo-controlled trial of patients wit
schizophrenia. The authors concluded that rTMS showed a beneficial effect compared to placebo, although the
extent and duration of the antidepressant effect of rTMS needs to be defined. With regard to the treatment of
mood disorders and schizophrenia, further studies are needed to evaluate the role of rTMS.

Technology Assessment
In 2010, ECRI updated the 2009 emerging evidence report on repetitive transcranial magnetic stimulation
(NeuroStar System) for major depressive disorder. The literature search identified four clinical studies related to
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a single multicenter randomized controlled trial (RCT) assessing the NeuroStar TMS Therapy System for major
depressive disorder (MDD): a RCT (O'Reardon, et al,. 2007); an open-label extension study from the RCT
(Avery, et al., 2008); an analysis of clinical predictors of rTMS outcome from the RCT and the open-label
extension study (Lisanby, et al., 2009), and an analysis of safety data from the RCT, the open-label extension
study, and a six-month durability-of-effect study (Janicak, et al., 2008). Based on this evidence, the report
addressed four key clinical questions concluding that, “The data are too limited (one randomized controlled trial
[RCT] with a too brief follow-up) to definitively determine whether rTMS is better than sham rTMS for second-
line treatment of MDD. At 4 weeks, about 18% of patients receiving rTMS had a 50% or greater reduction in
symptoms compared to 11% of patients receiving sham rTMS.” The report concludes that no published data are
available to determine if rTMS (i.e., NeuroStar TMS Therapy System) significantly reduce symptoms or improve
the remission rate compared to other second-line treatments for MDD (i.e., psychotherapy + antidepressant;
combination antidepressants; other medications [i.e., lithium, thyroid hormone, stimulants, antipsychotic
medications] used to augment the effects of antidepressants). The question if rTMS (i.e., NeuroStar TMS
Therapy System) improves response and remission rates in patients with MDD who have not responded to first-
line therapy and what are the characteristics of those patients could not be determined because of an
insufficient quality and quantity of data. The last key clinical question was what adverse events (AEs) are
associated with rTMS (i.e., NeuroStar TMS Therapy System) when used as a second-line treatment for patients
with MDD that has not responded to initial therapy. The report concluded that common mild-to-moderate AEs
associated with the NeuroStar TMS Therapy System and reported in the studies included application-site pain
or discomfort, muscle twitching, toothache, skin pain, facial pain, and eye pain. The overall discontinuation rate
at four weeks in the RCT was 7.7% in the active treatment group and 8.2% in the sham treatment group. In the
open-label study, the all-cause discontinuation rate was 17.7%, with 9.4% due to AEs (all of which occurred in
patients who had been in the sham RCT group and then crossed over to active treatment). Potentially serious
AEs that could occur include tissue reaction, seizure, and hearing loss; however, these AEs did not occur in the
clinical trials assessed. No evidence was found to suggest that rTMS is associated with the occurrence of
treatment-emergent suicidal ideation (ECRI, 2009).

In November 2009, the Blue Cross and Blue Shield Association Technology Evaluation Center (TEC) published
a Technology Assessment on TMS for depression. A search of the peer-reviewed literature was completed for
the period up through May 2009. The literature search was intended to review sham-controlled studies of TMS
which included meta-analyses of such trials (Schutter, 2009; Lam, et al., 2008, Gross, et al., 2007; Couturier,
2005, Martin, et al., 2003). The five most recent meta-analyses were selected as was the O’Reardon et al.
(2007) clinical trial of the NeuroStar TMS Therapy System. The authors concluded that TMS for the treatment of
depression does not meet the technology assessment criteria (BCBSA, 2009).

Professional Societies/Organizations

The updated American Psychiatric Association (APA) Practice Guideline for the Treatment of Patients with
Major Depressive Disorder states that evidence for TMS is currently insufficient to support its use in the initial
treatment of major depressive disorder. Electroconvulsive therapy (ECT) remains the treatment of best
established efficacy against which other stimulation treatments (e.g., VNS, deep brain stimulation, TMS, other
electromagnetic stimulation therapies) should be compared. A substantial number of studies of TMS have been
conducted, but most have had small sample sizes, and the studies overall have yielded heterogeneous results.
Further complicating the interpretation of the TMS literature is the variability in stimulation intensities (relative to
the motor threshold), stimulus parameters (e.g., pulses/second, pulses/session), anatomical localization of
stimulation, and number of TMS sessions in the treatment course. As an initial treatment in the acute phase of
major depression the guideline reports, “Treatment in the acute phase should be aimed at inducing remission of
the major depressive episode and achieving a full return to the patient’s baseline level of functioning. Acute
phase treatment may include pharmacotherapy, depression-focused psychotherapy, the combination of
medications and psychotherapy, or other somatic therapies such as ECT, TMS, or light therapy” (Gelenberg, et
al., 2010).

The Canadian network for mood and anxiety treatments (CANMAT) clinical guidelines for the management of
major depressive disorder in adults recommends that rTMS is a second line therapy to ECT (Kennedy, et al.,
2009.

Literature Review—Other Psychiatric or Neurological Disorders
There have been a number of studies and meta-analyses exploring the efficacy of TMS for a selection of
neuropsychiatric-related disorders including, but not limited to, the treatment of auditory hallucinations in
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schizophrenia (Freitas, et al., 2010; Dlabac-de Lange, et al., 2010; Fitzgerald, et al., 2005, Shonefldt-Lecuona,
et al., 2004; Hoffman, et al., 2003; Aleman, et al., 2007), alcohol dependence (Mishra, et al., 2010), chronic pain
(O’Connell, et al., 2010), post-traumatic stress disorder (Boggio, et al, 2010; Cohen, et al., 2004), obsessive-
compulsive disorder (Rodriguez-Martin, et al., 2003), Parkinson’s disease (Filipovi¢, et al., 2010; Fregni, et al.,
2004), chronic tinnitus (Marcondes, et al., 2010; Langrebe, et al., 2008; Khedr, et al., 2008), postoperative pain
(Borckardt, et al., 2006; Khedr, et al., 2005), acute ischemic stroke (Khedr, et al., 2009, 2010; Fregni, et al.,
2006), migraine (Lipton, et al., 2010), spinal cord injury (Kumru, et al., 2010). Some of the methodological
limitations of these studies include small sample size, limited follow-up intervals and varied diagnostic groups on
and off pharmacotherapy. Therefore, the role of TMS in the treatment of other psychiatric or neurological
disorders has not been clearly established. The FDA has not yet cleared or approved for marketing any rTMS
device for treatment purposes other than depression (ECRI, 2010).

Alcohol Dependence: In a prospective, single-blind, sham-controlled study, Mishra et al. (2010) studied the
anticraving efficacy of high-frequency repetitive transcranial magnetic stimulation (rTMS) of the right dorsolateral
pre-frontal cortex (DLPFC) in patients with alcohol dependence. A total of 45 patients with alcohol dependence
syndrome (according to ICD-10 DCR), with Clinical Institute of Withdrawal Assessment in Alcohol Withdrawal
(CIWA-Ar) scores <or=10. Patients were allocated to active and sham rTMS in a 2:1 ratio, such that 30 patients
received active and 15 patients sham rTMS to the right DLPFC (10 Hz frequency, 4.9 seconds per train, inter-
train interval of 30 seconds, 20 trains per session, total 10 sessions). The Alcohol Craving Questionnaire (ACQ-
NOW) was administered to measure the severity of alcohol craving at baseline, after the last rTMS session and
after one month of the last rTMS session. Two-way repeated-measures analysis of variance (ANOVA) showed
significant reduction in the post-rTMS ACQ-NOW total score and factor scores in the group allocated active
rTMS compared to the sham stimulation. The effect size for treatment with time interaction was moderate (eta(2)
=0.401). The authors reported that further studies are required to optimize TMS parameters such as frequency
of stimulation, number of trains, duration of each train, intertrain interval and number of sessions which will be
effective in alcoholism without producing other adverse events.

Auditory Hallucinations and Schizophrenia: In a randomized double-blind trial, Fitzgerald et al. (2005)
studied 33 patients with treatment-resistant auditory hallucinations. rTMS was applied for 10 consecutive days
for 15 minutes at 1 Hz and 90% of the resting motor threshold. It was reported that active treatment did not
result in a greater therapeutic effect than sham on any measure except for the loudness of the hallucinations,
with a reduction in the active versus the sham group. The authors reported that the study did not support the
effectiveness of rTMS using the stimulation parameters provided.

In a cross-over sham controlled study (n=12), Shonefldt-Lecuona et al. (2004) explored the efficacy of
stereotaxic rTMS for treating medication-resistant auditory hallucinations in schizophrenia. The authors
concluded there was no significant reduction of hallucinations after stereotaxic rTMS.

In a randomized, placebo-controlled, double-blind trial, Hoffman et al. (2003) studied daily TMS to the left
temporoparietal lobe for nine days with schizophrenia and schizoaffective disorder (n=24). The authors
concluded that rTMS can be administered safely to patients with active schizophrenia and schizoaffective
disorder, but further studies are needed regarding possible treatment for patients with auditory hallucinations.
Also, additional studies are needed evaluating the interaction of rTMS with psychotropic drugs, and the efficacy
of extended protocols that include maintenance rTMS.

Freitas et al. (2010) performed a meta-analyses of all prospective studies of the therapeutic application of rTMS
in refractory schizophrenia assessing the effects of high-frequency rTMS to the left dorsolateral prefrontal cortex
(DLPFC) to treat negative symptoms, and low-frequency rTMS to the left temporo-parietal cortex (TPC) to treat
auditory hallucinations (AH) and overall positive symptoms. When analyzing controlled (active arms) and
uncontrolled studies together, the effect sizes showed significant and moderate effects of rTMS on negative and
positive symptoms (based on PANSS-N or SANS, and PANSS-P or SAPS, respectively). However, the analysis
for the sham-controlled studies revealed a small non-significant effect size for negative (0.27, p=0.417) and for
positive symptoms (0.17, p=0.129). When specifically analyzing AH (based on AHRS, HCS or SAH), the effect
size for the sham-controlled studies was large and significant (1.04; p=0.002). The authors reported that these
meta-analyses support the need for further controlled, larger trials to assess the clinical efficacy of rTMS on
negative and positive symptoms of schizophrenia, while suggesting the need for exploration for alternative
stimulation protocols.
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Dlabac-de Lange et al. (2010) conducted a meta-analysis to investigate the efficacy of prefrontal rTMS for
treating negative symptoms of schizophrenia. A literature search was performed in for the years 1985 through
July 2008. Nine randomized controlled trials involving 213 patients were included in the meta-analysis. The
overall mean weighted effect size for rTMS versus sham was in the small-to-medium range and statistically
significant (d = 0.43; 95% ClI, 0.05-0.80). When including only the studies using a frequency of stimulation of 10
Hz, the mean effect size increased to 0.63 (95% ClI, 0.11-1.15). When including only the studies requiring
participants to be on a stable drug regimen before and during the study, the mean weighted effect size
decreased to 0.34 (95% CI, 0.01-0.67). Studies with a longer duration of treatment (> or =3 weeks) had a larger
mean effect size when compared to studies with a shorter treatment duration: d = 0.58 (95% ClI, 0.19-0.97) and
d =0.32 (95% ClI, -0.3 to 0.95), respectively. The authors reported that results from this meta-analysis warrant
further study of rTMS as a potential treatment of negative symptoms of schizophrenia.

Aleman et al. (2007) conducted a meta-analysis to investigate the efficacy of rTMS treatment of hallucinations.
A total of 15 studies were identified that reported empirical data regarding rTMS treatment of auditory
hallucinations. Ten of the studies met the inclusion criteria with a total of 212 patients. The authors concluded
that rTMS may prove to be a promising method for reducing the frequency and intensity of auditory
hallucinations in treatment-resistant patients, but larger clinical trials with follow-up are needed to establish the
clinical efficacy of this treatment.

Migraine: Lipton et al. (2010) conducted a multi-center, randomized, double-blind, parallel-group, two-phase,
sham-controlled study to assess the efficacy and safety of a new portable hand held sTMS device for acute
treatment of migraine with aura. A total of 267 adults were enrolled into phase one. All individuals had to meet
international criteria for migraine with aura, with visual aura preceding at least 30% of migraines followed by
moderate or severe headache in more than 90% of those attacks. A total of 66 patients dropped out during
phase one. In phase two, 201 individuals were randomly allocated by computer to either sham stimulation
(n=99) or sTMS (n=102). Participants were instructed to treat up to three attacks over three months while
experiencing aura. The primary outcome was pain-free response 2 hours after the first attack, and co-primary
outcomes were non-inferiority at 2 hours for nausea, photophobia, and phonophobia. A total of 37 patients did
not treat a migraine attack and were excluded from outcome analyses. A total of 164 patients treated at least
one attack with sTMS (n=82) or sham stimulation (n=82; modified intention-to-treat analysis set). Pain-free
response rates after 2 hours were significantly higher with sTMS (32/82 [39%]) than with sham stimulation
(18/82 [22%]), for a therapeutic gain of 17% (95% CIl 3-31%; p=0.0179). Sustained pain-free response rates
significantly favored sTMS at 24 hours and 48 hours post-treatment. Non-inferiority was shown for nausea,
photophobia, and phonophobia. No device-related serious adverse events were recorded, and incidence and
severity of adverse events were similar between sTMS and sham groups. The authors report a number of
limitations with the study including optimum patterns of use need to be established.

Post-Traumatic Stress Disorder: Boggio et al. (2010) conducted a double-blind, placebo-controlled phase Il
trial. A total of 30 patients with DSM-1V-diagnosed post-traumatic stress disorder (PTSD) were randomly
assigned to receive one of the following treatments: active 20 Hz rTMS of the right DLPFC, active 20 Hz rTMS
of the left DLPFC, or sham rTMS. Treatments were administered in 10 daily sessions over two weeks. A blinded
rater assessed severity of core PTSD symptoms, depression, and anxiety before, during, and after completion
of the treatment protocol. In addition, a battery of neuropsychological tests was measured before and after
treatment. Results show that both active conditions-20 Hz rTMS of left and right DLPFC-induced a significant
decrease in PTSD symptoms as indexed by the PTSD Checklist and Treatment Outcome PTSD Scale;
however, right rTMS induced a larger effect as compared to left rTMS. In addition, there was a significant
improvement of mood after left rTMS and a significant reduction of anxiety following right rTMS. Improvements
in PTSD symptoms were long lasting; effects were still significant at the 3-month follow-up. Neuropsychological
evaluation showed that active 20 Hz rTMS is not associated with cognitive worsening and is safe for use in
patients with PTSD.

Cohen et al. (2004) studied the efficacy of rTMS of the right prefrontal cortex in patients with (PTSD). For 10
daily sessions over two weeks, 24 patients were randomly assigned to receive rTMS at low frequency (1 Hz) or
high frequency (10 Hz). The severity of the PTSD, anxiety, and depression were blindly assessed before,
during, and after treatment. The authors concluded that high-frequency rTMS had greater therapeutic effects
than sham or low- frequency rTMS.
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Acute Ischemic Stroke: Khedr et al. (2010) conducted a randomized controlled trial to evaluate the effect of
two different frequencies of rTMS on motor recovery and on cortical excitability up to one year post-treatment.
Forty-eight patients with acute ischemic stroke were randomly classified into three groups. The first two groups
received real rTMS over motor cortex (3 and 10 Hz respectively) of the affected hemisphere and the third group
received sham stimulation of the same site, daily for five consecutive days. Disability was assessed before, after
fifth sessions, and then after 1, 2, 3 and 12 months. Cortical excitability was assessed for both hemispheres
before and after the second and fifth sessions, significant 'rTMS x time' interaction was obtained indicating that
real and sham rTMS had different effects on rating scales. This was because real rTMS produced greater
improvement than sham that was evident even at one year follow-up. These improvements were associated
with changes in cortical excitability over the period of treatment. This is a preliminary study limited by small
sample size.

Khedr et al. (2009) conducted a randomized controlled trial to investigate the therapeutic effect of repetitive
transcranial magnetic stimulation (rTMS) on post-stroke dysphagia. Twenty-six patients with post-stroke
dysphagia due to monohemispheric stroke were randomly allocated to receive real (n=14) or sham (n=12) rTMS
of the affected motor cortex. Each patient received a total of 300 rTMS pulses at an intensity of 120% hand
motor threshold for five consecutive days. Clinical ratings of dysphagia and motor disability were assessed
before and immediately after the last session and then again after one and two months. The amplitude of the
motor-evoked potential (MEP) evoked by single-pulse TMS was also assessed before and at one month in 16 of
the patients. There were no significant differences between patients who received real rTMS and the sham
group in age, hand grip strength, Barthel Index or degree of dysphagia at the baseline assessment. Real rTMS
led to a significantly greater improvement compared with sham in dysphagia and motor disability that was
maintained over two months of follow-up. This was accompanied by a significant increase in the amplitude of
the oesophageal MEP evoked from either the stroke or non-stroke hemisphere. The authors reported that
further exploration of stimulus parameters is necessary since the chances that they chose parameters that are
optimal in all patients with any type of stroke are very small.

Fregni et al. (2006) conducted a randomized, sham-controlled phase Il trial to evaluate the safety and efficacy of
five sessions of low-frequency rTMS in stroke patients. Fifteen patients with chronic stroke were randomized to
receive active or sham rTMS of the unaffected hemisphere. A blinded rater assessed motor function and
corticospinal excitability at baseline, during and after two weeks of treatment. Safety was assessed using a
neuropsychologic battery and electroencephalogram. The authors reported that active rTMS resulted in a
significant improvement of the motor function performance in the affected hand that lasted for two weeks. These
effects were not observed in the sham rTMS group (affected and unaffected hand) and in the unaffected hand in
the active rTMS group. Corticospinal excitability decreased in the stimulated, unaffected hemisphere and
increased in the affected hemisphere. There was a significant correlation between motor function improvement
and corticospinal excitability change in the affected hemisphere. Cognitive performance and
electroencephalogram were not changed significantly throughout the trial in both groups of treatment. The
authors concluded that these results support and extend the findings of previous studies on rTMS in stroke
patients because five consecutive sessions of rTMS increased the magnitude and duration of the motor effects.
The authors noted that this increased dose of rTMS is not associated with cognitive adverse effects and/or
epileptogenic activity. The authors stated that further studies are needed to investigate stroke patients with
different demographic and clinical characteristics.

rTMS or sham stimulation was administered over the motor cortex for 10 days to randomly assigned groups of
26 patients with acute ischemic stroke. Patients also continued their normal treatment. Disability scores before
rTMS, at the end of rTMS treatment, and 10 days later showed rTMS improved patients’ scores over the sham
group. The authors stated further studies are needed with longer follow-up to assess the benefits of rTMS
(Khedr, et al., 2005).

Parkinson’s Disease: In a placebo-controlled, crossover study, with two treatment arms, Filipovi¢ et al. (2010)
evaluated the delayed (24hour) effects of the left frontal left frontal-rTMS treatment on physiological measures of
excitability of the motor cortex. Nine patients with Parkinson’s Disease in Hoehn and Yahr stages 2 or 3 and
prominent medication-induced dyskinesia were studied. In each of the treatment arms, rTMS (1800 pulses; 1 Hz
rate; intensity of the real stimuli just-below the active motor threshold) was delivered over the motor cortex for
four consecutive days. Motor cortex excitability was evaluated at the beginning of the study and the next day
following each of the four-day rTMS series (real and sham) with patients first in the practically defined "off" state,
following 12h withdrawal of medication, and subsequently in a typical "on" state following usual morning
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medication dose. Low-frequency rTMS delivered over several consecutive days changes the excitability of
motor cortex by increasing the excitability of inhibitory circuits. The effects persist for at least a day after rTMS.
The authors reported a need for to further studies that would systematically evaluate relevant methodological
features able to establish more prominent and longer lasting effects. That is, clinical trials that would involve not
only stronger TMS stimuli, but also more days of rTMS and bilateral stimulation.

Fregni et al. (2004) studied the efficacy of TMS in depression in the context of Parkinson’s disease. Forty-two
patients received 15 Hz plus placebo, or 20 mg/day of fluoxetine plus sham, during 10 days. Both groups
showed the same response with regard to mood. TMS showed an effect on depression for eight weeks after the
end of the protocol. TMS did not show any motor side effects attributed to fluoxetine. The authors stated that
suitable stimulation parameters (i.e., number of stimuli per session, number of sessions per week, and optimum
length of a course of stimulation) need to be investigated.

Obsessive-Compulsive Disorder: A 2003 Cochrane review of the clinical efficacy of TMS from randomized
control trials in the treatment of obsessive-compulsive disorder included three trials with only two suitable for
analysis. No difference was seen between rTMS and sham TMS using the Yale-Brown Obsessive-Compulsive
Scale or the HAMD. No conclusion could be made due to insufficient data (Martin, et al., 2003).

Chronic Pain: In a Cochrane review, O'Connell et al. (2010) evaluated the efficacy of non-invasive brain
stimulation techniques in chronic pain. The selection criteria included randomized and quasi-randomized studies
of rTMS, if they employed a sham stimulation control group, recruited patients over the age of 18 with pain of
three months duration or more and measured pain as a primary outcome. Studies of rTMS (368 participants)
demonstrated significant heterogeneity. Pre-specified subgroup analyses suggest that low frequency stimulation
is ineffective. A short-term effect on pain of active high-frequency stimulation of the motor cortex in single-dose
studies was suggested (standardized mean difference (SMD) -0.40, 95% confidence interval (Cl) -0.26—0.54,
p<0.00001). This equates to a 15% (95% CIl 10%—20%) reduction in pain which does not clearly exceed the
pre-established criteria for a minimally clinically important difference (>15%).

Postoperative Pain: Twenty gastric bypass surgery patients were randomly assigned to receive 20 minutes of
either active or sham left prefrontal rTMS immediately after surgery. Patient-controlled analgesia pump use was
tracked, and patients also rated pain and mood twice per day using visual analog scales. Groups were similar at
baseline in terms of body mass index, age, mood ratings, pain ratings, surgery duration, time under anesthesia,
and surgical anesthesia methods. Significant effects were observed for surgery type (open versus laparoscopic)
and condition (active versus sham TMS) on the cumulative amount of patient-delivered morphine during the 44
hours after surgery. Active prefrontal rTMS was associated with a 40% reduction in total morphine use
compared to sham during the 44 hours after surgery. The effect seemed to be most prominent during the first 24
hours after cortical stimulation delivery. No effects were observed for rTMS on mood ratings. The authors
reported that a single session of postoperative prefrontal rTMS was associated with a reduction in patient-
controlled analgesia pump use in gastric bypass surgery patients. The authors reported this is a preliminary
study and that additional well-designed studies with larger sample sizes are needed (Borckardt, et al., 2006).

Spinal Cord Injury: Kumru et al. (2010) conducted a randomized, double-blind, sham-controlled trial to
examine whether the modulation of excitability of the primary motor cortex with high frequency rTMS could
modify lower limb spasticity in patients with incomplete spinal cord injury (SCI). Patients were assessed by the
Modified Ashworth Scale, Visual Analogue Scale, and the Spinal Cord Injury Spasticity Evaluation Tool (SCI-
SET) and neurophysiologically with measures of corticospinal and segmental excitability by the Hmax/Mmax, T
reflex, and withdrawal reflex. Fifteen patients received five days of daily sessions of active (n 14) or sham (n 7)
rTMS to the leg motor area (20 trains of 40 pulses at 20 Hz and an intensity of 90% of resting motor threshold
for the biceps brachii muscle). A significant clinical improvement in lower limb spasticity was observed in
patients following active rTMS but not after sham stimulation. This improvement lasted for at least one week
following the intervention. Neurophysiological studies did not change.

Chronic Tinnitus: TMS is being investigated for the treatment of patients with chronic tinnitus (Marcondes, et
al., 2010; Langrebe, et al., 2008; Khedr, et al., 2008).

Marcondes et al., (2010) conducted a double-blind placebo controlled study investigating both immediate and
long-term effects of low frequency (1 Hz) rTMS in patients with tinnitus and normal hearing. Using a parallel
design, 20 patients were randomized to receive either active or placebo stimulation over the left temporoparietal

Page 15 of 23
Coverage Policy Number: 0383



cortex for five consecutive days. Treatment results were assessed by using the Tinnitus Handicap Inventory.
Ethyl cysteinate dimmer-single photon emission computed tomography (SPECT) imaging was performed before
and 14 days after rTMS. After active rTMS there was significant improvement of the tinnitus score as compared
to sham rTMS for up to six months after stimulation. SPECT measurements demonstrated a reduction of
metabolic activity in the inferior left temporal lobe after active rTMS. The reported limitation of this study was the
control condition. As the sham coil only mimics the sound of active rTMS but lacks the somatosensoric
sensation, it is not an optimal control condition.

Professional Societies/Organizations

The American Psychiatric Association (APA) Practice Guideline for the Treatment of Patients with Obsessive-
Compulsive Disorder states that the use of somatic treatments such as TMS needs additional investigation
(Koran, et al., 2007). There has been no update to this practice guideline since 2007.

The APA Practice Guideline for the Treatment of Patients with Schizophrenia states that although rTMS may
share beneficial features of ECT and studies with rTMS have shown promising results in decreasing auditory
hallucinations, rTMS has a lack of approval by the FDA for the treatment of psychosis, and additional research
is recommended before its use in clinical practice (Lehman, et al., 2004). The updated APA Guideline Watch for
the Treatment of Patients with Schizophrenia does not mention TMS (Dixon, et al., 2009).

The American Academy of Neurology evidence-based practice parameter for the evaluation and treatment of
depression, psychosis, and dementia in Parkinson disease (2006) concludes that there is insufficient evidence
to support or refute the efficacy of TMS or ECT in the treatment of depression associated with Parkinson
disease (Miyasaki, et al., 2006). There has been no update to this practice parameter since 2006.

Summary

Studies have been performed assessing TMS for the treatment of major depression disorder (MDD),
schizophrenia and other psychiatric and neurological disorders. Evidence in the peer-reviewed literature has
concluded that TMS is safe with few adverse events. While TMS is safe, the efficacy of TMS as compared to
other treatments (e.g., psychotherapy, pharmacotherapy, electroconvulsive therapy) has not been established
for any indication, including depression or other psychiatric disorders. The majority of clinical trials to assess
TMS, including sham-controlled trials, have involved small numbers of patients with MDD as the focus of
treatment. The majority of studies to date are not consistent in interval of treatment, degree and placement of
stimulation and study length, tend to be of short duration with limited follow-up intervals and include varied
diagnostic groups on and off pharmacotherapy. There is a lack of published data to determine if TMS
significantly reduce symptoms or improve the remission rate compared to other second-line treatments for MDD.
As well, no professional organizations have adopted standards for the administration of this treatment and do
not recommend its use in routine clinical practice. Therefore, the role of TMS in the treatment of depression, or
other psychiatric or neurological disorders, has not been clearly established.

Coding/Billing Information
Note: This list of codes may not be all-inclusive.

Experimental/Investigational/Unproven/Not Covered:

CPT* Codes | Description

90867 Therapeutic repetitive transcranial magnetic stimulation treatment; planning
(code effective 01/01/2011)

90868 Therapeutic repetitive transcranial magnetic stimulation treatment; delivery and
management, per session (code effective 01/01/2011)

0160T Therapeutic repetitive transcranial magnetic stimulation treatment planning (code
deleted 12/31/2010)

0161T Therapeutic repetitive transcranial magnetic stimulation treatment delivery and
management, per session (code deleted 12/31/2010)

| ICD-9-CM

Description |
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Diagnosis
Codes

All codes

*Current Procedural Terminology (CPT®) ©2010 American Medical Association: Chicago, IL.
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