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E X E C U T I V E  S U M M A R Y  

Repetitive Transcranial Magnetic Stimulation (rTMS) is a non-invasive neurostimulation technique 
for treating patients with treatment-resistant depression. While rTMS is gaining acceptance as an 
effective treatment approach, it is unclear what the optimal protocols are for treating acute-phase 
depression as well as preventing relapse in patients who have responded to rTMS. This report aims 
to review the current evidence on rTMS for reducing depressive symptoms and preventing relapse in 
patients with depression.  

Method 

In 2013, an Evidence Review of 21 studies published up to July 2012 was undertaken through ISCRR 
to determine the safety and effectiveness of rTMS for depression. The overall findings from that 
review were inconclusive due to insufficient evidence. In the current review, we undertook an 
updated systematic search of the scientific literature in July 2019 to identify studies published since 
July 2012 that investigated the safety and effectiveness of rTMS for depression. Studies were 
critically appraised and findings were synthesised qualitatively. 

Key findings 

rTMS stimulation protocols  

 There was substantial variability in the stimulation protocols used to treat patients with 
treatment-resistant depression 

 There was a significantly higher response and remission rate and longer durability of effect 
in patients who received more sessions (up to a maximum of 20 sessions) and more pulses 
per session (1200 to 1500 pulses/session) 

 Concurrent use of antidepressant medication had mixed effects on response and remission 

 Concurrent use of psychotherapy during rTMS showed promising results by increasing the 
response and remission rates 

Effectiveness of rTMS for acute-phase depression 

 rTMS significantly reduced depressive symptoms from baseline in almost all studies 

 In most studies, rTMS was significantly more effective in the short term (up to 4 weeks) for 
achieving a response compared with sham controls; however, there was a large placebo 
effect, whereby patients in the sham group also responded   

 rTMS had mixed effects on remission rates, with a smaller number of studies demonstrating 
significantly higher rates in the active rTMS group compared with sham controls; but follow-
up periods were short in most studies 

 There was no significant difference in effectiveness between rTMS protocols described in 
the published studies  

 Longer term outcomes for acute-phase depression were generally unclear; but a small 
number of studies showed that response and remission rates decayed over time 

Effectiveness of rTMS for maintenance therapy  

 Tapered or clustered maintenance schedules were effective for extending the period of 
remission 
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 A tapered schedule of rTMS provided at a rate of at least one session per week significantly 
reduced the relapse rate compared with controls 

 Ten rTMS sessions clustered over 3-5 days, once per month significantly reduced the rate of 
relapse compared with controls 

 One rTMS session per month was insufficient to prevent relapse 

Safety of rTMS for acute-phase depression or maintenance therapy  

 Very few serious adverse effects (e.g. suicide, seizures) were reported; and there was no 
significant difference in adverse events between active rTMS and sham controls 

 Transient mild adverse effects such as headaches, discomfort at the stimulation site and 
dizziness were reported in a higher proportion of patients receiving active rTMS compared 
with sham controls; however, painfulness at the site reduced over time with each session 

Influence of rTMS setting on outcomes  

 There was insufficient evidence to determine whether the inpatient or outpatient setting 
was more effective for achieving response and remission 

Outcome measures to assess rTMS 

 Outcome measures to assess rTMS for acute-phase depression were response and 
remission, with the HAM-D instrument most commonly used 

 Outcome measures for maintenance rTMS were the time between remission and relapse 
and the rate of relapse. 

Implications 

Overall rTMS for acute-phase depression is effective in the short term and safe; but may require 
ongoing maintenance treatment to extend remission. While there is no consensus in the literature 
about what is considered best practice, a higher number of sessions (up to 20) and 1200 to 1500 
pulses per session appears to influence response/remission rates and the durability of effect. 
Clustered rTMS for maintenance is effective and may be logistically more acceptable for inpatients in 
terms of attending treatment sessions; whereas tapered sessions may be preferable for outpatients. 
Individualised stimulation protocols and schedules, based on clinical judgement, may be needed to 
achieve optimal outcomes.  

The findings from this updated Evidence Review provide a better understanding of the safety and 
effectiveness of rTMS for treating depression and the stimulation protocols that have been 
implemented. While larger, well-controlled trials are still needed to determine longer-term effects, 
the current findings may be used to inform decisions about treatments for workers with treatment-
resistant depression.  
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I N T R O D U C T I O N  

In 2013, an Evidence Review on Repetitive Transcranial Magnetic Stimulation (rTMS) for the 
treatment of depression was undertaken through the Institute for Safety Compensation and 
Recovery Research (ISCRR). The review, which involved a systematic review of research published 
before July 2012, determined that the evidence pertaining to the effectiveness of rTMS was 
inconclusive.   

In July 2018, WorkSafe Victoria (WorkSafe) introduced an rTMS policy based on current research 
evidence that supported rTMS as a treatment for patients with depression who have not responded 
to two or more adequate trials of different classes of antidepressant medications; or who cannot 
tolerate antidepressant medications due to side effects. The policy also permits workers to access 
the treatment as an outpatient.  

Repetitive TMS is still considered by WorkSafe as a non-established, new or emerging treatment 
(NeNET) because there is no Medicare Benefits Schedule (MBS) item number. 

The number of referrals for the treatment has steadily increased in recent years. In 2016/17, 72 
workers accessed the treatment compared to 122 workers between July 2018 and March 2019 
(approximately 130% increase). Alongside the increase of workers accessing the treatment, there 
has been a noticeable increase in requests for continuation and maintenance of rTMS treatment for 
a subgroup of workers.  

An issue that has been highlighted by WorkSafe Clinical Panel members is that the WorkSafe policy 
does not provide sufficient information about ongoing Maintenance rTMS. It is, therefore, important 
that WorkSafe is provided with an up-to-date account on what is considered best practice for 
ongoing (continuation and maintenance) rTMS treatment to improve outcomes for workers and the 
possible financial liability impact to the scheme. Therefore, one of the aims of this Evidence Review 
was to address this concern.  

Background 

Major Depressive Disorder (MDD) is a common and debilitating disorder that is ranked first in the 
global burden of disease, with a lifetime prevalence of almost 15 percent.1, 2 A clinical diagnosis of 
MDD is made based on the presence of at least five of the following nine DSM-5 criteria:  

1. Depressed mood or irritable most of the day, nearly every day 

2. Decreased interest or pleasure in most activities, most of each day  

3. Significant weight change (5%) or change in appetite  

4. Change in sleep: Insomnia or hypersomnia  

5. Change in activity: Psychomotor agitation or retardation  

6. Fatigue or loss of energy  

7. Guilt/worthlessness: Feelings of worthlessness or excessive or inappropriate guilt  

8. Concentration: diminished ability to think or concentrate, or more indecisiveness  

9. Suicidality: Thoughts of death or suicide, or has suicide plan. 
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Although many people recover from a depressive episode with minimal intervention, approximately 
30 to 40 percent of patients have ongoing depressive symptoms that delay their recovery and affect 
their ability to function, socially and at work.3 Residual symptoms and resistance to treatment 
influence the risk of relapse and are major challenges for healthcare professionals and the 
individual’s recovery pathway.  

Treatments for MDD 

The first-line therapy for patients with MDD is pharmacological treatment with antidepressants 
and/or psychotherapy. There are four main classes of antidepressants, which have different 
mechanisms of action: selective serotonin reuptake inhibitors, serotonin-norepinephrine reuptake 
inhibitors, tricyclic antidepressants and monoamine oxidase inhibitors. When patients fail to respond 
to one type of antidepressant, the second-line treatment is to switch to a different class of 
antidepressant. However, after multiple dose regimens, approximately 30 percent of patients still 
fail to respond.1 Treatment resistance is defined as an inadequate response to at least two adequate 
trials of different classes of antidepressants.4 

For patients who are resistant to pharmacological agents, the third-line treatments include 
electroconvulsive therapy (ECT) and rTMS. Although ECT is accepted as an effective treatment in 
treatment-resistant depression, particularly for severe depression, it is performed under anaesthetic 
and there are potential adverse effects associated with repeated anaesthesia (e.g. temporary 
memory loss, confusion, nausea and vomiting).   

Therefore, there is growing interest in the use of rTMS as an alternative treatment for patients who 
fail to respond to first-line treatments.  

Repetitive transcranial magnetic stimulation (rTMS) 

Repetitive TMS is a non-invasive neurostimulation technique that modulates neuronal excitability in 
the area of the brain that regulates mood. Electromagnetic pulses, which are generated by a coil 
placed on the scalp, induce a transient magnetic field that penetrates to the underlying prefrontal 
cortex. Before patients receive treatment and to determine therapeutic benefit, the strength of the 
magnetic field is adjusted according to the motor threshold. A resting motor threshold defines the 
minimum stimulation intensity required to achieve cortical excitability (i.e. when the patient’s 
fingers twitch).5  

The procedure, which takes approximately 40-45 minutes per session, is performed on a conscious 
patient, without need for anaesthetic or muscle relaxant. A typical course of rTMS therapy involves 
daily treatments (five days/week) for three to six weeks.5 However, there is substantial variability 
across all aspects of the rTMS procedure, including: 

 Coil type and positioning 

 Stimulation protocol (intensity, frequency, resting motor threshold, number of 
pulses/session, length of interval between stimulations) 

 Duration or number of sessions/course 

 Concomitant therapies 

 Ongoing maintenance rTMS to prevent relapse. 

The most common rTMS protocol is:6 

 High-frequency (HF, 10Hz) rTMS to the left dorsolateral prefrontal cortex (L-DLPFC) 

 Resting motor threshold at 110% 
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 Pulse rate: four seconds stimulus (inter-train interval 26 seconds) 

 Total 1600 pulses per session 

 Sessions delivered five days per week (weekdays) over 3-4 weeks (total 15-20 sessions).  

The most common sham protocol is to tilt the active coil 90° away from the scalp so that patients get 
a sensation, without active stimulation of the underlying cortex.6  

Currently, there is no consensus on the optimal rTMS protocols for: 1) treating acute-phase MDD in 
treatment-resistant patients; or 2) maintaining remission in patients who have previously responded 
to rTMS.  

Medical Benefits Scheme item for rTMS - update 

The Medical Services Advisory Committee (MSAC) has recently given support to establishing a MBS 
item for “initial treatment with rTMS of finite duration for adults diagnosed with antidepressant 
medication resistant major depressive disorder who have failed to receive satisfactory improvement 
despite adequate trialling of at least two (2) different classes of antidepressant medicines and who 
have not received treatment with rTMS previously”.7 The proposed schedules are expected to be 
drawn up in May 2020 and funding implemented between November 2020 and May 2021. 
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O B J E C T I V E S  

The objectives of this Evidence Review were to review the current scientific evidence on the safety 
and clinical effectiveness of rTMS for depression; and the safety and clinical effectiveness of 
maintenance rTMS for preventing relapse. The Evidence Review will assist WorkSafe in decision 
making to ensure workers receive current evidence-based best practice treatment. This Evidence 
Review will also be used by WorkSafe to develop rTMS policy, and provide a resource tool to the 
Clinical Panel, agents, psychiatrists and workers.  

Research Questions  

The key research questions developed in consultation with WorkSafe Victoria were: 

1. What rTMS protocols (i.e. what number of treatments over what time period) are effective in 
treating acute‐phase depressive symptoms OR maintaining response or remission? 

2. What is the effectiveness and safety of rTMS in treating acute‐phase depressive symptoms 
(including response and remission)? 

3. What is the effectiveness and safety of rTMS in maintaining response or remission (i.e. 
preventing relapse or recurrence), whether as a single treatment or part of a combination 
treatment? 

4. In what setting, inpatient or outpatient, is rTMS most effective in treating acute‐phase 
depressive symptoms OR maintaining response or remission? 

5. What are the outcome measures used when determining a patient’s response to rTMS and 
associated maintenance rTMS?    
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M E T H O D S  

In 2013, an Evidence Review of 21 studies published up to July 2012 was undertaken through ISCRR 
to determine the safety and effectiveness of rTMS for depression. The overall findings from that 
review were inconclusive due to lack of evidence. In the current review, we undertook an updated 
systematic search of the scientific literature in July 2019 to identify studies published since July 2012 
that investigated the safety and effectiveness of rTMS for depression. Studies were critically 
appraised and findings were synthesised qualitatively. 

Literature search 

The specific inclusion and exclusion criteria are described in Table 1.  

Table 1. Specific inclusion and exclusion criteria 

Criteria  Inclusion Exclusion 

Patient/ population Adults, including geriatrics, male and 

female. Depression, acute or chronic, new 

onset, relapsed, treatment resistant or in 

remission 

Children, bipolar depression, Parkinson’s 

disease; schizophrenia; other medical 

conditions; only a paediatric population 

Intervention/ indicator  Repetitive transcranial magnetic 

stimulation - any dose 

Non‐repetitive transcranial magnetic 

stimulation 

Comparison/ control  Standard care which may include 

admission, antidepressants, psychological 

counselling, electroconvulsive therapy 

(ECT) or comparison to placebo (sham) 

N/A 

Outcomes  Response and remission of depressive 

symptoms, prevention of depression 

relapse, medication use, healthcare use, 

function in daily activities, quality of life, 

social functioning, return to work, adverse 

events 

N/A 

 

Setting  In-patient or out-patient Patients in a long-term care facility. 

Study Design (see note 

below) 

Evidence‐based guidelines (EBG’s), 

systematic reviews (SRs), health technology 

assessments (HTA) and controlled trials. 

Non‐evidence‐based guidelines, non‐

systematic reviews, cohort studies, case 

control studies, case series, editorials, 

letters and commentaries 

Publication details  English language studies on humans Non-English studies, animal studies 

Time period  Research published since July 2012 to July 

2019 

Research published pre- July 2012 

 

Note that for acute-phase depression, quantitative studies without appropriate controls or low-level 
evidence studies were excluded as there was a large evidence base of controlled studies available. 
However, for maintenance rTMS, searches identified four controlled studies that evaluated the 
effectiveness of maintenance rTMS therapy. Due to the paucity of evidence, two uncontrolled open 
label trials were included for review, as they were undertaken in Australia and provided longer-term 
follow-up. 
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Search process 

The search process is summarised in Figure 1 and further described in the Appendix. 

Study Classification 

Initially 3197 records were identified through database searches. Following removal of duplicates, 
the titles and abstracts of 2129 papers were reviewed manually. After the initial title and abstract 
screen, 89 papers were identified as potentially relevant. Full-text papers were obtained and 
assessed for eligibility. Fifty-four records were excluded as they did not meet the inclusion criteria 
for this review. 

Thirty-five papers that investigated the clinical effectiveness of rTMS for depression in adults fit the 
inclusion criteria and were retained for data extraction and synthesis. Information on study design, 
sample characteristics, intervention characteristics and study results was extracted for each included 
study. One reviewer systematically extracted information from all included papers.  

One recent systematic review and network meta-analysis8 that was identified in the MSAC 
submission7 was excluded from this Evidence Review. Relevant data were not extracted as the 
authors had pooled data from all rTMS studies, irrespective of the variations in protocols, thus 
limiting the information required to inform the current review. In addition, all the studies (11 RCTs) 
included in the meta-analysis have been included in at least one of the other nine systematic reviews 
or assessed as primary studies in this Evidence Review.  

Quality assessment and synthesis 

One reviewer assessed the quality of all the systematic reviews using the Health Evidence Quality 
Assessment Tool developed by McMaster University;9 and the primary studies were evaluated using 
the Effective Public Health Practice Project quality assessment tool for quantitative studies.10 A 
second reviewer assessed the quality of a sample of systematic reviews and primary studies and any 
discrepancies between reviewers were discussed and scores were determined by consensus. 

Characteristics and data were extracted from included studies and summarised in tables. Due to the 
heterogeneity of studies, a meta-analysis was not appropriate and findings were synthesised 
qualitatively, allowing for the quality and limitations of the evidence base.   
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Figure 1. PRISMA diagram showing search process for identifying studies of rTMS treatment in patients with 

depression.  
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F I N D I N G S  

Study characteristics 

Database searches identified 2139 records published since 2012, after duplicates were removed. 
Nine systematic reviews and 26 primary studies were included for review.  

Of the nine included systematic reviews and meta-analyses: 

 Location: three were undertaken in Germany,6, 11, 12 two in Canada,13, 14 two in China15, 16 and 
two in the United States (US).17, 18  

 Five systematic reviews evaluated the effectiveness of rTMS12-14, 16 including accelerated 
stimulation protocols18 

 Four systematic reviews compared the effectiveness between different protocols, including 
the types of coil (Figure 8 vs H1);11 and stimulus frequency or position.6, 15, 17  

Of 23 primary studies that investigated safety and effectiveness of rTMS for acute phase depressive 
symptoms: 

 Seven studies were undertaken in the US19-22 and Canada;2, 23, 24 eleven in European 
countries;3, 25-34 and one each in China35 and South Korea.36  

 Apart from one study that only investigated the adverse effects of rTMS,19 all the other 
studies evaluated the effectiveness of different parameters of stimulation protocols. 

Of the six studies that investigated the effectiveness and safety of rTMS protocols for maintenance: 

 Two were conducted in Australia,4, 37 two in France38, 39 and one each in the US40 and 
China.41  

The key characteristics and outcomes of systematic reviews and meta-analyses are shown in Table 2 
and the key characteristics of primary studies are shown in Table 3. 
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Table 2. Key characteristics and findings of systematic reviews 

Reference, Year 

(Country)  

No. of 
databases 

(Years 
searched) 

No. of primary 
studies 

Intervention 

(control) 

Population of 
interest 

Key outcomes Key findings Quality 
rating1 

Chen 201315 

China 

6 

(Any date to 

March 2013) 

7 RCTs Compare 

protocols LF-

rTMS to R-DLPFC 

vs HF-rTMS to L-

DLPFC 

Patients with 

treatment-

resistant MDD 

Response: 43.1% of HF-rTMS 

and 42.8% of LF-rTMS 

achieved response 

NS difference between protocols 

Limitations: small sample sizes; short 

follow-up 

Strong  

Gaynes 201417 

US 

5 

(1980 to March 

2013) 

18 RCTs rTMS (any 

protocol) 

(sham) 

Patients with 

treatment-

resistant MDD 

Response: 15/18 studies 

reported significant ↓ in 

depression scores; 29% 

response rate vs 8% in sham; 

3x more likely to respond RR 

3.4 [2.2, 5.1] 

Remission: 30% vs 6% in 

sham; 5x more likely to remit 

RR 5.1 [2.5, 10.3] 

rTMS is effective treatment for 

treatment-resistant MDD 

NS difference in protocols, adjuvant 

antidepressants or depression 

severity 

Limitations: small sample sizes; short 

follow-up 

Strong  

Gellersen 201911 

Germany 

2 

(Any date to 

June 2016) 

19 studies 

(uncontrolled 

open label & 

RCTs) 

Effectiveness of 2 

protocols, 18-

20Hz rTMS to L-

DLPFC, 10-20 

sessions 

Fig 8 coil (more 

focal, less 

intense, 80-110% 

MT) 

H1 coil (less focal, 

more intense, 

N=368 patients 

with unipolar 

MDD 

Response (at 10 sessions): 

29% patients achieved 

significant ↓ in depression 

scores vs baseline with either 

coil 

Remission (at 10 sessions): 

15% patients achieved 

remission with either coil 

Larger ↓ in depression scores in 

studies with younger patients 

Larger ↓ in depression scores in H1-

coil vs Fig 8-coil studies (independent 

of the study design) 

Trend towards higher remission rates 

in Fig 8-coil vs H1-coil 

Adverse effects: 2 seizures with H1 

coil 

Limitations: includes studies without 

Strong 
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Reference, Year 

(Country)  

No. of 
databases 

(Years 
searched) 

No. of primary 
studies 

Intervention 

(control) 

Population of 
interest 

Key outcomes Key findings Quality 
rating1 

120% MT) 

(sham) 

control group 

Kedzior 201512 

Germany 

3 

(Any date to 

September 

2013) 

16 RCTs 

(2 outliers 

excluded from 

analysis) 

HF-rTMS to L-

DLPFC, 10-15 

sessions 

(sham) 

N=495 patients 

with unipolar 

MDD 

Response: 

HF-rTMS significantly 

↓depression scores vs 

baseline, mean difference -

0.55 [95% CI -0.75 to -0.35], 

p<0.001 

Durability of effects was associated 

with outpatient setting, shorter total 

illness, concurrent antidepressant 

medication; more frequent rTMS 

HF-rTMS is effective in short-term 

without maintenance; decays over 

time 

Limitations: small effect size; short 

follow-up 

Strong   

Somnez 201918 

US 

7 

(Any date to 

December 2017) 

18 (6 RCTs; 5 

open label) 

shared samples 

in some studies 

Effectiveness of 

any accelerated 

rTMS or TBS 

N=366 patients 

with MDD  

Response: 

Significant ↓ in depression 

scores from baseline;  

Meta-analysis of 3 RCTs: 

cumulative effect size 0.39 

[95% CI 0.01 – 0.78] 

NS difference vs sham 

Accelerated stimulation protocols are 

equivalent to rTMS and generally 

well-tolerated 

Adverse effects: 23% headaches; 13% 

local discomfort; 2% nausea or 

dizziness; 3% moderate to severe 

effects; NS vs sham 

Limitations: small sample sizes; short 

FU; high variability in protocols 

Strong 

Teng 201716 

China 

4 

(January 1990 to 

June 2016) 

30 RCTs HF-rTMS to L-

DLPFC; 5-20Hz; 

80-120% MT; 

250-3000 

pulses/session 

N= 1754 

patients with 

MDD  

Response:  

Significant ↓ depression 

scores vs sham: SMD: -0.73 [-

1.0 to -0.47], p<0.00001 

No. of sessions influenced 

HF-rTMS significantly ↓ depression 

severity vs sham control 

Optimal antidepressant effect size 

occurred at maximum stimulation of 

1200-1500 pulses/day  

Limitations: results may be 

Strong  
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Reference, Year 

(Country)  

No. of 
databases 

(Years 
searched) 

No. of primary 
studies 

Intervention 

(control) 

Population of 
interest 

Key outcomes Key findings Quality 
rating1 

therapeutic effect: 

5 sessions: SMD -0.43 [-0.8 to 

-0.05] 

10 sessions: SMD -0.60 [-0.98 

to -0.23] 

15 sessions: -1.13 [-1.96 to -

0.30] 

20 sessions -2.72 [-5.12 to -

0.35] 

confounded by heterogeneity in the 

number of rTMS sessions and the 

time intervals between sessions 

Berlim 201314 

Canada 

5 

(1995 to July 

2012) 

8 RCTs LF-rTMS to R-

DLPFC 1Hz ≥10 

session vs sham 

Patients with 

MDD (unipolar 

or bipolar) 

Response: 38.2% rTMS vs 

15.1% sham responded OR 

3.35 [95% CI 1.4-8], p=0.007  

Remission: 34.6% vs 9.7% 

sham OR 4.8 [95% CI 2.1 to 

10.6], p<0.0001 

Sensitivity analysis: NS 

unipolar vs bipolar MDD 

LF-rTMS is a promising and 

acceptable treatment for MDD 

Limitations: small sample sizes; short 

follow-up; blinding integrity in 

studies was not reliable; method of 

locating the DLPFC was not always 

accurate 

Moderate  

Berlim 201313 

Canada 

5 

(1995 to July 

2012) 

6 RCTs HF-rTMS to L-

DLPFC for >5 

sessions combined 

with 

antidepressants 

Patients with 

MDD 

Response: HF-rTMS 43.3% vs 

26.8% in sham OR 2.5 [95% CI 

1.1 to 5.6]; p=0.025 

Remission: NS between groups 

(23% vs 12%) 

HF-rTMS enhances the clinical effects 

of antidepressant medication 

Limitations: small sample sizes; short 

follow-up; blinding integrity in 

studies was not reliable; method of 

locating the DLPFC was not always 

accurate 

Moderate  

De Santis 20146 3 54 RCTs  Any rTMS: HF to 

L-DLPFC; LF to R-

Patients with 

MDD (unipolar 

Response: All protocols significantly ↓ 

depression scores vs sham controls 

Moderate  
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Reference, Year 

(Country)  

No. of 
databases 

(Years 
searched) 

No. of primary 
studies 

Intervention 

(control) 

Population of 
interest 

Key outcomes Key findings Quality 
rating1 

Germany (2008 to 2013) 

(1995-2008 from 

previous meta-

analysis) 

(14 RCTs, 2008-

2013; 40 RCTs 

1995-2008) 

DLPFC; bilateral 

or sequential to 

both 

(sham) 

or bipolar) Significant ↓ in depression 

scores from baseline vs sham 

controls 

Effect size: -0.42 [95% CI -

0.66 to -0.18], p<0.001 

NS differences unipolar vs 

bipolar 

over the short term (≤1 month) 

Limitations: No formal quality 

assessment of studies was 

undertaken 

Notes: 1 Quality assessment was determined using the Health Evidence checklist;9 CI=confidence intervals; L-DLPFC = left dorsolateral prefrontal cortex; LF = low frequency; HF = high 

frequency; MDD = major depressive disorder; MT = resting motor threshold; NS = not significant; R-DLPFC = right dorsolateral prefrontal cortex; RCT = randomised controlled trials; RR = 

relative risk; rTMS = repetitive transcranial magnetic stimulation; SMD = standard mean difference 
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Table 3. Key characteristics of primary studies 

Reference, Year 

(Country)  

Study design 

Level of 
evidence 

Population; N; 
% male 

Intervention 

(Follow-up) 

Key characteristics of 
intervention 

Control  Primary outcomes Secondary 
outcomes 

Quality 
rating1 

Blumberger 

201823 

Canada 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

N=414; 42% 

male 

iTBS to L-DLPFC 

(12 weeks) 

B70 coil, 3x 50Hz bursts, 

repeated at 5Hz; 20 

sessions over 5 d/week x 

4 weeks 

2 treatment 

groups; no sham 

Response 

Remission 

Pain 

Anxiety  

Strong  

Borckardt 201319 

US 

RCT 

Level II 

Patients with 

unipolar MDD; 

N=199; % male 

not stated 

HF-rTMS to L-DLPFC 

(3 weeks) 

Fig 8 coil 20Hz; 15 sessions 

over 5d/week x 3 weeks 

Sham Painfulness  None stated Strong  

Brunelin 201426 

France 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

N=170; 31% 

male 

LF- rTMS to R-DLPFC + 

Venlafaxin 

(6 weeks) 

Fig 8 coil 1Hz; 1 

session/day, 5d/week x 2-6 

weeks (till remission) 

Antidepressant 

(Venlafaxin) 

Remission Response  Strong  

Carpenter 201720 

US 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

N=92; 22% male 

HF-rTMS to L-DLPFC and 

dorsomedial PFC 

(2 months) 

2-coil 10Hz; 20 sessions 

over 5d/week x 4 weeks 

Sham Response Remission Strong  

Concerto 201527 

Italy 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

N=30; 60% male 

HF-rTMS to L-DLPFC 

(6 months) 

Fig 8 coil 10Hz; 20 sessions 

over 5d/week x 4 weeks 

Sham Response Neurocognitive 

function 

Strong  

Filipcic 201929 

Croatia 

RCT 

Level II 

Outpatients 

with MDD; 

N=228; 47% 

male 

HF-rTMS to L-DLPFC + 

pharmacotherapy 

(4 weeks) 

H1 coil 18Hz; Fig 8 coil 

10Hz; 20 sessions over 5 

d/week 

Pharmacothera

py  

Remission (HAM-

D<8) 

Response 

Safety 

Tolerability 

Strong  

Kang 201636 

South Korea 

RCT 

Level II 

Outpatients with 

MDD; N=24; 25% 

male 

HF-rTMS to L-DLPFC 

(4 weeks) 

Fig 8 coil 10Hz, 10 sessions 

over 5d/week x 2 weeks 

Sham Response 

Remission 

None stated Strong  
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Reference, Year 

(Country)  

Study design 

Level of 
evidence 

Population; N; 
% male 

Intervention 

(Follow-up) 

Key characteristics of 
intervention 

Control  Primary outcomes Secondary 
outcomes 

Quality 
rating1 

Kaster 20182 

Canada 

RCT 

Level II 

Outpatients 

aged 60-85y 

with unipolar 

MDD; N=52; 

68% male 

HF-rTMS to L-DLPFC 

and ventrolateral PFC 

(4 weeks) 

H1 coil 18Hz; 20 sessions 

over 5d/week x 4 weeks 

Sham Remission (HAM-

D≤10, ≥60% ↓from 

baseline) 

Response Strong  

Kavanaugh 

201821 

US 

RCT 

Level II 

Outpatients 

with unipolar 

MDD; N=92; 

28% male 

HF-rTMS to L or 

bilateral DLPFC 

(4-6 weeks) 

2-coil 10Hz; 20 sessions; 

1/day over 4 weeks 

Sham Neurocognitive 

function 

Response  Strong  

Prasser 201531 

Germany 

RCT 

Level II 

In and 

outpatients with 

MDD; N=56; 48% 

male 

Bilateral rTMS or cTBS to 

L and R-DLPFC 

(11 weeks) 

Fig 8 coil 1Hz to R-DLPFC 

and 10Hz to L-DLPFC; 10 

sessions over 2d/week x 2 

weeks 

Sham Response 

Remission 

None stated Strong  

Theleritis 201733 

Greece 

RCT 

Level II 

Outpatients with 

MDD; N=98; 51% 

male 

HF-rTMS to L-DLPFC 

1/day or 2/day  

(5 weeks) 

Fig 8 coil 10Hz; 15 or 30 

sessions over 5 d/week x 3 

weeks 

Sham 1/day or 

2/day 

Response 

Remission (HAM-

D≤8) 

None stated Strong  

Wajdik 201422 

US 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

N=68; % male 

not stated 

HF-rTMS to L-DLPFC 

(5 weeks) 

Fig 8 coil 10Hz; 15 sessions 

over 5d/week x 3 weeks 

Sham Response 

Remission 

Neurocognitive 

function 

Strong  

Wang 201741 

China 

RCT 

Level II 

In- and 

outpatients with 

unipolar MDD in 

partial or full 

remission; 

N=281; 28% 

male 

Clustered rTMS to L-

DLPFC +/- 

pharmacotherapy for 

maintenance 

(12 months) 

Fig 8 coil 10Hz; 10 sessions 

over 5 d/month for 3 

months; 5 sessions over 3 

d/month thereafter; 

gradual decrease in 

antidepressants over 1-2 

weeks 

Pharmacotherap

y 

Time to relapse Relapse rate Strong  
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Reference, Year 

(Country)  

Study design 

Level of 
evidence 

Population; N; 
% male 

Intervention 

(Follow-up) 

Key characteristics of 
intervention 

Control  Primary outcomes Secondary 
outcomes 

Quality 
rating1 

Baeken 201425 

Belgium 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

N=20; 35% male 

HF-rTMS to L-DLPFC 

(3 weeks) 

Fig 8 coil 20Hz; 20 sessions 

at 5 sessions/day over 4 

days 

Sham Response Functional 

connectivity in 

subgenual anterior 

cingulate 

Moderate  

Benadhira 201738 

France 

Open trial, 

followed by RCT 

Outpatients with 

MDD; N=58 

(open trial), 

N=17 

(maintenance 

RCT); 36% male 

HF-rTMS to L-DLPFC  

(10 months) 

Phase 1: Fig 8 coil 10Hz; 20 

sessions over 5d/week x 4 

weeks; Phase 2 (tapered 

maintenance) - 3 

sessions/week x 2 weeks; 2 

sessions/week x2 weeks; 1 

session/week x 2 months; 

1 session/2 weeks x 8 

months 

Sham – same 

schedule 

Response 

Remission  

None stated Moderate  

Kaster 201924 

Canada 

RCT 

Level II 

Outpatients 

with unipolar 

MDD; N=388; 

41% male 

iTBS to L-DLPFC 

(4 weeks) 

B70 coil, 3x 50Hz bursts, 

repeated at 5Hz; 20 

sessions over 5d/week  

Conventional 

rTMS (120% 

MT, 10Hz, 4sec 

on/26 sec off; 

3000 

pulses/session 

Response None stated Moderate  

Krstic 201430 

Serbia 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

N=19; 0% male 

LF-rTMS to R-DLPFC + 

partial sleep deprivation 

(26 weeks) 

Fig 8 coil 1Hz; 10 sessions 

over 5d/week x 2 weeks; 

patients woken at 1.30am 

and stayed awake for 20 

hours 

Sham  Response Remission Moderate  

Salcini 201832 

Turkey 

RCT 

Level II 

Outpatients 

with MDD; 

N=39; 32% male 

rTMS to L-DLPFC 

(3 weeks) 

Fig 8 coil 25Hz; 20 

sessions; 1 session/day 

over 3 weeks 

Sham Response 

Remission (HAM-

D≤8) 

Neurocognitive 

function 

Moderate  

Ullrich 201234 RCT Outpatients with 

severe MDD; 

Ultra high frequency Fig 8 coil 30Hz; 15 sessions LF-rTMS to R-

DLPFC (reported 

Response Neurocognitive Moderate  
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Reference, Year 

(Country)  

Study design 

Level of 
evidence 

Population; N; 
% male 

Intervention 

(Follow-up) 

Key characteristics of 
intervention 

Control  Primary outcomes Secondary 
outcomes 

Quality 
rating1 

Germany Level II N=43; 37% male rTMS to L-DLPFC 

(3 weeks) 

over 3 weeks as sham) function 

Valkonen-

Korhonen 20183 

Finland 

RCT 

Level II 

Inpatients with 

unipolar MDD; 

N=37; 46% male 

Bilateral rTMS to L and 

R-DLPFC 

(6 weeks) 

Fig 8 coil 1Hz to R-DLPFC 

and 10Hz to L-DLPCF; 30 

sessions over 5d/week 

Sham  Remission (HAM-D 

≤7) 

Response Moderate  

Wang 201735 

China 

RCT 

Level II 

Outpatients with 

first episode 

depression; 

N=48; 55% male 

HF-rTMS to L-DLPFC + 

paroxetine 

(8 weeks) 

Fig 8 coil 10Hz; 20 sessions 

over 5d/week x 4 weeks 

Sham Response 

Remission 

None stated Moderate  

Donse 201828 

Netherlands 

CCT 

Level III-2 

Outpatients with 

MDD; N=196; 

50% male 

HF-rTMS to L DLPFC; LF-

rTMS to R DLPFC; 

sequential High + low-

frequency rTMS; 

simultaneous CBT; 

maintenance rTMS in 

relapse patients 

(6 months) 

Fig 8 coil; 1Hz to R-DLPFC; 

10Hz to L-DLPFC; 10-25 

sessions over 2-3d/week; 

1-2/day; ≤ 25 sessions total 

3 treatment 

groups, no sham 

Response 

Remission 

None stated Weak  

Fitzgerald 201337 

Australia 

Open label 

study 

Level III-3 

Inpatients with 

MDD who 

responded to 

rTMS; N=35; 

23% male 

Clustered rTMS for 

maintenance– same 

protocol as patient 

responded to: 1Hz to R-

DLPFC, 10z to L-DLPFC or 

bilateral rTMS 

(patients were followed 

up until they relapsed; or 

up to 4 years, if in 

remission) 

Fig 8 coil; 5 sessions over 

2d/month  

No control Relapse rate None stated Weak  
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Reference, Year 

(Country)  

Study design 

Level of 
evidence 

Population; N; 
% male 

Intervention 

(Follow-up) 

Key characteristics of 
intervention 

Control  Primary outcomes Secondary 
outcomes 

Quality 
rating1 

Philip 201540 

US 

RCT 

Level II 

Outpatients with 

unipolar MDD; 

Phase 1 N=67; 

Phase 2 N=49; 

48% male 

HF-rTMS to L-DLPFC for 

maintenance 

(12 months) 

Phase 1: 10Hz, 30 sessions 

over 5d/week x 6 weeks; 

Phase 2: 10Hz, 1 

session/month x 12 

months 

Observation 

group 

Response 

Remission 

Time to relapse 

None stated Weak  

Pridmore 20184 

Australia 

Open study 

III-3 

Inpatients who 

had previously 

responded to ≥2 

rTMS 

(conventional 

protocol) & 

relapsed within 3 

months; N=39; 

28% male 

Cluster rTMS to L-DLPFC 

for maintenance 

(10 months) 

Fig 8 coil 10Hz; 5 

sessions/month, tapering 

off to 1/month over 10 

months 

No control group Response 

Remission 

Relapse rate 

Pain Weak  

Richieri 201339 

France 

CCT 

Level III-2 

Outpatients with 

MDD who 

responded to 

initial rTMS; 

N=59; 54% male 

rTMS to L or R-DLPFC for 

maintenance 

(20 weeks) 

Fig 8 coil 1Hz to R-DLPFC or 

10Hz to L-DLPFC; 7 sessions 

over 3 weeks tapered: 

3/week in week1, 2/week 

in week2-3; then 1/week x 

2weeks; 1/2week x 2 

months; 1/month x 2 

months 

Usual care, 

without 

maintenance 

rTMS 

Relapse rate None stated Weak  

Notes: 1 Quality of primary studies assessed using the EPHPP checklist;10 CCT = controlled clinical trial; cTBS=continuous theta burst stimulation; HF = high frequency; iTBS = intermittent theta 

bust stimulation; LF = low frequency; L-DLPFC = left dorsolateral prefrontal cortex; MDD = major depressive disorder; MT = motor threshold; RCT = randomised controlled trial; R-DLPFC = right 

dorsolateral prefrontal cortex; rTMS = repetitive transcranial magnetic stimulation 
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R T M S  P R O T O C O L S  F O R  A C U T E ‐ P H A S E  D E P R E S S I O N  O R  
M A I N T E N A N C E  T H E R A P Y  

Research question 1: What rTMS protocols (i.e. what number of treatments over what time period) 
are effective in treating acute‐phase depressive symptoms OR maintaining response or remission? 

Key findings 

 There was high variability in protocol parameters across studies (stimulation frequency, 
number of pulses/session, number of sessions, type of coil, concurrent treatments) 

 All protocols were significantly better than controls for achieving response and remission; 
but there was no significant difference between protocols 

 A small number of studies reported slight differences between coils – e.g. H1 coil was 
more effective than Figure 8 coil for severe depression; and led to higher rates of 
remission 

 Antidepressant effect size increased with more sessions, reaching maximal effect at 20 
sessions; and when patients received between 1200 and 1500 stimulation pulses per day 

 More frequent stimulation sessions also led to increased durability of effect 

 Concurrent use of antidepressant medication had mixed effects; but rTMS may allow lower 
dosages 

 Concurrent psychotherapy sessions may increase response and remission rates; but needs 
further evaluation in well-controlled studies 

 

The majority of trials that used rTMS for acute phase depressive symptoms (in systematic reviews 
and primary studies) employed high-frequency (≥10Hz) stimulation patterns to the L-DLPFC. A 
smaller number have used low-frequency (1Hz) stimulation to the R-DLPFC, either followed by high-
frequency stimulation to the L-DLPFC; or in combination with other treatments (e.g. pharmacology, 
psychotherapy, sleep deprivation). High-frequency stimulation triggers neural activity in the 
underlying cortical area, whereas low-frequency stimulation inhibits neural activity. The mechanisms 
of action for reducing depressive symptoms are not well understood.  

In more recent trials, the conventional parameters have been expanded to include ‘accelerated’ 
protocols (higher intensity, more stimulation pulses, more frequent treatments). For example, theta-
burst stimulation protocols, which are delivered in a shorter session at both intermittent and 
continuous stimulation patterns, have shown promise. Table 4 shows the typical stimulation 
parameters used in the five main stimulation protocols for treating acute-phase depressive 
symptoms, or maintaining remission. Table 5 shows a summary of the protocols used in the primary 
studies that assessed rTMS for acute phase depression; and Table 6 shows a summary of the 
protocols used in the primary studies that assessed maintenance rTMS.  

Stimulation protocols 

One meta-analysis that measured response and remission rates across different protocols reported 
significant reductions in depression scores compared with sham controls (3 times more likely to 
respond, 5 times more likely to remit). However, there was no significant difference between 
protocols, presence or absence of adjuvant antidepressants or depression severity.17 Similarly, one 
primary study28 reported no significant difference between stimulation protocols, high-frequency, 
low-frequency or bilateral sequential – combined with psychotherapy for up to 25 sessions. Each 
protocol was effective in achieving remission. However, this was an open label study without an 
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appropriate sham control group; therefore, the effectiveness may be overestimated as it does not 
account for the placebo effect. 

Theta burst stimulation protocols for depression  

The theta burst stimulation (TBS) pattern comprises three bursts of pulses at 50Hz, repeated every 
200 milliseconds.  

TBS is delivered in two different patterns: 

 Intermittent theta burst stimulation (iTBS) involves two seconds of stimulation (to the L-
DLPFC), followed by an eight second pause (inter-train interval), for a total of 192 seconds 
(600 pulses).  

 Continuous theta burst stimulation (cTBS) also involves two seconds of stimulation (to the R-
DLPFC), without interruption, for 40 seconds (600 pulses).  

An advantage of theta burst stimulation is that one session is completed in approximately three 
minutes, whereas high-frequency rTMS takes over 30 minutes. Therefore, more patients can be 
treated in a shorter timeframe. A cost analysis of iTBS compared with conventional HF-rTMS showed 
significant cost savings associated with shorter treatment sessions.43 

Only three studies assessed the effectiveness of TBS stimulation for depression. Intermittent TBS23, 24 
was effective in reducing depression scores in 10-20 sessions delivered over 2-4 weeks; however, 
continuous TBS31 was not significantly different from sham controls (See page 45).  

Table 4. Typical rTMS and TBS stimulation parameters used in treatment for depression  

Protocol Stimulation 
frequency 

Stimulation 
train duration 
(seconds) 

No. of 
trains 
/session 

Inter-train 
intervals 
(seconds) 

Pulses / session Total pulses in 20 
session treatment 

HF-rTMS 

to L-DLPFC 

10-20Hz 4 50-125 10-60 2,000 (75 trains) to 

5,000 (125 trains) 

40,000 – 100,000 

LF-rTMS 

to R-

DLPFC 

1Hz 60 6-30 1 360 (6 trains) to 

1800 (30 trains) 

7,200 -36,000 

Sequential bilateral rTMS: 1 session LF-rTMS to R-DLPFC followed by HF-rTMS to L-DLPFC (stimulation protocols as above) 

iTBS 3 x 50Hz at 

5Hz bursts 

192 (2s on/8s off) 1 N/A 600 12,000 

cTBS 3 x 50Hz at 

5Hz bursts 

40 (continuous 

on) 

1 N/A 600 24,000 

Source: Modified from Table 1 in Chen et al. 2019;42 cTBS = continuous theta burst stimulation; HF-rTMS = high-frequency 

repetitive transcranial magnetic stimulation; iTBS = intermittent theta burst stimulation; L-DLPFC = left dorsolateral 

prefrontal cortex; LF-rTMS = low-frequency repetitive transcranial magnetic stimulation; N/A = not applicable; R-DLPFC = 

right dorsolateral prefrontal cortex 
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Table 5. Summary of key parameters in stimulation protocols for treatment in acute-phase MDD 

Reference, Year 

(Country)  

Intervention Coil (intensity) Resting motor 
threshold 

Location of 
stimulus 

Pulse rate (total 
pulses; time) 

Duration 
(sessions; 
weeks) 

Additional 
treatment/ 
conditions 

Effectiveness 

Kaster 201924 

Canada 

Intermittent 

theta-burst 

stimulation 

rTMS 

B-70 fluid coil (3 

x 50Hz bursts, 

repeated at 5Hz) 

120% L-DLPFC 2s on/8s off 

(600/session; 3 

minutes) 

20 sessions; 1/d; 

5d/week; + extra 

10 sessions for 

non-responders 

Stable 

pharmacology 

Significant response 

from baseline; 

equivalent to HF-rTMS 

Filipcic 201929 

Croatia 

Comparison of 

H1-coil vs Fig 8 

coil  

H1 coil (18Hz) 

Fig 8 coil (10Hz) 

120% L-DLPFC H1 coil: 2s on/20s 

off 

(1980/session; 20 

min) 

Fig 8 coil: 4s 

n/26s off 

(3000/session; 40 

min) 

20 sessions; 

5d/week 

Stable 

pharmacology 

Equivalent remission in 

rTMS protocols; H1 

showed a better 

response rate; H1 may 

also be better for more 

severe depression 

Valkonen-

Korhonen 20183 

Finland 

Bilateral 

stimulation, with 

HF L-DLPFC and 

LF to R DLPFC 

Fig 8 coil (10Hz 

to L-DLPFC + 1Hz 

to R-DLPFC) 

110% L- & R-DLPFC R-DLPFC: 4 trains 

1Hz, 140 pulses, 

30s off; L-DLPFC: 

23 trains 10Hz, 

50 pulses, 25s off 

(30 mins) 

30 sessions of 

active bilateral 

rTMS ; 5d/week 

x 6 weeks 

Stable 

antidepressants 

NS different between 

rTMS and sham controls 

Salcini 201832 

Turkey 

HF-rTMS Fig 8 (25Hz) 100% L-DLPFC 2s on/30s off 

(1000/session) 

20 sessions; 

consecutive days 

(excl. Sundays) 

Stable 

pharmacology 

HF-rTMS was safe and 

effective  

Kavanaugh 

201821 

US 

Safety of 2-coil 

device  

2x centre-folded 

double coils 

(10Hz) 

120% L- or bilateral 

DLPFC 

4s on/26s off 

(3000/session) 

20 daily 

sessions; 4-6 

weeks 

Stable 

pharmacology 

2-coil device was safe  

Kaster 20182 Safety and 

effectiveness of 

H1 coil (18Hz) 120% L-DLPFC & 

ventrolateral 

2s on/20s off 20 sessions over 

5d/week x 4 

Stable Remission and response 

rates were higher in 
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Reference, Year 

(Country)  

Intervention Coil (intensity) Resting motor 
threshold 

Location of 
stimulus 

Pulse rate (total 
pulses; time) 

Duration 
(sessions; 
weeks) 

Additional 
treatment/ 
conditions 

Effectiveness 

Canada H1 coil for older 

patients 

PFC (6012/session; 61 

mins) 

weeks pharmacology rTMS vs control 

Donse 201828 

Netherlands 

1. HF-rTMS to L 

DLPFC; 2. LF-

rTMS to R DLPFC; 

3. sequential HF + 

LF-rTMS; 

maintenance 

rTMS in relapse 

patients 

Fig 8 coil 

(HF=10Hz; 

LF=1Hz) 

110-120% R-DLPFC or L-

DLPFC or 

sequential R and 

L-DLPFC 

HF-rTMS: 5s 

on/30s off 

(1500/session) 

LF 10s on/1s off 

(1200/session) 

10-25 sessions; 2-

3x/week; 1-2x/d 

Simultaneous 

psychotherapy 

(CBT x 45 mins, 2-

3d/week up to 

2x/day) 

NS difference between 

protocols 

Blumberger 

201823 

Canada 

Comparison of 

HF-rTMS with 

intermittent 

theta burst 

stimulation (iTBS) 

to determine 

inferiority 

B-70 coil 

iTBS: 50Hz bursts 

repeated at 5Hz 

rTMS 10Hz 

120% L-DLPFC iTBS 2s on/8s off 

(600/session; 3 

mins 9 secs) 

rTMS 4s on/ 20s 

off (3000/session; 

37.5 mins) 

20 sessions; 

1/day, 5/week 

over 4 weeks 

Stable 

antidepressants 

iTBS not inferior to HF-

rTMS 

Wang 201735 

China 

HF-rTMS  Fig 8 (10Hz) 80% L-DLPFC 2s on/28s off 

(800/session) 

20 sessions; 

5d/week x 4 

weeks 

Stable 

antidepressant 

(Paroxetine) 

Effective in short-term 

Theleritis 201733 

Greece 

Twice daily vs 

once daily HF-

rTMS  

Fig 8 coil (20Hz) 100% L-DLPFC 2s on/60s off 

(1600/session) 

15 sessions 

(1/day) 

30 sessions 

(2/day) weekdays 

x 3 weeks 

Antidepressants 

discontinued pre-

study; or 

minimal, 

stabilised 

Effective vs sham control 

Carpenter 201720 

US 

2-coil array rTMS  2x centre-folded 

double coil (10Hz) 

120% L-DLPFC & 

dorsomedial PFC 

4s on/26s off 

(3000/session) 

20 sessions over 

5d/week x 4 

weeks 

Stable 

antidepressants 

NS vs sham controls 
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Reference, Year 

(Country)  

Intervention Coil (intensity) Resting motor 
threshold 

Location of 
stimulus 

Pulse rate (total 
pulses; time) 

Duration 
(sessions; 
weeks) 

Additional 
treatment/ 
conditions 

Effectiveness 

Kang 201636 

South Korea 

Safety of HF-

rTMS 

Fig 8 coil (10Hz) 110% L-DLPFC 5s on/25s off 

(1000/session) 

10 sessions over 

5 d/week x 2 

weeks 

Stable 

antidepressants 

Significant response vs 

sham; NS difference in 

remission vs sham 

Prasser 201531 

Germany 

Comparison of 

bilateral rTMS, 

continuous theta-

burst stimulation 

(TBS) vs control 

Fig 8 coil (1Hz to 

R-DLPFC + 10Hz 

to L-DLPFC) 

rTMS 110% 

cTBS 80% 

L- & R-DLPFC rTMS: 5s on/25s 

off (2000/session) 

cTBS: 

(2400/session) 

10 sessions 

2d/week x 2 

weeks 

Stable 

pharmacology 

NS difference vs sham 

Philip 201540 Effectiveness of 1 

TMS 

session/month 

Fig 8 coil  

(10Hz) 

120% L-DLPFC 4s on/26s off 

(3000/session) 

Phase 1: up to 30 

sessions, 

5d/week x 6 

weeks; Phase 2: 1 

session/month 

No 

antidepressants 

NS difference vs control 

(observation only)  

Concerto 201527 

Italy 

Durability of HF-

rTMS 

Fig 8 coil (10Hz) 120% L-DLPFC 4s on/26s off 

(3000/session; 

37.5 mins) 

20 sessions; 

5d/week x 4 

weeks 

Stable 

antidepressants 

NS difference between 

rTMS and sham controls 

at 4 weeks; but sustained 

only in rTMS at 3 months 

Wajdik 201422 

US 

Safety of HF-

rTMS 

Fig 8 coil (10Hz) 110% L-DLPFC 4s on/26s off 

(24000/session) 

15 sessions; 

5d/week x 4 

weeks 

Stable 

antidepressants 

Safe and effective 

Krstic 201430 

Serbia 

LF-rTMS 

combined with 

sleep deprivation 

Fig 8 coil (1Hz) 110% R-DLPFC 5 trains 60 pulses, 

3mins off 

(3000/session; 20 

mins) 

10 sessions, 

5d/week x 2 

weeks 

Stable 

antidepressants; 

Partial sleep 

deprivation 2x 

over 2 weeks 

Safe and effective 

Brunelin 201426 

France 

LFrTMS  Fig 8 coil (1Hz) 120% R-DLPFC 1min on/30s off 

(360/session; 8 

mins 30secs) 

1 session/day; 

5d/week till 

remission 

Stable 

antidepressant 

(Venlafaxin): 

mean dose 

NS difference between 

protocols 
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Reference, Year 

(Country)  

Intervention Coil (intensity) Resting motor 
threshold 

Location of 
stimulus 

Pulse rate (total 
pulses; time) 

Duration 
(sessions; 
weeks) 

Additional 
treatment/ 
conditions 

Effectiveness 

179±36.6mg/day 

Baeken 201425 

Belgium 

Accelerated HF-

rTMS 

Fig 8 coil (20Hz) 110% L-DLPFC 1.9s on/12s off 

(1560/session; 

total 31200) 

20 sessions over 

4d/week 

3-week washout 

period pre-trial 

Safe and effective 

Borckardt 201319 

US 

Comparison of 

painfulness in 

rTMS vs sham 

Fig 8 coil 

(20Hz) 

120% L-DLPFC 4s on/26s off 

(3000/session; 

37.5 mins) 

15 sessions over 

3 weeks 

Not reported Painfulness in rTMS group 

decreased over time 

Ullrich 201234 

Germany 

Effectiveness of 

Ultra HF-rTMS in 

severely 

depressed 

patients 

Fig 8 coil 

(30Hz) 

110% L-DLPFC 3s on/57soff 

(1800/session) 

15 sessions over 

3 weeks 

Stable 

antidepressants; 

lithium 

medication in 

31% of UHF rTMS 

group 

Protocol was safe, but 

difference between 

groups attributed to 

lithium 

Notes: CBT = cognitive behavioural therapy; iTBS = intermittent theta burst stimulation; HF-rTMS = high frequency repetitive transcranial magnetic stimulation; L-DLPFC = left dorsolateral 

prefrontal cortex; LF-rTMS = low frequency repetitive transcranial magnetic stimulation; R-DLPFC = right dorsolateral prefrontal cortex; UHF = Ultra-high frequency 
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Table 6. Summary of key parameters for stimulation protocols for maintenance in MDD  

Reference, Year 

(Country)  

Intervention 

(N) 

Coil (intensity) Resting motor 
threshold 

Location of 
stimulus 

Pulse rate (total 
pulses; time)) 

Duration (sessions; 
weeks) 

Additional 
treatment/ 
conditions 

Effectiveness 

Donse 201828 

Netherlands 

1. HF-rTMS to L 

DLPFC; 2. LF-

rTMS to R DLPFC; 

3. Sequential HF + 

LF-rTMS; 

Maintenance 

rTMS in relapse 

patients 

(N=196) 

Fig 8 coil 

(HF=10Hz; 

LF=1Hz) 

110-120% R-DLPFC or L-

DLPFC or 

sequential R and 

L-DLPFC 

HF-rTMS: 5s 

on/30s off 

(1500/session) 

LF 10s on/1s off 

(1200/session) 

10-25 sessions; 2-

3x/week; 1-2x/d 

Simultaneous 

psychotherapy (CBT 

x 45 mins, 2-3 

x/week up to 2x/day) 

Simultaneous 

rTMS and 

psychotherapy 

may increase 

remission rates 

and extend the 

period of remission  

Pridmore 20184 Effectiveness of 5 

TMS monthly to 

prevent relapse 

(N=39) 

Fig 8 coil 

(10Hz) 

110% L-DLPFC 4s on/26s off 

(3000/session) 

Cluster of 5 

sessions/month 

delivered over 3 days; 

tapered off over time 

to 1/month 

Stable pharmacology Safe and effective 

Benadhira 201738 Effectiveness of 

maintenance 

rTMS 

(N=17) 

Fig 8 coil 

(10Hz) 

110% L-DLPFC 8s on/30s off 

(2000/session) 

10 sessions over 

5d/week; 

maintenance: 3 

sessions/week x 2 

weeks; 2 

sessions/week x 2 

weeks; 1 session /week 

x 2 months; 1 

session/2weeks x 8 

months 

Stable 

antidepressants 

Safe and effective 

Wang 201741 

China 

Clustered HF-

rTMS as 

maintenance 

protocol for 

Fig 8 coil (10Hz) 120% reduced to 

80% as needed 

L-DLPFC Clustered rTMS: 

23 trains, 50 

pulses 

10 sessions over 5 

days/month for 3 

months; 5 sessions 

over 3 d/month 

+/- antidepressants Safe and effective 
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Reference, Year 

(Country)  

Intervention 

(N) 

Coil (intensity) Resting motor 
threshold 

Location of 
stimulus 

Pulse rate (total 
pulses; time)) 

Duration (sessions; 
weeks) 

Additional 
treatment/ 
conditions 

Effectiveness 

patients with 

partial or full 

remission 

(N=48) 

(1150 

pulses/session; 15 

min) 

thereafter; gradual 

decrease in 

antidepressants over 

1-2 weeks 

Philip 201540 Effectiveness of 1 

TMS 

session/month 

(N=49) 

Fig 8 coil  

(10Hz) 

120% L-DLPFC 4s on/26s off 

(3000/session) 

Phase 1: up to 30 

sessions, 5d/week x 

6weeks; Phase 2: 1 

session/month 

No antidepressants Not effective 

Richieri 201339 

France 

Propensity 

analysis of 

maintenance 

rTMS vs no 

maintenance 

rTMS after acute-

phase rTMS 

(N=59) 

Fig 8 coil (10Hz to 

L-DLPFC; 1Hz to 

R-DLPFC) 

120% L-DLPFC or R-

DLPFC 

HF-rTMS: 5s 

on/25s off 

(2000/session) 

LF-rTMS: 180s 

on/3s off 

(720/session) 

7 sessions over 3 

weeks tapered: 

3/week in week1, 

2/week in week2-3; 

then 1/week x2weeks; 

1/2week x 2 months; 

1/month x 2 months 

Stable pharmacology Effective for > 1 

session per month 

Fitzgerald 201337 

Australia 

Clustered rTMS 

maintenance in 

patients who 

responded to 

2xrTMS 

(N=35) 

Fig 8 coil 

(HF-rTMS 10Hz) 

(LF-rTMS 6Hz) 

110% L- or R-DLPFC Stimulation 

protocols varied 

according to 

patients’ initial 

rTMS treatment 

5 sessions delivered 

over 2 days/month 

Stable pharmacology Safe and effective 

Notes: CBT = cognitive behavioural therapy; iTBS = intermittent theta burst stimulation; HF-rTMS = high frequency repetitive transcranial magnetic stimulation; L-DLPFC = left dorsolateral 

prefrontal cortex; LF-rTMS = low frequency repetitive transcranial magnetic stimulation; R-DLPFC = right dorsolateral prefrontal cortex; UHF = Ultra-high frequency 
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Different coils 

The Figure 8 coil was the most commonly used stimulation device in the studies assessed. The H1 
coil (which is thought to penetrate deeper (less focal, more intense) than the Figure 8 coil (more 
focal, less intense)) was compared with the Figure 8 coil in two studies.11, 29 Overall, both coils were 
effective and results were slightly different in the studies. When studies were matched on frequency 
of stimulation, Gellersen et al.11 reported that after ten sessions, the H1 coil produced a significantly 
larger reduction in depression scores, irrespective of other variables; and there was a trend towards 
higher remission rates in studies using the Figure 8 coil. In contrast, after 20 sessions, Filipcic et al.29 
reported no significant difference in remission rates between the coils (60% achieved remission with 
18Hz H1 coil, 43% with 10Hz Figure 8 coil); but they were significantly better than controls that had 
antidepressant medication only (11%). Response rates were higher in the H1 coil group (67%) 
compared with Figure 8 coil (44%) and control group (24%). The authors also suggested that the H1 
coil was significantly better for those with severe depression; but there was no significant difference 
between coils for patients with mild depression at baseline. 

In terms of safety, one study reported that a helmet-style H1 coil was discontinued in the study due 
to intolerability (pain, headache, seizure) and replaced with a different H1 coil, which was better 
tolerated by patients.2 

Sessions and stimulation rates 

One meta-analysis reported that the therapeutic effect of rTMS depended on the number of 
sessions and total number of pulses per day.16 The antidepressant effect size increased significantly 
between five and 20 sessions, reaching maximal effect at 20 sessions. Similarly, the effectiveness of 
rTMS reached maximum when patients received between 1200 and 1500 stimulation pulses per day. 
Another meta-analysis confirmed that more frequent rTMS sessions was associated with durability 
of effects.12 However, an optimal number of sessions and pulses was difficult to determine due to 
the interactive and confounding effects of individual characteristics (e.g. length and severity of 
illness) and different stimulation parameters, including: the number of sessions, the number of 
pulses per day and the time intervals between consecutive sessions.  

Concurrent treatments 

Antidepressants 

Although the study populations were typically resistant to antidepressant medication as a single 
treatment, most studies included patients whose antidepressant medication regime was stable 
(e.g.20, 27, 30, 36). Overall, evidence suggested that there was no additional benefit provided by 
concurrent antidepressant medication. For example, one study that included lead-in and washout 
phases for antidepressant medication, reported no significant differences between LF-rTMS 
combined with antidepressants, LF-rTMS treatment alone and antidepressant medication alone.26  

Although one study showed significantly higher response (95.5% vs 71.4%, p=0.041) and remission 
rates (68.2% vs 38.1%, p=0.009) in patients receiving LF-rTMS compared with sham controls in the 
first four weeks of treatment,35 there was no significant difference between groups at eight weeks 
follow up. However, antidepressant dosages were significantly higher in the sham control (p=0.004), 
suggesting that LF-rTMS may enhance the antidepressant effects of medication.  

Patients with severe depression on concurrent stable antidepressant medication were randomised 
to ultra-high-frequency rTMS (30Hz) or LF-rTMS (control).34 After three weeks, although depression 
scores were lower in the ultra-high frequency group, 31 percent of patients in the group were also 



 

Evidence Review 248 / 34 
 
 

taking lithium, and the difference in outcomes was attributed to lithium as a covariant, rather than 
the stimulation.  

Concurrent antidepressant medication had mixed effects in two maintenance rTMS studies.33, 41 
Wang et al.41 reported no significant difference between rTMS groups (+/- antidepressant 
medication) at 12 months follow-up; whereas Theleritis et al.33 reported a better treatment 
response in patients receiving combined rTMS and antidepressant medication at two weeks follow-
up. These findings suggest that any benefit of concomitant medication may be only in the short 
term. 

Psychotherapy 

One study investigated the combined effects of rTMS and psychotherapy for patients who had 
previously responded to rTMS.28 All patients received a 45-minute cognitive behavioural therapy 
session during the rTMS treatment (LF, HF or bilateral sequential rTMS, see Figure 2). Individualised 
patient sessions were delivered at least twice per week, up to twice per day, and continued or 
discontinued according to clinical decisions.  

Donse et al.28 reported that the combined rTMS and psychotherapy led to a 66 percent response 
rate and 56 percent remission rate at the end of the treatment period (up to 25 sessions); and 60 
percent of patients were in remission at six months follow-up. Analyses showed no significant 
difference between the rTMS protocols. However, the findings from this study was limited by the 
lack of controls. While the response and remission rates were relatively high compared with other 
studies, this combination treatment needs to be evaluated in a well-designed study with appropriate 
concurrent controls.  

 

Figure 2. The setting of rTMS in which the psychologist (right) performs simultaneous psychotherapy 

(Copyright neuroCare Group) 
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E F F E C T I V E N E S S  A N D  S A F E T Y  O F  R T M S  F O R  A C U T E ‐ P H A S E  
D E P R E S S I O N  

Research question 2: What is the effectiveness and safety of rTMS in treating acute‐phase depressive 
symptoms (including response and remission)?  

Key findings 

 All rTMS protocols described in the published studies were more effective than sham 
control for treating acute-phase depression in the short term (up to 4 weeks) 

 rTMS was more effective (response and remission) in patients who received more sessions 
and more pulses/session  

 Very few serious adverse effects (e.g. suicide, seizures) were reported; and there was no 
significant difference in adverse events between active rTMS and sham controls 

 A higher proportion of patients receiving active rTMS experienced mild, transient adverse 
effects compared with sham controls 

 Painfulness associated with rTMS decreased over time; whereas painfulness experienced in 
the sham control group did not change significantly over time. 

 

Effectiveness and safety of rTMS for acute phase depression was assessed in nine systematic reviews 
and 23 primary studies. A summary of the key outcomes from the systematic reviews are shown 
above in Table 2; and a summary of the key outcomes of primary studies are shown in Table 7.  

Findings are presented according to four main rTMS protocols: 

1. High-frequency rTMS (HF-rTMS) to the left dorsolateral prefrontal cortex (L-DLPFC) 

2. Low-frequency rTMS (LF-rTMS) to the right dorsolateral prefrontal cortex (R-DLPFC) 

3. Bilateral sequential rTMS to the left and right dorsolateral prefrontal cortex 

4. Accelerated stimulation protocols (including theta-burst stimulation). 

High-frequency rTMS to the left dorsolateral prefrontal cortex  

HF-rTMS to the L-DLPFC is the most widely used stimulation protocol for treatment-resistant 
depression. 

Effectiveness 

Four systematic reviews and meta-analyses consistently reported significant therapeutic effects of at 
least ten sessions of HF-rTMS to the L-DLPFC compared with sham controls.12, 13, 16, 17 There was 
considerable variability across studies in the number of sessions and duration of treatment provided. 
Response and remission rates also varied across studies. For example, two meta-analyses of RCTs 
reported response rates of 29 percent (vs 8% in sham controls, p<0.001)17 and 43 percent (vs 27% in 
sham controls, p=0.025).13 Similarly, remission rates ranged from 23 percent (vs 12% in sham, NS 
difference) to 30 percent (vs 6% in sham controls, p<0.001). Only one study was included in both 
meta-analyses. 

Results from six primary studies also consistently demonstrated significant reductions in depression 
scores compared with sham controls.2, 20, 22, 32, 34, 36  
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Table 7. Summary of key outcomes from primary studies on acute phase rTMS 

Reference Intervention effect Adverse events Conclusion 

Kaster 201924 At 4 weeks FU, 4 categories of responses: 

1. Non-response (11%; N=43) 

2. Rapid response (19% N=73) 

3. High baseline, linear response (30% N=228) 

4. Low baseline, linear response (40% N=154) 

 High baseline scores were associated with nonresponse 

 Older age, low QIDS score, lack of benzodiazepines associated with rapid 

response trajectory 

None reported Differential response trajectories were 

associated with baseline characteristics, not 

protocols 

Individual treatment protocols are needed 

Filipcic 201929 At 4 weeks FU: 

Remission: rTMS groups significantly better than sham control  

 60% (48-71%) achieved remission in H1 coil, OR 11.3[4-32], p<0.001 vs 

control 

 43% (31-55%) achieved remission in Fig 8 coil OR 7.2 [2.3-22.5], p<0.001 vs 

control 

 11% (5-20%) achieved remission in controls 

 NS difference between rTMS protocols for remission 

Response rates: H1 coil was significantly better than Fig 8 coil or control  

 67% response in H1 coil 

 44% in Fig 8 coil 

 24% in controls 

 H1 coil had higher odds of remission in moderate severe depression 

 NS difference in mild depression at baseline 

No serious adverse 

outcomes 

<10% reported application 

site discomfort/pain and 

muscle twitch  

Equivalent remission in rTMS protocols 

H1 had better response rate; and may also be 

better for more severe depression 
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Reference Intervention effect Adverse events Conclusion 

Valkonen-Korhonen 

20183 

At 6 weeks FU: 

 Significant reduction in HAM-D scores in both rTMS and sham group 

 NS between groups 

None reported Large sham effect of stimulation treatment 

Salcini 201832 At 3 weeks FU: 

Response: 52.6% (10/19) met criteria for response 

 rTMS group: Significant ↓ HAM-D scores, mean 21.6±6.3 to 11.0±8, 

p<0.001 

 Sham control: NS difference from baseline 

Remission: 26.3% (5/19) met criteria for remission 

Executive functioning: Significant improvement in BDI, BPRS & Stroop test 

None reported High-frequency rTMS significantly reduced 

HAM-D scores with no deterioration of 

executive functioning; well-tolerated 

Kavanaugh 201821 At 1 month FU: 

Episodic memory: significant improvement in rTMS 182.1±51.4 to 207.2±57.5 vs 

sham 206.4±73.9 to 207.2±69.8, p=0.028 

NS difference in continuity of attention, power of attention, quality of working 

memory or speed of memory 

None reported 2-coil protocol is safe and may enhance 

episodic memory 

Kaster 20182 At 6 months FU: 

Remission: 

 Significant ↑ in rTMS group: 40% [95% CI 21.1, 61.3] vs 14.8% [95% CI 4.2, 

33.7%] in sham, p<0.05 

Cognitive functioning improved, but NS between groups 

1 worsening symptoms; 

16% pain 

H1-coil helmet was 

discontinued due to lack of 

tolerability - pain, 

headache, seizure 

Relatively tolerable in older patients 

Donse 201828 At 6 months FU: 

Remission:  

 56% in rTMS 

Not reported rTMS combined with psychotherapy may 

improve remission rates 
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Reference Intervention effect Adverse events Conclusion 

 NS between protocols 

 Baseline BDI was higher in non-responders 

 Reduction in BDI >40% at session 10 was good predictor of response 

Blumberger 201823 At 12 weeks FU: 

Response: 

 Equivalent reduction in HAM-D scores; rTMS ↓ 23.5±4.4 to 13.4±7.8; iTBS 

↓23.6±4.3 to 13.4±7.9 

 iTBS not inferior to rTMS 

Pain: 

 More pain reported 

with iTBS VAS 3.8±2 vs 

3.4±7.9, p=0.011 

 Similar headaches in 

both groups (64-65%) 

Tolerability 

 Similar % of patients 

could not tolerate 

treatment (2-3 

patients) 

Serious side effects 

 More serious side 

effects with iTBS - 1 

agitation led to 

hospitalisation; 1 

suicidal ideation; 1 

worsening depression 

led to hospitalisation 

More patients can be treated with iTBS in a day 

– one session only takes 3 mins vs 37.5 mins 

with rTMS 

Benadhira 201738 At 1 month FU: Phase 1 

 60% response; 28% partial remission; 28% remission 

None reported High-frequency rTMS effectively reduced 

depressive symptoms in the open label phase 

of this study 

Wang 201735 At 4 weeks FU: 

Response: 

NS between groups; 

headaches, scalp pain 

Low-frequency/intensity rTMS combined with 

paroxetine may enhance antidepressant 

effects in early treatment period of 1st episode 
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Reference Intervention effect Adverse events Conclusion 

 Significant reduction in HAM-D scores in rTMS vs sham, (95.5% vs 71.4%), 

p=0.041 

Remission: 

 Significantly higher remission rates in rTMS (68.2% vs 38.1%), p=0.009 

 NS difference in response or remission at week 8 

 Paroxetine dosage significantly higher in sham group, p=0.004 

reported in both patients 

Thelerits 201733 At 2 weeks FU: 

Response:  

 rTMS groups significantly ↓ HAM-D scores 59.2% vs 2.5% in sham, 

p<0.001; and significantly ↓ CGIS scores 100% vs 12.5% in sham 

 Twice daily rTMS was significantly more effective than once daily rTMS, OR 

5.2, p=0.027 

Remission: 

 24.5% in active rTMS groups vs sham, p=0.001 

 Twice daily rTMS was significantly more effective than once daily with CGIS 

scores, OR 1.5, p=0.018; and marginally more effective with HAM-D scores 

OR 3.9, p=0.066)  

NS difference between 

sham and active groups; 

discomfort at site and 

headaches 

Logistic regression analysis showed more 

effective treatment response with twice daily 

vs once daily rTMS, lower baseline score and 

concurrent antidepressants 

Carpenter 201720 At 1 month FU: 

Response 

 rTMS significantly ↓ HAM-D scores vs sham at 20 sessions, p=0.006; and at 

1m FU, p=0.005 (after one outlier site was removed) 

 HAM-D score change -15.1±9.6 vs -10.4±8.5, p=0.03 

 Headaches: 21% vs 

11% sham 

 Pain at site 21% vs 0% 

sham 

 Muscle twitch 11% vs 

9% 

 Dizziness 4% vs 9%;  

 2 serious adverse 

2-coil rTMS is safe and effective 
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Reference Intervention effect Adverse events Conclusion 

events in sham group 

(1 suicide attempt; 1 

hypotensive event) 

Kang 201636 At 2 weeks FU: 

Response: 

 Significant ↓ in HAM-D scores in rTMS (75%) vs sham (0%) 

Remission: 

 NS difference in remission rates (25% vs 0%) 

None reported rTMS significantly reduced depression scores 

Prasser 201531 At 8 weeks FU: 

Response 

 NS difference between active and sham 

Serious adverse effects: 

 2 suicide (rTMS) and 1 

attempted suicide 

(sham) 

Mild effects: irritation at 

stimulation site; headache; 

imbalance - both active and 

sham groups 

NS difference in depression scores between 

active rTMS and sham controls 

Concerto 201527 At 4 weeks FU: 

Response: 

 Significant ↓ in HAM-D scores in rTMS and sham; but improvement sustained 

only in rTMS group at 3 months FU; HAM-D median score ↓ from 22 (21, 24) to 

9 (6, 11) to 10 (10, 13), p<0.0001 

None and no dropouts Long-lasting effects of combined rTMS with 

antidepressants 

Wajdik 201422 At 2 weeks FU: 

Response:  

 rTMS 31% vs 6% sham, p=0.008 

Remission:  

None reported rTMS significantly reduced depression scores 

compared with sham contols 
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Reference Intervention effect Adverse events Conclusion 

 rTMS 20% vs 3% sham, p=0.033 

Krstic 201430 At 6 months FU: 

Response:   

 Significant ↓ in HAM-D scores from 30.1±3.5 to 16.7±5.7 vs NS in sham 

controls 

None reported LF-rTMS to R-DLPFC combined with partial sleep 

deprivation demonstrated sustained efficacy 

Brunelin 201426 At 6 weeks FU: 

Response: 

 NS difference between combination rTMS + antidepressants and 

antidepressants alone 

NS difference between 

groups 

NS difference between treatment groups 

No added benefit of concurrent antidepressants 

Baeken 201425 At 2 weeks FU: 

Response: 

 35% responded after 2 weeks (1 week rTMS/1 week sham) 

Functional connectivity: 

 Stronger functional connectivity in subgenual anterior cingulate cortex in HF-

rTMS group vs no effect in non-responders 

None reported rTMS does not impair and may improve cognitive 

function 

BorckHardt 201319 N/A At 3 weeks FU: 

Pain: 

 VAS scores initially 

higher in rTMS 

73.7±31.3 vs sham 

28.9±31.4, p<0.0001 

 VAS scores significantly 

decreased over time in 

rTMS group by 1.56 

points/treatment, 

Painfulness of rTMS decreases over time. Can 

reassure patients who experience pain to persist 

with treatment 
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Reference Intervention effect Adverse events Conclusion 

p<0.0011; NS in sham 

 At last treatment rTMS 

VAS 46.4±29.5 vs 

30.5±33.3 in sham, = 

37% ↓ vs 6%↑ in sham  

Ullrich 201234 At 3 weeks FU: 

Response: 

 HAM-D scores ↓7.2 in UHF-rTMS and 3.9 in LF-rTMS 

 Lithium was a covariant that accounted for difference 

No serious adverse effects 

NS difference in mild effects 

between groups 

Ultra HF-rTMS was equivalent to LF-rTMS when 

controlled for lithium covariant in severely 

depressed patients 

Notes: BDI = Beck Depression Index; BPRS = Brief Psychiatric Rating Scale; CGIS = Clinical Global Impression Severity; FU = follow-up; HAM-D = Hamilton Depression Scale; iTBS = intermittent 

theta burst stimulation; N/A not applicable; NS = not significant; OR = odds ratio; QIDS = Quick Inventory or Depressive Symptomatology; rTMS = repetitive transcranial magnetic stimulation; 

UHF = Ultra-high frequency; VAS visual analog scale. 
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Although there were differences in stimulation patterns (10-30Hz) and number of sessions (10-20 
sessions over 2-4 weeks), the primary studies showed that HF-rTMS to the L-DLPFC was more 
effective than sham controls in achieving a response in the short term (up to six weeks). Remission 
rates were lower than response rates, but significantly higher than sham controls in all except one 
study,36 which had a very short treatment period (two weeks).  

The follow-up periods in systematic reviews and primary studies were mainly in the short term (≤6 
weeks), which may be insufficient to determine the durability of response or remission.  

Primary studies with longer follow-up assessments showed mixed results. One study showed 
significantly higher response (96% in rTMS vs 71% in sham, p=0.041) and remission rates (68% in 
rTMS vs 38% in sham, p=0.009) in the first four weeks; but there was no significant difference 
between groups eight weeks after treatment.35 In contrast, another study that used the same 
stimulation protocol with the same length of treatment27 reported no significant difference in 
response between rTMS and sham controls after four weeks; but the improvement was sustained 
only in the rTMS group at three months follow-up.  

Safety 

Findings from systematic reviews indicated that HF-rTMS to the L-DLPFC was safe and well-tolerated, 
with low dropout rates that were not significantly different from controls.11, 14, 16 

Overall, evidence from primary studies showed no serious adverse effects attributed to rTMS. In the 
sham group, Carpenter et al.20 reported one suicide attempt and one hypotensive event; whereas 
none were experienced in the active rTMS group. However, the authors reported various mild, 
transient adverse effects that occurred in a higher proportion of patients in the active rTMS group. 
These included headaches (21% vs 11% sham); pain at the stimulation site (21% vs 0% sham); muscle 
twitch (11% vs 9% sham). Reports of dizziness were lower in the rTMS group (4% vs 9% sham).  

One RCT specifically investigated pain associated with rTMS protocols.19 Patients in the active 
stimulation group received 20Hz rTMS to the L-DLPFC in 20 sessions over three weeks. For patients 
in the sham group, all the stimulation parameters were identical except the coil was shielded to limit 
stimulation to less than 10 percent provided in the active coil. Although pain scores were initially 
higher in the active rTMS group (VAS score 73.7±31.3 vs sham 28.9±31.4, p<0.0001), they decreased 
significantly over time by 1.56 points/treatment session (p<0.0011); whereas there was no 
significant reduction in pain scores in sham controls (37% ↓ in rTMS vs 6%↑ in sham). This study 
suggests that patients who experienced pain may be persuaded to persist with treatment sessions as 
the painfulness associated with rTMS decreased over time.  

Several studies that investigated the effects of rTMS on neurocognitive functioning reported not 
only no loss of function; but also some possible benefits.2, 21, 22, 32 However, the mechanisms 
underlying potential improvements in neurocognitive function are not well understood and need to 
be further investigated in larger controlled trials.  

Low-frequency rTMS to the right dorsolateral prefrontal cortex  

LF-rTMS to the R-DLPFC is gaining support as an alternative stimulation protocol that may have 
fewer adverse side effects compared with high-frequency stimulation protocols.26 

Effectiveness 

While the evidence base was small, the overall findings were that LF-rTMS was effective and 
equivalent to HF-rTMS protocols. 

One meta-analysis of seven RCTs reported significantly higher response and remission rates with LF-
rTMS compared with sham controls.14 Over 38 percent of patients in the active rTMS group 
responded (vs 15% sham, p=0.007) and 35 percent achieved remission (vs 10% sham, p<0.0001).  



 

Evidence Review 248 / 44 
 
 

Equivalent benefits of low- and high-frequency protocols were reported in a meta-analysis (43% of 
patients responded to both);15 and two primary studies,26, 28 with no significant difference in 
response and remission rates between protocols. 

One study combined ten sessions of low-frequency (1Hz) stimulation to R-DLPFC over two weeks 
with two episodes of partial sleep deprivation, whereby patients were woken at 1.30am and stayed 
awake for 20 hours.30 Compared with sham controls, patients in the active rTMS group (with sleep 
deprivation) had significantly reduced depression scores (from 30.1±3.5 to 16.7±5.7, p<0.01) at six 
months follow-up; and 45 percent had achieved remission. While this approach demonstrated a 
sustained effect, the study was considerably underpowered (N=19) and requires a larger sample to 
adequately test the effectiveness of this approach.  

Safety  

There was no significant difference in dropout rates (5-11%)14 or adverse effects between active 
rTMS and sham control groups.26, 28, 30  

Overall, LF-rTMS to the R-DLPFC may be an acceptable and promising treatment for patients with 
MDD. 

Bilateral sequential stimulation protocols  

A small number of studies evaluated the effectiveness and safety of stimulating the prefrontal cortex 
bilaterally. Typically, patients received a low-frequency stimulus (1Hz) to the R-DLPFC, followed by a 
high-frequency stimulus (10Hz) to the L-DLPFC.  

Effectiveness 

Overall findings from one meta-analysis6 and three primary studies3, 28, 31 that investigated the 
effectiveness of bilateral sequential rTMS had mixed effects. De Santis et al.6 reported that all 
stimulation protocols, including bilateral stimulation, demonstrated significant reductions in 
depression scores compared with sham controls up to one month after treatment. In contrast, the 
more recent primary studies3, 28, 31 consistently reported response rates that were not significantly 
different compared with sham controls at six weeks to six months after treatment.  

Safety  

No serious adverse effects were reported in studies analysed by De Santis et al.;6 whereas Prasser et 
al.31 reported two suicides and one attempted suicide in the rTMS and sham groups, respectively. 
Mild effects, such as irritation at the stimulation site, headaches and imbalance were reported to a 
similar extent in both active and sham groups.  

One RCT reported no changes in neurocognitive effects, such as quality or speed of memory, but 
there was significant improvement in episodic memory in patients receiving bilateral rTMS 
compared with sham controls (14% vs 0.4% increase, p=0.028).21 However, the mechanism is not 
well understood and further well-controlled studies are needed to investigate further.  

Accelerated stimulation protocols 

Accelerated stimulation protocols to treat acute-phase depression are defined as more than one 
stimulation session per day (either rTMS or theta burst stimulation).18 The main advantage of the 
accelerated stimulation protocols is that they can be completed in a shorter timeframe, which could 
potentially indicate cost savings.43 An economic analysis of rTMS for depression was beyond the 
scope of this review. 
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Effectiveness 

A recent systematic review and meta-analysis of studies that implemented accelerated stimulation 
treatment for depression reported overall short-term improvements in depression scores that were 
equivalent to HF-rTMS studies.18 A significantly higher proportion of patients who received 
accelerated HF-rTMS achieved response compared with sham controls (59% vs 2.5%, p<0.001).44 
Logistic regression analysis revealed that twice daily HF-rTMS was significantly more effective for 
achieving response than once daily sessions (p=0.027). Statistical analyses also showed higher 
remission rates with twice daily sessions; although there were differences in the depression 
measures used (i.e. differences between groups were significant for CGIS, but non-significant for 
HAM-D scores).  

Two RCTs compared intermittent TBS (iTBS) with conventional HF-rTMS delivered in 20 sessions over 
four weeks.23, 24 Both trials showed equivalent reductions in depression scores (i.e. iTBS was not 
inferior to HF-rTMS); however, as there was no sham control group, it is not clear whether there was 
a placebo effect. Kaster et al.24 also showed that patients had differential response trajectories 
depending on their baseline characteristics. That is, patients with higher baseline depression scores 
were less likely to respond to iTBS, whereas older patients and those with less severe depression 
responded more rapidly.  

Continuous TBS, which is delivered without interruption to the DLPFC (left and right), also had 
equivalent antidepressant effects to sham controls.31  

Safety 

The accelerated stimulation protocol was generally well-tolerated by patients and deemed to be a 
safe approach. Mild transient adverse effects were primarily headaches (23%), local discomfort 
(13%) and nausea or dizziness (2%).18 More pain was reported with iTBS (VAS score 3.8±2 vs 3.4±7.9 
in sham, p=0.011) and serious adverse effects, such as agitation that led to hospitalisation, suicidal 
ideation and worsening depression were reported in a low proportion of patients (<1%) in the iTBS 
group in one large study.23 

Accelerated stimulation treatment for depression that is delivered in a compressed timeframe is a 
promising approach that addresses some of the practical barriers of other protocols. For example, 
compliance with treatment schedules may improve if patients require fewer attendances. However, 
only a small number of studies have investigated accelerated stimulation protocols, and there is high 
variability across the available studies. Larger, blinded sham-controlled trials are needed to evaluate 
the benefits of this approach. 

 

.
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E F F E C T I V E N E S S  A N D  S A F E T Y  O F  R T M S  F O R  M A I N T E N A N C E  
T H E R A P Y  

Research question 3: What is the effectiveness and safety of rTMS in maintaining response or 
remission (i.e. preventing relapse or recurrence), whether as a single treatment or part of a 
combination treatment?  

Key findings 

 A tapered schedule of rTMS provided at a rate of at least one session per week significantly 
reduced the relapse rate compared with controls 

 One session of rTMS per month was insufficient to prevent relapse 

 10 rTMS sessions clustered over 3-5 days, once per month significantly reduced the rate of 
relapse compared with controls 

 There were no serious adverse effects of maintenance rTMS; only mild headaches were 
reported 

 

The effectiveness and safety of rTMS for preventing relapse was assessed in six primary studies in 
patients who had previously responded to rTMS (Table 8).  

Effectiveness 

There are two main approaches to maintenance: 1) tapered schedule; and 2) clustered sessions. 

Tapered rTMS maintenance schedule  

Two RCTs,38, 41 one controlled open trial39 and one uncontrolled open trial4 assessed tapered 
maintenance schedules in patients who had previously responded to HF-rTMS to the L-DLPFC. 
Tapering schedules varied across studies, starting with 3-5 sessions per week and slowly reducing 
the number of sessions over time to once or twice per month. Overall, maintenance rTMS provided 
at a rate of at least one session per week significantly reduced the relapse rate compared with sham 
controls,38 antidepressant controls41 and no maintenance controls.39  

For example, after 20 weeks of tapered rTMS maintenance (from three sessions in first week to one 
session/month), 38 percent of patients in the maintenance group relapsed compared with 82 
percent in the control group without maintenance rTMS.39 Although patients were not randomly 
allocated and there was no placebo control, this study was strengthened by a propensity-adjusted 
analysis that provided an estimate of the effect of the treatment, thereby accounting for the 
covariates that may predict whether patients received treatment.   

Results indicated that one rTMS session per month was insufficient to prevent relapse.38, 40 
Benadhira et al.38 suggested that the number and frequency of sessions may need to be tailored 
according to individual patients’ responses. 
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Table 8. Summary of key outcomes in primary studies on maintenance rTMS 

Reference 

(N); FU 

Maintenance effect Adverse events Conclusion 

Pridmore 20184 

(N=39) 

FU=10 months 

Remission: 

 79% in remission; 13% in partial remission 

 HAM-D scores ↓ from baseline 6.24±2.8 to 3.3±2.3, p<0.001 

Relapse:  

 8% relapse at 10 months FU 

Pain: 

 VAS scores ↓from baseline 

3±0.9 to 2±0.9, p<0.001 

Monthly series of clustered rTMS maintains 

remission/partial remission 

Benadhira 201738 

(N=17) 

FU=12 months 

Phase 2 maintenance:  

 HAM-D scores ↓ reduced from 9.1±4.7 (baseline) to 7.7±4.3 at 

4 months FU, p=0.03 

 NS between active and sham at other points (up to month 6), 

then dropout rate too high (up to 70% by 12 months FU)- 

analyses not feasible 

None reported Potential benefits of maintenance rTMS, but dose 

may need to be adjusted according to patient 

response 

1 session every 2 months is inadequate 

Wang 201741 

(N=48) 

FU=12 months 

Time to relapse:  

 rTMS and rTMS + antidepressant significantly ↓risk of relapse 

vs antidepressants alone, p<0.0001 

 NS difference between rTMS groups 

Relapse rates:  

 rTMS + antidepressant 15.9% 

 rTMS 24.2% 

 Antidepressant alone 44.4%, p<0.001 

NS difference between groups: 

 Manic episodes reported in 

5 patients (3 in rTMS + 

antidepressant; 2 in 

antidepressant alone) 

Clustered rTMS with or without antidepressants are 

better than antidepressants alone for reducing rate 

of relapse 

Philip 201640 

(N=49) 

Phase 1: 73% achieved response 

Phase 2: Maintenance 

None reported Maintenance rTMS did not prevent relapse 
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Reference 

(N); FU 

Maintenance effect Adverse events Conclusion 

FU=12 months NS difference between groups in delaying relapse 

Richieri 201339 

(N=59) 

FU=20 weeks 

Relapse rate: 

 Maintenance rTMS: 37.8% relapsed by week 20  

 no maintenance 81.8% relapsed by week 20 

Mild headache only rTMS maintenance was effective in reducing rate of 

relapse 

Fitzgerald 201337 

(N=35) 

FU=to relapse or up to 

4 years 

Relapse rate: 

 Maintenance rTMS: 71% relapsed after 10.2±9.6 months, (2-48 

months); 10 withdrew due to physical illness or access problems; 6 

remained well for 12 months (12±9.6 months 12-24 months); 5 

ended maintenance within 3 months (2/5 relapsed) 

 'Rescue' treatment provided for relapsers - repeated acute rTMS, 

then on to maintenance: 2/5 re-scheduled maintenance to every 2 

weeks (vs every 4 weeks) and remained in remission for >12 

months 

None reported Remission duration was longer than initial remission in 

acute rTMS; therefore effective for extending remission 

Notes: FU = follow-up; N/A not applicable; NS = not significant; HAM-D = Hamilton Depression Scale; rTMS = repetitive transcranial magnetic stimulation; VAS = visual analog scale. 
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Clustered rTMS maintenance schedule 

Clustered maintenance schedules may be a more convenient option for some patients as fewer 
attendances are required. Patients who declined to participate in one tapered maintenance study39 
cited logistical difficulties, such as multiple travel and disruption to work. After patients had 
achieved partial or full remission, a clustered maintenance schedule, with or without patients’ usual 
dose of antidepressants, significantly reduced the risk of relapse compared with antidepressants 
alone (rTMS + antidepressant, 15.9% risk; rTMS alone, 24.2% risk; antidepressant alone, 44.4% risk, 
p<0.001).41 The maintenance schedule comprised ten sessions clustered over five days each month 
for three months, followed by three days per month for up to 12 months.  

Similarly, two uncontrolled studies suggested that clustered maintenance extended the period of 
remission.4, 37 Both studies delivered five sessions per month over two37 or three days.4 After ten 
months, Pridmore et al.4 reported that 79 percent were in remission; 13 percent in partial remission; 
and eight percent had relapsed. Fitzgerald et al.37 followed patients until they relapsed or up to four 
years and found that remission duration with maintenance rTMS was longer than their initial period 
of remission after acute rTMS. However, as the sample sizes in these studies were small and there 
was no placebo control, this approach needs to be tested in a more robust study design. 

Safety 

No studies reported serious adverse effects of maintenance rTMS. One study reported mild 
headaches only.39 Benadhira et al.38 reported increasing dropout rates over time (from 10% at four 
months to 70% at 12 months), due to the inconvenience of attending treatment sessions, rather 
than adverse effects of the treatment. 
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S E T T I N G S  F O R  R T M S  T R E A T M E N T  

Research question 4: In what setting, inpatient or outpatient, is rTMS most effective in treating 
acute‐phase depressive symptoms OR maintaining response or remission? 

Key findings 

 No studies were identified that specifically compared and evaluated the effectiveness of 
different settings 

 International studies were undertaken primarily in the outpatient setting 

 Australian studies were undertaken in the hospital setting, which may reflect the need to 
reimburse costs through private health insurance, rather than the efficacy of the setting 
itself. 

 

International studies were almost exclusively undertaken in the outpatient setting, or included a 
combination or inpatients and outpatients. No included studies specifically compared outcomes in 
inpatients and outpatients receiving rTMS. For the most part, the systematic reviews did not restrict 
the population to a particular setting. Only one systematic review that analysed the effect of 
setting12 reported that longer durability of effects was associated with the outpatient setting. 
However, longer durability was also experienced by patients with lower baseline depression scores; 
therefore, the outpatient status was likely to represent patients with less severe illness.  

Two Australian studies were undertaken in the hospital setting.4, 37 At the time of writing this report, 
Australian patients receiving rTMS treatment do not receive public reimbursement for treatment 
costs. However, they may receive reimbursement through private health insurance if hospitalised. 
Therefore, inpatient status may be associated with cost of treatment, rather than the severity of 
illness. For example, patients in two studies were admitted to hospital for maintenance rTMS 
treatment so that they could access the hospitalisation rebate.4, 37  
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O U T C O M E  M E A S U R E S  T O  D E T E R M I N E  R E S P O N S E  T O  R T M S ?  

Research question 5: What are the outcome measures used when determining a patient’s response 
to rTMS and associated maintenance rTMS?    

Key findings 

 The outcome measures following rTMS are primarily response and remission 

 For acute-phase depression, the most common tool to measure response, remission or 
partial remission is the Hamilton Depression Scale (HAM-D) 

 For maintenance rTMS, the most common measures are the time to relapse and the 
relapse rate.  

 

The two key measures of the effectiveness of rTMS for depression are response and remission. 
There are several tools used to measure these outcomes (see Table 9). The most widely used and 
validated tool is the 17-item Hamilton Depression Scale (HAM-D, Figure 3),45 which also has several 
shorter and longer versions (6-items to 29-items): 

 Response: Patients are classified as responders if they achieved ≥50% reduction from 
baseline in HAM-D scores at the endpoint 

 Remission: Patients are deemed to be in remission if they achieved HAM-D score ≤7 at the 
endpoint. The cut-off score for remission varies slightly across studies 

 Partial remission: Patients who achieved HAM-D scores of 8-14 are described as being in 
partial remission.41 

For determining the effectiveness of maintenance rTMS, studies measured the time to relapse or 
recurrence (i.e. another depressive episode after recovery has been achieved); and the relapse rate.  

 Time to relapse: the number of days from when a patient has achieved remission to when 
they experience a full return of depressive symptoms (i.e. their depression scores increase 
above the threshold >14 on the HAM-D scale) 

 Relapse rate: proportion of patients who have relapsed.  
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Table 9. Common tools to measure outcomes 

Tool Outcome  

Beck Depression Inventory (BDI)32 Depression 

Brief Psychiatric Rating Scale (BPRS)32 Psychotic symptoms 

Brief Symptom Inventory (BSI)23 Anxiety 

Clinical Global Impression Severity (CGIS)41 Depression 

Depression Anxiety and Stress Scale (DASS)28 Depression, anxiety 

Global Assessment of Functioning (GAF)31 Functional disability 

Hamilton Depression Scale (HAM-D)23 

HAM-D6 (brief 6-item version) 

Severity of depression 

Inventory of Depression Symptomatology (IDS) 

QIDS – quick IDS – short version23 

Severity of depression 

Montgomery-Asberg Depression Scale (MADRS)3 Severity of depression 

Patient-Rated Inventory of Side Effects (PRISE)41 Side effects 

Sheehan Disability Scale (SDS)2 Functional disability 

Visual Analog Scale (VAS)23 Pain  

Warwick-Edinburgh Mental Wellbeing Scale2 Mental wellbeing 

 

Figure 3. Hamilton Depression Rating Scale (HAM-D17) 

The original 17-item HAM-D45 is based on a structured interview with patient: 

1. DEPRESSED MOOD (sadness, hopeless, helpless, worthless) 

0. Absent 

1. These feelings states indicated only on questioning 

2. These feeling states spontaneously reported verbally 

3. Communicates feeling states non-verbally, i.e. through facial expression, posture, voice and 

tendency to weep 

4. Patient reports virtually only these feeling states in his/her spontaneous verbal and non-verbal 

communication 

2. FEELINGS OF GUILT 

0. Absent 

1. Self-reproach, feels he/she has let people down 

2. Ideas of guilt or rumination over past errors or sinful deeds 

3. Present illness is a punishment. Delusions of guilt 

4. Hears accusatory or denunciatory voices and/or experiences threatening visual hallucinations 

3. SUICIDE 

0. Absent. 

1. Feels life is not worth living. 

2. Wishes he/she were dead or any thoughts of possible death to self. 
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3. Ideas or gestures of suicide. 

4. Attempts at suicide (any serious attempt rate 4). 

4. INSOMNIA: EARLY IN THE NIGHT 

0. No difficulty falling asleep. 

1. Complains of occasional difficulty falling asleep, i.e. more than 1⁄2 hour. 

2. Complains of nightly difficulty falling asleep. 

5. INSOMNIA: MIDDLE OF THE NIGHT 

0. No difficulty. 

1. Patient complains of being restless and disturbed during the night. 

2. Waking during the night – any getting out of bed rates 2 (except for purposes of voiding). 

6. INSOMNIA: EARLY HOURS OF THE MORNING 

0. No difficulty. 

1. Waking in early hours of the morning but goes back to sleep. 

2. Unable to fall asleep again if he/she gets out of bed. 

7. WORK AND ACTIVITIES 

0. No difficulty. 

1. Thoughts and feelings of incapacity, fatigue or weakness related to activities, work or hobbies. 

2. Loss of interest in activity, hobbies or work – either directly reported by the patient or indirect in 

listlessness, indecision and vacillation (feels he/she has to push self to work or activities). 

3. Decrease in actual time spent in activities or decrease in productivity. Rate 3 if the patient does not 

spend at least three hours a day in activities (job or hobbies) excluding routine chores. 

4. Stopped working because of present illness. Rate 4 if patient engages in no activities except routine 

chores, or if patient fails to perform routine chores unassisted. 

8. RETARDATION (slowness of thought and speech, impaired ability to concentrate, decreased motor activity) 

0. Normal speech and thought. 

1. Slight retardation during the interview. 

2. Obvious retardation during the interview. 

3. Interview difficult. 

4. Complete stupor. 

9. AGITATION 

0. None. 

1. Fidgetiness. 

2. Playing with hands, hair, etc. 

3. Moving about, can’t sit still. 

4. Hand wringing, nail biting, hair-pulling, biting of lips. 

10. ANXIETY PSYCHIC 

0. No difficulty. 

1. Subjective tension and irritability. 

2. Worrying about minor matters. 

3. Apprehensive attitude apparent in face or speech. 

4. Fears expressed without questioning. 

11. ANXIETY SOMATIC (physiological concomitants of anxiety) such as: gastro-intestinal (dry mouth, wind, 

indigestion, diarrhoea, cramps, belching); cardio-vascular (palpitations, headaches); respiratory 

(hyperventilation, sighing); urinary frequency; sweating 

0. Absent.  

1. Mild. 

2. Moderate. 

3. Severe. 

4. Incapacitating. 

12. SOMATIC SYMPTOMS GASTRO-INTESTINAL 

0. None. 

1. Loss of appetite but eating without staff encouragement. Heavy feelings in abdomen. 

2. Difficulty eating without staff urging. Requests or requires laxatives or medication for bowels or 

medication for gastro-intestinal symptoms. 

13. GENERAL SOMATIC SYMPTOMS 
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0. None. 

1. Heaviness in limbs, back or head. Backaches, headaches, muscle aches. Loss of energy and 

fatigability. 

2. Any clear-cut symptom rates 2. 

14. GENITAL SYMPTOMS (symptoms such as loss of libido, menstrual disturbances) 

0. Absent  

1. Mild. 

2. Severe. 

15. HYPOCHONDRIASIS 

0. Not present. 

1. Self-absorption (bodily). 

2. Preoccupation with health. 

3. Frequent complaints, requests for help, etc. 

4. Hypochondriacal delusions. 

16. LOSS OF WEIGHT (RATE EITHER a OR b)  

a) According to the patient  

0. No weight loss.  

1. Probable weight loss associated with present illness 

2. Definite (according to patient) weight loss 

3. Not assessed 

b) According to weekly measurements: 

0. Less than 1 lb weight loss in week. 

1. Greater than 1 lb weight loss in week. 

2. Greater than 2 lb weight loss weight in week. 

3. Not assessed. 

17. 17 INSIGHT 

0. Acknowledges being depressed and ill. 

1. Acknowledges illness but attributes cause to bad food, climate, overwork, virus, need for rest, etc. 

2. Denies being ill at all. 

TOTAL SCORE:  
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L I M I T A T I O N S  A N D  C O N S I D E R A T I O N S  

Although this review was based primarily on moderate-strong quality Level II evidence (RCTs), the 
findings are limited by the small sample sizes in many studies, thus limiting the power of the studies. 
Similarly, most studies had short follow-up periods; therefore, the durability of the effect for acute-
phase depression is unclear.  

The evidence base pertaining to maintenance rTMS was sparse and several studies were open label 
trials, in which the patients and researchers were aware of the treatment allocation (i.e. active rTMS 
or placebo). This introduces biases that may overestimate the treatment effect. Similarly, the lack of 
an appropriate control group in two studies may also overestimate the effectiveness as it overlooks 
the placebo effect.    

The heterogeneity between studies also limits findings. High variability in stimulation protocols and 
number of sessions delivered makes it difficult to compare results across studies and to determine 
the optimal protocol for treating depression with rTMS.  

Even in studies that were randomly allocated, patients and assessors demonstrated the potential to 
ascertain their treatment allocation, which could influence the response rate and effect sizes.  
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S U M M A R Y  A N D  I M P L I C A T I O N S  

This Evidence Review is an update to the 2013 review that investigated the safety and effectiveness 
of rTMS for acute-phase depression and prevention of relapse. The findings from the 2013 review 
were inconclusive due to insufficient evidence. Based on a larger evidence base of nine systematic 
reviews and 23 primary studies, the current review provides a better understanding of the safety 
and effectiveness of rTMS for treating depression and the stimulation protocols that have been 
implemented. While larger, well-controlled trials are still needed to determine longer-term effects, 
the current findings may be used to inform decisions about treatments for workers with treatment-
resistant depression.  

Although HF-rTMS to the L-DLPFC was the most common protocol used for patients with resistant 
depression, evidence showed that other protocols, including LF-rTMS to the R-DLPFC, bilateral 
sequential rTMS and accelerated protocols (more frequent sessions; or theta bust stimulation) were 
generally more effective than sham controls in reducing depression scores (response and remission) 
in the short term (up to one month). All protocols were effective to some extent and there were no 
significant differences between protocols overall. However, response and remission rates decayed 
over time and the longer-term effects, without maintenance treatment, were unclear.  

The evidence pertaining to TBS stimulation was sparse, particularly for cTBS. Therefore, while the 
TBS approach has advantages (less time needed to implement), there are too few studies to 
determine its effectiveness at this time.  

Maintenance rTMS treatment schedules were either tapered or clustered. Clustered schedules, 
whereby patients were given a cluster of ten sessions over 3-5 days each month, significantly 
reduced the rate of relapse in patients who had previously responded to rTMS. Tapered schedules, 
whereby the number of sessions were reduced over time, were also effective. However, while a 
schedule of one session per week extended remission, one session per month was insufficient to 
prevent relapse.   

There were very few serious adverse events (e.g. suicide, seizure) associated with any of the rTMS 
protocols; and there was no significant difference in the number of adverse events reported in active 
rTMS and sham control groups. Transient mild adverse effects, such as painfulness at the stimulation 
site, headaches and dizziness were reported in a higher proportion of patients who received active 
rTMS compared with sham controls; however, patients reported reduced painfulness over time with 
each session.  

There was substantial variability in the protocols used to treat patients with treatment-resistant 
depression. Some studies reported slight differences in response and remission rates between 
different stimulation coils. For example, the H1 coil was reported to have higher response and 
remission rates, particularly for patients with more severe illness. There was also a significantly 
higher response and remission rate and longer durability of effect in patients who received more 
sessions (up to a maximum of 20 sessions) and more pulses per session (1200 to 1500 
pulses/session). Concurrent use of antidepressant medication had mixed effects on response and 
remission; but one study suggested that the rTMS reduced the dosage required to achieve a 
response. The concurrent use of psychotherapy during rTMS in one small study showed promising 
results by increasing the response and remission rates.  

There was insufficient analysis in the literature of the optimal setting for rTMS treatment. While 
international studies were primarily undertaken in the outpatient setting, Australian studies (for 
maintenance) were undertaken in a hospital setting as this allowed patients to access the 
hospitalisation rebate. Overall, the influence of setting on outcomes was unclear and may depend 
on the severity of illness and reimbursement of costs. 
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The outcome measures for rTMS for acute-phase depression were response and remission, with the 
HAM-D instrument used most commonly. The outcome measures for maintenance rTMS were the 
time between remission and relapse and the rate of relapse (proportion of patients relapsing over a 
specific time period).  

Implications 

Overall rTMS (any stimulation protocol) for acute-phase depression is effective in the short term and 
safe; but needs longer follow-up to assess its durability. Ongoing maintenance treatment may be 
needed to extend the remission period. Clustered rTMS for maintenance is effective and may be 
logistically more acceptable for patients in terms of attending treatment sessions.  

Since individual characteristics (e.g. length and severity of illness) may influence response, 
individualised treatment schedules may be required to obtain optimal outcomes for patients.  
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A P P E N D I X  

Literature search process and study classification  

Search process 

Search strategy  
1.  Depression/  

2. exp depressive disorder/  

3. (depression or depressive or melanchol*).ti,ab.  

4. 1 or 2 or 3  

5. Transcranial Magnetic Stimulation/  

6. (transcranial adj2 stimulat*).ti,ab.  

7. 5 or 6  

8. (repeat* or repetitive or repetition or (high adj frequency) or high frequency).ti,ab.  

9. 7 and 8  

10. RTMS.ti,ab.  

11. 9 or 10  

12. 4 and 11  

13. limit 12 to (english language and humans and yr="2012 -Current") 

One reviewer conducted a comprehensive database search of Medline, Embase, the Cochrane 
Library, All EBM, and CINAHL using search strategy as mentioned above. The number of outputs 
from each database are shown in Table 10 below.  

Table 10. Databases accessed 

Database # of outputs 

Ovid Medline 558 

Embase 1571 

All EBM 469 

Cochrane 2 

CINHAL 597 

Total 3197 

 

Additionally, we searched the reference list of included studies to identify relevant references. We 
undertook an electronic search for Health Technology Assessments (HTA) and Evidence-based 
guidelines (EBGs). 

Identified titles were retained if they described rTMS treatment in adults with treatment-resistant 
depression. Following the initial screening process, full text articles were obtained and assessed for 
eligibility based on specific criteria developed a priori by the ISCRR project team in collaboration with 
the WSV project sponsors. Only the systematic reviews, randomised controlled trials, non-
randomised controlled trials, and clinical trials that investigated the effects of rTMS compared with 
standard care including antidepressants, psychological counselling, electroconvulsive therapy (ECT) 
or comparison to placebo in patients with depression were included. Specific inclusion and exclusion 
criteria are described below in Table 1. 

 


