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Background: High-frequency left-sided repetitive
transcranial magnetic stimulation (HFL-TMS) has been
shown to have antidepressant effects in double-blind
trials. Low-frequency stimulation to the right prefrontal
cortex (LFR-TMS) has also shown promise, although it
has not been assessed in treatment-resistant depression
and its effects have not been compared with those of
HFL-TMS.

Objective: To prospectively evaluate the efficacy of HFL-
TMS and LFR-TMS in treatment-resistant depression and
compared with a sham-treated control group.

Design: A double-blind, randomized, sham-controlled
trial.

Setting: Two general psychiatric services.

Participants: Sixty patients with treatment-resistant de-
pression who had failed to respond to therapy with mul-
tiple antidepressant medications were divided into 3
groups of 20 that did not differ in age, sex, or any clini-
cal variables. All patients completed the double-blind
phase of the study.

Interventions:Twenty5-secondHFL-TMStrainsat10Hz
and five 60-second LFR-TMS trains at 1 Hz were applied
daily. Sham stimulation was applied with the coil angled at
45° fromthescalp, restingonthesideofonewingof thecoil.

Main Outcome Measure: Score on the Montgomery-
Åsberg Depression Rating Scale.

Results: There was a significant difference in response
among the 3 groups (F56,2=6.2), with a significant differ-
ence between the HFL-TMS and sham groups and be-
tween the LFR-TMS and sham groups (P�.005 for all) but
not between the 2 treatment groups. Baseline psychomo-
tor agitation predicted successful response to treatment.

Conclusions: Both HFL-TMS and LFR-TMS have treat-
ment efficacy in patients with medication-resistant major
depression. Treatment for at least 4 weeks is necessary for
clinically meaningful benefits to be achieved. Treatment
with LFR-TMS may prove to be an appropriate initial re-
petitive TMS strategy in depression taking into account
safety, tolerability, and efficacy considerations.
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S EVERAL STUDIES during re-
cent years have evaluated the
use of repetitive transcranial
magnetic stimulation (rTMS)
in the treatment of major de-

pression. Most studies of depression have
used high-frequency stimulation (5-20 Hz)
and have targeted the left dorsolateral pre-
frontal cortex (eg, see George et al1 and
Pascual-Leone et al2). A variety of sham-
controlled double-blind studies of this sort
have found significant differences be-
tween active treatment and placebo,3 al-
though in some studies4,5 the differences
between the groups have been of mar-
ginal clinical significance. An alternative
paradigm has also shown promise: low-
frequency stimulation (1 Hz) applied to
the right dorsolateral prefrontal cortex. In
the only double-blind evaluation of this

type of stimulation, Klein et al6 random-
ized patients with major depression to ei-
ther 1-Hz rTMS applied to the right dor-
solateral prefrontal cortex or a sham
condition. During 2 weeks, 17 of 35 pa-
tients in the active treatment group expe-
rienced a greater than 50% reduction in
depression rating scores compared with 2
of 32 patients in the sham group. How-
ever, compared with studies of left-sided
rTMS, the patients in this study were not
“treatment resistant.” No published re-
search, to our knowledge, has directly
compared high-frequency left-sided TMS
(HFL-TMS) and low-frequency right-
sided TMS (LFR-TMS).

The aim of this study was to prospec-
tively evaluate the efficacy of HFL-TMS
and LFR-TMS in treatment-resistant de-
pression (TRD) under double-blind con-
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ditions and compared with a sham-treated control group.
We hypothesized that both forms of treatment would show
greater efficacy than a sham control but, based on stud-
ies in patients with TRD, that HFL-TMS would be more
effective than LFR-TMS. We also aimed to establish
whether differences could be found in tolerability and
adverse effect profiles associated with the differing types
of stimulation.

METHODS

PATIENTS

Sixty patients with a DSM-IV diagnosis of major depression par-
ticipated in the study (Table 1). There were no differences
among the 3 groups in age, sex, or clinical variables. Patients
were recruited from the outpatient departments of 2 public men-
tal health services (Alfred Psychiatry, Melbourne, and Dande-
nong Area Mental Health Service, Dandenong, Australia) and
by referral from a variety of private psychiatrists. Seventy-four
patients were screened. Eight patients did not meet the diag-
nostic criteria, and in 6 patients, the depression was not of suf-
ficient severity. All patients were outpatients during the trial.
Recruitment for the trial occurred between October 1, 2000,
and September 30, 2002.

The treating psychiatrist and a study psychiatrist (P.B.F.)
assigned a DSM-IV diagnosis. Fifty-four patients had a diagno-
sis of major depressive episode and 6 had a diagnosis of bipo-
lar I disorder, depressive episode (1 in each active treatment
group and 4 in the sham group; �2=3.3; P=.19). All patients
scored greater than 20 on the Montgomery-Åsberg Depres-
sion Rating Scale (MADRS) (mean±SD score, 36.5±7.9) and
had failed a minimum of 2 courses of antidepressant medica-
tions for at least 6 weeks (mean±SD number of courses,
5.68±3.40). Patients were not deliberately withdrawn from
medication before the trial, but their doses were not allowed
to have changed in the 4 weeks before commencement of or
during the trial. Forty-six patients were taking medication
during the trial: 13 were taking a selective serotonin reuptake
inhibitor, 1 a tricyclic antidepressant, 8 a monoamine oxidase
inhibitor, and 21 a serotonin-noradrenaline reuptake inhibi-
tor or another class of medication (venlafaxine hydrochloride,
mirtazapine, or reboxetine), and 3 patients were taking a
combination of antidepressants. Eight patients were receiving
lithium carbonate, 3 valproate sodium, 2 carbamazepine, 2 la-
motrigine, and 1 combined lithium-carbamazepine. Fourteen

patients were receiving antipsychotic medications (7 were
taking olanzapine, 3 quetiapine, and 4 risperidone), although
only 3 had symptoms rated mild or above (all mild) on the
Brief Psychiatric Rating Scale7 psychosis symptom items (2
had hallucinations and 1 had suspiciousness). There were no
differences in the proportions of patients taking any of the
medication types among the 3 groups. Sixteen patients had
previously received treatment with electroconvulsive therapy,
3 during the current episode. Patients with significant medi-
cal illnesses, neurologic disorders, or other Axis I psychiatric
disorders were excluded. Five patients were left-handed (2 in
the HFL-TMS group and 3 in the sham group; �2=2.2;
P�.05).

Written informed consent was obtained from all patients
on a form approved by the human research ethics committees
of Southern Health, Dandenong Hospital, and The Alfred Hos-
pital.

STUDY DESIGN

The design for the study is illustrated in Figure 1. Patients
were randomized to 1 of 3 treatment arms (n=20 each) via sealed
envelopes opened immediately before commencement of the
first treatment session by the clinician administering the rTMS.
Patients and raters were blind to treatment, but the clinician
administering rTMS was aware of the treatment group. All pa-
tients initially received 10 treatment sessions daily, 5 d/wk (phase
1). After the 10th session, a blinded assessment was made and
the patients, but not the raters, were informed of their treat-
ment group. Patients who had a reduction in MADRS score of
greater than 20% in the active treatment arms could continue
with the same TMS condition for another 10 sessions. Patients
who did not achieve this improvement were offered the op-
tion of crossing over to the other active treatment. Patients ini-
tially randomized to the sham condition were randomized to
1 of the 2 active treatments after the initial review. During this
second phase of study, the raters remained blind to treatment
type. Patients were carefully and repeatedly instructed not to
provide the raters with any information that would allow un-
blinding of group.

Continue With Active
Treatment for Another
10 Sessions

Randomize to 1 of 2
Active Treatments

Cross to Other Active
Treatment

If <20% Reduction in
MADRS Score

If >20% Reduction in
MADRS Score

Assessment at 2 wk

74 Patients Screened

14 Not Randomized  

Assessment at 4 wk

Continued Treatment (10-Session) for Responders in Crossover Phases

Assessment at 2 wk

Patients Received
LFR-TMS

20 Patients Received
Sham Treatment

20

60 Randomized

Patients Received
HFL-TMS

20

Figure 1. Study design. HFL-TMS indicates high-frequency left-sided
transcranial magnetic stimulation; LFR-TMS, low-frequency right-sided TMS;
and MADRS, Montgomery-Åsberg Depression Rating Scale.

Table 1. Demographic and Baseline Clinical Characteristics
of 60 Patients With Major Depression*

Characteristic
HFL-TMS

Group (n = 20)
LFR-TMS

Group (n = 20)
Sham Group

(n = 20)

Age, y 42.20 (9.80) 45.55 (11.49) 49.15 (14.243)
Sex, M/F, No. 12/8 13/7 9/11
Age at onset, y 29.3 (11.1) 31.2 (14.9) 33.7 (11.4)
Episodes, No. 2.35 (1.46) 3.83 (6.03) 2.71 (2.91)
MADRS score 36.05 (7.55) 37.70 (8.36) 35.75 (8.14)
BDI score 33.15 (12.12) 35.05 (9.25) 32.30 (9.10)
GAF scale score 43.00 (6.76) 43.55 (9.94) 42.75 (7.15)
CORE score 8.60 (3.56) 8.75 (3.27) 8.80 (5.46)

Abbreviations: BDI, Beck Depression Inventory; GAF, Global Assessment
of Functioning; HFL-TMS, high-frequency left-sided transcranial magnetic
stimulation; LFR-TMS, low-frequency right-sided TMS; MADRS,
Montgomery-Åsberg Depression Rating Scale.

*Data are given as mean (SD).
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TMS TREATMENT

Repetitive TMS was administered using a Magstim Super Rapid
magnetic stimulator (Magstim, Sheffield, England) and hand-
held 70-mm figure 8 coils, which were interchanged to allow
cooling at times during treatment sessions. Patients sat in a re-
clining chair with a headrest for stabilization of the head, and
there was limited interaction between the patient and the phy-
sician during the rTMS sessions. Prior to the commencement
of the first rTMS treatment session, single-pulse TMS was used
to measure the resting motor threshold (RMT) for the abduc-
tor pollicis brevis muscle in both hands using electromyo-
graphic recordings using the standard method of limits.2,8 At
all times, the coil was held tangential to the scalp, with the handle
pointing back and away from the midline at 45°. The induced
current flow was posterior to anterior in the cortex perpen-
dicular to the central sulcus. The site of stimulation during the
TMS sessions was defined by a point 5 cm anterior to that re-
quired for maximum stimulation of the abductor pollicis brevis.

In LFR-TMS, five 60-second trains were applied at 1 Hz
and at 100% of RMT. There was a 1-minute intertrain interval
(total of 300 stimuli per session). In HFL-TMS, twenty 5-sec-
ond trains were applied at 10 Hz and at 100% of RMT. There
was a 25-second intertrain interval (total of 1000 stimuli per
session). Patients allocated to the sham condition were fur-
ther randomized to receive sham stimulation on the left or right
side. Sham stimulation was applied with stimulation param-
eters identical to those for active treatment on the side allo-
cated but with the coil angled at 45° off the head. The medial
wing of the coil was resting on the scalp. This produced some
degree of scalp sensation in most participants but has been shown
to produce a limited degree of intracortical activity.9,10 At the
completion of each phase of treatment, patients were ques-
tioned about whether they thought they had received active or
sham stimulation. As previous studies have shown minimal fluc-
tuation of the RMT across treatment sessions,11 this was not
adjusted on a daily basis.

CLINICAL RATINGS

The primary outcome measure for the study was the MADRS
score.12 All patients were assessed at baseline and at each 10-
session review via the MADRS, the Beck Depression Inventory,13

the Brief Psychiatric Rating Scale,7 and the CORE rating of psy-
chomotor disturbance (CORE).14 Ratings at follow-up were also
made using the Clinical Global Impressions scale.15 Handedness
was recorded using the Edinburgh Handedness Inventory.16 In
addition, a group of cognitive tasks were administered at base-
line and at the end of the study. The cognitive measures were not
administered at each review to minimize practice effects and be-
cause the primary reason for their inclusion was to assess the cog-
nitive implication of the treatment sessions, including the accu-
mulation of stimulation across study phases. The battery was
designed to focus on memory effects and frontally mediated ex-
ecutive functions. The tasks included the Personal Semantic
Memory Schedule, the Autobiographical Memory Schedule,17 the
Wechsler Adult Intelligence Scale–Revised (Block Design test, ver-
bal paired associates recall and recognition subscale, and digit span
subscale),18 Tower of London,19 and the Controlled Oral Word
Association Test.20

DATA ANALYSIS

One-way analysis of variance models and �2 tests were used to
investigate differences among the 3 groups on demographic and
baseline clinical variables. The primary outcome analysis was
conducted on baseline to 2-week psychopathologic change
scores, calculated by subtraction of the 2-week scores from the

baseline scores. Differences between the groups were calcu-
lated using analysis of variance models for each psychopatho-
logic variable. Post hoc tests (least squares difference) were only
calculated where a significant effect was found in the analysis
of variance model. Secondary analyses included calculation of
differences in dichotomous outcome measures (percentage re-
sponse criteria) using �2 tests. Repeated-measures general lin-
ear models were calculated to study the effects of rTMS over
multiple times (baseline to 4 weeks). The primary analysis of
change in MADRS score was also recalculated using medica-
tion treatments (use of antidepressants, mood stabilizers, and
antipsychotics) as covariates.

Linear regression models were calculated to test for predic-
tors of clinical response in the 40 patients receiving active treat-
ment. The change in MADRS score in the double-blind phase was
entered as the dependent variable. The following were entered
into the models as independent variables: baseline depression se-
verity (MADRS score), psychotic symptoms (Brief Psychiatric Rat-
ing Scale thought disturbance and hostile-suspiciousness sub-
scale scores), measures of melancholia (CORE total score and
noninteractiveness, retardation, and agitation subscale scores),
demographic variables (age, sex, age at illness onset, and num-
ber of previous episodes), and medication treatment status
(antidepressants, mood stabilizers, and antipsychotics).

The cognitive data were analyzed using paired t tests com-
paring the baseline and end study scores. Separate analyses were
conducted for the group as a whole and for patients who re-
ceived HFL-TMS only, LFR-TMS only, or both active treat-
ment conditions. Pearson correlation coefficients were calcu-
lated between change in MADRS and Beck Depression Inventory
scores and change in cognitive variables for the equivalent times.

All procedures were 2-tailed, and significance was set at
�=.05, except during the correlations in which the Bonferroni
procedure was used to correct for multiple comparisons. All
statistical analyses were conducted using statistical software
(SPSS for Windows 10.0; SPSS Inc, Chicago, Ill).

RESULTS

PATIENTS

Baseline clinical characteristics are summarized in Table
1. There were no statistically significant baseline differ-
ences among the groups. All patients who entered the
study completed the double-blind randomized phase.

TREATMENT EFFICACY

Double-blind Phase: Baseline to Week 2

There was a reduction in mean±SD MADRS scores in the
2 active treatment groups (HFL-TMS: 13.5%±16.7%; LFR-
TMS: 15.0%±14.1%) and minimal change in the sham
group (0.76%±16.2%) (Table 2 and Figure 2). There
was an overall effect of group (F56,2=6.2; P=.004), with
significant differences between the HFL-TMS and sham
groups and between the LFR-TMS and sham groups
(P�.005 for both). There was no significant difference
between the 2 treatment groups (P=.91). There was also
a significant difference among the groups for change in
Beck Depression Inventory scores (F56,2=5.1; P=.03). On
post hoc tests there was a trend toward a significant dif-
ference between the LFR-TMS and sham groups (P=.08)
but not between the HFL-TMS and sham groups (P=.16).
There was no significant difference between the 2 treat-

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 60, OCT 2003 WWW.ARCHGENPSYCHIATRY.COM
1004

©2003 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ on 06/30/2020



ment groups (P=.61). There was an increase in Global
Assessment of Functioning scale scores for the 2 active
treatment groups but not for the sham group (overall:
F56,2=2.6; P=.08; LFR-TMS vs sham: P=.03; and HFL-
TMS vs sham: P=.09). There was no significant differ-
ence among the groups for changes in Brief Psychiatric
Rating Scale and CORE rating measures. There was a sig-
nificant overall difference among the 3 groups on the
Clinical Global Impressions scale score at 2 weeks
(F57,2=4.9; P=.01). Scores on the Clinical Global Impres-
sions scale were significantly lower in the LFR-TMS group
than in the sham group (P=.005) and in the HFL-TMS
group than in the sham group (P=.01).

The primary efficacy analysis was repeated using
models controlling for age, sex, diagnosis, baseline
MADRS score, and treatment with any antidepressant,
mood stabilizing, or antipsychotic medication as covar-
iates. The effect of group remained significant (F2,56=4.8;
P=.01), as did the post hoc differences between the HFL-
TMS and sham groups (P=.02) and between the LFR-
TMS and sham groups (P=.006). There were no other
statistically significant effects. Concurrent use of anti-
depressant medication had a positive effect on out-
come, but this was not significant (F=1.49; P=.23). There
was an effect of diagnosis (greater improvement for pa-
tients with a diagnosis of unipolar depression), but this
did not reach significance (F=2.8; P=.01).

A separate analysis was conducted of the number
of patients who met the initial response criteria of a greater
than 20% reduction in MADRS score by 2 weeks. Eight
patients in the HFL-TMS group, 7 in the LFR-TMS group,
and 2 in the sham group met these criteria. This differ-
ence approached significance (�2=5.1; P=.07). Of the 17
patients who met the response criteria, 7 were concur-
rently receiving a mood stabilizer. This proportion was
not significantly different from the proportion not re-
ceiving a mood stabilizer (�2=2.5; P=.11). Of the 3 pa-
tients reporting psychotic symptoms at baseline, 2 were
randomized to LFR-TMS, and 1 met the response crite-
ria. The third patient responded to LFR-TMS in the single-
blind phase after initially receiving sham stimulation. Only
1 patient (LFR-TMS) achieved a 50% improvement in
MADRS score during the initial 2 weeks.

Baseline to Week 4

All of the patients who met the initial response criteria con-
tinued to receive single-blind treatment for another 2 weeks.
For the group as whole, after 4 weeks of treatment, the
mean±SD percentage change in the MADRS score from
baseline was 48.0%±17.9% (range, 15.1%-87.5%) (Fig-
ure 2). There was a greater improvement in the LFR-TMS
group compared with the HFL-TMS group from week 2
to week 4 (mean±SD change in MADRS score: HFL-TMS,
14.1%±21.5%;LFR-TMS,38.8%±19.7%; t13=−2.12;P=.05).
A repeated-measures general linear model was calculated
using time (baseline, week 2, and week 4) as the repeated
measure and group (HFL-TMS and LFR-TMS) as the be-
tween-patients factor. There was a significant overall effect
of time (F12,2=68.9; P�.001; �2=0.92) but no time�group
interaction (F12,2=0.29; P=.75). Seven of these patients had
a reduction in the MADRS score of greater than 50% by
the end of the 4 weeks (4 in the LFR-TMS group and 3 in
the HFL-TMS group).

Sham Group

Eleven patients who received sham treatment initially were
subsequently randomized to active treatment and re-
ceived at least 10 sessions of TMS (7 received HFL-TMS
and 4 received LFR-TMS) (Figure 2). Change scores from
the commencement of active treatment until the end of
treatment were calculated and compared among the
groups. There was a mean±SD improvement of 15.0±10.4
points (45.3%) in MADRS scores in the LFR-TMS group
and a change of 0.3±4.1 points (1.3%) in the HFL-TMS
group (t9=−3.4; P�.005). Two patients in the LFR-TMS
group achieved a greater than 50% reduction in the
MADRS score.

Crossover After Failed Active Treatment

After the initial 2 weeks, 17 patients who initially re-
ceived active treatment and were classified as nonre
sponders progressed to receive the other active treat-
ment condition (10 right-sided nonresponders and 7
left-sided nonresponders). For the second phase of treat-

Table 2. Baseline and Week 2 Scores for Each Outcome Measure in 60 Patients With Major Depression*

Measure

HFL-TMS
Group (n = 20)

LFR-TMS
Group (n = 20)

Sham Group
(n = 20)

F
P

Value �2Baseline Week 2 Baseline Week 2 Baseline Weeks 2

MADRS
score

36.1 ± 7.5 30.8 ± 7.5 37.7 ± 8.4 32.2 ± 9.0 35.7 ± 8.1 35.4 ± 7.5 6.2 .004 0.18

BDI score 33.1 ± 12.1 26.7 ± 11.9 35.0 ± 9.2 27.2 ± 10.8 32.3 ± 9.1 29.0 ± 8.7 5.1 .03 0.08
BPRS

score
20.8 ± 6.3 18.8 ± 6.3 22.1 ± 6.8 19.2 ± 5.9 21.4 ± 6.0 20.1 ± 5.2 1.0 .38 0.03

CORE
score

8.6 ± 3.6 6.6 ± 3.1 8.7 ± 3.3 6.6 ± 3.5 8.8 ± 5.5 7.6 ± 4.2 1.7 .499 0.02

GAF scale
score

43.0 ± 6.8 45.2 ± 7.1 43.5 ± 9.9 46.3 ± 8.5 42.7 ± 7.1 42.5 ± 6.8 2.6 .08 0.08

Abbreviations: BDI, Beck Depression Inventory; BPRS, Brief Psychiatric Rating Scale; GAF, Global Assessment of Functioning; HFL-TMS, high-frequency
left-sided transcranial magnetic stimulation; LFR-TMS, low-frequency right-sided TMS; MADRS, Montgomery-Åsberg Depression Rating Scale.

*Data are given as mean ± SD. F scores, P values, and effect sizes (�2) are presented for analysis of variance models for each variable.
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ment, analyzed using a repeated-measures general lin-
ear model, there was a significant effect of time (F1,15=
4.4; P=.05) but no effect of group� time (F1,15=0.89;
P=.36), with both groups showing a small but signifi-
cant effect. However, significant improvement in this
phase was limited to a few patients. Three patients in
the HFL-TMS after LFR-TMS group and no patients in
the LFR-TMS after HFL-TMS group achieved a greater
than 50% reduction in the MADRS score.

PREDICTION OF RESPONSE

Several linear regression models were calculated using im-
provement in MADRS score in the double-blind phase as
the dependent variable. The CORE agitation score was the
only significant predictor (mean±SE parameter estimate,
1.426±0.46; P=.004), predicting 20% of the variance. A
greater degree of baseline agitation was associated with bet-
ter response. When these models were calculated sepa-
rately for response to the 2 active treatments, the CORE
agitation score predicted response for the LFR-TMS group
(mean±SEparameterestimate,1.426±0.53;P=.01; r2=0.29)
but not for the HFL-TMS group.

ADVERSE EFFECTS

After phase 1, 7 (11%) of the 60 patients reported site
discomfort or pain during rTMS and 6 (10%) reported a
headache after rTMS. Although there was no difference
in the incidence of these adverse effects (P=.08), pa-
tients in the HFL-TMS group seemed to report more dis-
comfort during the procedure itself. Only 1 patient (in
the HFL-TMS group) reported persistence of the head-
ache for longer than 1 hour. Two patients (1 in each
group) reported transient dizziness for a short time af-
ter treatment.

No patients withdrew because of adverse effects dur-
ing the double-blind phase. One patient, originally ran-

domized to the sham condition, withdrew after 1 ses-
sion of HFL-TMS treatment in the single-blind phase of
the study owing to site pain. One patient with bipolar
disorder, who had a successful response to LFR-TMS treat-
ment, experienced a manic episode 10 days after comple-
tion of the trial after ceasing treatment with valproate so-
dium at the end of the TMS trial independent of his
treating clinicians. The episode resolved with reinstitu-
tion of the medication.

COGNITIVE ASSESSMENTS

No deterioration in performance was found in any cog-
nitive measures in the group as a whole or in the analy-
ses of patients who received HFL-TMS only, LFR-TMS
only, or both active treatment conditions. Including all
patients who underwent at least 1 type of active treat-
ment, there was a significant improvement in perfor-
mance on the verbal paired associates (t50=−7.3; P�.001),
verbal fluency (t48=−3.8; P�.001), and digit span for-
wards (t48=−1.8; P=.003) subscales; the Personal Seman-
tic Memory Schedule (t50=−2.4; P=.02); and the Auto-
biographical Memory Schedule (t50=−1.9; P= .05). A
similar pattern of improvements was seen for each of the
treatment subgroups (HFL-TMS only, LFR-TMS only, or
both active treatments). Changes in performance on the
cognitive measures did not correlate with changes in
MADRS and Beck Depression Inventory scores across the
same times.

MAINTENANCE OF BLIND

Twenty-nine patients (48%) correctly guessed their type
of treatment before disclosure, 17 (42%) of 40 in the ac-
tive treatment group (�2=0.90; P=.34) and 12 (60%) of
20 in the sham group (�2=0.80; P=.37). The degree of
response was the predominant reason given for the guess.

COMMENT

The results of this study indicate that HFL-TMS and LFR-
TMS have clinical efficacy in patients with TRD. There
did not seem to be a significant difference in efficacy be-
tween the 2 active TMS treatments. The clinical improve-
ments achieved with 2 weeks of rTMS are clinically mod-
est and occur only in a subset of patients, although further
improvement occurs in most patients with additional treat-
ment. A higher score on the CORE agitation scale was
the only variable associated with greater clinical improve-
ment, specifically with response to LFR-TMS. Concur-
rent anticonvulsant therapy was not associated with clini-
cal response. Repetitive TMS was generally well tolerated
and was not associated with any major adverse events.

These results add to the evidence supporting the an-
tidepressant efficacy of HFL-TMS in TRD. This efficacy
has been established in a variety of sham-controlled clini-
cal studies2,5,11 and has been supported by findings from
several meta-analyses.21-24 Our analysis indicates that
greater response accumulates with a longer period of
stimulation than the frequently applied 2 weeks of treat-
ment. It seems likely that this relates to the accumu-
lated dose of TMS achieved over time. There is a trend
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Figure 2. Mean Montgomery-Åsberg Depression Rating Scale (MADRS)
scores across all phases of the study. A significant difference in response is
present between the 2 active treatment groups and the sham group in the
double-blind phase. Patients in both active groups who continued with
treatment continued to achieve significant therapeutic responses. There was
limited improvement in most patients in the crossover phases. HFL-TMS
indicates high-frequency left-sided transcranial magnetic stimulation;
LFR-TMS, low-frequency right-sided TMS.
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in published studies for improved response rates when
rTMS has been applied at a higher intensity or with a
higher number of pulses per day.25 The number of stimuli
applied in the HFL-TMS condition in this study (10000
stimuli during 10 sessions) was significantly higher than
that applied in several previous studies with results of
limited clinical significance (1250 stimuli in the study
by Padberg et al5 and 4000 stimuli in the study by Ber-
man et al4) but less than that in the study by George et
al11 (16000 stimuli), in which the clinically relevant re-
sponse rate was higher than we found. It is also pos-
sible, although it seems less likely, that improved re-
sponses during the 4-week period do not relate to
accumulated “dose” but just to a longer duration of in-
tervention. However, the differing time course of re-
sponse in depression to medication and electroconvul-
sive therapy would suggest that the rapidity of clinical
response is unlikely to be a property of the illness pro-
cess itself.

To our knowledge, this study is the first to demon-
strate the antidepressant efficacy of LFR-TMS in pa-
tients with TRD, although the overall response rate was
lower than that seen where this treatment condition has
been applied in medication-responsive patients despite
the application of a greater number of pulses than in pre-
vious studies (300 vs 100-120 pulses).6,26,27 As rTMS is
most likely to be of clinical utility in medication-
nonresponsive patients, demonstration of its clinical ef-
ficacy is crucial in this patient group. In addition to the
clinical differences between the patients, it is possible that
the smaller effect size compared with that in the study
by Klein et al6 relates to differences in methods of
administration. In that study, TMS was applied with a
9-cm-diameter round TMS coil, which produces a less
focused area of stimulation compared with the coil used
in the present study. This may be of benefit given rec-
ognized limitations in stimulation site localization,28 al-
though the results of our study give more assurance that
the antidepressant effects have been produced via right
prefrontal cortex stimulation.

The antidepressant effects of LFR-TMS were of simi-
lar magnitude as those seen with HFL-TMS despite the LFR-
TMS condition consisting of considerably fewer pulses per
session (300 vs 1000 pulses). The number of 1-Hz pulses
was chosen to equalize the treatment times and because
there was limited information regarding the safety of a
greater number of 1-Hz pulses at the time of inception of
the study. It is possible that an equal number of pulses be-
tween conditions may have produced results in favor of
the 1-Hz condition. Although the mechanism of action of
rTMS is not clear, it has been suggested that it relates to
synaptic changes such as long-term potentiation and long-
term depression.29 Results of animal studies of electri-
cally induced long-term potentiation/long-term depres-
sion and of human studies of motor cortical responses to
rTMS indicate that these effects depend on the total num-
ber of pulses delivered in any conditioning regimen (eg,
see Trepel and Racine30 and Maeda et al31).

The potential advantage of low-frequency stimula-
tion has implications for the development of clinical rTMS
protocols, as low-frequency stimulation has several ad-
vantages. First, as the potential for seizure induction is

directly related to increasing frequency, LFR-TMS is as-
sociated with a significantly lower risk of seizure induc-
tion. In fact, 1-Hz stimulation may have some antisei-
zure properties.32,33 Therefore, low-frequency stimulation
would be preferred in patients with any risk factors for
seizure induction or with substantial medical comorbid-
ity. Second, although not clearly illustrated by study data,
our definite clinical impression was that patients better
tolerate LFR-TMS than HFL-TMS, which produces a
greater degree of local scalp discomfort during stimula-
tion. Low-frequency stimulation may prove to be the best
“universal” first choice if predictors of response to one
or another therapy cannot be established. High-
frequency left-sided TMS would be an option for pa-
tients who do not respond to LFR-TMS. Because there
is some suggestion that slow left-sided stimulation may
have antidepressant effects,5 a direct comparison of low-
frequency left- and right-sided stimulation seems timely.
The relationship of clinical variables, such as agitation,
as seen in this study, to response to differing stimula-
tion types also requires further assessment.

Several limitations of this study require consider-
ation. First, although the sample size was large enough
to distinguish between active and sham stimulation, it
is possible that the lack of a difference between the 2 ac-
tive conditions is a type II error. Although there was some
variation in responses in the crossover phases, the equiva-
lence of the effects in the double-blind phase of the study
suggests that a very large sample size will be required to
detect real differences between these 2 treatments if they
exist. Second, although the clinical changes that oc-
curred during the extension phase of the study in pa-
tients who continued active treatment were statistically
significant and clinically meaningful, interpretation of this
phase of the study is limited, as the patients were aware
of their treatment type. Considerable efforts were made
to ensure that the raters remained blind to the treat-
ment condition during this period, but this does not ex-
clude placebo effects. We also have limited capacity to
draw conclusions about the value of swapping between
treatments in patients who did not respond to one stimu-
lation type. However, these data suggest that there is po-
tential value in a trial of HFL-TMS after failed LFR-
TMS, but perhaps less value in the opposite. This supports
the idea of offering LFR-TMS as a first-line stimulation
type with crossover to HFL-TMS in nonresponders.

Several medication issues are worthy of comment.
First, most patients were receiving some form of antide-
pressant medication during the trial. However, we were
careful to ensure that patients had been taking their cur-
rent medication for several months and were taking a
stable dose for at least 1 month before commencement
of rTMS. We also excluded patients who seemed to be
improving in clinical state in response to the medica-
tion, as judged by the patient or the treating clinician.
Presumably, because of this careful screening, there was
no effect of medication treatment on outcome. Second,
the patient group as a whole had tried many antidepres-
sant medications before the trial. This would indicate a
high degree of treatment resistance and may explain the
low sham response rate in the double-blind phase of the
trial. Given the low rate of successful guessing, it is un-
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likely that the low sham response rate, and the overall
results of this phase, were biased by unblinding of the
patients.

In conclusion, our results support the efficacy of
HFL-TMS and LFR-TMS in the treatment of TRD and sug-
gest the equivalence of these treatments. Treatment for
at least 4 weeks seems to be necessary for clinically mean-
ingful benefits to be achieved with the parameters ap-
plied in this study. Further evaluation of whether alter-
ations in stimulation parameters can increase the response
rate or the rapidity of response to rTMS is required. Treat-
ment with LFR-TMS may prove to be an appropriate ini-
tial rTMS strategy in depression taking into account safety,
tolerability, and efficacy considerations.
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