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Executive Summary

Background

Depression is a serious psychiatric condition that sometimes does not respond to standard treatments
such as medication and/or psychotherapy. Transcranial magnetic stimulation (TMS) has been studied
in patients with depression. The U.S. Food and Drug Administration (FDA) recently granted de novo
marketing clearance for a specific TMS device for patients who have not responded to one adequate
trial of antidepressant medication.

Objective
This Assessment will review the available evidence to determine if TMS therapy is effective for the
treatment of depression.

Search Methods

A search of the MEDLINE® database (via PubMed) was completed for the period up through May
2009. The search strategy used the terms “transcranial magnetic” and “depression” as textwords or
subject terms. Articles were limited to those published in English language and enrolling human
subjects. The MEDLINE® search was supplemented by an examination of article bibliographies and
relevant review articles, which were searched for citations.

Study Selection

The search was intended to review sham-controlled studies of TMS. To that end, meta-analyses of
such trials were searched for and selected. The 5 most recent meta-analyses were selected for pre-
sentation. In light of FDA de novo 510(k) marketing clearance of a specific TMS device, the clinical
trial of that device was selected for presentation.

Main Results

The largest and most recent meta-analysis reviewed 30 double-blind sham-controlled trials with a
total of 1,164 patients. All the meta-analyses have some common limitations. All of the studies assess
outcomes at the time of the end of TMS treatment, which is between 1 and 4 weeks. Only a few of the
meta-analyses attempted to synthesize the relatively few studies that assessed outcome beyond the
acute treatment period; but these periods tended to be short (i.e., 1 to 2 weeks post-treatment). The
studies analyzed within each meta-analysis varied with respect to the anatomic location of treatment,
treatment intensity, stimulation frequency, pulses per session, and total number of sessions.

Four of the 5 meta-analyses found statistically significant depression scores between TMS and sham

when analyzing the main set of studies. The one meta-analysis that did not find a statistically significant
difference had very strict selection criteria and, as a consequence, included only 6 studies with a total of
88 patients. Three of the meta-analyses summarized the individual studies using the standardized mean
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difference (SMD). The summary SMD for 2 of these meta-analyses was very similar: 0.39 and
0.35. The SMD allows pooling together studies with different outcome assessment methods, but
does not allow an easy translation to measures of clinical response and remission. The one meta-
analysis that pooled response and remission rates calculated a clinical response difference of 17%
and a clinical remission difference of 14%. However, these differences arise from relatively low
response and remission rates for TMS (25% response rate, 17% remission rate).

One meta-analysis compared the effect of TMS in studies evaluating patients with treatment-
resistant and nontreatment-resistant depression, and found no difference in effect. In sum, the
meta-analyses of sham-controlled studies of TMS are consistent with a short-term antidepressant
effect of TMS of uncertain clinical significance. The studies give no information regarding the
durability of the effect beyond the treatment period, which was generally between 1 and 4 weeks.
The outcome measures used in the meta-analyses make it difficult to assess the clinical signifi-
cance of the antidepressant effect in terms of response or remission rates.

The randomized trial reviewed in detail here is the largest sham-controlled trial of TMS with
301 evaluable subjects. The primary outcome was evaluated at 4 weeks and showed a 2.1-point
difference on the Montgomery and Asberg Depression Rating Scale (MADRS), which was not
statistically significant. Other outcomes evaluated at 4 weeks using other depression scales and
a comparison of the difference in response rates showed a statistically significant difference.
Remission rates did not differ between treatment arms at 4 weeks using any of the depression
scales. At 4 weeks, patients who did not have a response to treatment could drop out of the study
to enter an open-label treatment extension study. Due to a high proportion of imputed values
beyond 4 weeks, results of the study beyond 4 weeks may not be reliable. Sensitivity analyses
using imputed values rather than last-value-carried-forward values showed no difference in mean
depressions scores using any of the scales at 6 weeks.

A subgroup analysis of the clinical trial showed an interaction with amount of prior treatment
failure. Treatment effects appeared to be mostly restricted to the group of patients with one prior
treatment failure. Clinical response and remission rates were not reported for this subgroup
analysis, however.

The open-label extension study treated nonresponders to the randomized trial with 6 weeks of
active TMS. Mean change from baseline was greater than the randomized clinical trial, indicat-
ing either placebo effects or bias from expectations. Response rates ranged from 26 to 42%, and
remission rates ranged from 11 to 27%, depending on original treatment assignment and depres-
sion scale. Given the open-label design and lack of a control group for the extension study, it is
difficult to make inferences of effectiveness from this study.

In terms of safety, the major adverse effects of TMS are headache and pain or discomfort at the
site of application of the device. The clinical trial did not appear to cause significant adverse
effects that could be attributed to TMS. Other review articles examining the safety of TMS have
not raised concerns about adverse effects beyond headache and pain or discomfort.

Authors’ Comments and Conclusions

The randomized clinical trial of TMS does not show definitive evidence of efficacy for its primary
endpoint at 4 weeks. Not all outcomes show efficacy, and the analysis is sensitive to alternative
methods of analysis. Another limitation of this and other studies of TMS is lack of rigorous evalu-
ation beyond the period of treatment. Although short-term studies are consistent with changes in
depression scores due to TMS, the clinical significance and durability of the effect are not well
characterized. One meta-analysis indicated no difference in effect between patients with treat-
ment-resistant and nontreatment-resistant depression. The randomized, clinical trial showed a
greater effect in patients with only one prior treatment failure, with possibly minimal or no effect
in patients with greater than one prior treatment failure.
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The indication for which TMS received approval, one prior failure of an adequate antidepres-
sant course, is unusual. A change in antidepressant therapy is usually indicated at this point and
has been shown to have a success rate similar to the first course. The current body of evidence
cannot determine in a rigorous way whether TMS would be as effective as a second course of
antidepressant therapy. Other important gaps in current knowledge include whether TMS is
effective as an adjunctive treatment to second-line drug therapy, the durability of TMS treatment,
and the effectiveness of retreatment. A clinical trial sponsored by the National Institute of Mental
Health has recruited subjects for another clinical trial of TMS. However, this trial also appears to
have only a short duration (3 weeks) in which the participants are randomized to TMS or sham
before crossovers or alternative treatments are offered.

Based on the available evidence, the Blue Cross and Blue Shield Association Medical Advisory
Panel made the following judgments about whether TMS for the treatment of depression meets
the Blue Cross and Blue Shield Association Technology Evaluation Center (TEC) criteria.

1. The technology must have final approval from the appropriate governmental
regulatory bodies.

Devices for transcranial stimulation have received clearance by the U.S. Food and Drug
Administration (FDA) for diagnostic uses. One device, NeoPulse (Neuronetics, Atlanta, GA)
received approval in Canada and Israel as a therapy for depression. Although initially examined by
the U.S. Food and Drug Administration (FDA) under a traditional 510(k) application, the NeoPulse,
now known as NeuroStar® TMS, received 510(k) clearance for marketing as a “de novo” device
(assessed as low risk, no predicate device) in 2008. NeuroStar® TMS is indicated for the treatment
of patients with depression who have failed one 6-week course of antidepressant medication.

2. The scientific evidence must permit conclusions concerning the effect of the technology
on health outcomes.

An important limitation of the evidence is lack of information beyond the acute period of treat-
ment. Most of the clinical trials evaluate the outcomes at the point of the last TMS treatment,
between 1 and 4 weeks. Very few studies evaluated patients beyond this time period. Although
meta-analyses are consistent with short-term antidepressant effects, the clinical significance of the
effect is uncertain. The large clinical trial of TMS reviewed in this assessment did not unequivo-
cally demonstrate efficacy, as the principal endpoint was not statistically significant at 4 weeks,
and some results were sensitive to the methods of analysis. The patients in whom TMS is indi-
cated are usually treated with a second course of antidepressant therapy. The clinical trial, which
was sham controlled without active treatment, cannot determine whether TMS would be more or
less successful than this standard treatment.

3. The technology must improve the net health outcome; and
4. The technology must be as beneficial as any established alternatives.

The available evidence does not permit conclusions regarding the effect of TMS on health out-
comes or compared with alternatives. Comparison to alternatives using other observational
studies may not be valid due to unmeasured differences in severity of depression between studies
and other differences in studies.

5. The improvement must be attainable outside the investigational settings.
It has not yet been demonstrated whether TMS improves health outcomes in the investigational
setting. Therefore, it cannot be demonstrated whether improvement is attainable outside the

investigational settings.

For the above reasons, transcranial magnetic stimulation for the treatment of depression does not
meet the TEC criteria.
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Assessment Objective

Depression is a serious psychiatric condition
that sometimes does not respond to standard
treatments such as medication and/or psycho-
therapy. Transcranial magnetic stimulation
(TMS) has been studied as a potential treat-
ment of patients with depression.

Background

Depression

Depression is a very common disorder that

is most often chronic or recurrent in nature.

In the U.S., the lifetime prevalence of major
depressive disorder (MDD) is approximately
16%, and the 12-month period prevalence

of MDD is approximately 7% (Kessler et al.
2003). Depression is associated with significant
morbidity for the patient, patient’s family, and
society. Among the consequences of depression
are functional impairment, impaired family and
social relationships, and increased mortality
from suicide and comorbid medical disorders.

Although there are many effective treatments
for depression, individual response to treatment
is variable. Several studies conducted in recent
years have attempted to better elucidate rates
of response to antidepressant treatments. The
Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) study was designed to
assess effectiveness of treatments in general-
izable samples and to study effectiveness of
alternative treatments (Rush et al. 2004). In this
study, patients who failed to achieve a remission
of depression using a standard antidepressant
medication were offered further participation in
other treatment alternatives (often randomized
to acceptable alternatives).

Definitions of treatment-resistant depression
vary, but in general, the term refers to patients
who have not responded to adequate trials of
one or more treatment strategies. Some authors
suggesl using different terms for differing levels
of poor response to treatment. For example,
Thase and Rush (2000) would use the term
“treatment-refractory” depression to describe

a situation in which the depression has not
achieved a response to at least two adequate
trials of medication from two different medica-
tion classes. Methods for assessing outcomes

of depression vary, as well. In general, treat-
ment “response” is usually defined as a 50%
reduction in depressive symptoms as measured

by one of the standard scales for measuring
depression such as the Hamilton Depression
Rating Scale (HAMD). “Remission” is a more
stringent measure of treatment effect and is
usually defined as achieving a specific thresh-
old low score on the HAMD or other scale.

Cadieux (1998) outlined 5 strategies for treating
partial response or nonresponse to antidepres-
sant therapy: 1) optimizing current therapy by
dosage and duration; 2) substitution with
different classes of pharmaceutical agents;

3) combining drugs; 4) electroconvulsive
therapy; and 5) augmentation with drugs not
routinely regarded as antidepressants, such as
lithium, thyroid hormone, or pindolol.

In the first treatment step of the STAR*D trial
(Trivedi et al. 2006), patients were treated for up
to 12 weeks with citalopram at sufficient doses.
Remission rates were 28-33% based on differ-
ing depression scales and the response rate
was 47%. Thus, slightly more than one-half of
patients with major depression did not respond
to an adequate trial of a single antidepressant
treatment. In the next level of the STAR*D trial,
patients who did not achieve remission were
assigned or randomized to alternative treat-
ments such as augmentation of citalopram with
another antidepressant or switching to another
medication. The overall remission rate for level
2 treatments was 30.6% (Rush et al. 2006).
Succeeding levels of sequenced treatment had
lower remission rates (13.7% for the third step,
13.0% for the fourth step).

A simple estimation of cumulative remis-

sion based on the remission rate of each step
and assuming no drop-outs was calculated to
be 56% after 2 steps and 67% after 4 steps.
Thus, it appears that over half of the patients
entering treatment with major depression can
achieve successful remission with two trials of
adequate antidepressant treatment. It should be
noted that in the original entry criteria for the
STAR*D trial, only patients with a clear history
of nonresponse or intolerance to any of the
treatments offered in the first two treatment
steps in the current depressive episode were
excluded. A detailed treatment history of the
current depressive episode was apparently not
recorded, but it was known if the patient had
received treatment during the current episode.
Most patients had received prior treatment
during the current depressive episode, but it is
not noted if it was considered an adequate trial
of treatment.
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The results from the STAR*D trial indicate that
response and remission rates of antidepressant
therapy depend very much on the prior treat-
ment history of the patients, and that progres-
sive levels of treatment resistance (as assessed
in this trial by failing successive treatments)
predict lower remission rates.

Outcome Assessment in Depression

There are several reasons to measure depres-
sive symptoms in clinical practice or research.
Most important for the purposes of this
Assessment is to assess treatment outcome. In
the research evaluating depression treatments,
the 4 most common instruments used are
shown in Table 1. Except for the Clinical Global
Impression (CGI) scale, the other instruments
all involve answering specific inquires regard-
ing patient symptoms such as mood, affect,
energy, appelite, sleep, and suicidal or paranoid
ideation. Scale scores have been calibrated with
clinical evaluation to correlate to severity levels
of depression and changes in scores consistent
with good treatment response or remission of
depression. A typical threshold for categorizing
clinically significant improvement or treatment
response is a 50% reduction from baseline
score for any of the scales.

The other method for categorizing treatment

is for the final value of the test to be below a
particular value, indicating very few depressive
symptoms. A score below a particular value is
often declared to be remission of depression.
Remission is generally a more stringent defini-
tion of treatment outcome. Studies have shown
reasonable concordance between the Inventory
of Depressive Symptomatology (IDS) and the
HAMD in categorizing patients as treatment
responders (Rush et al. 2004).

Except for the self-administered version of

the Inventory of Depressive Symptomatology
(IDS-SR), the depression rating scales discussed
here are designed to be administered by a
health care clinician. The CGI scale is the most
inherently subjective scale, as it is simply a
categorical 7-point scale asking whether, in the
judgment of the clinician, the patient is very
much improved (CGI=1) to very much worse
(CGI=7). The CGI also requires an in-depth
knowledge of the patient over the course of the
treatment period.

Transcranial Magnetic Stimulation
Transcranial magnetic stimulation (TMS)
was first introduced in 1985 as a new method

of noninvasive stimulation of the brain. The
technique involves placement of a small coil
over the scalp; a rapidly alternating current is
passed through the coil wire, producing a mag-
netic field that passes unimpeded through the
scalp and bone, resulting in electrical stimula-
tion of the cortex. TMS was initially used to
investigate nerve conduction; for example, TMS
over the motor cortex will produce a contral-
ateral muscular-evoked potential. This “motor
threshold” (MT), which is the minimum inten-
sity of stimulation required to induce a motor
response, is empirically determined for each
individual by gradually increasing the intensity
of stimulation.

Interest in the use of TMS as a treatment for
depression was augmented by the development
of a device that could deliver rapid, repetitive
stimulation. Imaging studies had showed a
decrease in activity of the left dorsolateral pre-
frontal cortex (DLPFC) in depressed patients,
and early studies suggested that high-frequency
(e.g., 5-10 Hz) TMS of the left DLPFC had
antidepressant effects. Low-frequency (1-2 Hz)
stimulation of the right DLPFC has also been
investigated. The rationale for low frequency
TMS is inhibition of right frontal cortical activ-
ity to correct the interhemispheric imbalance.
A combination approach (bilateral stimulation)
is also being explored. TMS is also being tested
as a treatment for other disorders including
schizophrenia, migraine, spinal cord injury,
tinnitus, and fibromyalgia. In contrast to elec-
troconvulsive therapy, TMS does not require
anesthesia and does not induce a convulsion.

In clinical trials of TMS placing the device at
the left DLLPFC, essential aspects of the treat-
ment that have varied include the following
characteristics:
m stimulation frequency
B stimulation intensity, measured as
percent of motor threshold
® {otal pulses per session
® total number of sessions (usually
5 days per week, 1-week increments)
B concurrent medication: no, yes,
or introduction of new medication

FDA Status. Devices for transcranial stimula-
tion have received clearance by the U.S. Food
and Drug Administration (FDA) for diagnostic
uses. One device, NeoPulse (Neuronetics,
Atlanta, GA) received approval in Canada and
Israel as a therapy for depression. Although
initially examined by the U.S. Food and Drug
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Table 1. Depression Rating Scales

Common Thresholds

Scale Brief Description for Treatment Response Common Thresholds for Remission
Observer-rated scoring of 28, 24, 21, or 17  50% reduction from baseline HAMD 17<8

Hamilton Rating Scale for Depression (HAMD) two- to four-point items HAMD 24<11
Observer-rated 7-point scale
1) Severity of lliness (CGI-S)

Clinical Global Impression (CGl) 2) Global Improvement (CGl-I) Global Improvement=1 or 2

Montgomery and Asberg Depression Rating Observer-rated scoring of 10 six-point

Scale (MADRS) items 50% reduction from baseline Score <10

Inventory of Depressive Symptomatology (IDS)

Observer-rated (IDS-C) or self-rated (IDS-
SR) 30 three-point items

50% reduction from baseline
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Administration (FDA) under a traditional
510(k) application, the NeoPulse, now known
as NeuroStar® TMS, received 510(k) clearance
for marketing as a “de novo” device (assessed
as low risk, no predicate device ) in 2008.
NeuroStar® TMS is indicated for the treatment
of patients with depression who have failed one
6-week course of antidepressant medication.

An FDA advisory panel met in January 2007 to
determine if the risk-to-benefit profile for the
NeoPulse was comparable to the risk-to-benefit
profile of electroconvulsive therapy devices.
The panel was not asked for a recommendation
regarding the regulatory determination of sub-
stantial equivalence for this 510(k) submission.

Methods

Search Methods

A search of the MEDLINE® database (via
PubMed) was completed for the period up
through May 2009. The search strategy used
the terms “transcranial magnetic” and “depres-
sion” as textwords or subject terms. Articles
were limited to those published in English
language and enrolling human subjects. The
MEDLINE® search was supplemented by an
examination of article bibliographies and
relevant review articles, which were searched
for citations.

Study Selection

In light of the large body of clinical trial evi-
dence on this particular subject, much of which
does not reflect the method in which the avail-
able FDA-cleared device is intended to be used,
the following data sources were selected for
inclusion. There have been at least 8 meta-anal-
yses of TMS published. The most recent meta-
analyses, published between 2003 and 2008 will
be presented and discussed. The meta-analyses
published in 2009 by Schutter and in 2008 by
Lam et al. contain a considerably larger number
of studies than the other meta-analyses and will
be presented in more detail.

The other study to be presented in detail is

the study by O’Reardon et al. (2007), which

is the clinical trial of the Neuronetics device
cleared by the FDA, which is the only study that
employs TMS in the manner currently intended
for use. Further data from this study are pub-
lished in studies by Avery et al. (2008), Lisanby
et al. (2009), and the FDA Executive Summary.

Medical Advisory Panel Review

Current Assessment. This Assessment was
reviewed by the Blue Cross and Blue Shield
Association Medical Advisory Panel (MAP)

on June 25, 2009. In order to maintain the
timeliness of the scientific information in this
Assessment, literature searches were per-
formed subsequent to the Panel’s review (see
“Search Methods”). If the search updates identi-
fied any additional studies that met the criteria
for detailed review, the results of these studies
were included in the tables and text where
appropriate. There were no studies that would
change the conclusions of this Assessment.

Formulation of the Assessment

Patient Indications

The FDA labeling for the device indicates that
it is indicated for patients who have failed

one course of antidepressant therapy. This
determination was based on a subgroup analy-
sis of a clinical trial showing that benefit of the
treatment was restricted to that particular sub-
group. This is an unusual indication, as a more
standard definition of treatment-resistant or
treatment-refractory depression is patients who
have failed to respond to two adequate courses
of antidepressant therapy. As noted previously,
in the STAR*D trial, patients who had failed one
course of antidepressant therapy had an overall
remission rate of 30.6% in their second course
of therapy, a rate almost as high as the first
course of treatment. The clinical trial reviewed
here enrolled both patients who had failed to
respond to one course and patients who had
failed to respond to more than one course of
therapy.

Technologies to Be Compared

TMS has been compared to sham placebo.
TMS has not been evaluated or compared to a
course of antidepressant therapy in a published
randomized, clinical trial.

TMS has been evaluated in sham-controlled
trials with no other concurrent medications,
stable concurrent medications, and as an
adjunct to initiation of medication. If used as an
adjunct to antidepressant therapy, it should be
compared to antidepressant therapy plus sham
TMS. In the randomized, clinical trial that was
reviewed by the FDA, no concurrent antide-
pressant therapy was used. However, antide-
pressants were introduced upon tapering TMS

8 ©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



treatments at 6 weeks. There is no established
standard course of treatment for TMS; thus the
treatment as given in the reviewed randomized,
controlled trial shall be assumed to be the one
evaluated in this TEC Assessment.

Although TMS shares some characteristics of
electroconvulsive therapy (ECT), ECT is not
indicated for patients who have failed a single
adequate trial of antidepressant therapy. Given
that the FDA clearance is for patients who have
failed a single adequate trial of antidepressant
therapy, ECT is not an appropriate comparator
treatment for these patients.

Health Outcomes

Potential Benefits. The primary outcome to

be evaluated is relief of depressive symptoms.
This outcome can usually be assessed by any
one of many different depression symptom
rating scales. A 50% reduction from baseline
score is considered to be a standard measure
of treatment response. Reduction of symptoms
to a specific absolute score on a specific depres-
sion instrument is also considered a standard
measure of remission.

Potential Harms. Harmful outcomes of TMS
would include any morbidity, complications, or
discomfort associated with the treatment.

Specific Assessment Questions

1. What is the effect of TMS therapy on
treatment-resistant depression?

2. What are the adverse effects of TMS therapy?

Review of Evidence

Meta-analyses

We selected the 5 most recently published
meta-analyses for presentation and review
(Table 2). Besides differing in year of publica-
tion and thus availability of different studies,
the meta-analyses varied in selection criteria
and analytic technique. However, there are
certain characteristics of all the studies that are
important to note.

The principal outcomes of all the meta-analyses
assess the clinical endpoints at the conclu-

sion of TMS treatment only (i.e., 1 to 4 weeks).
Only the meta-analyses by Martin et al. (2003)
and Lam et al. (2008) analyze any outcomes
beyond the acute treatment period, but there
were relatively few such studies. Some studies
included in the meta-analyses were cross-over

studies that preclude any analysis of outcome
beyond the acute treatment period; for such
studies, only the initial period of treatment was
included in the meta-analysis.

The included studies also varied with regard to
the use of concurrent antidepressant therapy.

In the studies included by the meta-analysis

by Lam et al. (2008), most studies maintained
patients on the same medications, some studies
kept patients off all medications for a limited
time or for the whole duration of treatment, and
a few studies initiated treatment concurrent with
the initiation of TMS. None of the meta-analyses
considered this variation in use of medication in
subgroup or meta-regression analyses.

The largest and most recent meta-analysis

by Schutter (2009) included 30 double-blind
sham-controlled trials with 1,164 patients.

The clinical trial by O’Reardon et al. (2007),

to be reviewed in detail in this Assessment, is
included in this meta-analysis and contributes
over one-fourth of the total number of patients.
Studies enrolling patients with major depres-
sion, employing high frequency (>5 Hz) TMS
over the left DLPFC, a minimum of 5 treat-
ment sessions, and measuring pretreatment
and post-treatment depression scores using
either the HAMD or MADRS were selected. In
addition to calculating an overall treatment
effect, they performed additional analyses
comparing effects between studies that treated
patients with medication-resistant depression
only (n=17) and patients with non-medication
resistant depression (n=8), and studies that
used lower-intensity MT intensity (<100% MT,
n=14) versus studies that used higher intensity
(100-120% MT, n=16).

The overall weighted mean effect size for treat-
ment was 0.39 (95% CI: 0.25-0.54, p<0.0001).
An analysis comparing studies with patients
with treatment-resistant depression versus
nontreatment-resistant depression found no
difference in effect size. Treatment intensity,
comparing studies using high versus low MT
intensity, also did not show a difference in
effect size. The study by O’Reardon et al. (2007)
appears to have a comparable, but just slightly
lower effect size than the overall meta-analytic
effect size, as estimated by visual inspection. A
problem of assessing outcome in a study using
the weighted effect size is that it is not easy to
translate this outcome to a clinically meaning-
ful outcome such as a response rate or remis-
sion rate difference or relative risk.

©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited. 9
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Table 2. Summary of Meta-Analyses of Sham-Controlled Trials of TMS

Main Selection Criteria

Range of
Treatment Parameters

Main Results

Additional Analyses/Notes

Year Total Sample
Number Range Size (range
Author of Trials  of Trials of studies n)
Schutter 2009 30 1997-2007 1,164

(6-301)

Double-blind

>5 Hz

Left DLPFC location

>80% Motor threshold (MT)
HAMD or MADRS outcome
on continuous scale

Left DLPFC
5-20 Hz
80-120% MT
1-4 weeks

Weighted effect size 0.39,
p<0.0001

Medication resistance vs.
non-medication resistance,
NS difference

High vs. low MT intensity,
NS difference

Lam et al. 2008 24 1999-2007 1,092

(10-301)

Treatment-resistant
depression

Clinical response outcome
(threshold % response)

Left or right DLPFC
R: 1 Hz; L: 10-20 Hz
80-120% MT

1-4 weeks

Risk difference for
response 17% (Cl: 10-23)
Risk difference for
remission 14% (Cl: 6-21)
Pooled response rate
TMS 25%

Sham 9%

Pooled remission rate
TMS 17%

Sham 6%

Standardized mean
difference (SMD)

0.48 (Cl: 0.28-0.69)

Risk difference in studies
with strict definition for
treatment resistance, 16%

Risk difference in high
quality studies, 15%

Risk difference in high-
intensity left TMS, 19%

4 studies with follow-up
beyond treatment,
SMD=1.04 (CI: 0.08-2.01)

Gross et al. 2007 5 2005-2006 274

(27-99)

Any location or frequency
Continuous outcome
measure

Left, right, or bilateral
R: 1 Hz; L: 10-20 Hz
90-110% MT

2-3 weeks

Standardized mean
difference 0.76
(Cl: 0.51-1.01)

Compared to prior
published meta-analysis of
Martin et al. 2003, which
had SMD of 0.35
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Table 2. Summary of Meta-Analyses of Sham-Controlled Trials of TMS (cont’d)

Range of
Treatment Parameters

Main Results

Additional Analyses/Notes

Year Total Sample
Number Range Size (range
Author of Trials  of Trials of studies n)  Main Selection Criteria
Couturier 2005 6 1996-2003 91 >10 Hz
(6-30) Duration 5-10 days
>80% MT

HAMD-21 outcome only
Major depressive episode
No initiation of
antidepressant treatment

Left DLPFC
10-20 Hz
80-110% MT
1-2 weeks

Weighted mean difference
1.1 (Cl 4.5 to -2.3; not
standardized)

Outcome not standardized,
in units of HAMD-21

1997-2001 324 No restrictions other than

(6-70)

Martin et al. 2003 14
sham-controlled

Left DLPFC (except 1 study)
10-20 Hz

80-110% MT

1-2 weeks

Standardized mean
difference HAMD, 2 weeks
treatment (n=9) 0.35

(Cl 0.04-0.66, p=0.03)

Standardized mean
difference HAMD, 1 week
treatment (n=5) 0.18

(Cl: -0.27-0.64, p=0.5)

Standardized mean
difference, HAMD, 1 week
post-treatment (n=2) 0.08
(p=0.8)

Standardized mean
difference HAMD, 2 weeks
post-treatment (n=3) 0.33
(p=0.2)

Beck depression inventory
also analyzed; all results
show no difference
between TMS and sham

Abbreviations: DLPFC: dorsolateral prefrontal cortex; HAMD: Hamilton Rating Scale for Depression; MT: motor threshold
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The next largest meta-analysis by Lam et al.
(2008) examined only studies with patients with
treatment-resistant depression. They identified
24 trials enrolling 1,092 patients. The study by
O’Reardon et al. (2007) is also included in this
meta-analysis. It was noted that the studies used
various criteria for the definition of treatment-
resistant depression. Nine studies used the
criteria of failing one or more trials of antide-
pressants. The rest of the studies used a defini-
tion of failing 2 or more trials of antidepressants.

This meta-analysis synthesized the reported
response and remission rates of the studies
and calculated a summary risk difference. The
summary risk difference for clinical response
was 17% (95% Cl: 10-23%, n=22 studies) and
the summary risk difference for clinical remis-
sion was 14% (95% CI: 6-21%, n=16 studies).
The weighted standardized mean effect size
was 0.48 (95% CI: 0.28-0.69, n=21 studies). The
pooled response rates were 25% for TMS versus
9% for sham, and the pooled remission rates
were 17% for TMS versus 6% for sham. The
study by O’Reardon et al. (2007) had a smaller
risk difference for response (7.1%) and remis-
sion (0.9%) than the summary risk differences.

They found similar summary risk difference
estimates in the subsets of studies with the
more strict definition (2 or more failures) of
treatment resistance (n=14 studies), higher-
quality studies (n=10 studies), and the studies
using high-intensity stimulation (n=15 studies).
Eight studies were found that followed patients
beyond the acute treatment period, but only

4 of them could be quantitatively synthesized.
The period of follow-up was only 1 to 2 weeks
in these 4 studies, but the standardized mean
effect size was rather large at 1.04 (95% CI:
0.08-2.01). However, they noted one study that
had an extremely large effect of 2.67. When
excluding that study, the standardized mean
effect size was still significant at 0.58 (95%

CI: 0.13-1.02). They note that there were two
studies with slightly longer follow-up at 6
weeks and 9 weeks, and in these two studies
there no differences in depression scores at
these latest follow-up times.

The other recent meta-analyses reviewed here
include many fewer studies than those outlines
above, either because of particular selection
criteria or the limited amount of studies avail-
able at that time. Gross et al. (2007) selected
only the most recent studies available at the
time (from December 2005 to November 2006),

in order to compare to a prior meta-analysis by
Martin et al. (2003). They found 5 such studies,
but most of them were not included in the two
meta-analyses discussed above, because they
either did not use left DLPFC as the treatment
location or did not study patients with treat-
ment-resistant depression. The studies included
in this meta-analysis, other than their sharing

a close publication date, are very heteroge-
neous in most other respects. The standardized
mean difference was 0.76 (95% CI: 0.51-1.01).
The authors note that this mean difference is
larger than the mean difference from the meta-
analysis of Martin et al. (2003), suggesting that
recenl TMS trials show larger antidepressant
effects than earlier studies. However, certain
aspects of these studies are quite different than
most other studies of TMS. Three of the 5 studies
used the right DLPFC as a treatment site (2 bilat-
eral, 1 right only).

It may not be valid to directly compare the
results of this meta-analysis to the earlier one
by Martin et al. (2003) due to differences in
analytic pooling techniques. Martin et al. (2003)
state that imbalances in the baseline severity
of depression between treatment and sham
groups were noted in several of the studies
(the active treatment groups having greater
severity of depression). Analyzing the studies
using the difference between baseline and final
scores would have biased the analysis in favor
of active treatment because of regression to the
mean. Thus, Martin et al. pooled only the final
values of depression severity between active
and sham groups.

Couturier (2005) limited the meta-analysis

to studies using high frequency (>10 Hz) left
DLPFC treatment site and a treatment dura-
tion of 5-10 days. The principal criterion that
limited the number of studies in this meta-
analysis was that the study was required to
report the outcome using the HAMD 21 scale.
Based on these selection criteria, 6 studies

with a total of 88 patients were included in the
meta-analysis. The summary weighted mean
difference was 1.1 (95% Cl: 4.5 to -2.3; not stan-
dardized) which was not statistically significant.
The study has less statistical power than the
other meta-analyses due to its particular selec-
tion criteria, but the magnitude of the effect, a
1.1-point difference on the HAMD 21 is not con-
sistent with a clinically important effect of TMS.

Martin et al. (2003) used broad inclusion criteria
for their review of TMS, and included a total of

12 ©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



14 clinical trials. Studies using TMS at any fre-
quency and any localization compared to a sham
control were analyzed. In evaluating the quality
of the included studies, they noted that only 2
studies undertook an intention-to-treat analy-
sis using the last-observation-carried-forward
method to impute values for withdrawn patients.

Pooled analyses were carried out for subsets of
the studies that shared common characteristics.
In nine studies that used left DLLPFC placed
stimulation for 2 weeks, the standardized mean
difference was 0.35 ( 95% CI: 0.04-0.66, p=0.03),
showing a difference in favor of TMS. In 5
studies using left DLLPFC stimulation for 1 week,
the standardized mean difference was 0.18
(95% CI: -0.27-0.64, p=0.4). For assessment of
post-treatment effects, standardized mean dif-
ferences at 1 and 2 weeks were not statistically
significant, but very few studies contributed
patients to this analysis. Seven studies used

the Beck Depression Inventory as an outcome
measure. None of the standardized mean differ-
ences were significant for a treatment effect.

In sum, these set of recent published meta-
analyses are mostly consistent for a statisti-
cally significant difference in improvement in
depression in TMS patients compared to sham
patients for outcomes measured at the last
TMS treatment (generally 1-2 weeks). The
improvement appears modest overall, and may
not have changed significantly over time. The
effect size calculated by Schutter (2009) of 0.39
is very similar to the 0.35 calculated by Martin
et al. (2003). The recent study by O’Reardon

et al. (2007), employing the FDA-cleared
device using 4-6 weeks of high-frequency,
high-intensity treatment, does not appear to
produce greater effects than the other studies,
as its effect size and risk difference estimates
are actually lower than the pooled means of
the meta-analyses in which it was included
(Schutter 2009; Lam et al. 2008).

The metric of standardized mean difference

as used in most of these meta-analyses is dif-
ficult to translate to more clinically meaningful
outcome measures such as the response rate
or the remission rate. The one meta-analysis
pooling data to estimate the risk difference
(Lam et al. 2008) shows reasonably sized risk
differences (17% risk difference in response),
but in the context of overall fairly low response
rates. The greatest shortcoming of the
meta-analyses is the lack of sufficient studies

examining patient outcomes beyond the time
period of acute treatment with TMS.

Randomized Clinical Trial

The study by O’Reardon et al. (2007) is the
largest clinical trial of TMS, and was the clini-
cal trial on which the FDA decision to clear
TMS for marketing was based. The study was
a multicenter study conducted at 23 sites.
Patients were enrolled who had uncomplicated
major depression meeting severity criteria.
They were required to have failed at least one
but no more than four adequate antidepres-
sant treatments in the current or most recent
episode of depression.

After a 1-week washout, patients were scheduled
to have 6 weeks of TMS, 5 sessions per week.
Characteristics of the treatment given were

left DLPFC treatment location, 120% motor
threshold field intensity, 10 Hz pulse frequency,
and 3000 pulses per treatment. Patients were
not given antidepressant medication during the
treatment period. Three-hundred twenty-five
patients were randomized, and the analysis
presented in the published study is based on
501 patients who had at least one post-baseline
assessment.

The study had adequate randomization and
assembly of comparable groups into the two
treatment arms, and blinding of treating physi-
cians and outcome assessors. However, there
were some nonevaluable patients, and a last-
value-carried-forward technique was used for
missing values. The design of the trial allowed
unblinding and cross-over after 4 weeks for
nonresponders; thus the trial was no longer a
randomized trial after 4 weeks.

After 4 weeks of treatment with active or sham
TMS, if the patient showed no or minimal
improvement in depression symptoms (e.g.,
less than 25% reduction in baseline symptoms
on the HAMD 17), they could cross over to an
open-label, acute treatment-extension study.
Thus although treatment was planned for 6
weeks, drop out could occur at 4 weeks accord-
ing to protocol. At 6 weeks, TMS treatment was
tapered over a period of 3 weeks, and treat-
ment with an antidepressant medication was
initiated. FDA documents indicate that large
numbers of patients dropped out after 4 weeks
to enter the open-label trial. Since the analysis
used a last-observation-carried-forward tech-
nique, many of the 6-week observation values
reflect 4-week values.

©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited. 13
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Table 3 shows the results of the trial’s 4-week
outcomes as reported in the published paper
and the principal analysis of the FDA Executive
Summary (U.S. Food and Drug Administration
2007). The mean difference in 4-week change
in MADSRS was declared a priori to be the
primary outcome of the study. The TMS
patients improved 5.6 points on the MADRS,
and the sham group improved 3.5 points,
leading to a mean difference of 2.1 points
which was not statistically significant (p=0.057).
On other outcomes measured by mean changes
from baseline, the HAMD 24 had a mean differ-
ence 2.4 (p=0.012), the HAMD 17 had a mean
difference of 1.9 (p=0.006) and the CGI-S had a
mean difference of 0.4 (p=0.009).

Results were also presented in terms of
response and remission rates. As Table 3
shows, response rates were generally low, but
depending on the scale used, the differences in
response rates ranged from 7.1 to 9%, and were
statistically significant. The remission rates
were even lower, between 7.1% and 9.0%, and
were not significant when compared to sham-
treated patients.

In the FDA executive summary report of this
trial (U.S. Food and Drug Administration 2007),
the FDA requested reporting of alternative
analyses using multiple imputation rather than
last-observation-carried-forward, as an initial
response followed by a later decline could

bias the results in favor of TMS. There is only
limited reporting of these analyses presented in
the report, however. For the primary outcome of
mean difference in MADRS change at 4 weeks,
the multiple imputation method applied to all

325 randomized patients produced a p value
0f 0.090. The other analyses comparing HAMD
17 and HAMD 24 scores still had significant p
values at 4 weeks. There is an analysis report-
ing 4-week outcomes of 6-week completers
only, but this analysis should be discounted
because nonresponders from both treatment
groups selectively withdrew from the study to
enter the open label trial.

The published paper also reports 6-week
results for all outcomes, all of which consis-
tently show greater efficacy of TMS at this
timepoint than at the 4-week timepoint. For
example, the MADRS remission rates increase
to 14.2% in the TMS group and decrease to
5.5% in the sham group, now producing a
difference of 8.7% which is statistically signifi-
cant. However, these 6-week results should

be viewed with caution, as they are based on
49% (148/301) values imputed from prior visits.
However, in the FDA Executive Summary, the
FDA requested an analysis of 6-week outcomes
using multiple imputation method for missing
values rather than the last observation carried
forward. When comparing the mean changes
from baseline for outcomes estimated at 6
weeks, the p values for MADRS, HAMD 24, and
HAMD 17 are not significant (p=0.276, 0.73,
0.078, respectively).

Subgroup Analyses of the Clinical Trial.
Subgroup analysis of this clinical trial is
reported in the FDA Executive Summary and
the study by Lisanby et al. (2009) (Table 4). An
essential finding of this subgroup analysis is
the results stratified by the history of prior ade-
quate trials of antidepressant treatment. The

Table 3. Outcomes of TMS Clinical Trial at 4 Weeks, Published Results

Outcome TMS Sham p value
MADRS final total score 27 29.8 0.057
HAMD17 final total score 17.4 19.4 0.006
HAMD24 final total score 23.4 25.9 0.012
MADRS response rate (50% impr) 18.1% 11.0% <0.05
HAMD17 response rate 20.6% 11.6% <0.05
HAMD24 response rate 19.4% 11.6% <0.05
MADRS remission rate (score<10) 7.1 6.2 >0.10
HAMD17 remission rate (score<8) 7.2 6.2 >0.10
HAMD24 remission rate (score<11) 9.0 8.2 >0.10

14
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mean number of adequate trials of therapy in
the trial was 1.6, with 54% (164/301) of subjects
having failed just one adequate trial.

The results stratified by number of prior treat-
ments are consistent with an effect of treatment
only in those patients with one prior treatment
failure. The study by Lisanby et al. (2009)
showed a decrease in MADRS depression score
of 7 points in the TMS group versus 2 points in
the sham group in those who had only one prior
treatment failure. The FDA Executive Summary
reports only standardized effect sizes for this
comparison. For this same comparison, the
standardized effect size was 0.94 (p=0.001). For
the group with more than one prior treatment
failure, the decrease in MADRS scores for both
groups appears to be very similar at approxi-
mately 3.8 by visual estimation. The p value for
interaction between number of treatment fail-
ures (1 versus more than 1) and treatment group
(TMS versus sham) was significant at p=0.021.
The FDA Executive Summary reports results sep-
arately by the number of prior treatment failures
for patients with more than 1 treatment failure.
Only the group with 4 treatment failures, that
had a small sample size of 12 patients, showed
an indication of a treatment effect of TMS.

Neither the Lisanby et al. (2009) study nor the
FDA Executive Summary reports these subgroup
results in terms of response or remission rates.

Open-Label Extension of the

TMS Randomized, Clinical Trial

Results of the open label extension of the clini-
cal trial of O’Reardon et al. (2007) are reported
by Avery et al. (2008) and in the FDA Executive

Summary (U.S. Food and Drug Administration
2007) (Table 5). In this study, patients who
failed to achieve a greater than 25% reduction
in HAMD 17 scores at 4 weeks were eligible

to receive TMS for 6 weeks on an open-label
basis. Thus, nonresponders from the TMS
treatment group would then receive up to 12
weeks of active TMS, and nonresponders from
the sham treatment group would cross over
and receive up to 6 weeks of TMS. Patients

and investigators were blinded to their original
randomized treatment assignment. At 6 weeks,
TMS treatment was tapered and antidepressant
therapy initiated. During the 6-week open-label
period, antidepressant medications were not
allowed, and hypnotics or anxiolytics were only
allowed for urgent problems.

It is not specifically stated how outcomes

were calculated for patients who missed their
6-week visits, but it appears that for categorical
outcomes, these patients were counted as not
having responded or remitted.

For both groups of patients, patients improved
their depression scores and many patients
responded or had remission of depression. The
changes were much greater than in the ran-
domized part of the clinical trial. For example,
in the clinical trial, the TMS group improved
by 5.6 points on the MADRS at 4 weeks. In the
open-label extension trial, the sham-to-TMS
group, which is getting its first course of active
TMS treatment, had a mean improvement in
the MADRS of 17.0 points. Also, the proportion
of responders and remitters in the sham-to-
TMS group at 6 weeks was much higher than in
the TMS group in the randomized, clinical trial.

Table 4. Outcomes of TMS Clinical Trial at 4 Weeks, Stratified by History of Prior Adequate Trials

of Antidepressant Therapy

Group Mean Difference

in MADRS between

Standardized Effect
Size between TMS

Prior Treatment Failure Stratum TMS and Sham* p value and Sham** p value
1 treatment failure (n=164) 5 (visual estimation) 0.0006 0.94 0.001
>1 treatment failure (n=137) 0.2 (visual estimation)  0.923 — —

2 treatment failures (n=95) — — -0.16 0.710

3 treatment failures (n=30) — — -0.55 0.588

4 treatment failures (n=12) — — 5.21 0.022

*Group mean differences calculated by visual estimation in published paper of Lisanby et al. (2009)

**Standardized effect size from FDA Executive Summary

©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.
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Given the unblinded, open-label nature of this
extension study, and the lack of an internal
control group, it is uncertain how to interpret
these findings. The greater changes in depres-
sion scores than the randomized trial indicates
some effect due to unblinding, either due to
patient and/or provider expectations.

“Study 3” Interim Results, Extension

Study of Responders

An observational study of various groups of
responders in either the randomized trial or
open-label extension is only briefly described
in the FDA Executive Summary (U.S. Food and
Drug Administration 2007). In this study, which
is described as having only interim results, all
groups of patients that ultimately responded

to TMS or sham in the original randomized
trial, or responded to TMS in the open-label
extension (regardless of initial assignment

in the trial) were followed for recurrence of
depression and/or need for reintroduction of
TMS. The methods and definitions of outcome
are incompletely described in the Executive
Summary, and a minority of the eligible
patients enrolled into this study. Although it
cannot be determined how many patients were
actually followed for 24 weeks beyond TMS
treatment, according to the table of results,
between 33.5% and 47.8% of patients required
reintroduction of TMS treatment, depending
on prior trial assignment. The median time to
TMS reintroduction was between 6.5 and 11
weeks. Using a definition of relapse of a HAMD
24 greater than 16 or an absolute increase of
10 points from study 3 entry on the HAMD 24,
between 9.1% to 12.9% of patients relapsed

within 4 weeks, and 20.5% to 26.3% relapsed
within 24 weeks.

Adverse Effects of TMS

TMS has not been associated with major adverse
effects. In the randomized, clinical trial, the
most common adverse events in the active
treatment group were headache, application
site pain, muscle twitching, anxiety, applica-
tion site discomfort, or nausea. Table 6 shows
the incidence of adverse events that occurred
with greater incidence than 10% or greater.

Of those common events, application site pain,
muscle twitching, and application site discom-
fort occurred more frequently in the TMS group
than the sham group. Eighteen serious adverse
events occurred, and these were equally distrib-
uted between TMS and sham groups.

Adverse effects were also assessed during the
open-label extension phase of the study. Recall
that one of the groups received extended (up

to 12 weeks) of TMS. The common adverse
events among this group and the group receiv-
ing active TMS for the first time were similar to
the randomized clinical trial. Serious adverse
events were rare, and included a few instances
of worsening depression.

A review of other literature has not raised other
major concerns about the safety of TMS. Rachid
and Bertschy in a 2006 review, found that
tension-type headaches were the most common
adverse effect, followed by neck pain. They cite
other studies in which significant signs of neu-
ropsychological disturbances, changes in audi-
tory thresholds, or EEG abnormalities were not

Table 5. Outcomes of TMS Clinical Trial Open-Label Extension at 6 Weeks,

by Original Randomized Trial Assignment

TMS-to-continued-TMS Sham-to-TMS Group

Outcome Measure Group n=73 n=85
MADRS, mean change from baseline -12.5 -17.0
HAMD24, mean change from baseline -11.1 -14.5
HAMD17, mean change from baseline -8.2 -10.8
MADRS Responders, % 26.0 42.4
HAMD24 Responders, % 315 42.4
HAMD17 Responders, % 30.1 37.6
MADRS Remitters (score <10), % 11.0 20.0
HAMD24 Remitters (score <11) 16.4 27.1
HAMD17 Remitters (score <8) 15.1 21.2
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found after 2- to 4-week courses of TMS. They
note that some studies have shown significant
improvements in some cognitive domains, but
cannot rule out practice effects in such studies.
The potential to cause seizures has been a
concern with TMS, but the Rachid and Bertschy
review found only two published reports of
seizures. Case reports have described some
instances of mania or hypomania in patients
with bipolar disease.

Discussion

The randomized clinical trial of TMS does

not show definitive evidence of efficacy for its
primary endpoint at 4 weeks. Not all outcomes
show efficacy, and the analysis is sensitive to
alternative methods of analysis. Another limita-
tion of this and other studies of TMS is lack of
rigorous evaluation beyond the period of treat-
ment. Although short-term studies are consistent
with changes in depression scores due to TMS,
the clinical significance and durability of the
effect are not well characterized. One meta-
analysis indicated no difference in effect between
patients with treatment-resistant and nontreat-
ment-resistant depression. The randomized,
clinical trial showed a greater effect in patients
with only one prior treatment failure, with possi-
bly minimal or no effect in patients with greater
than one prior treatment failure.

The indication for which TMS received approval,
one prior failure of an adequate antidepressant
course, is unusual. A change in antidepressant
therapy is usually indicated at this point, and has
been shown to have a success rate similar to the
first course. The current body of evidence cannot
determine in a rigorous way whether TMS would
be as effective as a second course of antidepres-
sant therapy. Other important gaps in current

knowledge include whether TMS is effective

as an adjunctive treatment to second-line drug
therapy, the durability of TMS treatment, and the
effectiveness of retreatment. A clinical trial spon-
sored by the National Institute of Mental Health
has recruited subjects for another clinical trial of
TMS (ClinicalTrials.gov NCT00149838). However,
this trial also appears to have only a short dura-
tion (3 weeks) in which the participants are
randomized to TMS or sham before crossovers
or alternative treatments are offered.

Summary of Application of the
Technology Evaluation Criteria

Based on the available evidence, the Blue Cross
and Blue Shield Association Medical Advisory
Panel made the following judgments about
whether TMS for the treatment of depres-

sion meets the Blue Cross and Blue Shield
Association Technology Evaluation Center
(TEC) criteria.

1. The technology must have final
approval from the appropriate
governmental regulatory bodies.

Devices for transcranial stimulation have
received clearance by the U.S. Food and Drug
Administration (FDA) for diagnostic uses. One
device, NeoPulse (Neuronetics, Atlanta, GA)
received approval in Canada and Israel as a
therapy for depression. Although initially exam-
ined by the U.S. Food and Drug Administration
(FDA) under a 510(k) application, the NeoPulse,
now known as NeuroStar® TMS, received
clearance for marketing as a “de novo” device
in 2008. NeuroStar® TMS is indicated for the
treatment of patients with depression who have
failed one 6-week course of antidepressant
medication.

Table 6. Adverse Events with an Incidence 10% in the TMS Randomized Clinical Trial

TMS (n=165) Sham (n=158)
Adverse event n (%) n (%)
Headache 96 (58.2) 87 (55.1)
Application site pain 49 (35.8) 6 (3.8)
Muscle twitching 34 (20.6) 5(3.2)
Anxiety 19 (11.5) 18 (11.4)
Application site discomfort 18 (10.9) 2(1.3)
Nausea 17 (10.3) 10 (6.3)
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2. The scientific evidence must permit
conclusions concerning the effect of the
technology on health outcomes.

An important limitation of the evidence is

lack of information beyond the acute period

of treatment. Most of the clinical trials evalu-
ate the outcomes at the point of the last TMS
treatment, between 1 and 4 weeks. Very few
studies evaluated patients beyond this time
period. Although meta-analyses are consistent
with short-term antidepressant effects, the
clinical significance of the effect is uncertain.
The large clinical trial of TMS reviewed in this
assessment did not unequivocally demonstrate
efficacy, as the principal endpoint was not
statistically significant at 4 weeks, and some
results were sensitive to the methods of analy-
sis. The patients in which TMS is indicated

are usually treated with a second course of
antidepressant therapy. The clinical trial, which
was sham controlled without active treatment,
cannot determine whether TMS would be more
or less successful than this standard treatment.

3. The technology must improve
the net health outcome; and

4. The technology must be as beneficial
as any established alternatives.

The available evidence does not permit
conclusions regarding the effect of TMS on
health outcomes or compared with alterna-
tives. Comparison to alternatives using other
observational studies may not be valid due to
unmeasured differences in severity of depres-
sion between studies and other differences

in studies.

5. The improvement must be attainable
outside the investigational settings.

It has not yet been demonstrated whether TMS
improves health outcomes in the investigational
setting. Therefore, it cannot be demonstrated
whether improvement is attainable outside the
investigational settings.

For the above reasons, transcranial magnetic
stimulation for the treatment of depression
does not meet the TEC criteria.

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments

should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.

CONFIDENTIAL: This document contains proprietary information that is intended solely for Blue Cross and Blue Shield Plans

and other subscribers to the TEC Program. The contents of this document are not to be provided in any manner to any other
parties without the express written consent of the Blue Cross and Blue Shield Association.
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