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Abstract

There has been concern regarding the use of controversial paradigms for repetitive transcranial magnetic stimulation (rTMS) to
manage treatment-resistant depression (TRD). This meta-analysis assessed the efficacy of bilateral rTMS compared with
unilateral and sham rTMS in patients with TRD. PubMed, Embase, CENTRAL, PsycINFO, Web of Science, EAGLE and NTIS
databases were searched to identify relevant studies, and randomized controlled trials (RCTs) on bilateral rTMS for TRD
patients were included. The response was defined as the primary outcome, and remission was the secondary outcome. Ten
RCTs that included 634 patients met the eligibility criteria. The risk ratio (RRs) of both the primary and secondary outcomes of
bilateral rTMS showed non-significant increases compared to unilateral rTMS (RR=1.01, P=0.93; odds ratio [OR]=0.77,
P =0.22). Notably, the RR of the primary bilateral rTMS outcome was significantly increased compared to that for sham rTMS
(RR=3.43, P=0.0004). The results of our analysis demonstrated that bilateral rTMS was significantly more effective than
sham rTMS but not unilateral rTMS in patients with TRD. Thus, bilateral rTMS may not be a useful paradigm for patients with
TRD.
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Introduction

Major depressive disorder (MDD) is one of the most
prevalent psychiatric disorders and contributes to significant
individual suffering, disability, and increased suicide rates,
as well as adverse socioeconomic effects (1). According to
the World Health Organization (WHO), MDD is the third
leading cause of disability worldwide, and by 2030 will
become the leading cause of disease burden overall (2).
Although there are several treatment approaches for MDD,
an estimated 30-50% of these patients fail to benefit ade-
quately from currently standard initial therapies, and these
individuals are considered as having treatment-resistant
depression (TRD) (3,4). Unfortunately, TRD tends to be
chronic, further exacerbating associated severe economic
burdens and suicide risk (5).
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In the last 20 years, a noninvasive brain stimulation
technique termed repetitive transcranial magnetic stimula-
tion (rTMS) has been developed as a clinical tool to treat
depression (6). Several previous meta-analyses have
demonstrated the antidepressant efficacy of high-frequency
rTMS (5-20 Hz) applied to the left dorsolateral prefrontal
cortex (DLPFC) (7-9). Low-frequency rTMS (=1 Hz) applied
to the right DLPFC has also been shown to have significant
antidepressant efficacy (9,10). Moreover, some imaging
studies have revealed an imbalance in left-right DLPFC acti-
vities in patients with MDD, with the left and right DLPFCs
exhibiting lower and higher activities, respectively (11-13).
Accordingly, low- and high-frequency stimulation are pro-
posed to have opposing modulatory effects (14,15).
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Although rTMS has been proposed to exert an antidepres-
sant effect by normalizing dysregulated cortical activity, the
optimal treatment paradigm and parameters (e.g., place-
ment, frequency, intensity, duration, and total stimuli) re-
quired to achieve this effect remain uncertain (16).

Although some evidence supports the use of a novel
bilateral rTMS paradigm in TRD patients, the results have
been conflicting (17,18). A previous systematic review was
performed, but its evidence was not very robust (19). We
have previously investigated the diagnosis, prevention, and
management of MDD (20) and are participating in a pro-
spective randomized controlled trial (RCT) comparing the
effectiveness of unilateral rTMS versus olanzapine in TRD
patients. Therefore, there is an urgent need for an additional
systematic review to assist clinicians in developing an
optimal rTMS paradigm for patients with TRD.

Research Design and Methods

Search strategy and selection criteria

Relevant international databases (PubMed, Embase,
Cochrane Central Register of Controlled Trials [CENTRAL],
PsycINFO, and Web of Science) and two gray data-
bases (European Association for Grey Literature Exploi-
tation [EAGLE] and National Technical Information Service
[NTIS]) were searched up to April 2012 (updated on January
2014) for RCTs using different combinations of the following
key words: “depressive” or “depression,” and “transcranial
magnetic stimulation” or “TMS” or “rTMS,” and “bilateral” or
“combine” or “left and right prefrontal cortex” or “high and
low frequency,” and “resistan*” or “recurren*” or “refractory”
or “non-response” or “nonresponse” or “partial response”
or “incomplete response” or “failed to respond” or “treat-
ment failure” or “inadequate response” or “insufficient
response” or “persist” or “chronic.” Additional relevant
articles were obtained by scanning conference summaries
and the reference lists of articles identified in the initial
searches, and the authors of relevant RCTs were contacted
to obtain additional information. No language restriction was
imposed. The study protocol is available online (http://www.
pengxielab.com/uploads/soft/Bilateral-rTMS-for-TRD.pdf).

The inclusion criteria were as follows: 1) a diagnosis of
adult MDD based on the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV, DSM-IIl or DSM-III-R), or the
International Classification of Diseases (ICD-9 or ICD-10)
criteria, 2) patients met the TRD criteria as defined by
failure to respond to at least one course of adequate treat-
ment for MDD during the current illness episode (21), and
3) RCTs that compared bilateral rTMS with other rTMS
paradigms (unilateral or sham).

TRD patients with comorbid neurological disorders and
psychotic disorders or specific types of depression (e.g.,
child and adolescent depression or postpartum depression)
were excluded, as these patients often exhibit significant
clinical heterogeneity in response to TRD treatment.

The literature quality was assessed using the modified
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Jadad scale: 1) random sequence generation (Yes=2,
Unclear= 1, and No=0), 2) allocation concealment (Yes =
2, Unclear=1, and No=0), 3) blinding of outcome assess-
ment (Yes =2, Unclear=1, and No=0), and 4) incomplete
outcome data reported (Yes=1 and No=0). We consid-
ered studies with total scores of =3, 4 to 5, and >6 as low,
moderate, and high quality, respectively.

Data extraction

Two review authors (X.Y.Z. and Y.Q.Z.) independently
determined whether studies met the inclusion and exclusion
criteria, assessed the quality of the articles, and completed a
standardized data extraction form. Any disagreements were
resolved by discussion until a consensus was reached.

We used the change in depression rating scale scores
at the end of treatment as the primary outcome, and the
attainment of remission at the end of treatment as the
secondary outcome (22). In this review, clinical response
was defined as a significant improvement on certain de-
pression rating scales (23). The cut-off points of response
were >50% from the baseline score to the end of treatment
score on the Hamilton Depression Rating Scale (HDRS) or
the Montgomery and Asberg Depression Rating Scale
(MADRS), or “much improved” or “very much improved” on
the Clinical Global Impression (CGl) scale (24). On the
other hand, clinical remission was defined as a depression
rating scale score within the normal range at the end of
treatment (23). The remission cut-off points were a score
=8 on the 21-item HDRS, =7 on the 17-item HDRS, a
MADRS score =12 or less, or a global rating of “not de-
pressed” or “equivalent” on the CGl scale (24). If more than
one scale was used to evaluate the response or remission
within one study, HDRS was preferentially selected as the
assessment scale, followed by the MADRS and CGl scales.

Statistical analysis

The overall risk ratio (RR) was used as the effect para-
meter for the meta-analysis, and a 95% confidence interval
(Cl) was used to interpret the results. Heterogeneity was
assessed using the chi-squared test and |-squared index
(). AP value =0.1 was deemed statistically significant, and
I values of 25, 50, and 75% represented low, moderate, and
high heterogeneity, respectively (25). A fixed-effects model
was used to analyze the pooled data with low heterogeneity.
For moderate or high heterogeneity, a random-effects model
was used to analyze the pooled data (26). Considering the
possibility that efficacy may differ depending on the different
rTMS paradigms used, we conducted subgroup analyses
according to the other types of rTMS paradigm assessed. To
compare the bilateral and unilateral rTMS groups, subgroup
analyses were conducted based on bilateral rTMS para-
meters (e.g., stimulation pattern, frequency, intensity, dura-
tion, and total stimuli). Inverted funnel plots and a regression
test were used to assess publication bias (26). The study
was conducted by following the protocol of the meta-analysis
available online as cited above. The Statistical Analysis
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Figure 1. |dentification of studies for inclusion in
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System (version 9.0; SAS Institute, USA) and RevMan 5
software (Cochrane Information Management System) were
used for all statistical analyses. All tests were two-sided, and
statistical significance was defined as P<0.05 unless
otherwise stated.

Results

A total of 564 potentially relevant RCTs were initially
retrieved. Of these, 352 articles were excluded as the
tittes were not relevant. An additional 189 trials were then
excluded by abstract review. After the two reviewing
authors had independently read the full texts, 23 more
studies were excluded. Ultimately, 10 trials including 634
patients were deemed eligible for inclusion in this meta-
analysis (Figure 1).

Table 1 shows the baseline characteristics of subjects
included in all 10 RCTs (17,18, 27-34), including mean age,
diagnostic criteria, HDRS or MARDS score, TRD definition,
primary diagnosis, and TRD staging. Table 2 shows the
quality assessment scores. Table 3 shows the rTMS
treatment parameters of all 10 RCTs (17,18, 27-34), including
stimulation placement, frequency, intensity, duration, total
stimuli, and measurement outcomes. With regard to the
other rTMS paradigms, 3 trials investigated unilateral rTMS,
4 evaluated sham rTMS, and 3 assessed both unilateral and
sham rTMS.

Bilateral rTMS was not associated with significant im-
provements in primary or secondary outcomes compared
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with other rTMS paradigms, including unilateral and sham
rTMS (Figure 2). The RRs were 1.50 (95% CI: 0.91-2.47) and
1.47 (95% CI: 0.56-3.82), respectively. There was statistically
significant moderate heterogeneity among the 10 studies.

Subgroup analyses were conducted based on rTMS
treatment paradigms. In the bilateral versus the unilateral
rTMS analysis, bilateral rTMS was not associated with
significant increases in response (Figure 3A) or remission
(Figure 3B). The corresponding RR values were 1.01 (95%
CI: 0.81-1.26) and 0.77 (95% CI: 0.52-1.16), with low to
moderate heterogeneity among the studies. Furthermore,
we performed subgroup analyses comparing the main
parameters of bilateral and unilateral rTMS, including
stimulation pattern, intensity, duration, and total stimuli. In
the bilateral versus sham rTMS group, bilateral rTMS was
significantly superior to sham rTMS with regard to the
primary outcome (Figure 3C), but there was no significant
benefit for the secondary outcome (Figure 3D). The RR
values were respectively 3.29 (95% Cl: 1.69-6.38) and 0.50
(95% ClI: 0.19-1.31), with low heterogeneity.

Based on the modified Jadad scale scores, the pre-
sent meta-analysis included 6 moderate- and 4 high-quality
RCTs. Visual inspection of the inverted funnel plots of
these RCTs showed them to be approximately symmetrical.
Because the number of studies was too limited to show
clear asymmetry, an Egger test was performed. The results
showed that neither the primary outcome (t=1.66, P=
0.148) nor the secondary outcome (f=1.37, P=0.303) was
influenced by publication bias.
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Table 1. Characteristics of patients in the included trials.
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Reference Mean age Diagnostic HDRS/MADRS TRD Primary TRD
(BG/OG, years) criteria score definition diagnosis staging
17 58.0+12.5/ DSM-IV 17-HDRS>21 Failed 2 or more All with MDD Stage Il
47.4+13.33 AD at least 6 weeks
27 46.5+15.22/ ICD10 21-HDRS >24 Failed 4 AD at 16.7% with BD; Stage IV
46.8+10.3 least 6 weeks 83.3% with MDD
30 46.8+10.7/ DSM-IV MADRS>20 Failed 2 or more 16% with BD; Stage Il
43.7+10.2 AD at least 6 weeks 84% with MDD
34 46.8+13.70/ MINI 17-HDRS>13 Failed 2 or more 15.1% with BD; Stage Il
47.9+141 AD at least 6 weeks 84.9% with MDD
18 40.45+15.5/ MINI 17-HDRS>15 Failed 2 or more All with MDD Stage Il
44.08+13.99 AD at least 6 weeks
31 48.5+13.28/ DSM-IV NA Failed 2 or more All with MDD Stage Il
47.2+11.8 AD at least 4 weeks
28 54.9+18.03/ DSM-IV MADRS > 25 Failed 1 or more AD 15.8% with BD; Stage |
48.4+10.88 84.2% with MDD
32 49*[54* DSM-IV 17-HDRS > 20 Failed 3 or more 12.9% with BD; Stage Il
AD at least 6 weeks 87.1% with MDD
33 47.6 £12.33/ DSM-IV 17-HDRS >18 Failed 2 or more All with MDD Stage Il
49.5+10.95 AD at least 6 weeks
29 47.0+£12.3/ DSM-IV 17-HDRS >18 Failed 1 or more AD 16.7% with BD; Stage |
53.4+13.3 in 4 or more weeks 83.3% with MDD

Data are reported as means + SD. rTMS: repetitive transcranial magnetic stimulation; BG: bilateral rTMS treatment group; OG: other
rTMS paradigms group; HDRS: Hamilton Depression Rating Scale; MADRS: Montgomery and Asberg Depression Rating Scale; TRD:
treatment-resistant depression; DSM: Diagnostic and Statistical Manual of Mental Disorders; ICD: International Classification of
Diseases; MINI: Mini-international Neuropsychiatric Interview; AD: antidepressant drug; BD: bipolar depression; MDD: major

depressive disorder; NA: not available. *Median.
Discussion

The results of this meta-analysis demonstrate that the
clinical efficacy of bilateral rTMS was not significantly
greater than that of unilateral rTMS, but it was superior to
sham rTMS in patients with TRD. Moreover, subgroup
analyses revealed that the main parameters of bilateral
rTMS, including stimulation pattern, intensity, duration, and
total stimuli, did not significantly affect the lack of

Table 2. Quality assessments of the included trials.

significance. It is disappointing that bilateral rTMS may
not be a promising stimulation paradigm for treating TRD
patients.

However, a previous systematic review regarding bil-
ateral rTMS reached the opposite conclusion (19). The
discrepancy between the two meta-analyses is likely due to
the different numbers of included RCTs. The previous study
included 7 RCTs involving 279 subjects, whereas we
assessed 10 RCTs involving 634 subjects. Moreover, the

Reference Literature quality
Randomization Allocation Blindness Incomplete data  Total score

17 2 2 2 1 7
27 1 0 2 1 4
30 2 2 2 1 7
34 2 0 2 1 5
18 1 0 2 1 4
31 1 2 2 1 6
28 1 0 2 1 4
32 1 0 2 1 4
33 2 2 2 1 7
29 1 0 2 1 4

2: “yes”; 1: “unclear”, 0: “no”.
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Table 3. Design characteristics of the included trials.
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Reference Parameters of rTMS Measurement outcomes
Placement and frequency Intensity  Duration  Total stimuli Response Remission
(MT%) (weeks) (pulse) (BG:0G) (BG:0OG)
BG 0G
17 1 Hz RPFC 10 Hz LPFC; 100-120 6 36,450 10/28 vs 1/24 9/28 vs 1/24
followed by
10 Hz LPFC
sham on unilateral 10/28 vs 2/22 9/28 vs 1/22
condition
27 10 Hz LPFC 10 Hz LPFC 110 1 6,500 6/12 vs 8/12 NA
alternated with alternated with
1 Hz RPFC 1 Hz LPFC;
10 Hz LPFC 6/12 vs 10/12
30 1 Hz RPFC sham on both sides 100-110 2 11,700 11/25 vs 2/25 9/25 vs 0/25
followed by
10 Hz LPFC
34 1 Hz RPFC 1 Hz RPFC followed 110 4 36,000 40/71 vs 39/71  25[71vs 33/71
followed by by 10 Hz sham RPFC
10 Hz LPF;
1 Hz RPFC 37[76 vs 3971  22[76 vs 33|71
followed by
1 Hz LPFC
18 1 Hz RPFC 1 Hz sham RPFC 120 3 36,000 1/22 vs 0/24 NA
followed by followed by
10 Hz LPFC 10 Hz LPFC;
sham on both sides 1/22 vs 0/20
31 1 Hz RPFC sham on both sides 110 2 30,000 2/10 vs 0/10 NA
alternated with
20 Hz LPFC
28 15 Hz sham on both sides 90 3 54,000 2/9 vs 1/10 NA
simultaneous
on both sides
32 1 Hz RPFC sham on both sides 110 2 16,000 3/25 vs 112 0/25 vs 0/12
followed by
10 Hz LPFC;
10 Hz LPFC 7/25 vs 112 3/25 vs 0/12
followed by
1 Hz RPFC
33 1 Hz RPFC 1 Hz RPFC 110 3 21,300 4/20 vs 7/20 2/20 vs 6/20
followed by followed by
10 Hz LPFC 10 Hz sham LPFC;
sham on both sides 4/20 vs 2/20 2/20 vs 1/20
29 20 Hz LPFC 20 Hz LPFC followed 100 2 12,000 6/9 vs 5/9 4/9 vs 5/9
followed by by 1 Hz sham RPFC
1 Hz RPFC

rTMS: repetitive transcranial magnetic stimulation; BG: bilateral rTMS treatment group; OG: other rTMS paradigms group; MT: motor
threshold; LPFC: left prefrontal cortex; RPFC: right prefrontal cortex; N: not available.

previous comparison of unilateral and bilateral rTMS was
based on just 2 RCTs, compared to 6 in the current study.
It is possible that our literature search strategy identified
additional trials. In the previous meta-analysis, Berlim et al.
(19) claimed that previous meta-analyses screened the
database up to late 2008, and therefore only searched
Medline from 1 October 2008 until 20 July 2012. Because
the included trials from previous meta-analyses may not
fully represent all of the published data, the analyses may
have suffered from significant bias. In addition, the review
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by Berlim et al. (19) aimed to directly compare sham and
bilateral rTMS in MDD patients; unilateral rTMS was not
included in the discussion. However, in this review, we
performed a subgroup analysis of bilateral and unilateral
rTMS in TRD patients.

There was statistical heterogeneity for both response
and remission in bilateral versus other rTMS paradigms.
However, a subgroup analysis comparing unilateral and
sham rTMS did not show significant heterogeneity with
regard to response or remission. This heterogeneity may
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be due to the gross inconsistency in efficacies between
unilateral and sham rTMS in TRD patients. In addition,
heterogeneity may derive from the studies’ different diag-
nostic criteria, ages, and TRD stages, which were also
reported by another systematic review on rTMS for TRD (35).

Our findings did not indicate that bilateral rTMS was
superior to unilateral rTMS, but we did observe moderate
heterogeneity. This heterogeneity was investigated by
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subgroup analyses of rTMS parameters, including stimula-
tion pattern, intensity, duration, and total stimuli. Variations
in these parameters could play important roles in rTMS
treatment outcomes (36). Three bilateral rTMS stimulation
patterns were reviewed in this study: simultaneous rTMS,
low-frequency right PFC followed by high-frequency left
PFC rTMS, and high-frequency left PFC rTMS followed by
low-frequency right PFC. Moreover, some clinical studies
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Figure 3. Subgroup analyses: bilateral vs unilateral repetitive transcranial magnetic stimulation (rTMS) and bilateral vs sham rTMS. A,
Comparison of bilateral vs unilateral rTMS for primary outcome; B, comparison of bilateral vs unilateral rTMS for secondary outcome;
C, comparison of bilateral vs sham rTMS for primary outcome; D, comparison of bilateral vs sham rTMS for secondary outcome.
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have classified stimulation intensities into <110% motor
threshold (MT), 110% MT, and >110% MT (37). Besides,
the total treatment stimuli in the bilateral rTMS treatments
were classified as <36,000 pulses or >36,000 pulses.
Thus, none of the bilateral rTMS parameter subgroups was
associated with significant increases in response com-
pared with unilateral rTMS. However, it is important to note
that the subgroups included in these analyses only in-
cluded data from a few RCTs.

There are two views regarding the use of bilateral and
unilateral rTMS in patients with TRD. The firstis based on the
presence of a “nondominant hemisphere response pattern”
in MDD patients compared to a “bilateral response pattern”
in most healthy volunteers (38). In addition, some research-
ers have pointed out that right-handed patients may benefit
more from left high-frequency rTMS, whereas left-handed
patients may benefit more from right low-frequency rTMS
(32,33). Therefore, bilateral rTMS may only activate the
dominant hemisphere in depressed patients, producing a
unilateral antidepressant effect. The second view is that
unilateral prefrontal rTMS produces bilateral effects in cases
of high-intensity stimulation. Nahas et al. (39) reported that
80% MT only produces significant activation under the coil,
100% MT produces contralateral activation, and 120% MT
produces bilateral prefrontal activation. Thus, the mechan-
ism(s) underlying the antidepressant effect of bilateral rTMS
effect remain uncertain.

Approximately 30 systematic reviews and meta-ana-
lyses of rTMS for MDD and TRD have been published, and
most were pooled from randomized, double-blinded, and
sham-controlled trials. Berlim et al. recently reported a
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