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ABSTRACT

Introduction: Transcranial magnetic stimulation (TMS) is a US Food
and Drug Administration—approved treatment for major depressive
disorder (MDD) in patients who have not responded to 1 adequate
antidepressant trial in the current episode. In a retrospective cohort
study, we examined the effectiveness and safety of TMS in the first
100 consecutive patients treated for depression (full DSM-IV criteria
for major depressive episode in either major depressive disorder

or bipolar disorder) at an academic medical center between

July 21,2008, and March 25, 2011.

Method: TMS was flexibly dosed in a course of up to 30 sessions,
adjunctive to current medications, for 85 patients treated for acute
depression. The primary outcomes were response and remission
rates at treatment end point as measured by the Clinical Global
Impressions-Improvement scale (CGI-l) at 6 weeks. Secondary
outcomes included change in the Hamilton Depression Rating Scale
(HDRS); Quick Inventory of Depressive Symptomatology, self-report
(QIDS-SR); Beck Depression Inventory (BDI); Beck Anxiety Inventory
(BAI); and the Sheehan Disability Scale (SDS). Enduring benefit was
assessed over 6 months in patients receiving maintenance TMS
treatment. Data from 12 patients who received TMS as maintenance
or continuation treatment after prior electroconvulsive therapy (ECT)
or TMS given in a clinical trial setting were also reviewed.

Results: The clinical cohort was treatment resistant, with a mean

of 3.4 failed adequate trials in the current episode. Thirty-one
individuals had received prior lifetime ECT, and 60% had a history
of psychiatric hospitalization. The CGI-l response rate was 50.6%
and the remission rate was 24.7% at 6 weeks. The mean change was
—7.8 points in HDRS score, —5.4 in QIDS-SR, —11.4 in BDI, =5.8 in BA|,
and -6.9 in SDS. The HDRS response and remission rates were 41.2%
and 35.3%, respectively. Forty-two patients (49%) entered 6 months
of maintenance TMS treatment. Sixty-two percent (26/42 patients)
maintained their responder status at the last assessment during

the maintenance treatment. TMS treatment was well tolerated,

with a discontinuation rate of 3% in the acute treatment phase.

No serious adverse events related to TMS were observed during
acute or maintenance treatment.

Conclusions: Adjunctive TMS was found to be safe and effective in
both acute and maintenance treatment of patients with treatment-
resistant depression.
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T ranscranial magnetic stimulation (TMS) was
approved by the US Food and Drug Administra-
tion (FDA) in 2008 for the treatment of major depression
in which the current episode had failed to respond to
1 medication trial, and data from controlled trials and
meta-analyses further support its efficacy.!~> Recently,
Schutter? assessed outcomes from 30 randomized con-
trolled trials (RCTs) (n=1,154) and reported an effect
size (Cohen d) of 0.39 (95% CI, 0.25-0.54). Lam et al’
focused on outcomes in patients with treatment-resistant
depression (24 RCTs; n=1,097) and found an effect size
0f 0.48 (95% CI, 0.29-0.69).

Significant questions remain as to which are the
most effective stimulation parameters and which is the
most appropriate patient population for TMS in clinical
practice. The FDA criterion for approval is also narrow
(exactly 1 failed trial in the current episode), leaving the
clinician to treat patients with higher levels of treatment
resistance off-label. This is the patient group most likely
to seek TMS, given its cost and time burden.

We treated outpatients with treatment-resistant
depression (n=100) at an academic medical center. We
hypothesized that TMS would be effective in treatment-
resistant depression patients from a “real-world” clinical
practice setting.

METHOD

Study Participants

This was a retrospective cohort study of 100 con-
secutive outpatients treated for depression in the TMS
Treatment Program at the University of Pennsylvania
between July 21, 2008, and March 25, 2011. Subjects
had a DSM-IV diagnosis of major depressive disorder
(MDD), bipolar disorder in a current major depressive
episode, or depressive disorder not otherwise specified
(NOS).

The study included all patients for whom TMS was
judged to be appropriate treatment. The only exclusions
from TMS treatment were pregnancy or an absolute
contraindication to TMS therapy, such as metal within
the brain. Patients with a family or personal history
of seizures were, in most instances, treated with low-
frequency TMS to the right dorsolateral prefrontal cortex
(DLPFC).
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Transcranial Magnetic Stimulation in MDD

® Transcranial magnetic stimulation is a safe and effective
adjunct to medication treatment of major depressive
disorder.

® Transcranial magnetic stimulation has here shown
additional effectiveness in patients with depressions that
are usually more difficult to treat, including those with
bipolar disorder, high levels of medication resistance, or
past nonresponse to treatment with electroconvulsive

therapy.

The study was approved by the University of Pennsylvania
Institutional Review Board.

Study Overview

Charts from the first 100 consecutive patients were
reviewed. All subjects had an initial evaluation with an
attending psychiatrist with expertise in treatment-resistant
depression and TMS. Data on demographic and clinical
variables were obtained at intake as part of the program’s
standard evaluation (including the measures selected as
primary and secondary outcomes, as described below).
A history of previous antidepressant trials was obtained,
and the adequacy of prior treatment was assessed via the
Antidepressant Treatment History Form.®

For inclusion into our analysis of acute TMS efficacy, a
minimum level of depression severity was set at > 14 on the
Hamilton Depression Rating Scale (HDRS) and/or 216 on
the Beck Depression Inventory (BDI). Existing psychotropic
medications were held fixed as long as possible, with TMS
applied adjunctively during the 6 weeks of acute treatment
and 6 months of maintenance treatment.

In the majority of cases, TMS treatment was off-label, as
patients had exceeded 1 failed adequate antidepressant trial
in the current episode. Transcranial magnetic stimulation
sessions were conducted 5 days per week (Monday-Friday)
for a maximum of 30 TMS sessions or 6 weeks of treatment.
Data were also collected from patients who continued for up
to 6 months of maintenance TMS.

TMS Treatment

A registered nurse and a medical assistant trained in the
administration of TMS delivered all TMS sessions. Safety
measures consistent with TMS consensus guidelines” were
applied, including hearing protection and availability of
oxygen and anticonvulsant medications. Subjects were
queried about adverse effects at each session. Two TMS
devices were used for treatment, the MagPro R30 device
(Magventure, Inc, Atlanta, Georgia) and the Magstim
Rapid® (Magstim Ltd, Spring Gardens, Wales, England).
Each patient was treated with the same device throughout
his or her course.

Transcranial magnetic stimulation was applied over the
left DLPFC. Initially, the 5-cm rule was applied to determine
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the DLPFC target.® However, patients treated later in the
period reviewed had the F3 electroencephalogram (EEG)-
based method.’ Patients typically began treatment with fast
frequency TMS (10 Hz, 5-second train duration, 15-second
intertrain interval, with a dose of 4,000 pulses/session at 110%
of the observed motor threshold). Patients aged 65 years and
older were treated at 120% of the motor threshold to allow
for cortical atrophy.!®!!

Transcranial magnetic stimulation dosing was increased
based on clinical progress, up to a maximum of 8,000 pulses
per session. Some patients had “slow” TMS at 1 Hz added
(1-second train duration), targeting the right DLPFC for
300 to 1,200 pulses per session.

Six patients received 1-Hz right-sided TMS only. Six
patients commenced TMS with bilateral stimulation. Thirty-
nine of 88 patients (44.3%) treated acutely received right-sided
1-Hz TMS after not responding to fast-frequency TMS.

Patients receiving maintenance treatment were transi-
tioned by means of a taper phase of 6 sessions over 3 weeks
(3 sessions in week 1, 2 in week 2, and 1 in week 3). There-
after, the typical schedule for TMS sessions was 1 per week
for 4 weeks, 2 per month for 2 months, and 1 per month for
3 months, but the frequency of sessions could be increased
or reduced based on clinician judgment.

Acute Treatment Outcomes

The primary outcomes for the acute sample were the
response and remission rates at treatment end point via the
Clinical Global Impressions-Improvement scale (CGI-T).!?
This measure was selected because of its practicality and
established validity.'>!?

Secondary Outcomes

Secondary outcomes were changes in scores from baseline
to week 6 on the HDRS'; Quick Inventory of Depressive
Symptomatology, self-report (QIDS-SR)!’; and the BDI.!®
Categorical outcomes on these scales were response (a 50%
decrease from the baseline score) and remission (<7 on the
HDRS, <5 on the QIDS-SR, and <9 on the BDI). Other
outcomes included changes in score on the Beck Anxiety
Inventory (BAI)!7 and functional status per the Sheehan
Disability Scale.'®

Maintenance Outcomes

Patients were followed for 6 months or until they left
treatment. Sustained response and remission and reasons
for premature discontinuation were recorded.

Data Analysis

Data were analyzed using SAS statistics software (SAS
Institute, Inc, Cary, North Carolina); missing data were
imputed via the last-observation-carried-forward method.
Statistical significance for a change in secondary outcomes
was assessed via 2-tailed, paired samples ¢ test, without cor-
rection for multiple comparisons. An exploratory analysis
was performed using binary logistic regression to identify
possible predictors of acute TMS response.

J Clin Psychiatry 73:4, April'2012
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Table 1. Patient Characteristics for Acute Course of
Transcranial Magnetic Stimulation (n=85)

Characteristic Value
Age, mean (SD), y 50.4 (14.5)
Sex, n (%)

Male 41 (48.2)

Female 47 (55.3)
MDD, n (%) 65 (76.5)
Bipolar disorder, n (%) 20 (23.5)
Duration of illness (lifetime), mean (SD), y 23.7 (12.4)
Duration of current MDE, mean (SD), mo 42.7 (65.6)
ATHEF score (current episode), mean (SD) 3.4(2.8)
History of ECT, n (%) 31(35.6)
History of prior hospitalization, n (%) 51 (60.0)
History of prior suicide attempt, n (%) 21(24.7)
Bipolar disorder subgroup (n=20)
Bipolar I, n 11
Bipolar II, n 4
Bipolar NOS, n 5
Duration current MDE, mean (SD), mo 34 (68.8)
No. of failed antidepressants in current episode, mean (SD) 3.4(2.9)
Prior ECT, n (%) 7 (35.0)
Prior hospitalization, n (%) 17 (85.0)
Prior suicide attempt, n (%) 10 (50.0)
Prior ECT subgroup (n=31)
MDD, n (%) 24 (77.0)
Bipolar depression, n (%) 7 (23.0)
Duration of illness (lifetime), mean (SD), y 24.9 (10.65)
Duration current MDE, mean (SD), mo 66.6 (84.9)
ATHEF score (current episode), mean (SD) 4.3 (3.3)
Prior hospitalization, % 84
Prior suicide attempt, % 323

Abbreviations: ATHF = Antidepressant Treatment History Form,
ECT =electroconvulsive therapy, MDD = major depressive disorder,
MDE = major depressive episode, NOS =not otherwise specified.

RESULTS

Patient Characteristics

Sixty-five patients were diagnosed with MDD, 20 with
bipolar depression, and 3 with depression NOS (n=88).
Individuals diagnosed with depression NOS (n=3) were
excluded from the effectiveness analysis, leaving a total of
85 patients in this analysis (MDD, n=65; bipolar disorder,
n=20). Eighty percent of patients (n=68) had at least 1
non-substance-related Axis I comorbidity; 47% (n=40)
had 1 comorbidity, 25% (n=21) had 2, and the remainder
of patients had 3 or more. Data on medication use were col-
lected from 84 of the 85 patients. Of these, 78 (92%) were
on at least 1 psychiatric medication at the start of the trial.
Twenty-nine patients (34%) had medication changes during
their course. Rates of individual medication treatments were
as follows: 34 patients (40%) received second-generation anti-
psychotics; 27 (32%), selective serotonin reuptake inhibitors;
19 (22%), bupropion; 18 (21%), serotonin-norepinephrine
reuptake inhibitors; 16 (19%), anticonvulsants; 15 (18%),
stimulants/modafinil; 10 (12%), lithium; 9 (11%), monoam-
ine oxidase inhibitors; 6 (7%), tricyclic antidepressants; and
5 (6%), mirtazapine. In addition, 35 patients (41%) received
at least occasional treatment with benzodiazepines or benzo-
diazepine receptor agonists.

In addition, 6 patients switched from maintenance electro-
convulsive therapy (ECT) treatment to maintenance TMS, 5
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Figure 1. Response and Remission Rates on Clinical Global
Impressions-Improvement Scale (n=85)
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Abbreviation: TMS = transcranial magnetic stimulation.

Figure 2. Secondary Outcomes by Week (n = 85)
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Abbreviations: BAI=Beck Anxiety Inventory; BDI=Beck
Depression Inventory; HDRS = Hamilton Depression Rating Scale;
QIDS-SR = Quick Inventory of Depressive Symptomatology, self-
report; SDS = Sheehan Disability Scale; TMS = transcranial magnetic
stimulation.

transitioned to maintenance treatment from an RCT of TMS,
and 1 patient was included after receiving acute treatment in
another clinical trial.!® All 100 patients were included in the
safety analysis. Further, relevant characteristics of the acute
treatment sample are presented in Table 1.

Acute Treatment Outcomes
(CGI-I response and remission rates)

At the end point of up to 30 adjunctive TMS sessions, the
CGI-I response rate was 50.6% and the remission rate was
24.7% (Figure 1). No statistically significant differences were
found on y? tests between bipolar and unipolar groups with
respect to response or remission rates.

Secondary Outcomes

At acute treatment end point, the mean change in the
HDRS score was —7.8 points (SD=6.5, P<.001; Figure 2);
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Figure 3. Secondary Outcomes by Week—
Bipolar Subgroup (n =20)
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Abbreviations: BAI=Beck Anxiety Inventory; BDI=Beck
Depression Inventory; HDRS = Hamilton Depression Rating Scale;
QIDS-SR = Quick Inventory of Depressive Symptomatology, self-
report; SDS = Sheehan Disability Scale; TMS = transcranial magnetic
stimulation.

change in QIDS-SR score was —5.4 points (SD=6.4,
P<.001); change in BDI score was —11.4 points (SD=13.1,
P<.001); change in BAI score was —5.8 points (SD =
9.0, P<.001); and change in Sheehan Disability Scale score
was —6.9 points (SD=8.5, P<.001). Response and remis-
sion rates on the HDRS were 41.2% and 35.3%, respectively.
Response and remission rates on the BDI were 35.3% and
20%, respectively. Response and remission rates on the
QIDS-SR were 38.8% and 24.7%, respectively.

Exploratory Analysis

Using binary logistic regression to explore predictors of
response or remission (including number of comorbidities,
type of medication, and number of medication failures, as
well as the characteristics from Table 1) yielded no statisti-
cally significant predictors of the primary outcome. Among
secondary outcomes, increasing duration of the current
episode was negatively correlated with QIDS-SR response
(OR=0.67, P=.04) and HDRS response (OR=0.98,
P=.05).

Outcomes With 1-Hz and Sequenced
Bilateral (left plus right side) TMS

Of the 6 patients who had only right-sided 1 Hz TMS, 3
responded (of which 2 remitted). Thirty-nine patients had
right-sided slow-frequency (1 Hz) TMS added to left-sided
fast-frequency TMS because of insufficient improvement
(defined as <25% reduction in the baseline QIDS-SR score
after 2 weeks of treatment or 10 sessions of left-sided TMS).
Sixteen of these patients (41%) responded by week 4, with
improvement maintained at week 6.
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Figure 4. Secondary Outcomes by Week—
Prior Electroconvulsive Therapy Subgroup (n = 31)
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Abbreviations: BAI=Beck Anxiety Inventory; BDI=Beck
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QIDS-SR = Quick Inventory of Depressive Symptomatology, self-
report; SDS = Sheehan Disability Scale; TMS = transcranial magnetic
stimulation.

By comparison, the 34 patients who did not receive slow
TMS had a 43.5% response rate (CGI-I score <2) by 10
sessions and a 65.6% response rate at weeks 4 and 6 (ie,
after 20-30 sessions). Patients who received bilateral TMS
from the start of treatment (n=6) had a 0% CGI-I response
rate at 10 sessions and a 33.3% response rate after 20-30
sessions.

Subgroup Analysis: Patients With Bipolar Depression

Twenty patients (13 male subjects) in the acute sample
were treated for a bipolar depressive episode. The CGI-I
response rate for these patients at week 6 was 35% and the
remission rate was 15%, less than that observed with unipo-
lar patients. The mean change in the HDRS score was 7.7
points (SD =6.4); in the QIDS-SR, —6.7 points (SD =6.5); in
the BDI, —11.7 points (SD=15.5); in the BAI, —6.8 points
(SD=10); and in the Sheehan Disability Scale, —7.9 points
(SD=7.4). Secondary outcomes by week are presented in
Figure 3.

Subgroup Analysis: Patients With
a History of ECT Treatment

Thirty-one patients (19 male subjects) in the acute
sample had a lifetime history of ECT treatment, 24 with
MDD and 7 with bipolar depression. All patients reported
that prior ECT treatments either had failed or had been
intolerable; further detail of ECT course was, in most cases,
unavailable. In this group, the CGI-I showed a response rate
of 47% and a remission rate of 20% at week 6. The mean
change in the HDRS score was —7.3 points (SD =6.5, Figure
4); in the QIDS-SR, —4.6 points (SD =6.3); in the BDI, —10.0
points (SD=12.7); in the BAI, —-3.2 points (SD=9.1); and
in the Sheehan Disability Scale, —=7.9 points (SD =8.4).

J Clin Psychiatry 73:4, April'2012



Forty-one percent of the ECT subgroup discontinued TMS
because of a lack of efficacy. Secondary outcomes by week
are presented in Figure 4.

Maintenance Treatment

Forty-two of 85 patients (49% of the acute treatment
sample) went on to maintenance TMS treatment. An addi-
tional 6 patients entered the maintenance phase following
treatment of a major depressive episode in an industry-funded
TMS trial using a different device (Neurostar [Neuronetics
Inc, Malvern, Pennsylvania]). The same stimulation param-
eters were used as in the acute phase, and medications were
kept fixed as much as clinically feasible. Twenty-six of 42
patients (62% of those entering maintenance) maintained
their response at 6 months.

Adverse Events

There were no serious adverse events during acute TMS
treatment. The most commonly reported adverse effects
were headache (27%; n=23) and scalp discomfort (17.6%;
n=15). Two patients (2.4%) reported a transient increase
in anxiety. One patient each reported nausea, dizziness,
and transient insomnia. Three patients (3%) discontinued
the treatment due to an exacerbation of preexisting head-
aches. No cases of switching to hypomania or mania were
observed.

Reasons for Discontinuation

Three patients discontinued treatment for adverse effects
as described above, 10 discontinued treatment due to logis-
tical difficulties, principally the cost of treatment or the
demands of traveling for treatment multiple times per week.
The remainder (27 patients) stopped for lack of efficacy or
were lost to follow-up.

DISCUSSION

Transcranial magnetic stimulation was effective and safe
in the acute and maintenance treatment of 100 consecutive
outpatients recruited from clinical practice. Acute response
and remission rates at 6 weeks on the CGI-I scales were
50.6% and 24.7%, respectively. On the HDRS, outcomes
were similar, with a response rate of 41.2% and a remission
rate of 35.3%. Other scales (BDI, BAI, and QIDS-SR) also
showed significant improvements. Functional improvement
also occurred, as evidenced by a significant reduction of 7
points on the Sheehan Disability Scale, moving the treatment
group from a level of severe impairment in functioning at
baseline to one of mild impairment at 6 weeks. Most of the
improvement occurred in the first 4 weeks.

Patients who entered 6 months of maintenance TMS
did well. The large majority (62%) were still responders at
the end of their maintenance treatment. In most cases, the
frequency of TMS sessions could be reduced to as little as
1 session per month while maintaining the response.

Transcranial magnetic stimulation was flexibly dosed.
Treatment was commenced at 4,000 pulses per session and
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titrated up depending on clinical response to a maximum
of 8,000 pulses per session. This high dose was based on a
recent report of safety and effectiveness of TMS that used
2,700-10,000 pulses per session.?’ The addition of right-
sided 1-Hz frequency TMS was operationalized clinically
in the sense that patients who had not improved on the
QIDS-SR by at least 25% after 10 sessions were augmented
with slow TMS to the right DLPFC for 300-1,200 pulses per
session. Patients who were already improving with 10-Hz
TMS at 2 weeks (>25% reduction in QIDS-SR score after 10
sessions) had a 65.6% response rate by week 6 (20-30 ses-
sions). The group that did well with left unilateral TMS also
seemed to be fast responders with, 43.5% meeting criteria
for response (CGI-I score <2) after as little as 10 sessions
(2 weeks).

The addition of 1-Hz TMS to the right DLPFC for slow
responders (<25% reduction in QIDS-SR at 10 sessions)
appears to have been beneficial, though in uncontrolled
conditions. This group (46% of the acute sample, n=39)
had a 0% response rate by 10 sessions. By 4 and 6 weeks,
the response rate rose to 43.5%. This suggests that a switch
from unilateral to bilateral TMS after 10 sessions may be an
effective augmentation strategy for slow responders, much
like a switch to bilateral ECT after insufficient response to
unilateral treatment. This area is important for future study
as attempts are made to further improve TMS outcomes in
treatment-resistant depression patients.

Transcranial magnetic stimulation was very safe in
this clinical cohort. Only 3 patients stopped treatment for
adverse effects, all due to a worsening of preexisting head-
aches. No seizures or other serious adverse events related to
TMS occurred during acute or maintenance treatment. One
patient committed suicide during maintenance treatment,
which was judged to be due to a worsening of his disease
state and not related to TMS treatment.

The acute outcomes observed here are similar to those
reported by Avery et al?! in an open-label study that found
an HDRS response rate of 42.4% and remission rate of 27.1%
at the end of 6 weeks of treatment (up to 30 sessions). Our
remission rate with clinical TMS was higher (35% vs 27%).
The clinical cohort treated here, however, was clearly more
treatment resistant. The mean number of failed adequate
medication trials in the current episode was 3.4 (versus 1.6
in the trial by Avery et al*!), and mean duration of the cur-
rent episode was 42.7 months, or 4 years, compared to 13
months in the Avery et al*! study. Thirty-six percent of our
patients had received ECT in their lives (versus 0% in Avery
et al?!). In addition, 60% of patients in our study had a his-
tory of psychiatric hospitalization and 24.7% had previous
suicide attempts.

This study also differs from the Avery et al*! study by its
inclusion of bipolar disorder in addition to major depres-
sion. Additionally, in the Avery et al?! study, TMS was
administered as a stand-alone monotherapy, versus adjunc-
tive treatment here. Finally, a different method of targeting
the prefrontal cortex was used in the patients in the treat-
ment program: namely, the EEG-based F3 method, for some
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patients (n=24, 27% of the sample) rather than a “one-size-
fits-all” method with the standard 5-cm rule. For patients
treated with the F3 targeting approach, the mean distance
from the motor threshold point was, in fact, 6.5 cm. After
allowance for variance, this means that 95% of individuals
would fall into a range of 5.5-7.5 cm. This implies that the F3
method results in a more anterior prefrontal cortical target
in the large majority of cases. The 5-cm rule may result in a
significant amount of treatment to the premotor area rather
than prefrontal cortex.

In the bipolar subgroup (n=20), the response rate was
35% and the remission rate was 15% at 6 weeks. These results
were numerically lower than the response and remission
rates observed with unipolar depression. Two previous
small trials have shown therapeutic effects of TMS in bipo-
lar depression. DellOsso and colleagues,? in an open-label
study (n=11), demonstrated improvement in bipolar
depression after 3 weeks of slow (1 Hz) TMS, and Dolberg
et al®* found active TMS to be superior to sham in a 2-week
trial (n=20). Nahas et al,>* however, in another 2-week trial,
reported only a trend for a difference between active and
sham TMS over the left DLPFC (n=23). In this study, the
lower response rate in bipolar depression than in the uni-
polar patient group is most likely due to their higher level
of treatment resistance (4.3 failed trials in the bipolar sub-
group vs 3.4 in the full group). Across samples, medication
resistance appears to be the strongest predictor of response
to TMS, with better outcomes in patients with fewer failed
antidepressant trials.?>2¢

Electroconvulsive therapy still appears to be superior
in overall efficacy to TMS, as shown by meta-analyses?’
demonstrating effect sizes of 0.91 (large) for ECT and 0.48
(medium) for TMS when evaluated with the same depres-
sion outcome scale (HDRS). These effects might imply that,
if ECT were not helpful to a patient, then TMS certainly
would not be. However, among patients previously treated
with ECT, we observed surprisingly high response (47%)
and remission (20%) rates. These results may be explained
by the inclusion of some patients who were intolerant rather
than resistant to ECT treatment. The effectiveness may also
be related to the use of more intense stimulation param-
eters than found in prior studies. The findings above suggest,
then, that a trial of TMS may still be a reasonable option for
patients with a prior history of either intolerance or resis-
tance to ECT.

There are several limitations in this study that should be
considered in the interpretation of the results. Treatment
was open-label and adjunctive to existing medications. Thus,
at least part of the improvement is quite likely related to
the combination of TMS plus medications rather than TMS
alone. Detailed characterization of prior ECT trials was not
possible nor was it feasible to review pharmacy and medi-
cal records to more accurately ascertain the Antidepressant
Treatment History Form score. The absence of a control
group and the sample size derived from a single treatment
center are also limitations in generalizing these results to
clinical TMS treatment more generally.
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Drug names: bupropion (Aplenzin, Wellbutrin, and others), lithium
(Lithobid and others), mirtazapine (Remeron and others), modafinil
(Provigil).
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