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OBSERVATIONAL STUDY OF ACUTE TREATMENT
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Background: Few studies have examined the effectiveness of transcranial magnetic stimulation (TMS) in real-world clinical practice settings. Methods: Fortytwo US-based clinical TMS practice sites treated 307 outpatients with Major
Depressive Disorder (MDD), and persistent symptoms despite antidepressant
pharmacotherapy. Treatment was based on the labeled procedures of the approved TMS device. Assessments were performed at baseline, week 2, at the
point of maximal acute benefit, and at week 6 when the acute course extended
beyond 6 weeks. The primary outcome was change in the Clinician Global
Impressions-Severity of Illness from baseline to end of acute phase. Secondary
outcomes were change in continuous and categorical outcomes on self-report
depression scales (9-Item Patient Health Questionnaire [PHQ-9], and Inventory of Depressive Symptoms-Self Report [IDS-SR]). Results: Patients had a
mean ± SD age of 48.6 ± 14.2 years and 66.8% were female. Patients received an average of 2.5 (± 2.4) antidepressant treatments of adequate dose and
duration without satisfactory improvement in this episode. There was a significant change in CGI-S from baseline to end of treatment (−1.9 ± 1.4, P <
.0001). Clinician-assessed response rate (CGI-S) was 58.0% and remission rate
was 37.1%. Patient-reported response rate ranged from 56.4 to 41.5% and remission rate ranged from 28.7 to 26.5%, (PHQ-9 and IDS-SR, respectively).
Conclusion: Outcomes demonstrated response and adherence rates similar to
research populations. These data indicate that TMS is an effective treatment
for those unable to benefit from initial antidepressant medication. Depression
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Major Depressive Disorder (MDD) is a disabling and

potentially lethal illness. The most recent update from
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the World Health Organization’s Global Burden of
Disease (GBD) Study[1] reported that unipolar major
depression alone is the leading cause of disability worldwide. As an illness with onset in the early decades of life,
and with a recurrent and sometimes chronic course, the
public health implications of depression are profound.
It is estimated that 20–40% of patients do not beneﬁt from, or cannot tolerate, adequate trials of antidepressant medications even after repeated attempts.[2]
Further, the NIMH-sponsored Sequenced Treatment
Alternatives to Relieve Depression (STAR*D) Study reported that 40.1% of patients remitting after failing
one prior adequate antidepressant medication course relapsed during the next 12 months (mean time to threshold relapse of 4.1 months).[3]
Transcranial magnetic stimulation (TMS) is a noninvasive, nonsystemic device delivering magnetic resonance imaging (MRI) strength, pulsed, magnetic ﬁelds
to induce an electric current in the cerebral cortex. When
used as an antidepressant, TMS produces clinical beneﬁt without the systemic adverse effects associated with
medications, and has no adverse cognitive effects.[4, 5]
The evidence for the clinical efﬁcacy of TMS in treating
major depression spans more than 30 randomized, controlled trials in over 2,000 patients. To date, these data
have been examined and summarized in over 10 metaanalyses and two qualitative reviews in the peer-reviewed
literature between 2001 and 2011.[6–19] Overall, these
reports represent a comprehensive and consistent literature in which conclusions support the speciﬁc use of
high-frequency TMS to the left dorsolateral prefrontal
cortex in patients who have not beneﬁted from antidepressant medication.
Although the peer-reviewed literature describing the
efﬁcacy of TMS in controlled trials is large and includes
replications of positive ﬁndings, there are no multisite
studies characterizing its utility and effectiveness in routine clinical practice. Such data from naturalistic studies
are important as they permit the inclusion of subjects
with a wider range of symptomatology and comorbidity than those found in controlled trials. The goal of
this study was to summarize outcomes experienced by a
large population of depressed patients treated with TMS
therapy in various clinical settings.

SUBJECTS AND METHODS
STUDY SUBJECTS
Three hundred thirty-nine patients consented to serial assessments
during clinical treatment with TMS. Patients were eligible to participate and considered evaluable for the study data analysis if (1) their
primary clinical diagnosis was Major Depressive Episode (single or recurrent episode without psychotic features, consistent with DSM-IV
criteria); (2) they did not have medical conditions that would preclude
the safe use of TMS therapy; (3) they had not received past treatment
with TMS for depression; (4) they met standardized criteria for failure
to receive clinical beneﬁt from antidepressant medication treatment in
the current illness episode; (5) they had a baseline and at least one postbaseline rating; (6) their attending psychiatrist determined that TMS
represented the most appropriate clinical treatment option; and (7)
Depression and Anxiety

the attending psychiatrist intended to initiate treatment using the currently labeled TMS treatment parameters. There was no limit on the
number of lifetime antidepressant treatment failures in study participants. Treatment resistance was determined with the Antidepressant
Treatment Record (ATR, Neuronetics, Inc., Malvern, PA), adapted
from and validated against the research version of the Antidepressant
Treatment History Form (ATHF).[20] This naturalistic study design
permitted patients to continue concurrent psychiatric medications during treatment with TMS if they were directed to do so by the prescribing psychiatrist. Decisions to administer TMS adjunctively reﬂected a
determination that these agents could not be safely discontinued.
Institutional review board (IRB) approval was obtained at all participating sites. The costs of all treatment sessions and associated direct
clinical care were borne entirely by the patient or their insurer. Study
physicians were provided a modest ﬁnancial remuneration by the study
sponsor on a contracted basis for study-related document preparation
and rating scale completion. Patients were provided a modest remuneration by the study sites for completion of study-speciﬁc rating scales.
All compensation amounts were reviewed by the study site IRB. After
a complete description of the study procedures, written informed consent was obtained from all subjects. The disposition of patients across
the acute treatment course is shown in Fig. 1. Thirty-two patients did
not meet all eligibility criteria and were not included in the ﬁnal evaluable population (N = 307). Two hundred sixty-ﬁve patients (86.3% of
the original evaluable population) completed acute treatment and enrolled in a 52-week naturalistic continuation outcome study. Results
of this long-term follow-up study are pending and will be reported
elsewhere.

STUDY LOCATIONS, TMS DEVICE, AND
CLINICAL TREATMENT PARAMETERS
Forty-two clinical practices were included in this study. Thirty-two
(76%) were in private clinical practices, seven (17%) were in academic
medical centers, and three (7%) were in nonacademic institutional
settings. The types and proportions of practice locations participating
in this study mirror the distribution of current practice types offering
TMS therapy in the United States.
All treatments were delivered using the NeuroStar TMS Therapy
system (Neuronetics, Inc., Malvern, PA). Motor threshold (MT) was
determined over the left hemisphere at the initial treatment session and
used for determination of treatment intensity. An iterative, automatic
software-based mathematical algorithm (MT Assist, Neuronetics) is
integrated with this system for use in MT determination. External
coordinates for placement of the coil over the treatment location are
calculated by the device for a site 5 cm anterior from the MT location,
along a left superior oblique plane. The standard treatment protocol
described in the product user manual speciﬁes stimulation at 120% of
MT; pulse frequency of 10 pulses per second; and a cycle of 4 sec on
(active stimulation) and 26 sec off (no stimulation). This system provides these default parameters, which generates 75 stimulation cycles,
resulting in 3,000 pulses per treatment session. Although all clinicians
initiated treatment with left-sided high-frequency stimulation, this default treatment protocol could be modiﬁed for tolerability or logistical
reasons, or as a consequence of clinician-determined variation in practice technique.

OUTCOME MEASURES
Outcome assessments were obtained at baseline, week 2, at the point
of maximal acute treatment beneﬁt, and again at week 6 in cases where
the acute course of TMS extended beyond 6 weeks. Efﬁcacy measures
included the clinician-reported Clinical Global Impressions-Severity
of Illness Scale (CGI-S), and patient-reported Inventory of Depressive Symptoms-Self Report version (IDS-SR), and the 9-Item Patient
Health Questionnaire (PHQ-9).
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Figure 1. Summary of patient disposition during acute-phase treatment.

The primary outcome measure was the change from baseline to endpoint on the CGI-S. Secondary outcome measures included baseline
to endpoint change on the PHQ-9 and IDS-SR scales and various categorical outcomes for each rating scale, as commonly used in prior published studies with these scales. For the CGI-S, response was deﬁned as
achieving an endpoint rating of 3 or less (corresponding with “mildly
ill” or better), whereas remission on that scale was deﬁned as achieving
an endpoint rating of “borderline mentally ill” (2) or “normal/not at all
ill” (1).[21] For the PHQ-9, response was deﬁned as achieving an endpoint score less than 10, whereas remission was deﬁned as achieving an
endpoint score less than 5.[22] Finally, for the IDS-SR, response was
deﬁned as achieving a 50% or greater drop in endpoint score compared
to the patient’s baseline rating, whereas remission was deﬁned as an

endpoint score of less than 15 (http://www.ids-qids.org/index2.html#
table4).
Safety was studied by summary analysis of medically serious, devicerelated adverse events or device malfunctions during this study. Incidence of such events was compared to the incidence of similar medically serious events that occurred in routine postmarket surveillance
data for all devices installed in the United States at the time of this
study.

STATISTICAL ANALYSIS
An analysis of covariance model examined the change from
baseline in reported scores for the acute treatment phase for all
Depression and Anxiety
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continuous variables. Baseline score, ATR group status (0–1 failures
of adequate antidepressant treatment versus 2 or more failures in the
current episode), and site were used as covariates. For all continuous
efﬁcacy outcome measures, within group testing was performed using
the Student’s t-test for normally distributed data and the Wilcoxon
Signed Rank test for non-normally distributed data. Normality testing
was evaluated using the Shapiro–Wilk Statistic. All tests were twosided, at the 5% level of statistical signiﬁcance. All analyses were conducted in a last observation carried forward (LOCF) manner for both
the intent-to-treat population as well as the per protocol study population (i.e. subjects who provided a rating assessment at all evaluation
time points). Categorical variables were tested using a chi-square analysis across the time points of the acute treatment phase. Kaplan–Meier
survival estimates were used to examine the time course of achieving ﬁrst remission during the acute treatment phase for the efﬁcacy
outcomes. To calculate probabilized estimates of the time to ﬁrst remission during acute treatment, the Kaplan–Meier function censors
observations at each time point representing patients who have not
achieved remission. Therefore, as the number of censored or noncontributory observations increases, the probabilized estimate of the time
to ﬁrst remission tends to diverge upward from that seen in the raw
observed data.
Prior research suggests that there are several clinical variables that
inﬂuence a patient’s response to treatment.[11, 23–25] Therefore, additional secondary analyses were conducted to identify potential moderators of treatment outcome with TMS. The candidate pretreatment
variables and their method of stratiﬁcation included baseline symptom
severity (as a continuous variable), ATR status at baseline (baseline
ATR ≤ 1 versus ≥2), the presence of a secondary anxiety disorder diagnosis (Yes/No), gender (M/F), age (age ≤ 55 years versus >55 years),
and the presence of a prior psychiatric hospitalization for depression
(Yes/No). We ﬁrst used an analysis of variance model to explore the
candidate moderator variables, with the criterion that a potential moderator variable should demonstrate a main effect at a P < .10 and its
inﬂuence should be consistently present across all three outcome measures (i.e. CGI-S, PHQ-9, and IDS-SR) during the acute phase. Because the decision regarding the actual duration of TMS treatment in
the acute phase was governed by the psychiatrist’s estimate of the time
point of maximum beneﬁt, we also examined whether any speciﬁc candidate predictor variables systematically varied as a function of treatment duration. We hypothesized that, if outcome varies by treatment
duration, then potential moderator variables should similarly vary in
the population.

RESULTS
DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS OF STUDY POPULATION

General demographic and clinical descriptive information at study enrollment is shown in Table 1. A recurrent course of illness was reported in over 90% of
patients. By CGI-S criteria, baseline depression severity
was rated as moderately ill or worse (CGI-S ≥ 4) in 99%
(303 of 307) of the population. Patients had received a
mean (SD) of 2.5 (SD: 2.4) attempts at an adequate dose
and duration, as deﬁned by ATR criteria. Over 54% of
patients met ATR criteria for resistance to two or more
antidepressant trials during the current episode.
SUMMARY OF TMS TREATMENT PARAMETERS

The average number of TMS sessions across the acute
phase was 28.3 (SD: 10.1, Range: 2–94), corresponding
Depression and Anxiety

TABLE 1. Demographic and clinical characteristics of
study population (N = 307)
Demographic variables
N (%) females
Age (years, mean ± SD)
Age range
Disease history
Recurrent illness course, N (%)
Comorbid anxiety disorder, N (%)
History of inpatient hospitalization for
depression, N (%)
History of prior treatment with ECT, N (%)
Antidepressant treatment history
Number of overall antidepressant treatment
attempts in current illness episode, mean (SD)
(Range)
Number of dose/duration adequate
antidepressant treatments in current episode,
mean (SD)
(Range)
Baseline symptom scores
CGI-Severity, mean (SD)
IDS-SR total score, mean (SD)
PHQ-9 total score, mean (SD)

205 (66.8)
48.6 ± 14.2
18 – 90
285 (92.8)
46 (15.0)
134 (43.6)
16 (5.2)

3.6 (3.1)
(0 – 21)
2.5 (2.4)

(0 – 14)
5.1 (0.9)
45.7 (11.0)
18.3 (5.2)

to an average duration of treatment of 42 days (SD: 14.2,
Range: 2–130). Two hundred eighty (91.2%) patients
received treatment over the left dorsolateral prefrontal
cortex only. The average number of pulses per session
was 3216 (SD: 466). The baseline MT was 1.1 standard
motor threshold (SMT) units (SD: 0.2, Range: 0.6–1.8).
ACUTE-PHASE TREATMENT OUTCOMES:
CONTINUOUS VARIABLES

There was a statistically signiﬁcant improvement from
baseline in CGI-S total score (−1.9 ± 1.4, P < .0001)
(Table 2). A similar pattern and magnitude of clinical improvement was observed in the two patient self-reported
outcome measures, the PHQ-9 and the IDS-SR
(Table 2.)
ACUTE-PHASE TREATMENT OUTCOMES:
CATEGORICAL VARIABLES

Examination of categorical outcomes reﬂected the
improvement on the continuous outcome measures
(Table 2). Categorical response and remission rates were
consistent in clinical magnitude on all three outcome
measures (i.e. CGI-S, PHQ-9, and IDS-SR). More than
half of patients achieved responder status at the end of
acute treatment, and approximately one third of patients
achieved remission. For example, on the primary outcome measure (i.e. CGI-S) 58.0% of patients were categorized as responders with an end of treatment score
of mildly ill or better (CGI-S ≤ 3), whereas 37.1%
of patients reached remission (an endpoint score of 1
[normal, not at all ill] or 2 [borderline, mentally ill])
(Table 2).
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TABLE 2. Summary of acute-phase outcomes—final
acute treatment determined by clinician assessment of
maximum improvement
Baseline
Clinical rating
CGI-Severity of Illness
Total score, mean (SD)
Change from baseline,
mean (SD)
P-value
Response rate, N (%)
Remission rate, N (%)
PHQ-9 Self-Rating Scale
Total score, mean (SD)
Change from baseline,
mean (SD)
P-value
Response rate, N (%)
Remission rate, N (%)
IDS-Self Rating Scale
Total score, mean
(SD)
Change from baseline,
mean (SD)
P-value
Response rate, N (%)
Remission rate, N (%)

5.1 (0.9)

18.3 (5.2)

45.7 (11.0)

Week 2

4.4 (1.1)
− 0.7 (0.9)
<.0001
52 (16.9)
12 (3.9)
12.7 (6.3)
− 5.6 (5.9)

End of
acute phase

3.2 (1.5)
− 1.9 (1.4)
<.0001
178 (58.0)
114 (37.1)
9.6 (7.0)
− 8.7 (7.2)

<.0001
101 (32.9)
31 (10.2)

<.0001
173 (56.4)
88 (28.7)

35.0 (13.2)

27.4 (15.8)

− 10.7 (10.0) − 18.3 (14.9)

-

<.0001
38 (12.5)
26 (8.6)

<.0001
127 (41.5)
81 (26.5)

Note: All data are computed in a last observation carried forward
(LOCF) analysis. P-values reﬂect comparison of change from baseline
between baseline score and subsequent outcome time points performed
using Student’s t-test.
Responder deﬁned as: score of ≤ 3 (CGI-S), score of <10 (PHQ-9),
or ≥50% decrease in score compared to baseline (IDS-SR).
Remitter deﬁned as: CGI-S score ≤ 2, PHQ-9 score <5, or IDS-SR
score <15.

In order to examine the sensitivity of CGI-S clinician
ratings for measurement of response and remission outcomes, we conducted an exploratory analysis whereby
categorical “responder” status was deﬁned by a requirement for improvement on CGI-S score by two or more
levels from baseline, in addition to the requirement that
endpoint CGI-S rating correspond with an overall severity level with “mildly ill” or better. With application of
this more stringent criterion, the CGI-S response outcome is 50.2% (N = 154 patients); 24 patients (7.8%
of the total study population) previously considered responders were no longer categorized as such. Similarly,
use of a more stringent deﬁnition for “remitter,” which
requires both improvement by two or more CGI-S levels
together with a ﬁnal severity rating of “borderline mentally ill” or “normal/not at all ill,” reveals a remission
rate of 36.5% (N = 112) and reclassiﬁes two patients as
nonremitters.
The Kaplan–Meier estimate for the cumulative remission rate across the acute treatment phase was 69.2,

49.3, and 54.7%, as measured by the CGI-S, PHQ-9,
and IDS-SR, respectively (Fig. 2). Similarly, the mean
time (±SD) to ﬁrst remission was 54 days (SD: 1.2), 49
days (SD: 1.0), and 60 days (SD: 1.6), as measured by the
CGI-S, PHQ-9, and IDS-SR, respectively.
ACUTE-PHASE TREATMENT OUTCOMES:
ANALYSIS OF MODERATORS OF TREATMENT
OUTCOME

In the overall population, baseline score (as a continuous variable) and age (age ≤ 55 years versus >55
years and older) each showed a signiﬁcant main effect on
outcome at the criterion level described above (data not
shown). Treatment beneﬁt was better in patients with
lower pretreatment baseline scores, and in the younger
age cohort. In general, ATR status had only a modest inﬂuence on treatment outcome, with the more treatmentresistant cohort (ATR ≥ 2) demonstrating a modest reduction in the percentage of patients achieving remission as compared to the less treatment-resistant cohort
(Fig. 3).
SAFETY SUMMARY

There was one medical event considered probably or
deﬁnitely related to the device and that was ﬁled with
the FDA as a Medical Device Report. This event was a
generalized tonic–clonic seizure that occurred in a female patient during her 10th TMS treatment session.
The patient had no prior history of seizure, however she
had several clinical factors that may have contributed to
altering her seizure threshold. Speciﬁcally, the evening
before her treatment she had completed a night shift of
work, and was therefore sleep-deprived at the time of the
TMS session. In addition, she was also taking bupropion,
sertraline, and dextroamphetamine/levoamphetamine at
the time of her TMS acute-phase participation. The patient recovered fully from the event without neurologic
sequelae.
Seizure is a known, but rare, medical risk associated
with TMS. In the entire postmarketing experience with
this system, there have been six reports of seizure ﬁled
as MDRs to the FDA. Based on this experience, the estimated risk of seizure is approximately 0.003% per treatment exposure, and <0.1% per acute treatment course.
Therefore, the safety experience of the study population
is consistent with the larger postmarket safety experience
with this system.

DISCUSSION
The main ﬁndings suggest that during the ﬁrst few
years after FDA approval clinicians in a variety of practice settings are delivering TMS therapy in a manner
largely consistent with published research protocols.
Moreover, patients are experiencing clinical results that
match those reported in controlled research trials. Observations from this sample of 307 patients receiving
acute course TMS therapy include a highly signiﬁcant
Depression and Anxiety
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Figure 2. Kaplan–Meier survival estimate of time to first remission (CGI-S, PHQ-9, and IDS-SR outcomes).

improvement in depression severity at endpoint, alongside categorical response and remission rates consistent
with efﬁcacy outcomes seen in the open-label extension
phase of two large sham-controlled studies.[26–30] Additionally, these data conﬁrm that TMS therapy with the
approved device for MDD is safe and well tolerated in a
nonresearch population.
Naturalistic study results assist in bridging ﬁndings
from the evidence obtained with more narrowly deﬁned
patient populations to the anticipated effects of a treatment when used on a larger scale in nonresearch patients. The application of stringent inclusion and exclusion criteria for generation of research samples in typical
phase III clinical trials does not reﬂect the broader illness
morbidity associated with depression and may overestimate the clinical outcomes that can be expected in routine practice. Retrospective analysis of the STAR*D data
done with the study population stratiﬁed according to
conventional enrollment criteria for a phase III clinical
trial found that the subset of patients meeting these criteria had relatively shorter durations of illness and lower
rates of family history of substance abuse, prior suicide
attempts, and anxious or atypical symptom features.[31]
The subgroup of phase III research-level STAR*D patients experienced more favorable outcomes compared
to the remainder of the study population. Similarly, the
patient sample described in the present report also have
several clinical characteristics suggesting greater illness
morbidity compared with the patients studied in the controlled trials of this device.[26, 28, 29] In particular, our naturalistic outcomes sample experienced a nearly fourfold
higher incidence of prior inpatient psychiatric hospitalization for depression, and the average number of failed,
adequate-exposure antidepressant trials was greater in
this community sample than in the phase III research
study population. Nevertheless, in contrast to the differDepression and Anxiety

ential outcomes seen in the STAR*D retrospective analysis noted above, it is striking that the outcomes here
indicate that clinical beneﬁt obtained with TMS treatment under conditions of general clinical use rivals that
seen in the research setting.
Our exploratory analysis of potential moderators of
TMS clinical outcomes showed few speciﬁc clinical characteristics that predicted a beneﬁcial effect of treatment.
Among these, patients who were younger and had a
lower baseline symptom severity had a modestly better outcome; features that have been reported as positive
moderators of antidepressant treatment in general.[23] In
prior research studies, the level of antidepressant treatment resistance was a robust predictor of beneﬁt from
TMS treatment. Interestingly, in this population staging of antidepressant treatment resistance level using a
validated method of assessment (ATR) revealed only a
modest effect on acute outcome. In fact, 54% of the patients in the study population met criteria for resistance
to more than one adequate antidepressant medication
trial during the current illness episode, and patients who
had failed a minimum of one adequate antidepressant
trial were as likely to be TMS responders as those who
had failed two or more trials in the current episode. Furthermore, the remission rate seen among patients with
relatively “high” levels of pharmacoresistance was only
slightly less than the remission rate for those with relatively “low” pharmacoresistance. In general, the beneﬁts
of TMS therapy appeared to be consistent across a range
of clinical features including the presence of a comorbid
anxiety disorder, or a history of prior psychiatric hospitalization.
The suggestion that TMS may be effective across a
broad range of treatment resistance and illness morbidity
is generally consistent with the larger body of controlled
clinical trial evidence.[26, 29] It is also worth noting that
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Figure 3. (Continued on next page.) Categorical response and remission outcomes (CGI-S, PHQ-9, and IDS-SR)—stratified by baseline
level of treatment resistance (low versus high).

nearly all of the patients in this observational study continued on their previously ineffective antidepressant regimens during the acute course of TMS. The potential for
an adjunctive beneﬁt of TMS when used in combination
with pharmacotherapy cannot be deﬁnitively answered
by the present report.
Of considerable interest to both clinicians and reimbursement authorities is the question of the optimal
treatment parameters for TMS therapy. Although preliminary uncontrolled studies point to accelerated on-

set of response and larger size effects associated with
increased number of pulses per session[32, 33] and with
a greater number of acute-phase treatment sessions,[10]
the vast majority of patients in our sample were given a
standard course of 30 treatments over 6 weeks, mirroring
the protocol used in registration trials with this system.
A small subset of patients (6.5%), who were characterized by the highest mean depression severity scores at
baseline, ended their acute course of TMS therapy in
2 weeks or less (corresponding with a mean ± SD of
Depression and Anxiety
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Figure 3. Continued.

only 10.9 ± 2 treatment sessions). There was no evidence of symptom worsening during TMS in this subset, but their categorical outcomes were inferior to those
generated by other patients treated for at least 4 weeks.
Unfortunately, the design of this study does not permit
a complete understanding of the reasons for abbreviated treatment courses. Another minority subset (22%)
of our sample, also characterized by relatively greater
baseline depressive severity, was comprised of individuals treated beyond 6 weeks’ duration. We speculate that
this cohort reﬂects the clinical application of ﬁndings
from published data demonstrating that an extension of
the acute treatment phase may be beneﬁcial for some patients with more difﬁcult-to-treat illness courses,[27, 30] as
there were no speciﬁc guidelines for treatment duration
associated with this study protocol.
Most, but not all, of our sample were treated exclusively with TMS over the left prefrontal cortex. The
exceptions we observed may signal early adoption by
some psychiatrists of published TMS treatment protocols providing preliminary efﬁcacy and safety data for
sequential bilateral stimulation[34] or for switching to
right-sided stimulation following nonresponse to leftsided treatment.[30] The inclusion of data from a few patients prescribed TMS despite pretreatment ratings of
“borderline” or “mild” severity of illness likely reﬂects
a variety of real-world scenarios (such as TMS treatment at the earliest threshold of depressive episode relapse, or initiation of TMS for targeting low-level residual or persistent symptoms) where a safe and effective
nonpharmacological intervention outweighs the relative
inconvenience and cost of the therapy. However, it is
not possible to know how the availability of insurance
reimbursement or ﬁnancial resources accessible by patients to pay for their treatment impacted the treatment
Depression and Anxiety

duration statistics gathered by this study (or the option
to fully pursue what might be considered an “optimized”
course of TMS therapy).
Finally, although not speciﬁcally designed to address
questions about TMS tolerability, the high adherence
rate (83%) and paucity of medically serious adverse
events reported during this naturalistic study underscore
the benign safety proﬁle associated with the treatment.
There was one case of seizure induction in this study.
Comparison with data collected via postmarketing report leads us to conclude that the safety experience observed in this study cohort mirrors the safety experience of the larger general patient population treated with
TMS therapy at the same time.
In conclusion, this naturalistic study observed clinical response and adherence rates similar to those reported in open-label clinical trials in research study
populations. These data validate the TMS efﬁcacy reported in published controlled trials, and further support TMS as an effective and well-tolerated therapy for
those who have failed to beneﬁt from antidepressant
medication.
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