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ABSTRACT
Objective: Transcranial magnetic stimulation (TMS) is an 
effective and safe acute treatment for patients not benefiting 
from antidepressant pharmacotherapy. Few studies have 
examined its longer term durability. This study assessed the 
long-term effectiveness of TMS in naturalistic clinical practice 
settings following acute treatment.

Method: Adult patients with a primary diagnosis of unipolar, 
nonpsychotic major depressive disorder (DSM-IV clinical 
criteria), who did not benefit from antidepressant medication, 
received TMS treatment in 42 clinical practices. Two 
hundred fifty-seven patients completed a course of acute 
TMS treatment and consented to follow-up over 52 weeks. 
Assessments were obtained at 3, 6, 9, and 12 months. The 
study was conducted between March 2010 and August 2012.

Results: Compared with pre-TMS baseline, there was a 
statistically significant reduction in mean total scores on 
the Clinical Global Impressions-Severity of Illness scale 
(primary outcome), 9-Item Patient Health Questionnaire, and 
Inventory of Depressive Symptoms-Self Report (IDS-SR) at the 
end of acute treatment (all P < .0001), which was sustained 
throughout follow-up (all P < .0001). The proportion of 
patients who achieved remission at the conclusion of acute 
treatment remained similar at conclusion of the long-term 
follow-up. Among 120 patients who met IDS-SR response or 
remission criteria at the end of acute treatment, 75 (62.5%) 
continued to meet response criteria throughout long-term 
follow-up. After the first month, when the majority of acute 
TMS tapering was completed, 93 patients (36.2%) received 
reintroduction of TMS. In this group, the mean (SD) number of 
TMS treatment days was 16.2 (21.1).

Conclusions: TMS demonstrates a statistically and clinically 
meaningful durability of acute benefit over 12 months of 
follow-up. This was observed under a pragmatic regimen of 
continuation antidepressant medication and access to TMS 
retreatment for symptom recurrence.
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Major depressive disorder (MDD) is a prevalent and 
profoundly debilitating disease.1 Although a variety 

of antidepressant medications are available, nearly two-thirds 
of patients do not benefit from initial pharmacotherapy and 
remain symptomatic and functionally impaired.2,3 Moreover, the 
likelihood of achieving remission diminishes with each successive 
treatment attempt, as verified in the Sequenced Treatment 
Alternatives to Relieve Depression (STAR*D) study.4–11

Transcranial magnetic stimulation (TMS) is a safe, effective, 
and well-tolerated alternative to pharmacotherapy for MDD.12–18 
Cumulative data in the last decade support that benefit of acute 
TMS appears sustained over periods of weeks to months.12,18–24 
Upon symptom reemergence, reintroduction of TMS often  
results in restoration of acute benefit.12,21,22,25 Nevertheless, 
definitive conclusions regarding durability of benefit from these 
studies are limited by the use of different treatment parameters 
and durations of acute treatment.

Our group has recently reported on acute benefit among a 
large cohort of patients (N = 307) treated with TMS from a 
multisite, naturalistic, observational study in routine clinical 
practice settings.26,27 The majority of the patients in the acute 
study participated in a 12-month, long-term follow-up phase. The 
current report describes their outcomes.

METHOD
Study Subjects

The study participants in this report (N = 257, Table 1) are a 
subset of those patients who participated in the acute efficacy 
TMS treatment outcomes study by Carpenter et al.26 Briefly, 
patients were eligible to participate and considered evaluable 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 1 postbaseline rating, 
(6) their attending clinician determined that TMS represented 
the most appropriate clinical treatment option, and (7) the 
attending clinician treating the patient with TMS intended to 
initiate treatment using the currently labeled TMS treatment 
parameters. These patients completed their acute treatment and 
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then, regardless of outcome, agreed to enroll in a 12-month 
long-term follow-up phase. Disposition of patients during 
the long-term study is shown in Figure 1.

Institutional review board (IRB) approval was obtained 
at all sites. The cost of all treatment sessions and associated 
direct clinical care was borne by the patient or the patient’s 
insurer. Study psychiatrists were provided a modest financial 
remuneration by the sponsor on a contracted basis for related 
document preparation and rating scale completion. Patients 
were provided a modest remuneration for completion of 
study-specific rating scales. All compensation amounts were 
reviewed by the site IRB. After a complete description of 
the procedures, written informed consent was obtained from 
all subjects. The study was registered at ClinicalTrials.gov 
(identifier: NCT01114477).

Study Locations, TMS Device,  
and Clinical Treatment Parameters

Forty-two sites participated in this study. Thirty-two 
(76%) were in private clinical practices, 7 (17%) were in 
academic medical centers, and 3 (7%) were in nonacademic 
institutional settings. The distribution of practice types 
participating in this study mirrors those currently offering 
TMS therapy in the United States. The study was conducted 
between March 2010 and August 2012.

All treatments were delivered using the NeuroStar TMS 
Therapy System (Neuronetics, Inc; Malvern, Pennsylvania). 
The standard treatment protocol described in the product 
user manual specifies stimulation at 120% of motor 
threshold, pulse frequency of 10 pulses per second, and a 
cycle of 4 seconds on (active stimulation) and 26 seconds 
off (no stimulation), for 75 stimulation cycles, resulting in 
3,000 pulses per treatment session. While clinicians initiated 
treatment with left-sided high-frequency stimulation, 
the default treatment protocol could be modified for 
tolerability or logistical reasons. Among the 307 patients 
initially enrolled, 280 patients (91.2%) received treatment 
over the left dorsolateral prefrontal cortex only throughout 
their acute phase treatment. The most common variations 
observed later in treatment included an increase in session 
pulse number to 5,000, simple reductions in magnetic field 
intensity early in treatment to improve tolerability, and the 
addition of right-sided low-frequency treatment at 1 pulse 
per second. None of these variations were associated with a 
significant difference in clinical outcome.

Outcome Measures
Efficacy measures included the Clinician-Reported 

Clinical Global Impressions-Severity of Illness scale 
(CGI-S),28,29 the patient-reported Inventory of Depressive 
Symptoms-Self Report (IDS-SR), and the 9-Item Patient 
Health Questionnaire (PHQ-9).30,31 The Quick Inventory of 
Depressive Symptoms-Self Report 16 Item version (QIDS-SR) 
was derived from the IDS-SR items.32 The outcome measures 
in this report represent secondary outcomes from the original 
main study design and statistical analysis plan.

Safety was assessed by summary analysis of medically 
serious, device-related adverse events or device malfunctions 
during the study.

Statistical Analysis
Categorical outcomes of response and remission followed 

conventions commonly used in prior published studies. For 
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Transcranial magnetic stimulation (TMS) is effective for  ■
treatment-resistant major depressive disorder in real-world 
practice settings.

TMS demonstrates a durability of benefit in long-term  ■
follow-up that compares favorably to that of current 
alternatives.

Prior acute response to TMS is associated with an increased  ■
likelihood of benefit upon reintroduction for symptom 
recurrence.

Table 1. Demographic and Clinical Characteristics of the 
Long-Term Follow-Up Phase Study Population (N = 257)
Characteristic Value
Demographic variables

Female, n (%) 174 (67.7)
Age, mean (SD), y 48.3 (14.3)
Age range, y 18–90

Disease history, n (%)
Recurrent illness course 239 (93.2)
Comorbid anxiety disorder 35 (13.6)
History of inpatient hospitalization for depression 111 (43.2)
History of prior treatment with ECT 14 (5.4)

Antidepressant treatment history (verified by ATR)
No. of overall antidepressant treatment attempts in 

current illness episode 
Mean (SD)
Range

3.7 (3.1)
0–23

No. of antidepressant treatments of adequate dose and 
duration in current episode 

Mean (SD)
Range

2.6 (2.4)
0–14

Baseline symptom score prior to acute phase, mean (SD)
CGI-S 5.1 (0.9)
IDS-SR total 
PHQ-9 total

44.9 (11.1)
18.0 (5.3)

Symptom status at entry into long-term phase  
(end of acute phase)

CGI-S
Total score, mean (SD)
Nonresponders, n (%)
Partial responders, n (%)
Responders, n (%)
Remitters, n (%)

3.0 (1.4)
75 (29.2)
22 (8.6)
54 (21.0)

106 (41.2)
IDS-SRa 

Total score, mean (SD)
Nonresponders, n (%)
Partial responders, n (%)
Responders, n (%)
Remitters, n (%)

25.7 (15.5)
77 (30.0)
59 (23.0)
44 (17.2)
76 (29.7)

PHQ-9
Total score, mean (SD)
Nonresponders, n (%)
Partial responders, n (%)
Responders, n (%)
Remitters, n (%)

8.8 (6.7)
62 (24.1)
37 (14.4)
78 (30.4)
80 (31.1)

aOne patient was excluded from the IDS-SR category groupings due to a 
missing baseline value.

Abbreviations: ATR = antidepressant treatment record, CGI-S = Clinical 
Global Impressions-Severity of Illness scale, ECT = electroconvulsive 
therapy, IDS-SR = Inventory of Depressive Symptoms-Self Report, 
PHQ-9 = 9-Item Patient Health Questionnaire.
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Figure 1. Patient Disposition During Acute and Long-Term 
Study Phases

Abbreviation: TMS = transcranial magnetic stimulation.

Reasons for discontinuation:
• Failed to return (18)
• Unsatisfactory response—e�cacy (7)
• Satisfactory response—e�cacy (2)
• Patient request (1)
• Adverse event (1)
• Other reason (13)
• Declined follow-up phase (8)

N = 339

Signed informed 
consent

N = 307

Met evaluable criteria

N = 257

Baseline long-term 
follow-up

n = 253

Month 3 evaluation

n = 231

Month 6 evaluation

n = 214

Month 9 evaluation

Nonevaluable Patients:
• No postbaseline evaluation (17)
• Used nonstandard treatment protocol (7)
• Did not meet diagnostic criteria (4)
• Prior TMS treatment (4)

Reasons for discontinuation:
• Failed to return (3)
• Patient request (1)

Reasons for discontinuation:
• Failed to return (18)
• Unsatisfactory response-e�cacy (1)
• Patient request (1)
• Other reason (2)

Reasons for discontinuation:
• Failed to return (12)
• Patient request (3)
• Other reason (2)

Reasons for discontinuation:
• Failed to return (8)
• Other reason (1)

n = 205

Completed month 12

the CGI-S, response was defined as an endpoint rating of 
3 or less (ie, “mildly ill” or better), while remission on that 
scale was defined as an endpoint rating of 2 (“borderline 
mentally ill”) or 1 (“normal/not at all ill”).29 For the PHQ-9, 
response was defined as an endpoint score less than 10, while 
remission was defined as an endpoint score less  than 5.31 
For the IDS-SR, response was defined as a ≥ 50% reduction 
at endpoint from the baseline rating, while remission was 
defined as an endpoint score < 15.33 For the QIDS-SR, 
remission was defined as an endpoint score < 6, and a score of 
≥ 11 was used to define relapse.4 The remaining patients not 
allocated to these categories were classified as nonresponders 
(for the PHQ-9 and IDS-SR: a decrease < 25% at endpoint 
compared with the baseline rating; for the CGI-S, an end 
of acute treatment score of ≥ 4 and ≤ 1 point decrement 
from baseline or an endpoint score < 4 and no change or 

worsening compared with baseline score). Partial responders 
based on the PHQ-9 and IDS-SR required a decrease > 25% 
but < 50% at endpoint compared with baseline rating; for 
the CGI-S, these were all patients not allocated to any other 
CGI-S categories.

Durability outcomes were examined in several ways. 
For continuous variables, an analysis of covariance model 
examined the change from baseline in scores during long-
term follow-up. Antidepressant treatment record (ATR) group 
status (0–1 failures of adequate antidepressant treatment 
versus ≥ 2 failures in the current episode) and site were 
between-subject factors, and baseline score was a covariate. 
For all continuous efficacy outcome measures, within-group 
testing was performed using the Student t test for normally 
distributed data and the Wilcoxon signed rank test otherwise. 
Normality testing used the Shapiro-Wilk statistic. All tests 
were 2-sided, at the 5% level of significance. All analyses were 
conducted in a last-observation-carried-forward (LOCF) 
manner for the intent-to-treat (ITT) population (N = 257). 
Analyses were repeated in the completer sample (N = 205). 
There were no substantive differences in results with these 2 
analyses, so only the ITT population analyses are reported. 
Categorical outcomes (responders and remitters) were 
calculated for the overall population.

We examined durability of the outcome among the 
patients based on their end of acute treatment outcome. For 
this analysis, categorical outcome defined by the IDS-SR 
total score at the  end of acute treatment (nonresponder, 
partial responder, responder, or remitter) was used. First, 
the within-group changes (from end of acute score with each 
subsequent time point in the long-term follow-up) were 
examined using Student t tests. Then, a mixed model with 
repeated measures (MMRM) analysis was conducted under 
the missing at random framework (using Proc Mixed in SAS 
Version 9.2). The model included baseline symptom score 
as a fixed-effect covariate, acute phase endpoint outcome 
category as the grouping variable, and time (study visit at 3, 
6, 9, and 12 months) as a repeated measure. Additionally, the 
group-by-time interaction term was included in the model 
to allow for an examination of the clinical trajectory of each 
acute phase group and to identify any group effect at the 
follow-up time points. An unstructured covariance matrix 
was used (SAS Institute, Inc, Cary, North Carolina).

To characterize durability of benefit based on individual 
patients’ clinical trajectories over time, we examined the 
probability of acute responders and remitters maintaining 
either a sustained response or remission by IDS-SR criteria 
at all follow-up time points. For this analysis, sustained 
response was defined as serial scores consistently reflecting 
≥ 40% improvement relative to baseline, and the criterion 
for sustained remission was serial IDS-SR scores < 16. These 
criteria were used to allow for minor fluctuations in symptom 
scores over extended follow-up. These classifications 
required the patient to meet the stated criterion at every 
observation during long-term follow-up. An exploratory 
logistic regression analysis was performed with data from 
acute responders or remitters to determine whether any 
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pretreatment characteristics were associated with a durable, 
sustained response during long-term follow-up. Candidate 
variables examined were age (continuous, and categorically 
grouped as < 55 or ≥ 55 years; this age stratification was 
chosen to be compatible with prior published analyses of 
this TMS device26,34), gender (categorical), baseline IDS-SR 
score (continuous), a history of prior hospitalization 
for depression (categorical), and level of antidepressant 
resistance (categorical: ATR = 0 or 1 or ATR ≥ 2).

The proportion of patients in remission who experienced 
symptomatic relapse (defined as a QIDS-SR total score ≥ 11 
at any observation time point during long-term follow-up 
as noted above) was examined. A QIDS-SR total score < 6 
at entry into long-term follow-up defined remission. In this 
analysis, we used the QIDS-SR to permit a direct comparison 
of clinical significance with other published benchmarks, 
which used the same outcome measures to define remission 
and relapse.4

Finally, all patients were permitted access to clinician-
directed treatment as usual. We examined the number and 
pattern of use of psychiatric medications and the incidence 
of reintroduction TMS to determine whether variations 
in concomitant treatment contributed to durability. 
Concomitant psychiatric medications (number and type 
of medication) intended to treat the patient’s depression 
were recorded (start and stop dates designated medication 
change events) from patient report and medical record 
documentation and verified during monitoring visits. All 
TMS treatments were recorded as stored in the device’s 
electronic software database.

RESULTS

Demographic and Clinical Characteristics  
of the Long-Term Follow-Up Population

Two hundred fifty-seven patients agreed to enroll in 
the long-term follow-up phase. Two hundred five patients 
completed outcome evaluations through 12 months 
(Figure 1).

There were no medically serious, device-related adverse 
events or device malfunctions during this study. No suicide 
attempts or suicides were reported during the long-term 
follow-up phase.

Persistence of Acute Benefit  
During Long-Term Follow-Up

Continuous and categorical outcomes for the entire 
patient population at the end of acute treatment and during 
follow-up are summarized in Table 2. Figure 2 shows the 
mean IDS-SR score for each of the 4 end-of-acute-treatment 
categories across the long-term time points. For nonresponder 
and remitter groups, there was a statistically significant 
difference in scores at all time points of the long-term 
follow-up phase compared with the end of acute treatment 
observation. For nonresponders, there was a modest but 
continued improvement, while for remitters, the pattern 
was reversed. The mean IDS-SR scores, however, remained 
below the remission threshold of < 15 at all time points for 
remitters. For the MMRM analysis, there were statistically 
significant differences among end of acute treatment score 
across outcome categories (P < .0001) and for end of acute 

Table 2. Continuous and Categorical Outcomes During Long-Term Follow-Up Phase (N = 257)
Pretreatment 

Baseline Score
(week 0)

End of Acute TMS 
Treatment Score

(week 6)
Long-Term Follow-Up Phase

Outcome Measure Month 3 Month 6 Month 9 Month 12
CGI-S
Total score, mean (SD)
Change from baseline, mean (SD)
P Value1a

P Value2b

Response rate, n (%)
Remission rate, n (%)

5.0 (0.9) 3.0 (1.4)
−2.0 (1.5)

< .0001
…

160 (62.3)
106 (41.2)

2.8 (1.4)
−2.2 (1.6)

< .0001
.0635

160 (62.3)
111 (43.2)

2.8 (1.5)
−2.2 (1.6)

< .0001
.0373

170 (66.1)
114 (44.4)

2.7 (1.5)
−2.3 (1.6)

< .0001
.0070

175 (68.1)
122 (47.5)

2.8 (1.5)
−2.2 (1.5)

< .0001
.0269

174 (67.7)
116 (45.1)

IDS-SRc

Total score, mean (SD)
Change from baseline, mean (SD)
P Value1a

P Value2b

Response rate, n (%)
Remission rate, n (%)

44.9 (11.1) 25.7 (15.5)
−19.3 (15.1)

< .0001
…

119 (46.5)
76 (29.7)

24.7 (14.9)
−20.3 (14.6)

< .0001
.1558

118 (46.1)
76 (29.7)

25.1 (15.5)
−19.8 (15.6)

< .0001
.5207

120 (46.9)
78 (30.5)

24.5 (15.7)
−20.5 (16.0)

< .0001
.1774

125 (48.8)
80 (31.3)

25.6 (15.8)
−19.4 (16.0)

< .0001
.8946

113 (44.1)
75 (29.3)

PHQ-9
Total score, mean (SD)
Change from baseline, mean (SD)
P Value1a

P Value2b

Response rate, n (%)
Remission rate, n (%)

18.0 (5.3) 8.8 (6.7)
−9.2 (7.2)

< .0001
…

158 (61.5)
80 (31.1)

8.2 (6.4)
−9.3 (7.0)

< .0001
.0524

160 (62.3)
91 (35.4)

8.5 (6.7)
−9.5 (7.7)

< .0001
.4557

158 (61.5)
86 (33.5)

8.2 (6.6)
−9.9 (7.4)

< .0001
.0867

160 (62.3)
92 (35.8)

8.6 (6.9)
−9.5 (7.7)

< .0001
.5287

156 (60.7)
95 (37.0)

aP Value1 = comparison of change from baseline with each indicated subsequent outcome time point performed using Student t test.
bP Value2 = comparison of change between end of acute treatment score and subsequent outcome time points performed using Student t test. 
cOne patient was excluded from the IDS-SR continuous outcome calculations due to a missing baseline value. One patient was omitted from 

the IDS-SR category groupings in this table because the patient’s IDS-SR total score was < 15 throughout the acute phase.
Abbreviations: CGI-S = Clinical Global Impressions-Severity of Illness scale, IDS-SR = Inventory of Depressive Symptoms-Self Report,  

PHQ-9 = 9-Item Patient Health Questionnaire, TMS = transcranial magnetic stimulation.
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treatment outcome category as a group variable (P = .0093). 
There was no significant effect of time as a repeated 
measure (P = .2874), and there was no significant effect of 
the interaction between end of acute treatment group by 
time during long-term follow-up (P = .5875), consistent 
with the view that the end of acute treatment categories 
remained stable over long-term follow-up. Similar results 
were observed with the CGI-S and PHQ-9.

Durability of Acute Response:  
Probability of Sustained Response or  
Remission During Long-Term Follow-Up

Among the 44 patients who met IDS-SR responder 
criteria at entry into long-term follow-up, 25 (56.8%) met 
criteria for sustained response by IDS-SR criteria at every 
time point, and, among these 25 patients, 5 patients (ie, 5 
of the 44 responders, 11.4%) were sustained remitters at 
every time point. Among the 76 patients who were IDS-SR 
remitters at entry into long-term follow-up, 50 (65.8%) met 
criteria for sustained response by IDS-SR criteria at every 
time point. Among these, 38 (50.0%) showed sustained 
remission at every time point. Thus, of the 120 patients who 
were either responders or remitters after acute treatment, 
75 (62.5%) continued to meet response criteria at all time 
points. None of the candidate pretreatment demographic 
or clinical variables were statistically significantly related 
to the durability of outcome. Among the 45 responders 
or remitters who did not maintain a pattern of sustained 
response, symptom reemergence tended to occur during 
the first 6 months of follow-up (months 0–3: n = 17, months 
4–6: n = 14, months 7–9: n = 9, months 10–12: n = 5).

Durability of Acute Response: 
Relapse During Long-Term Follow-Up

Fifty-five (70.5%) of 78 patients who met QIDS-SR full 
remission criteria (QIDS-SR total score < 6) at entry did not 
relapse (QIDS-SR score ≤ 11) over the entire 12 months. 
Among the 23 QIDS-SR remitters who did not maintain a 
pattern of sustained remission, relapse of illness tended to 
occur during the first 6 months of follow-up (months 0–3: 
n = 6, months 4–6: n = 8, months 7–9: n = 6, months 10–12: 
n = 3).

Use of Concomitant Medications and  
Incidence of TMS Therapy Reintroduction  
During Long-Term Follow-Up

The mean number of psychotropic medications at 
study entry and during long-term follow-up was similar 
across outcome categories (Table 3). Categorical outcome 
at the end of acute treatment did not affect change in the 
average number of medications used from pretreatment to 
the follow-up phase. There was no statistically significant 
relationship between the end of acute treatment categorical 
outcome and the proportion of patients starting or changing 
to a new medication during either of these time intervals 
during long-term follow-up.

Consistent with product labeling, an acute TMS 
treatment series is usually tapered slowly over several weeks, 
progressively reducing the number of sessions each week. 
Inspection of the overall data suggested that the majority of 
tapering was completed over the first 30 days following the 
end of acute treatment. From month 2 onward, 93 patients 
(36.2%) received at least 1 TMS treatment session (data not 
shown). The mean (SD) number of TMS treatment sessions 
was 16.2 (21.1).

Patients who had received clinical benefit from TMS 
were significantly more likely to receive TMS reintroduction 
and were also significantly more likely to experience 
subsequent clinical benefit from reintroduction treatment. 
Specifically, TMS reintroduction was seen in 15/77 
(19.5%), 19/59 (32.2%), 27/44 (61.4%), and 32/76 (42.1%) 
of IDS-SR nonresponders, partial responders, responders, 
and remitters, respectively (Mantel-Haenszel χ2, P = .0004). 
Among patients who received TMS reintroduction, 12/15 
(80.0%), 15/19 (78.9%), 15/27 (55.6%), and 11/32 (34.4%) 
of IDS-SR nonresponders, partial responders, responders, 
and remitters, respectively, experienced later relapse of their 
illness (Mantel-Haenszel χ2, P = .0004).

DISCUSSION
Acute TMS benefits patients with pharmacoresistant 

major depression and shows a sustained durability of effect 
across 12 months of follow-up. Approximately two-thirds 
of those who were responders to treatment maintained 
that level of benefit under conditions of clinician-selected, 
continuation pharmacotherapy with general access to 
TMS reintroduction as needed. These data are particularly 
notable because of the difficult-to-treat nature of illness in 
this population.

aFor the within-group comparison with baseline value using Student 
t test: ^P < .05, *P < .01, **P < .0001.  In the mixed models repeated 
measures analysis, there were statistically significant differences among 
end of acute treatment scores across the outcome categories (P < .0001) 
and for end of acute treatment outcome category as a group variable 
(P = .0093).  There was no statistically significant effect of time as a 
repeated measure (P = .2874), and there was no statistically significant 
interaction between end of acute treatment status as a fixed covariate 
and time during long-term follow-up (P = .5875).

Abbreviation: IDS-SR = Inventory of Depressive Symptoms-Self Report.

Figure 2. Summary of IDS-SR Total Score Outcomes During 
Long-Term Follow-Up: Stratification by End of Acute 
Treatment Clinical Outcome (N = 257)a
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It is notable that the findings were congruent regardless of 
the approach used to define durability of benefit. Symptom 
levels and rates of response and remission were consistent 
over time, showing little variation. Approximately two-thirds 
of responders or remitters maintained their designation 
over time. Fewer than 30% of initial responders/remitters 
relapsed within the year. Among responders or remitters, 
the emergence of illness deterioration was slightly greater 
during the first 6 months of follow-up compared to later 
time points.

These results are consistent with the durability of clinical 
outcome in research study populations reported in 2 studies 
using the same device and identical treatment protocol for 
periods of 3 and 6 months.12,18 The report by Mantovani and 
colleagues18 followed a cohort of patients (N = 50) for 3 months 
who had remitted (HDRS-24 score ≤ 10) following acute 
TMS in either an earlier multisite randomized trial14 or an 
open-label follow-up study,35 in which patients were tapered 
off TMS and transitioned to maintenance medications. At 
3 months, 29 of 50 patients (58.0%) remained in remission 
(HDRS-24 score < 11), with an overall relapse rate of 13.5% 
(HDRS-24 score ≥ 20). Janicak and colleagues12 described 
outcome over 6 months in 99 patients who benefited from 

acute TMS treatment in a similar manner during either 
an earlier multisite randomized trial17 or an open-label 
follow-up study.15 Those patients also were tapered off TMS, 
transitioning to maintenance medication monotherapy over 
3 weeks. During follow-up, the maintenance medication 
could not be switched or combined with other medications. 
TMS was reintroduced if patients met protocol-specified 
criteria for symptom recurrence. Relapse was defined as 
either the reemergence of the full DSM-IV criteria for MDD 
at any point or the failure of symptom resolution upon 6 
weeks of TMS reintroduction. The researchers found that 10 
of 99 patients (10%; Kaplan-Meier survival estimate = 12.9%) 
met criteria for relapse during the 6-month follow-up, 38 
(38.4%) met criteria for symptom worsening, and 32/38 
(84.2%) reachieved symptomatic benefit with TMS.

How do these outcomes compare with other treatment 
options? In a study examining naturalistic outcomes with 
treatment as usual in treatment-resistant patients, Dunner 
and colleagues36 found that the majority of patients who 
achieved response or remission showed only a transient, 
nonsustained pattern of benefit. After 24 months of 
follow-up, only 10% of patients reached response criterion 
in any 3-month interval. Further, for most patients, this 

Table 3. Psychotropic Medication Use Prior to Acute Treatment and at Entry Into Long-Term Phase (N = 257)
End of Acute Phase Categorical Outcome (IDS-SR)

Nonresponder
(n = 77)

Partial Responder
(n = 59)

Responder
(n = 44)

Remitter
(n = 76)

Psychotropic medication use prior to acute TMS treatment
Patients using medication, n (%)
No. of medications used, mean (SD)
No. of medications used, median (range)

56 (72.7)
1.8 (1.5)

2 (0–5)

39 (66.1)
1.6 (1.5)

2 (0–6)

34 (77.3)
2.1 (1.7)

2 (0–7)

50 (65.8)
1.6 (1.6)

1 (0–5)
Medication use by class prior to acute TMS treatment, n (%)

Anxiolytic
SSRI
SNRI
TCA/tetracyclic
Other antidepressant
Second generation antipsychotic
Mood stabilizer
Stimulant

28 (36.4)
17 (22.1)
18 (23.4)

5 (6.5)
22 (28.6)
19 (24.7)
14 (18.2)

8 (10.4)

23 (39.0)
16 (27.1)
17 (28.8)

…
12 (20.3)

9 (15.3)
6 (10.2)
7 (11.9)

15 (34.1)
13 (29.6)
16 (36.4)

…
12 (27.3)

7 (15.9)
9 (20.5)
9 (20.5)

17 (22.7)
23 (30.3)
21 (27.6)

…
21 (27.6)

9 (11.8)
12 (15.8)
11 (14.5)

Psychotropic medication use during long-term follow-upa

Patients using medication, n (%)
No. of medications used, mean (SD)
No. of medications used, median (range)

52 (67.5)
2.2 (2.2)

2 (0–8)

33 (55.9)
2.0 (2.6)

1 (0–10)

33 (75.0)
2.1 (2.0)

2 (0–9)

44 (57.9)
1.5 (1.6)

1 (0–6)
Medication use by class during long-term follow-up, n (%)

Anxiolytic
SSRI
SNRI
TCA/tetracyclic
Other antidepressant
Second-generation antipsychotic
Mood stabilizer
Stimulant

20 (26.0)
18 (23.4)
17 (22.1)

6 (7.8)
24 (31.2)
21 (27.3)
18 (23.4)
11 (14.3)

12 (20.3)
14 (23.7)
19 (32.2)

6 (10.17)
12 (20.3)
15 (25.4)
12 (20.3)
11 (18.6)

13 (29.6)
13 (29.6)
11 (25.0)

…
13 (29.6)

7 (15.9)
12 (27.3)

8 (18.2)

21 (27.6)
21 (27.6)
12 (15.8)

1 (1.3)
11 (14.5)
14 (18.4)
12 (15.8)
11 (14.5)

Patients experiencing a medication change or new 
medication start during long-term phase, n (%)b

Months 0 to 3 (taper phase)
Months 4 to 12 (maintenance phase)

43 (55.8)
17 (22.5)

19 (32.2)
15 (26.0)

26 (59.1)
11 (25.7)

32 (42.1)
14 (18.9)

aCategorical outcome at the end of acute treatment is not a significant factor affecting change in average number of psychotropic 
medications used prior to treatment compared with long-term follow-up (P = .1032).

bThere is no significant correlation between the categorical outcome at the end of acute treatment and the proportion of patients 
starting or changing medications during either the taper phase (through month 3, P = .3610) or the maintenance phase (months 
3 to 12, P = .5748).

Abbreviations: IDS-SR = Inventory of Depressive Symptoms-Self Report, SNRI = serotonin-norepinephrine reuptake inhibitor, 
SSRI = selective serotonin reuptake inhibitor, TCA = tricyclic antidepressant, TMS = transcranial magnetic stimulation.
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effect was not sustained at subsequent time points. These 
results are similar to the outcomes observed with the Level 
3 and Level 4 treatment options used in the STAR*D study.4 
There, patients who achieved remission (QIDS-SR score < 6) 
with acute treatment after 2 or 3 failed attempts experienced 
relapse (QIDS-SR score > 11) over the next 12 months at 
rates of 42.9% (Level 3) and 50.0% (Level 4) under clinician-
directed best-choice treatment. A recent meta-analysis37 
of long-term outcomes following remission with ECT 
demonstrated similar difficulty in maintaining benefit.

The more robust the symptom relief obtained during 
acute treatment, the more favorable the long-term course 
for patients.38 Results observed in this study are consistent 
with that general pattern. For instance, among responders 
or remitters at the end of acute treatment, those who did 
not subsequently relapse entered long-term follow-up with 
a lower level of residual symptoms as defined by their end 
of acute IDS-SR score (did not relapse, n = 79: IDS-SR total 
score [SD] = 11.3 [6.7] vs relapsed, n = 41: IDS-SR total score 
[SD] = 15.1 [6.9], P = .0043). Other specific factors that may 
predict durability of outcome can only be partially addressed 
here. No pretreatment clinical or demographic features 
were significantly associated with long-term outcome. Nor 
was durability of outcome attributable to the number of 
concurrent medications used for depression or the number 
of new medication starts or switches during follow-up.

Overall, approximately one-third of patients received TMS 
reintroduction. In general, prior acute benefit from TMS was 
associated with a higher likelihood of its usefulness when 
required for symptom recurrence. Specifically, those patients 
who achieved the greatest initial clinical improvement 
from acute treatment with TMS and required subsequent 
reintroduction of TMS for symptom recurrence experienced 
the lowest likelihood of symptom relapse at later time points. 
On the other hand, the observational design of this study 
cannot answer the question of whether a defined schedule 
of maintenance TMS can improve long-term outcome as 
with other antidepressant therapies. Nevertheless, the use 
of maintenance TMS remains an important topic for future 
research.

There are limitations to this study. As it had an 
observational, naturalistic design, there was no concurrent 
control population. Conclusions regarding the influence 
of concomitant treatments, including the role of TMS 
reintroduction, cannot be fully explored. It should be noted 
that not all patients had unrestricted access to retreatment 
or continuation TMS. During the study, insurance coverage 
for patient access to TMS was gradually introduced in the 
United States, and therefore patients faced variable degrees 
of personal financial obligation to pay for TMS. Finally, 
analysis using an LOCF analysis method may exaggerate 
the consistency of the scores; however, the low overall 
discontinuation rate and the similar results in the completer 
sample lessen the significance of this concern.

In summary, TMS demonstrated a sustained durability of 
effect over 12 months of follow-up in a population receiving 
minimal to no benefit with antidepressant medications. 

These clinical outcomes are as good as or superior to those 
seen with other treatment alternatives.
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