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Evidence Appraisal Report 
 

Transcranial magnetic stimulation to treat people with 
treatment-resistant major depression 
 

Executive summary 

• This report aims to identify and summarise evidence that addresses the following question: 
What is the clinical and cost effectiveness of repetitive transcranial magnetic stimulation in 
people with major depressive disorder that has not responded to antidepressants, when 
compared standard care? 

• Repetitive transcranial magnetic stimulation (rTMS) can be administered using various 
types of coil and various modalities (also known as protocols) that use different rTMS 
parameters. The most used rTMS modalities are: 

- High-frequency stimulation of the left dorsolateral prefrontal cortex (high-frequency left 
DLPFC). 

- Low-frequency stimulation of the right dorsolateral prefrontal cortex (low-frequency right 
DLPFC). 

- Bilateral stimulation of the dorsolateral prefrontal cortex (both high-frequency left DLPFC 
and low-frequency DLPFC). 

• We identified a health technology assessment by Ontario Health (2021) that reported 
clinical-effectiveness evidence, which we adapted for this review. We re-analysed pooled 
outcomes comparing rTMS with sham to exclude evidence that included people with 
bipolar disorder.  

• In total, we included 29 primary studies that assessed outcomes on standard rTMS for major 
depression compared with sham. Of these, 20 studies evaluated high-frequency left DLPFC 
rTMS, eight evaluated low-frequency right DLPFC rTMS and six evaluated bilateral rTMS. We 
also included three systematic reviews comparing rTMS and electroconvulsive therapy (ECT) 
from the Ontario Health (2021) report.  

• Compared to sham: 

- High-frequency left DLPFC rTMS lowered depression scores and had better response and 
remission rates. These improvements were found both at the end of the acute treatment 
phase, and the short follow-up phase. 

- Low-frequency right DLPFC rTMS showed no significant difference in depression scores, 
response rate or remission rates at either end of treatment of follow up.  

- Bilateral rTMS only showed better reduction in depression scores and better response and 
relapse rates in the follow-up phase. 
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• Compared to ECT, ECT showed a better reduction in overall depression score than high-
frequency left DLPFC rTMS, but there was no difference in response and remission rates. 

• Areas of uncertainty: 

- Many of the analyses showed high statistical heterogeneity. 

- Some studies did not include follow-up periods, and the ones that did were relatively short 
(between two and 12 weeks). This results in uncertainty on the long-term impact of rTMS. 

- All studies involved an acute treatment period, therefore the effectiveness of persistent 
rTMS treatment is uncertain.  

• In regards to the economic evidence: 
- The current cost-effectiveness evidence is inconclusive.  
- There is uncertainty surrounding the optimal comparator and pathway structure for 

people with treatment-resistant major depression. 
- HTW de novo modelling suggests that rTMS was not cost effective in comparison to 

ECT or pharmacotherapy. 
- Sensitivity analyses suggest that the findings for rTMS in comparison to 

pharamacotherapy are broadly robust but that there is considerable uncertainty in 
the analysis comparing rTMS and ECT. In addition, there are elements of uncertainty 
which was beyond the scope of the economic analysis to consider (such as 
uncertainty around the treatment pathway). 
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1. Purpose of the evidence appraisal report 

This report aims to identify and summarise evidence that addresses the following question: 
What is the clinical and cost effectiveness of repetitive transcranial magnetic stimulation in 
people with major depressive disorder that has not responded to antidepressants, when 
compared standard care? 

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of 
published evidence identifying the best clinical and economic evidence on health technologies. 
Researchers critically evaluate this evidence. The draft Evidence Appraisal Report is reviewed by 
experts and by Health Technology Wales multidisciplinary advisory groups before publication. 

 

2. Health problem 

Major depression is a serious condition that can have a debilitating effect on a person’s life. 
Symptoms of major depression can vary from person to person, but common symptoms include 
persistent sadness, low interest or pleasure in activities, irritability, and feelings of 
hopelessness, guilt and low self-worth (Ontario Health 2021, NICE 2015a). It can also be 
accompanied by low energy, sleeping difficulties, loss of appetite, difficulty with concentration 
and thoughts of self-harm or suicide (Ontario Health 2021, NICE 2015a). Severity of major 
depression can range from mild to severe, depending on the symptoms and functional 
impairment that is experienced by the individual (NICE 2015b). 

There are many synonymous terms used to describe major depression, including major 
depressive disorder, unipolar depression, or clinical depression or depression (NICE 2015b). 
Major depression is diagnosed using diagnostic criteria, such as the ICD–10 Classification of 
Mental and Behavioural Disorders (ICD–10) or the Diagnostic Criteria for Major Depressive 
Disorder and Depressive Episodes (DSM-5, previously DSM-IV). According to DSM-V, major 
depression is diagnosed if at least five pre-specified symptoms are present during the same two-
week period and are causing significant distress or impairing occupational, social, or other 
important areas of function. Other diagnoses, such as bipolar disorder, should be ruled out due 
to differences in treatment (EUnetHTA 2017). Episodes of depression (also called major 
depressive episodes) can last from weeks to years, and people can experience recurrent episodes 
(NICE 2015a). 

Prevalence of major depression in the UK is thought to be between 5% and 10% in primary care, 
and is twice as common in men than women (NICE 2015b). The risk of relapse increases after the 
first, second and third major depressive episode. However, HTW experts highlighted that 
prevalence has increased since the start of the COVID-19 pandemic. 

First-line treatment for major depression includes a range of antidepressant medications and 
psychotherapies. However, in some cases depression does not respond well to antidepressant 
treatment and this is known as treatment-resistant depression. There is no standardised 
definition for treatment-resistant depression, but it normally means that the depression has not 
responded to two or more different antidepressants. However, the definition of antidepressant 
treatment response (or failure) can also vary. Due to the lack of standardised definition of 
treatment resistance, the prevalence of treatment-resistant major depression is not clear. 
although some estimates lie between 15% and 35% of people with major depression (EUnetHTA 
2017, Krstic et al. 2014, Lefaucheur et al. 2014, Wani et al. 2013, Nemeroff 2007).  

In some cases of severe treatment-resistant depression, electroconvulsive therapy (ECT) can be 
considered (NICE 2015a, Ontario Health 2021). ECT uses a machine to send brief electrical 
stimulation to the brain to induce a seizure. Anaesthesia and muscle relaxants are used during 
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ECT to prevent muscle spasms, pain or injury (NICE 2015a, Ontario Health 2021). The NICE (2021) 
depression pathway recommends the consideration of ECT for severe, life-threatening 
depression and when a rapid response is required, or when other treatments have failed. It also 
states that ECT should not be used routinely for people with moderate depression but considered 
if their depression has not responded to multiple treatments. Currently, five Welsh Health Boards 
have accredited ECT clinics (accredited by the Royal College of Psychiatrists ECT Accreditation 
Service) and offer ECT as a treatment option (Royal College of Psychiatrists 2021). However, HTW 
experts have highlighted that ECT is rarely used in this treatment pathway in Wales.  

 

3. Health technology 

Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive neurostimulation 
technique that does not need anaesthesia and can be used in an outpatient or inpatient setting 
(Ontario Health 2021, NICE 2015a). It uses an electromagnetic coil to deliver a series of focused 
magnetic field pulses to the appropriate region of the brain, which modulate the activity of nerve 
cells (Ontario Health 2021). This is thought to normalise the hyperactive or hypoactive activity in 
the target areas of the brain that are associated with mood and depression. 

There are various types of coil used, and also various modalities (protocols) that use different 
rTMS parameters. The most commonly used rTMS modalities are: 

• High-frequency stimulation of the left dorsolateral prefrontal cortex (high-frequency left 
DLPFC) at 10 to 20 Hz. 

• Low-frequency stimulation of the right dorsolateral prefrontal cortex (low-frequency right 
DLPFC) at 1 Hz. 

• Bilateral stimulation of the dorsolateral prefrontal cortex (both high-frequency left DLPFC 
and low-frequency DLPFC, either sequentially or at the same time). 

Treatment with rTMS usually comprises daily sessions lasting about 30 minutes, typically for 
two to six weeks (NICE 2015a). rTMS is indicated for people with major depression that have failed 
to adequately respond to antidepressant medication, or for people where antidepressant 
medication is unsuitable (EUnetHTA 2017). It can be offered at an outpatient or inpatient setting, 
does not require anaesthesia, and does not require post-treatment recovery so people can 
resume normal activities (EUnetHTA 2017, Ontario Health 2021). HTW experts highlighted that 
patients are currently referred outside of Wales for rTMS treatment. 

In 2015, the National Institute for Health and Care Excellence (NICE) published interventional 
procedures guidance (IPG) 542 on rTMS for the treatment of depression (NICE 2015a). The 
guidance concluded that evidence on rTMS for depression shows no major safety concerns, and 
that evidence on short-term efficacy is adequate but the clinical response is variable. It 
recommended that rTMS may be used for depression with normal clinical governance and audit 
arrangements. 

 

4. Measuring depression severity (depression scales) 

There are multiple scales used to measure depression severity. The most commonly used are the 
Montgomery–Åsberg Depression Rating Scale (MADRS) and the Hamilton Depression Rating 
Scale (HDRS, also known as HAM-D) (NICE 2015a). MADRS uses a scale of one to six to measure 10 
items, including apparent sadness, reported sadness and suicidal thoughts. HDRS uses three- 
and five-point likert scales to score various items, including depressed mood, insomnia, 
agitation, anxiety and weight loss (NICE 2015a). The number of items depends on the type of HDRS 

https://pathways.nice.org.uk/pathways/depression#glossary-moderate-depression
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used, e.g. HDRS-17 measure 17 items. Lower MADRS or HDRS scores indicates less severe 
depression. 

 

5. Clinical effectiveness 

For this review, we adapted the clinical-effectiveness evidence from a previous health technology 
assessment by Ontario Health, formerly Health Quality Ontario (see Section 11 for further details 
on methodology). We re-analysed data comparing rTMS with sham to treat treatment-resistant 
major depression, excluding evidence that included people with bipolar disorder, and present 
pooled outcomes below. In total, 29 randomised controlled trials (RCTs) assessed outcomes on 
standard rTMS for major depression compared with sham. Of these, 20 studies evaluated high-
frequency left DLPFC rTMS, eight evaluated low-frequency right DLPFC rTMS and six evaluated 
bilateral rTMS. We did not identify any additional RCTs published after the Ontario Health (2021), 
although we did identify one study reporting on the interim analyses of a terminated randomised 
controlled trial RCT). 

Ontario Health (2021) also evaluated rTMS versus ECT. For this comparison, Ontario Health 
identified four systematic reviews; two of the systematic reviews covered the same primary 
studies, so only the most recent systematic review was included. All evidence was evaluating the 
high-frequency left DLPFC rTMS modality. 

 

 rTMS compared with sham rTMS 

Outcomes comparing rTMS with sham rTMS to treat major depression were identified from 32 
studies within the Ontario Health (2021) report. Two studies were excluded from the Ontario 
Health (2021) report, and subsequently from these analyses, as they provided rTMS outside of the 
recommended safety standards and exceeded set limits for trains and pulses (Padberg et al. 
2002, Stern et al. 2007). A third study was excluded as the population included US veterans and 
the sample included a high prevalence of post-traumatic stress disorder (Yesavage et al. 2018). 
The remaining 29 studies are used in this review. 

Pooled outcome data for change in depression score, response rate and relapse rate is presented 
in Table 1 (see Section 11 for more information on the analyses and methodology used in this 
review). Further detail on these outcomes, including additional subgroup analyses, can be found 
in the respective sections below. 

We searched for additional randomised controlled trials published after the Ontario Health 
(2021) literature searches took place. We identified one study reporting on the interim analysis 
of a terminated randomised controlled trial. As this was an interim analysis, we did not include 
it in our meta-analysis. More information on this study can be found in Section 5.1.5. 
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Table 1. Pooled outcomes for rTMS compared with sham rTMS 

Outcome Number of studies (number of participants) Type of rTMS Pooled effect, 95% CI, p-value, interpretation 

Change in depression score (end of treatment) 17 (1,018) HF left DLPFC 
MD −4.31, 95% CI −5.96 to −2.66; p <0.00001 
favours rTMSa 

Change in depression score (follow-up) 8 (484) HF left DLPFC 
MD −3.98, 95% CI −7.12 to −0.84; p = 0.01 
favours rTMS 

Change in depression score (end of treatment) 5 (141) LF right DLPFC 
MD −2.86, 95% CI −6.26 to 0.55; p = 0.10 
favours neithera 

Change in depression score (follow-up) 1 (19) LF right DLPFC NEb 

Change in depression score (end of treatment) 5 (220) Bilateral 
MD −1.58, 95% CI −3.19 to 0.04; p = 0.06 
favours neither 

Change in depression score (follow-up) 2 (57) Bilateral 
MD −3.79, 95% CI −7.43 to −0.16; p = 0.04 
favours rTMS 

Response rate (end of treatment) 18 (1,108) HF left DLPFC 
RR 2.63, 95% CI 1.65 to 4.20; p <0.0001 
favours rTMSa 

Response rate (follow-up) 5 (431) HF left DLPFC 
RR 2.20, 95% CI 1.40 to 3.48; p = 0.0007 
favours rTMS 

Response rate (end of treatment) 8 (306) LF right DLPFC 
RR 1.54, 95% CI 0.85 to 2.77; p = 0.16 
favours neithera 

Response rate (follow-up) 0 LF right DLPFC NEc 

Response rate (end of treatment) 6 (260) Bilateral 
RR 2.70, 95% CI 0.98 to 7.45; p = 0.05 
favours neithera 

Response rate (follow-up) 2 (109) Bilateral 
RR 3.88, 95% CI 1.43 to 10.54; p = 0.008 
favours rTMS 

Remission rate (end of treatment) 10 (882) HF left DLPFC 
RR 2.26, 95% CI 1.29 to 3.97; p = 0.004 
favours rTMS 

Remission rate (follow-up) 2 (374) HF left DLPFC 
RR 2.57, 95% CI 1.22 to 5.42; p = 0.01 
favours rTMS 

Remission rate (end of treatment) 6 (267) LF right DLPFC RR 1.72, 95% CI 0.77 to 3.86; p = 0.07 
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Outcome Number of studies (number of participants) Type of rTMS Pooled effect, 95% CI, p-value, interpretation 

favours neithera 

Remission rate (follow-up) 0 LF right DLPFC NEc 

Remission rate (end of treatment) 4 (204) Bilateral 
RR 2.58, 95% CI 0.62 to 10.63; p = 0.19 
favours neithera 

Remission rate (follow-up) 2 (109) Bilateral 
RR 6.97, 95% CI 1.71 to 28.53; p = 0.007 
favours rTMS 

a These analyses were subject to a high level of heterogeneity (I2 >50%). 
b Pooled outcome was not estimable as there was only one study reporting this outcome, The study reported significantly lower mean depression score with rTMS versus sham (16.7, 
SD 5.7 versus 25.3, SD 4.5; p < 0.05). 
c Pooled outcome was not estimable as no studies reported on this outcome. 
CI: confidence interval; MD: mean difference; NE: not estimable; RR: risk ratio; rTMS: repetitive transcranial magnetic stimulation; SD: standard deviation 
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5.1.1 Change in depression score 

5.1.1.1 High-frequency left DLPFC rTMS versus sham rTMS 

Change in depression scores at the end of treatment phase between two and six weeks was 
reported by 17 studies with a total of 1,018 participants (Appendix 4, Figure 1). Bakim et al. (2012) 
and Theleritis et al. (2017) studied more than two groups, so the group from Bakim et al. (2012) 
using a higher intensity (110% motor threshold) and the group from Theleritis et al. (2017) 
receiving once-daily treatment were reported here. There were lower depression scores for those 
who received high-frequency left DLPFC rTMS compared with sham treatment (mean difference 
[MD] −4.31, 95% confidence interval [CI] −5.96 to −2.66; p <0.00001). The pooled change in 
depression score for high-frequency left DLPFC rTMS had considerable heterogeneity (I2 = 83%). 

We conducted the same analysis for studies that included a follow-up after the end of rTMS 
treatment, ranging from three weeks to three months (Appendix 4, Figure 2). Eight studies were 
included with a total of 484 participants. Depression scores were lower with the high-frequency 
left DLPFC rTMS treatment than with the sham treatment (MD −3.98, 95% CI −7.12 to −0.84; p = 
0.01). Again, there was considerable heterogeneity within this analysis (I2 = 88%). 

An additional subgroup analysis pooled outcomes based on the proportion of people receiving 
antidepressants in each study (Appendix 4, Figure 3): 100% on antidepressants, 51-99% on 
antidepressents, 1-50% on antidepressant and 0% on antidepressants. Analyses showed lower 
depression scores with rTMS than with sham, regardless of antidepressant usage. However, it 
should be noted that there was only one study included in the 1-50% antidepressant subgroup. 

 

5.1.1.2 Low-frequency right DLFPC rTMS versus sham therapy 

Change in depression score at end of treatment phase (between two and four weeks in length) 
with low frequency rTMS compared with sham was analysed from five studies with a total of 141 
participants (Appendix 4, Figure 4). No difference in change in depression score was found 
between low frequency rTMS and sham (MD −2.86, 95% CI −6.26 to 0.55; p = 0.10). This estimate 
carries substantial heterogeneity (I2 = 67%). 

Only one study reported a follow-up period. Following an initial two-weeks of treatment, Krstic et 
al. (2014) reported a three-week follow-up period that took place one week after the initial 
treatment finished. Mean depression score was significantly lower in the rTMS group compared 
with the sham group (16.7, standard deviation [SD] 5.7 versus 25.3, SD 4.5; p < 0.05). 

Subgroup analyses was performed based on antidepressant status (Appendix 4, Figure 5). 
However, only one study reported 0% on antidepressants, one study reported 51-99% 
antidepressants, and there were no studies reporting 1-50% antidepressant usage. Lower 
depression score with rTMS compared with sham was only observed in the study with 0% 
antidepressant status (MD −6.79, 95% CI −10.97 to −2.61). These differences should be interpreted 
with caution due to the small number of studies, and small number of participants within the 
subgroups. 

 

5.1.1.3 Bilateral rTMS versus sham 

We analysed data from five studies (220 participants) to assess the effect of bilateral rTMS on 
depression score at the end of treatment phase (between two and six weeks, Appendix 4, Figure 
6). Bilateral rTMS combines both high-frequency left DLPFC and low-frequency right DLFPC. No 
significant difference in score was observed between bilateral rTMS and sham (MD −1.58, 95% CI 
−3.19 to 0.04; p = 0.06). 
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Two studies reported follow-up after end of treatment phase of four and six weeks, respectively. 
It should be noted that no maintenance rTMS treatments were given between the end of the initial 
treatment phase and the follow-up point. Pooled depression score was lower with bilateral rTMS 
compared with sham therapy (MD −3.79, 95% CI −7.43 to −0.16; p = 0.04; Appendix 4, Figure 7). 

Additional subgroup analyses based on antidepressant status was not performed, because all 
participants from the included studies were receiving antidepressants. 

 

5.1.2 Response rate 

In every study included in this report, response rate was defined as more than, or more than and 
equal to, a 50% reduction in depression scores. 

5.1.2.1 High-frequency left DLPFC rTMS versus sham therapy 

As described above, two studies included more than two groups in their RCT (Bakim et al. 2012, 
Theleritis et al. 2017). For Bakim et al. (2012), we included the higher intensity group (110% motor 
threshold). Theleritis et al. (2017) combined the response rate in their active groups (high-
frequency left DLPFC once daily and twice daily) and control groups (sham once daily and twice 
daily).  

Outcome data for response rate at the end of the treatment phase (between two and six weeks) 
was pooled from 18 studies with 1,108 participants. Response rate was favoured in the high-
frequency left DLPFC group compared with the sham group (risk ratio [RR] 2.63, 95% CI 1.65 to 
4.20; p <0.0001). This analysis was subject to statistical heterogeneity (I2 = 62%). We also analysed 
the risk difference between high-frequency rTMS and sham treatment (Appendix 4, Figure 8).  

We also pooled response rates for studies that included follow-up periods after the end of 
treatment; follow-up periods ranged from three to 12 weeks (Appendix 4, Figure 9). No 
maintenance rTMS was given during this time. The response rate was higher with high-frequency 
rTMS compared with sham rTMS (RR 2.20, 95% CI 1.40 to 3.48; p = 0.0007) 

We also performed subgroup analyses based on the proportion of study participants who were 
receiving antidepressants: 0% on antidepressants, 1-50% on antidepressants, 51-99% on 
antidepressants and 100% on antidepressants (Appendix 4, Figure 10). Response rate was better 
with high-frequency rTMS than sham regardless of antidepressant status. It should be noted that 
only one study was included in the 1-50% subgroup. 

 

5.1.2.2 Low-frequency right DPLFC rTMS versus sham rTMS 

One study reported multiple groups, so we included the group that compared low-frequency 
DLPFC rTMS without venlafaxine with sham rTMS plus venlafaxine (Brunelin et al. 2014). The 
group receiving rTMS without venlafaxine received placebo venlafaxine. 

Response rates at the end of the treatment phase (between two and four weeks) for low-
frequency right DPLFC rTMS versus sham rTMS are shown in Appendix 4, Figure 11. Data was 
pooled from eight studies, with a total of 306 participants. There was no difference between low-
frequency rTMS and sham on response rates (RR 1.54, 95% CI 0.85 to 2.77; p = 0.16). This analysis 
was subject to statistical heterogeneity (I2 = 57%).  

When subgrouping based on proportion of participants receiving antidepressants, low-
frequency rTMS showed better response rates compared with sham when 0% of participants were 
or antidepressants (Appendix 4, Figure 12); however, this is based on only one study. No difference 
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was seen in the 51-99% antidepressants group or the 100% on antidepressants group, and no 
studies were identified where 1-50% of participants were receiving antidepressants.  

 

5.1.2.3 Bilateral rTMS versus sham 

Six studies, with a total of 260 participants, were included in the meta-analysis comparing 
bilateral rTMS with sham on response rate (Appendix 4, Figure 13). Response rates were higher 
with bilateral rTMS than with sham treatment (RR 2.70, 95% CI 0.98 to 7.45; p = 0.05). However, 
there was significant heterogeneity within this analysis (I2 = 63%).  

Two studies included a longer term follow-up of six weeks (Appendix 4, Figure 13). It should be 
noted that no rTMS maintenance treatments were given after the initial treatment phase. 
Bilateral rTMS had better response rates compared with sham (RR 3.88, 95% CI 1.43 to 10.54; p = 
0.008). 

We did not perform a subgroup analysis based on proportion of study population receiving 
antidepressants, because none of the studies included people not receiving antidepressants.  

 

5.1.3 Remission rate 

Remission rate was defined by studies as a depression score below a certain threshold, for 
example a HAMD score of less than or equal to seven. It should be noted that the threshold used 
to determine remission was inconsistent across studies. 

5.1.3.1 High-frequency left DLPFC rTMS versus sham 

Two studies included more than two groups in their study. We included the higher frequency 
group from Bakim et al. (2012) as described previously. In Theleritis et al. (2017), the remission 
rate data was combined for both the active groups (high-frequency DLPFC once daily and twice 
daily) and sham groups (sham once daily and twice daily).  

Meta-analyses of the remission rate with high-frequency rTMS versus sham rTMS is shown in 
Appendix 4, Figure 15. Based on 10 studies and a total of 882 participants, remission rate at the 
end of treatment (2-6 weeks) was better with high-frequency rTMS than with sham (RR 2.26, 95% 
CI 1.29 to 3.97; p = 0.004). 

Three studies included a longer follow-up after the end of treatment (six weeks; Appendix 4, 
Figure 16). No additional rTMS treatments were given during this time. The pooled remission rate 
in studies with longer follow-up was better with high-frequency rTMS compared with sham (RR 
2.57, 95% CI 1.22 to 5.42; p = 0.01). 

No additional subgroup analyses were performed for this outcome in high-frequency rTMS. It 
should be noted that the studies included in these analyses used various depression score cut-
off points when defining remission. 

 

5.1.3.2 Low frequency right DLPFC rTMS versus sham 

One of the included studies had multiple intervention groups (Brunelin et al. 2014). For this 
analysis, we included the groups that received low-frequency rTMS without venlafaxine versus 
sham with venlafaxine. Results of the analysis are presented in Appendix 4, Figure 17.  
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Based on six studies with 267 participants, there was no difference in remission rate at the end 
of treatment phase (2-6 weeks) compared with sham (RR 1.72, 95% CI 0.77 to 3.86; p = 0.07). No 
studies reported on remission rate at longer follow-up (after end of acute treatment).  

It should be noted that there was statistical heterogeneity across the studies included in this 
outcome (I2 = 52%). Additionally, the score cut-off used to define remission varied across studies. 

 

5.1.3.3 Bilateral rTMS versus sham 

We pooled data from four studies with 204 participants on remission rate at the end of treatment 
(2-6 weeks; Appendix 4, Figure 18). There was no difference between bilateral rTMS and sham on 
the effect of remission (RR 2.58, 95% CI 0.62 to 10.63; p = 0.19). This outcome was subject to 
statistical heterogeneity (I2 = 60%). 

We also looked at remission rate for longer follow-up; two studies reported on remission at six 
weeks follow-up after end of treatment period (Appendix 4, Figure 19). In this analysis, bilateral 
rTMS had better remission rate compared with sham (RR 6.97, 95% CI 1.71 to 28.53; 0.007). As with 
the other modalities, it should be noted that the studies varied in defined cut-off score for 
remission. 

 

5.1.4 Adverse events 

Seven studies did not report on adverse events with either rTMS or sham (Kang et al. 2016, Zheng 
et al. 2015, Fitzgerald et al. 2012, Holtzheimer et al. 2004, Kauffmann et al. 2004, Höppner et al. 
2003, Taylor et al. 2018). Two studies reported side effects based on validated scales (Bretlau et 
al. 2008, Mogg et al. 2008). At three weeks, Bretlau et al. (2008) reported significantly higher rates 
of reduced sleep with sham rTMS. At 12 weeks, they reported that the sham group had 
significantly greater concentration difficulties. The second study found no significant difference 
in side effects between rTMS and sham (Mogg et al. 2008). 

Nine studies reported rates of adverse events with high-frequency rTMS versus sham, three 
reported on low-frequency rTMS versus sham and two reported on bilateral rTMS. The rate of 
adverse events for individual studies are listed in Appendix 5, Table 1. Overall, adverse events 
were similar in rTMS and sham groups. 

 

5.1.5 Additional studies not included in the analysis 

We identified one study reporting on an interim analysis of a terminated RCT that was published 
after the Ontario Health (2021) review (van Eijndhoven et al. 2020). This study aimed to assess 
the effects of a 4-week high-frequency left DLPFC rTMS protocol in chronic, treatment resistant 
major depression with the current episode lasting at least two years. Thirty-one participants were 
enrolled before the study was terminated (15 in the rTMS group, 16 in the sham group). The reason 
for discontinuation of the study was that no different in depression score (HDRS-17) between 
rTMS and sham, and no participants in the rTMS arm had responded to treatment.  

At the end of treatment, the mean decrease in HDRS score was 3.1 (13%) in the rTMS group and 4.1 
(18%) in the sham group. One patient from the sham group showed response (more than 50% 
reduction in score). The authors concluded that standard high-frequency rTMS for four weeks 
was not effective in chronic, severe treatment-resistant depression. 

The lack effect observed in this terminated RCT conflicts with the improvements observed with 
high-frequency rTMS in the meta-analysis described above. This may be because the terminated 
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RCT evaluated rTMS to treat a more severe form of major depression (chronic with the current 
episode lasting 2 years or more), compared to the other studies identified in this report. Due to 
the differences in population, and that the evidence is drawn from an interim analysis of small 
numbers, we did not include van Eijndhoven et al. (2020) in the main meta-analyses. 

 

 rTMS versus ECT 

We identified four systematic reviews from the Ontario Health report that reported on outcomes 
comparing rTMS to electroconvulsive therapy. Two systematic reviews reported the same studies 
(Leggett et al. 2015, University of Calgary 2014). Ontario Health reported from the most recent 
systematic review (University of Calgary 2014); therefore, the other review will not be discussed 
further.  It should be noted that these systematic reviews included different types of depression, 
in particular people with bipolar depression. However, the majority of studies were of people with 
MDD; of studies that did include people with bipolar depression, they made up a small proportion 
of participants (See Appendix 3, Table 1 for more details and review characteristics). 

We did not identify newer systematic reviews or randomised controlled trials published after the 
Ontario Health assessment. 

 

5.2.1 Change in depression score 

Two systematic reviews evaluated change in depression score with rTMS versus ECT (Lepping et 
al. 2014, Health Quality Ontario 2016). Both reviews compared high-frequency DLPFC rTMS with 
ECT specifically. Overall, both reviews reported that ECT resulted in better depression scores than 
rTMS (Table 2). 

The quality of evidence for this outcome as reported by Ontario Health (2021) was moderate; it 
was downgraded due to risk of bias, which was based on the Health Quality Ontario (2016) review. 

Table 2. Change in depression score – rTMS versus ECT 

Review Number of 
studies 

(number of 
participants) 

Results Author 
reported 
quality 

Author’s 
conclusions 

Additional comments 

Lepping et 
al. (2014) 

5 (212) “In those rTMS 
studies that used 
ECT as a comparator, 
ECT was 
more effective than 
rTMS which 
only reached a HDRS 
percentage 
reduction of 33.7%” 

NR No specific 
conclusions on 
this 
comparator. 

Details of individual 
study or pooled results 
of rTMS versus ECT was 
not presented in the 
review. 
 
It should be noted that 
this review extracted 
HAMD scores and 
translated them into a 
different depression 
score (CGI-I). 
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Review Number of 
studies 

(number of 
participants) 

Results Author 
reported 
quality 

Author’s 
conclusions 

Additional comments 

Health 
Quality 
Ontario 
(2016) 

4 (185) WMD −5.97  
(95% CI −11.0 to −0.94, 
p = 0.020) 
I2 = 72.2% 
Favours ECT 
 
SMD −0.67  
(95% CI −1.23 to −0.10, 
p = 0.021) 
I2 = 70.6% 
Favours ECT 

Moderate 
quality 
(GRADE) 

"Trials of high 
frequency rTMS 
of the DLPFC 
vs. ECT showed 
significantly 
more 
improvement 
in depression 
scores with 
ECT treatment 
than with rTMS 
treatment” 

One study (Eranti et al. 
2007) had low ROB, 
while 2 studies had 
moderate ROB and two 
had high ROB 
(Grunhaus et al. 2000, 
Grunhaus et al. 2003, 
Pridmore et al. 2000, 
Keshtkar et al. 2011). 

CI, confidence interval; DLPFC, dorsolateral prefrontal cortex; ECT, electroconvulsive therapy; HDRS, Hamilton 
Depression Rating Scale; NR, not reported; ROB, risk of bias; rTMS, repetitive transcranial magnetic stimulation; 
SMD, standardised mean difference; WMD, weighted mean difference. 

 

5.2.2 Response rate 

Two systematic reviews evaluated response rate with high-frequency left DLPFC rTMS compared 
with ECT. Both studies defined response rate as ≥50% reduction in depression score. One study 
was included in both reviews; the remaining studies were unique to each review (included 
studies are listed in Appendix 3, Table 1). Overall, no difference between rTMS and ECT was 
observed (Table 3). 

The quality of evidence for this outcome as reported by Ontario Health (2021) was moderate; it 
was downgraded due to risk of bias, which was based on the Health Quality Ontario (2016) review. 

Table 3. Response rate – rTMS versus ECT 

Review Number of 
studies 

(number of 
participants) 

Results Author reported 
quality 

Author’s conclusions 

University 
of Calgary 
(2014)* 

3 (104) RR 1.09  
(95% CI 0.79 
to 1.48, p = 
0.41) 
favours 
neither 

Mainly 
low/unclear ROB. 3 
studies had areas 
with high risk of 
bias (assessed 
using the 
Cochrane ROB 
Checklist). 

“This pooled estimate suggests that 
patients may be more likely to 
experience treatment response with 
rTMS than with ECT. However, the 
results are not statistically significant 
different; rTMS may be less or more 
effective compared to ECT.” 

Health 
Quality 
Ontario 
(2016)* 

3 (126) RR 1.72  
(95% CI 0.95 
to 3.11, p = 
0.72) 
I2 = 60.6% 
favours 
neither 

Moderate quality 
(GRADE) 

“The remission and response rates were 
also higher in patients who received ECT 
than in those who received rTMS 
(remission 51.7% versus 35% and 
response 66.1% versus 37.5%, The pooled 
risk ratio did not reach significance 
level, as the studies used different ECT 
protocols and were very 
heterogeneous.” 
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CI, confidence interval; DLPFC, dorsolateral prefrontal cortex; ECT, electroconvulsive therapy; HDRS, Hamilton 
Depression Rating Scale; NR, not reported; ROB, risk of bias; rTMS, repetitive transcranial magnetic stimulation; 
SMD, standardized mean difference; WMD, weighted mean difference. 
 
*NOTE: the analyses from University of Calgary present RRs for rTMS compared to ECT (RR >1 potentially favours 
rTMS), whereas the analyses from Health Quality Ontario present RRs for ECT compared to rTMS (RR >1 potentially 
favours ECT).  

 

5.2.3 Remission rate 

Two systematic reviews evaluated remission rate of high-frequency left DLPFC rTMS versus ECT 
(Health Quality Ontario 2016, University of Calgary 2014). Two studies were included in both 
reviews, and one study in each review was unique to that review. The definition used for remission 
varied depending on the scale used. Overall, the reviews reported that there is no difference in 
remission rates between rTMS and ECT (Table 4). 

The quality of evidence for this outcome as reported by Ontario Health (2021) was moderate; it 
was downgraded due to risk of bias, which was based on the Health Quality Ontario (2016) review. 

Table 4. Remission rate – rTMS versus ECT 

Review Number of 
studies 

(number of 
participants) 

Results Author 
reported 
quality 

Author’s conclusions 

University 
of Calgary 
(2014) 

3 (114) RR 0.97  
(95% CI 0.65 to 
1.45, p = 0.87) 
favours neither 

Mainly 
low/unclear 
ROB. 3 
studies had 
areas with 
high risk of 
bias 

“This pooled estimate suggests that 
patients may be more likely to experience 
remission with ECT than with rTMS 
treatment. However, as the CI of this pooled 
estimate crosses the null line (1.00), this 
effect is not statistically significant. This 
result therefore suggests that there is no 
statistically significant difference in 
remission rate of patients treated with 
rTMS compared to those treated with ECT.” 

Health 
Quality 
Ontario 
(2016) 

3 (118) RR 1.44  
(95% CI 0.64–
3.23, p = 0.375) 
I2 = 69.1% 
favours neither 

Moderate 
quality 
(GRADE) 

“The remission and response rates were 
also higher in patients who received ECT 
than in those who received rTMS (remission 
51.7% versus 35% and response 66.1% versus 
37.5%, The pooled risk ratio did not reach 
significance level, as the studies used 
different ECT protocols and were very 
heterogeneous.” 

CI, confidence interval; ECT, electroconvulsive therapy; NR, not reported; RR, risk ratio; rTMS, repetitive transcranial 
magnetic stimulation. 
 
*NOTE: the analyses from University of Calgary present RRs for rTMS compared to ECT (RR >1 potentially favours 
rTMS), whereas the analyses from Health Quality Ontario present RRs for ECT compared to rTMS (RR >1 potentially 
favours ECT).  

 

5.2.4 Relapse rate 

One systematic review evaluated relapse rate (Health Quality Ontario 2016), and identified two 
studies that reported relapse rate at six-month follow-up. Eranti et al. (2007) reported that 50% 
of patients relapsed during the first six months (rTMS group: 2/4 [50%] of remitters; ECT group: 
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6/12 [50%] of remitters; p = not significant). Dannon et al. (2002) reported relapse was lower in 
the ECT group than in the rTMS group at 6 months (rTMS group: 4/9 [44.4%] of responders; ECT 
group: 4/16 [25%] of responders; p = not available). 

 

5.2.5 Adverse events 

Two systematic reviews reported on adverse events in primary studies; the results from Health 
Quality Ontario (2016) are presented in Table 5.  

The adverse events reported by University of Calgary (2014) from six studies were pain or 
discomfort, and headache. Three studies reported that some of their patients had headaches, 
but that all headaches subsided quickly. One study reported pain or discomfort, neither of which 
were experience by people receiving ECT. No serious adverse events were reported. 

Table 5. Adverse events for rTMS versus ECT  

Study Time of follow-up Side effect scores Self-rating of 
cognitive 

complaints 

Cognition scores 

Eranti et al. (2007) 

Baseline 
rTMS 13.2 (5.8) 
ECT 14.2 (4.7) 

rTMS 2.1 (1.3) 
ECT 2.4 (1.2) 

rTMS 85.3 (11.3) 
ECT 83.2 (11.1) 

End of treatment 
rTMS 9.7 (4.6) 
ECT 6.7 (6.4) 

rTMS 1.5 (1.2) 
ECT 1.5 (1.4) 

rTMS 84.7 (17.4) 
ECT 87.0 (14.8) 

6 months  

rTMS 8.9 (4.7) 
ECT 7.1 (4.7) 
p = 0.02 
Favours ECT 

rTMS 2.1 (1.5) 
ECT 1.2 (1.4) 
p = 0.1 

rTMS 84.8 (14.5) 
ECT 86.1 (17.3) 
p =0 .7 

Pridmore et al. 
(2000) 

Baseline 
rTMS 8.1 (3.2) 
ECT 6.1 (3.6) 
p = 0.1 

NR NR 

End of treatment  
rTMS 3.9 (2.9) 
ECT 5.3 (4.3) 
p = 0.3 

NR NR 

Rate of adverse events 

Grunhaus et al. 
(2003) 

rTMS: 3 (15%) patients had headaches and 2 (10%) had sleep disturbance 
ECT: no adverse events occurred 

Grunhaus et al. 
(2000) 

rTMS: 5 (25%) had headaches 
ECT: no adverse events occurred 

 

 Ongoing studies 

We identified two ongoing reviews on PROSPERO evaluating standard rTMS modalities for the 
treatment of major depression. Brini et al. (2020) plan to undertake a review of existing 
systematic reviews on the effectiveness and safety of rTMS for major depressive disorder, and 
Chen et al. (2020) aim to evaluate the most effective and acceptable non-invasive 
neuromodulators to treat major depressive disorder. Both of the reviews had estimated 
completion dates for April 2021; we did not identify any published systematic reviews linked to 
these PROSPERO entries. 

We identified two ongoing primary studies. Table 6 provides details on these studies, including 
expected completion dates. 
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Table 6: summary of randomised controlled trials 

Study information Status Research question & outcome measures 

Registration: 
ChiCTR2000039393 
 
Country: China 
 
Target recruitment: 168 
participants (28 per treatment 
arm) 
 
Follow-up: NR 
 
Estimated completion date: NR 

Recruiting 
 
Last updated:  
28 January 2021 

Population: People with severe depressive 
episodes (diagnostic criteria ICD-10) 
 
Interventions: 
Antidepressants 
Modified ECT 
rTMS (type not specified) 
 
Comparator: 
Sham rTMS 
 
Outcome measure: HDRS 

Registration: 
IRCT20210211050329N1 
 
Country: Iran 
 
Target recruitment: 50 
 
Follow-up: NR 
 
Estimated completion date: NR 

Recruitment 
complete 
 
Last updated:  
2 March 2021 

Aim: To investigate the effect of two types of 
repetitive transcranial magnetic stimulation 
protocols in the severity of depression, 
cognitive flexibility, response inhibition, and 
visual-spatial memory in patients with 
depressive disorder. 
 
Population: People with depressive disorder 
 
Interventions: 
rTMS (Magstim), different protocols 
 
Comparator: sham rTMS 
 
Outcome measure: Depression score (Beck 
Depression questionnaire) 

ECT: electroconvulsive therapy; HDRS: Hamilton Depression Rating Scale; ICD-10: International Classification of 
Diseases 10; NR: not reported; rTMS: repetitive transcranial magnetic stimulation. 

 

  

https://www.chictr.org.cn/historyversionpuben.aspx?regno=ChiCTR2000039393
https://en.irct.ir/trial/54467
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6. Economic evaluation 

 Health economic evidence review  

The economic evaluation of rTMS builds on the clinical findings above. The assessment centres 
on high-frequency rTMS followed by ECT in comparison to two treatment pathways, 
pharmacotherapy and ECT. The most recently conducted cost-effectiveness study looking at 
these comparisons was published in May 2021 by Ontario Health (2021). The evidence searches 
undertaken for the Ontario Health (2021) HTA is dated 27 August 2019. We searched for economic 
studies were published after the Ontario Health (2021) search date; one study met the inclusion 
criteria (Teng et al. 2021).  

Table 7 and 8 report on the characteristics of the economic analyses from Teng et al. (2021) and 
Ontario Health (2021).  

Table 7. Teng et al. (2021). 

Study details Study population 
and design  

Data sources Results Quality assessment 

Author and year:  
Teng et al. (2021) 
 
Country: 
Singapore  
 
Type of 
economic 
analysis: 
Cost-utility 
analysis 
 
Perspective: 
Societal 
perspective  
 
Currency: 
Singapore dollar 
($) exchanged to 
US dollars ($)  
 
Price year: 
October 2019 
 
Time horizon:  
2 years 
 
Discounting:  
Not listed  
 
Potential 
conflict of 
interest:  
 
No listed 
declarations of 
interest.  

Population 
People with major 
depressive 
disorder  
136 patients. 63 on 
TMS and 73 on ECT. 
Age ranged from 15 
to 82 years old. 
39.7 were female. 
Base depression 
score 
(Montgomery-
Asber Depression 
ration scale) 28.5. 
Data collection 
from a 3000-bed 
tertiary hospital in 
Singapore.  
 
Interventions  
Strategies 
including 
combinations of 
antidepressants 
(A), TMS (T) and 
ECT (E) across four 
lines of treatment. 
10 sequences were 
considered in the 
analysis:  
 
AAAT 
AAAA 
AATA 
AAAE 
AATE 
AAEA 
ATAA 
ATAE 
ATEA 

Source of baseline 
and effectiveness 
data: 
Clinical effectiveness 
estimates within 
analysis from 
hospital database 
and literature.  
 
Effectiveness of rTMS 
and ECT estimates 
were reported from 
within trial hospital 
data.  
 
Effectiveness of 
antidepressants and 
probabilities of 
relapse were sourced 
from the literature.   
 
Source of resource 
use and cost data: 
All cost data are 
sourced from the 
hospital database.  
Costs were split into 
direct and indirect 
costs (to offer the 
societal perspective). 
Direct costs included 
treatment costs, 
clinical visits, 
laboratory 
investigations and 
hospital stay. Indirect 
costs focussed on 
loss of productivity 
according to 

Base case results 
 
Total costs:  
AAAT: $5,523 
AAAA: $5,530 
AATA: $5,778 
AAAE: $6,154 
AATE: $6,570 
AAEA: $6,964 
ATAA: $7,322 
ATAE: $8,088 
ATEA: $8,925 
AEAA: $9,506 
 
Total QALYs: 
AAAT: 1.424 
AAAA: 1.396 
AATA: 1.421 
AAAE: 1.507 
AATE: 1.516  
AAEA: 1.515  
ATAA: 1.380 
ATAE: 1.500 
ATEA: 1.510 
AEAA: 1.494 
 
 
 
 
Incremental 
analysis: 
 
The authors 
presented 
incremental costs 
and QALYs for all 
strategies in 
comparison to the 
least costly 
strategy (AAAT). 

Applicability 
The study was 
deemed only partially 
applicable as it was 
undertaken in 
Singapore and 
suffers from poor 
generalisability to the 
Wales NHS context.  
 
The analysis also 
considered a societal 
perspective, which is 
broader than the 
perspective that we 
would typically adopt 
for health care 
technologies.  
 
 
Limitations 
Some potentially 
serious limitations 
were identified: 
 
• The Markov 

model follows a 2 
year horizon due 
to lack of clinical 
data. The chronic 
nature of the 
condition 
suggests that a 
longer duration 
would be 
beneficial.  

• A small cohort of 
patients were 
used for the 
clinical 
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Study details Study population 
and design  

Data sources Results Quality assessment 

AEAA 
 
Study design 
Markov model 

absenteeism while 
seeking treatment.   
   
Source of quality-of-
life data: 
From the literature. A 
combination of Ross 
et al. (2018) and Zhao 
et al. (2018).  

The authors 
concluded that 
the most cost-
effective strategy 
was AAAE as it 
had the lowest 
ICER ($7,601 per 
QALY), followed by 
AATE ($11,388 per 
QALY). 
 
In order to 
ascertain the 
optimal strategy 
overall, we used 
the reported 
results in a fully 
incremental 
analysis in which 
all strategies are 
compared against 
each other. The 
results showed 
AAAE and AATE to 
be the only non-
dominated 
strategies. AATE 
was found to be 
more costly and 
more effective 
than AAAE with a 
resulting ICER of 
$46,222 per QALY 
[£33,742 exchange 
rate of 1US$ = 0.73 
£GBP]. Therefore, 
AATE would be the 
optimal strategy 
using the authors 
reported 
threshold of 
$58,394 per QALY. 
 
 
Sensitivity 
analysis 
Deterministic and 
Probabilistic 
analysis was 
conducted. 
 
One way 
sensitivity 
analysis were 
presented using  
tornado diagrams 
for the AAAE and 
AATE compared to 
AAAT.  The results 

effectiveness 
estimates.  

• Estimates of 
effectiveness 
were not adaptive 
to prior 
procedures 

• Full incremental 
analysis, in which 
all strategies 
were compared 
against each 
other, was not 
presented.. 
Authors conclude 
that AAAE was the 
most cost 
effective strategy 
but AATE would 
be preferred if a 
fully incremental 
analysis was 
conducted.  

• The full 
uncertainty 
around the 
conclusion of the 
analysis was not 
tested in one-way 
sensitivity 
analysis because 
not all strategies 
were compared 
against each 
other. In 
particular, the 
key comparison 
of AAAE and AATE 
was not tested in 
sensitivity 
analysis.  
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Study details Study population 
and design  

Data sources Results Quality assessment 

were found to be 
most sensitive to 
the relapse rate 
with TMS, the 
response rate with 
ECT and the cost 
of managing 
severe depression.  
 
Note that AAAE 
and AATE were not 
directly compared 
against each 
other in the 
sensitivity 
analysis. 
 
The authors report 
that, in 
probabilistic 
sensitivity 
analysis, the 
probability of AATE 
being cost-
effective was 
close to 100% at a 
threshold of 
$58,394 per QALY. 

Abbreviations 
QALY: quality-adjusted life year; ICER: incremental cost-effectiveness ratio;  

 

Table 8 Ontario Health (2021) 

Study details Study population 
and design  

Data sources Results Quality assessment 

Author and 
year:  
Ontario Health 
(2021) 
 
Country: 
Canada 
 
Type of 
economic 
analysis: 
Cost-utility 
analysis 
 
Perspective: 
Ontario 
ministry of 
health  
 
Currency: 
CAD ($) 
 

Population 
The target 
population was 
adults 18 years of 
age and older with 
TRD (unipolar). 
People who failed 
to respond to two 
appropriately 
dosed 
antidepressants 
were considered to 
have TRD 
 
Interventions  
High-frequency 
rTMS (within 
stepped care) 
Comparator 
Pharmacotherapy 
alone; ECT alone. 
 

Source of baseline 
and effectiveness 
data: 
Clinical 
effectiveness 
estimates for rTMS 
are derived from a 
meta-analysis 
conducted as part of 
the Ontario health 
technology 
assessment.   
 
Effectiveness figures 
for ECT are sourced 
from the literature 
 
Pharmacotherapy 
estimates are 
calculated according 
to the relative 
probability of 

Base case results 
rTMS vs. ECT  
 
Incremental costs 
(95% CI): - -11,938 
(12,765 to -10,990) 
 
Incremental QALYs 
(95% CI): 0.1028 
(0.0643 to 0.1369) 
 
ICER: Dominant  
 
rTMS vs. 
Pharmacotherapy 
Alone 
 
Incremental costs 
(95% CI): $12,343 
(11,097 to 13,003) 
 

Applicability 
The study was 
considered to be 
partially applicable as 
it is undertaken in 
Canada and suffers 
from poor 
generalisability to the 
Wales NHS context.  
 
 
 
Limitations 
The analysis was 
generally considered to 
be of high quality but 
some potentially 
serious limitations 
were identified: 
 
• The Markov model 

follows a 3 year 
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Study details Study population 
and design  

Data sources Results Quality assessment 

Price year: 
2019 
 
Time horizon:  
3 years 
 
Discounting:  
Costs and 
benefits 
discounted by 
1.5% per annum 
 
Potential 
conflict of 
interest:  
 
No listed 
declarations of 
interest.  

Includes both an 
acute treatment 
phase and a 
maintenance 
phase. 
 
Study design 
Markov simulation 

response for rTMS vs 
Pharmacotherapy.  
 
Source of resource 
use and cost data: 
RTMS costs are 
centrally sourced 
from manufacturer 
costs with 
maintenance figures 
offered by expert 
opinion. Session 
estimates are a 
calculation of fixed 
and variable costs.  
 
Pathway cost inputs 
are taken from 
Canadian insurance 
figures adjusted to 
reflect session 
durations.  
 
Source of quality of 
life data: 
Quality of life 
estimates were 
taken from 
Fitzgibbon et al. 
(2020), Sapin et al. 
(2004) and Zhao et 
al. (2018)  

Incremental QALYs 
(95% CI): 0.5397 
(0.4685 to 0.5848) 
 
ICER: $22,868 per 
QALY [£13,330 
exchange rate of 
1CAD$ = 0.58 £GBP] 
 
Scenario analysis 
A range of 
scenarios are 
assessed, rTMS 
remains dominant 
when compared to 
ECT. The ICER 
estimate for the 
range of scenarios 
ranges from 15,880 
(lifetime horizon) to 
37,630 (1 year 
horizon) for rTMS 
vs. 
Pharmacotherapy 
alone.  
 
Sensitivity 
analysis 
The PSA results 
reported in a 
scatterplot show 
that rTMS remains 
dominant for every 
re-estimation, the 
results are robust 
to variation in the 
parameters. There 
was higher 
variation in relative 
QALYs than costs.  

horizon due to lack 
of clinical data. The 
chronic nature of 
the condition 
suggests that a 
longer duration 
would be beneficial.  

• It is unclear how 
some input values 
were derived. 

• The assumptions 
around the efficacy 
of TMS beyond one 
year is unclear as 
sustained response 
rates are only 
presented up to 
one year. 

• The assumption 
around remission 
given response is 
unclear. It is 
reported that a 
simplifying 
assumption was 
made whereby all 
patients that 
respond to 
pharmacotherapy  
achieve remission. 
However, the input 
table reports a 
‘probability of 
remission given 
response’ for 
pharmacotherapy 
of 21.8%. 

Abbreviations 
TRD: treatment resistant depression. QALY: quality-adjusted life year; ICER: incremental cost-effectiveness ratio;  

 

Teng et al. (2021) developed a Markov model seeking to identify the optimal sequence of rTMS 
and ECT. The study includes combinations of treatments, which include antidepressants, rTMS 
and ECT. The sequencing approach offers combinations of therapies with the aim of identifying 
the most cost-effective delivery schedule. The interventions are offered as a combination of four 
therapies and notated as four letters where A is Antidepressants, T is TMS and E is ECT. Teng et 
al. (2021) found AAAE to be the most cost-effective therapy sequence. The analysis has used a 
common baseline comparison of AAAT, as this was the cheapest sequence. The findings would 
alter to prefer AATE were the analysis to compare each schedule in a pairwise method, the ICER 
for AATE vs. AAAT is $46,222 which is below the threshold applied of $58,394 applied in the 
analysis. It is to be noted that the UK threshold of £20,000 would result in AAAE as being the most 
cost-effective approach.  
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Teng et al. (2021) offers a well conducted assessment of comparable treatment pathways, 
however, there are characteristics of the analysis which result in a low generalisability to the 
Wales NHS setting. The disparity in ICER threshold reflects the different geographical setting, the 
Singaporean healthcare structure may be significantly different to the Welsh NHS. In addition to 
the geographical differences, the perspective adopted in Teng et al. (2021) is that of the societal 
perspective, this is broader than is routinely considered within the UK. 

The Ontario Health (2021) follows a Markov model structure comparing pathways which include 
rTMS to those without. The assessment includes a cohort with TRD and takes the Canadian public 
payer perspective. The three-year model horizon incorporates transition between four states, 
remission, response with maintenance, severe depression, and death. Patients in the 
intervention group receive treatment of either rTMS with access to ECT following non-response 
to their initial therapy. The comparator pathways are focussed on initial treatment with ECT or a 
solely pharmacotherapy treatment. The review concludes that the pathway including rTMS is 
dominant compared to ECT. The rTMS pathway was associated with resource use costs of 
CAD$13,858 and achieved 1.7337 QALYs. The ECT focussed therapy pathway reported costs of 
CAD$25,796 with 1.6309 QALYs. The rTMS approach decreased costs by CAD$11,938 and increased 
QALYs by 0.1028. rTMS was estimated to be cost effective when compared to pharmacotherapy 
alone. The healthcare outcomes and costs for pharmacotherapy alone were CAD$1,515 with 1.1939 
QALYs. rTMS increased costs by CAD$12,343 and QALYs by 0.5397, offering an ICER of CAD$22,868. 
The rTMS vs. pharmacotherapy ICER results in an exchange rate adjusted GBP ICER of £13,330. 

 

 Health economic modelling 

The most recent available economic evidence suggests that rTMS may be a cost-effective 
addition to the treatments offered for individuals with TRD. However, the economic evidence 
reported has been developed outside of the UK and therefore the generalisability to the UK may 
be low. Consequently, an adapted economic analysis was developed to estimate the cost 
effectiveness of rTMS for individuals with TRD from the perspective of the UK NHS and personal 
social services (PSS). The analysis was based largely on the approach adopted in the Ontario 
Health (2021) analysis.  

The treatment pathway, clinical evidence, and costs from Ontario Health (2021) were updated to 
reflect the Welsh NHS setting and the most recent effectiveness estimates. The economic 
analysis takes the form of a cost utility analysis with a base year of 2021 £GBP. The Markov model 
takes a Wales NHS costing perspective with a three-year time horizon and six-monthly cycle 
length. The Markov model assesses rTMS with a proportion of individuals not responding to rTMS 
escalating treatment to ECT vs a pathway where patients are accessing ECT. Discounting is 
applied at 3.5% yearly for both costs and QALYs.  

The pathway structures are displayed in appendix 6. The Markov model incorporates four states, 
remission, maintenance, severe depression, and death. Mortality is calculated using national life 
tables from the years 2016-2018 with a mortality multiplier to reflect the increased risk of death 
in people with severe depression. Table 9 reports the clinical model input values. Most of these 
values were sourced from Ontario Health (2021). 35% of individuals not responding to rTMS 
switch to access ECT, this is in line with the estimates included in the Ontario Health (2021) 
model.  

 Table 9 Markov model clinical inputs 

Inputs Value  Source 

Baseline characteristics  
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Inputs Value  Source 

Age 40 Assumption 

Gender  50% male  
50% female  

Assumption 

Response  

Probability of response with rTMS 38% Ontario Health (2021) 

Probability of response with ECT 65% Relative risk calculation 
(1.72*rTMS response) 

Probability of response with pharmacotherapy 14% Estimated using relative 
risk of 2.74 (0.38/2.74) 

Remission  

Probability of remission given response with rTMS 48% Ontario Health (2021) 

Probability of remission given response with ECT 51% Ontario Health (2021) 

Relapse rates  

Sustained response at 6 months with rTMS  53% Ontario Health (2021) 

Sustained response at 12 months with rTMS  46% Ontario Health (2021) 

Relapse without maintenance therapy - ECT 38% Ontario Health (2021) 

Relapse with maintenance therapy - ECT 31% Ontario Health (2021) 

Mortality adjustment  

Increase in mortality due to severe depression 0.29 Ontario Health (2021) 

*Relative risk estimate was based on a comparison of rTMS and sham therapy. The value used was based on a 
subgroup analysis in which antidepressant usage = 100% 

 

6.2.1 Resource costs  

The acute rTMS treatment includes a combination of machine costs and staff costing. The 
Ontario Health (2021) review adopts a bottom-up costing approach. Within this analysis the 
costing estimates follow the same structure as seen in Ontario Health (2021) and apply costs 
appropriate for NHS Wales. The rTMS treatment consists of 4-6 weeks of sessions which are 
approximately 37.5 minutes long and typically are delivered 5 times a week. 

Device costs were estimated using values sourced from the Ontario Health (2021) report. The 
figures were reported in US dollars ($) at a base year of 2019. The costs were converted to UK GBP 
values according to the relative purchasing power parity along with the prevailing exchange rate 
and subsequently adjusted for inflation. Conversion was undertaken using the EPPI centre cost 
converter [28/10/2021] (CCEMG & EPPI-Centre 2019). The core equipment was listed at $73,000; 
this figure was amortized over a lifetime use of five years. In addition to the core technology, 
there are maintenance considerations and a replacement coil. Expert opinion reported that 
maintenance equates to $2,500 yearly and the replacement coil costs $19,000. A moderate 
capacity model is adopted to estimate cost per session, capacity is estimated at three days of 
eight sessions daily, this is continued throughout the year (52 weeks). The total yearly machine 
usage level was estimated to be 1,248 sessions. Table 10 reports the device cost components. 
Expert reports identify the use of imaging during treatment, this is not included in prior 
economic models, the uncertainty surrounding details of the imaging component result in it 
being excluded from this analysis. Due to the possibility of imaging alongside rTMS treatment, 
resource costs may be higher than estimated in this de-novo analysis.   
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Table 10: rTMS device costs 

Inputs Cost (£)  Source 

Core equipment  52,947 Ontario Health (2021) (values converted to UK GBP 2021) 

Yearly maintenance  1,813 Ontario Health (2021) (values converted to UK GBP 2021) 

Coil  12,780 Ontario Health (2021) (values converted to UK GBP 2021) 

Yearly cost (a) 14,958  

Session cost (b) 11.99  

(a) [Core equipment/5] + yearly maintenance + [Coil/5] 
(b) [a/1,248] 

 

Staff costs represent a significant proportion of the overall delivery costs for rTMS. Staff costs 
associated with rTMS are based on the structure used for a current pilot study undertaken in 
Wales. The initial consultation for the treatment phase of rTMS is with a consultant psychiatrist 
and lasts for one hour. Subsequent rTMS sessions are staffed by a specialist nurse (band 6) and 
last 37.5 minutes each. Review sessions with a consultant psychiatrist are scheduled for week 
four and six, each lasting for one hour. Staff costs were sourced from the Personal Social Services 
Research Unit (PSSRU) (Curtis & Burns 2020). The PSSRU includes overhead consideration in the 
calculation of staff time. Sessions are daily for 4-6 weeks, here we estimate costs for a 30-session 
treatment schedule. Table 11 displays the staff related costs for the delivery of rTMS.  

Table 11: rTMS Staff costs 

Staff resource Cost per patient 
contact hour  

Sessions Contribution cost 

Consultant Psychiatrist  £286 3 hours  £858 

Specialist nurse (band 6) £123 30 sessions of 37.5mins £2,306 

Total staff resource cost   £3,164 

 

Due to the omission of patient facing hour cost reporting from the 2020 PSSRU (Curtis & Burns 
2020), an estimate is used. The calculation for estimating the cost of patient facing hours is 
based on the ratio of costs reported in the 2018 PSSRU for a band 6 nurse. The patient contact 
ratio is based on self-reported time use, due to poor response rates this data has been omitted 
from the 2020 PSSRU (Curtis & Burns 2020). A band 6 nurse has a cost per working hour or £45 
and a cost per patient facing hour or £111, this equates to a ratio of 2.46. We apply this patient 
facing ratio to both the band 6 nurse (£50) and the consultant psychiatrist (£116) cost per hour 
to offer the figures in the above table. The combination of device costs and staff costs is reported 
in table 12 below.  

 

Table 12: rTMS Total costs 

Healthcare resource Cost (£)  

Device costs per 30 sessions  £360 

Staff resource cost  £3,164 

Total cost  £3,524 
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The Ontario Health (2021) model includes a maintenance phase treatment which consists of 12 
sessions over the 6-month cycle length. The specialist nurse resource equates to 7.5 hours at 
£123 equalling £922, this is in addition to the machine costs of £144 (£11.99*12). The total 
maintenance phase treatment costs were therefore estimated to be £1,066. 

In addition to rTMS acute treatment and maintenance treatment, the pathways include 
pharmacotherapy for severe depression and the delivery of ECT in and acute and maintenance 
formats. ECT is offered twice weekly across three to six weeks. A 2009 NICE report estimated the 
resource cost to be £2,475 for six sessions with a base year of 2003 (NICE 2009). Inflating the 
2003 cost to 2021 using a consumer price index multiplier from the Bank of England offers the 
figure of £4,002. A midpoint treatment schedule of nine sessions would result in an overall cost 
for ECT of £6,003. A similar approach as seen in the rTMS maintenance treatment costing is 
applied for ECT. Fitzgibbon et al. (2020) report on monthly ECT treatment being offered. 6 monthly 
treatments of ECT equate to £4,002. 

The cost estimate for severe depression was based on three healthcare resources, 
pharmacotherapy, GP contacts, and hospitalisation. Pharmacotherapy costs have been reported 
by Fabbri et al. (2021), a UK based cost effectiveness study, to be £40.78 per week at a 2019 base 
year, inflating to 2021 prices estimates the cost to be £41.51. The six-month pharmacotherapy 
cost was calculated at £1,079. Fabbri et al. (2021) considered a 12-week period and estimated that 
there would be eight GP contacts and a 1.2% risk of hospitalisation. The cost of hospitalisation 
was £420 (inflation adjusted) with the average duration of stay being 26 days. The cost of 
hospitalisation associated with severe depression is £284 for a six-month period. The higher GP 
contact use is estimated at 8 contacts per 12 weeks, or 17.3 in a six-month period. The PSSRU 
reports GP contacts as £39, this equates to £676 (Curtis & Burns 2020). The combination of GP 
contact (£676), hospitalisation (£284) and pharmacotherapy medication (£1,079) results in a 
total cost of £2,039.  

Table 13 shows the summary costs for each of the treatment components considered within the 
Markov model.  

Table 13: rTMS and ECT total cost table 

Healthcare resource Cost (£)  

rTMS Acute treatment  3,524 

rTMS Maintenance treatment 1,066 

ECT acute treatment  6003 

ECT maintenance treatment  4,002 

Severe depression care 2,039 

 

 

6.2.2 Quality of life estimates 

The quality-of-life estimates included in the Markov model were sourced from Ontario Health 
(2021) Table 14 below reports the three estimates used to calculate the quality adjusted life years 
(QALYs) for each treatment strategy. Remission is associated with the highest quality of life 
observed within the study. Severe depression results in a quality-of-life estimate of 0.30. The 
Ontario Health (2021) review utilises an acute treatment specific quality of life, this approach is 
not used in this de novo analysis due to cycle length issues. Teng et al. (2021) reports very similar 
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health utilities as used in Ontario Health (2021) with the addition of the states of non-response 
and non-remission both achieving 0.56. 

Table 14: Quality of life figures by health state 

Health State  Quality of life  

Remission 0.80 

Responder without remission (maintenance) 0.72 

Severe depression 0.30 

 

6.2.3 Base case results 

The Markov model results offer an estimate of pathway costs and the associated quality 
adjusted life years experienced by the individuals accessing the healthcare resource. Table 15 
shows the base case results of the analysis for a comparison between rTMS and ECT while Table 
16 shows the base case result for rTMS and pharmacotherapy.  

Table 15: Base case results 

Strategy  Costs (£)  QALYs Difference in 
Costs (£) 

Difference in 
QALYs 

ICER 

ECT 24,586 1.560    

rTMS 21,766 1.380 -2,820 -0.180 £15,664 

 

Table 16: Base case results for comparison of rTMS and pharmacotherapy  

Strategy  Costs (£)  QALYs Difference in 
Costs (£) 

Difference in 
QALYs 

ICER 

Pharmacotherapy 13,317 1.081    

rTMS 21,766 1.380 8,449 0.299 £28,214 

 

The results show that, in comparison to ECT, rTMS is associated with decreased costs of £2,820 
and decreased QALYs of 0.180. The resulting ICER of £15,664 per QALY lost indicates that rTMS is 
not cost-effective in comparison to ECT as it is below a threshold of £20,000 per QALY. Note that 
in scenarios where the intervention is found to be less effective and less costly than the 
comparator, the interpretation of the ICER changes with values above the threshold considered 
cost effective because higher values indicate greater savings for each QALY that is lost. 

However, it should be noted that this result and in particular the lower QALY estimate with the 
rTMS approach is driven by the response and remission rates applied within in the analysis. 
These values were based on mean values reported in systematic reviews, which suggest an 
advantage for ECT, but it should be noted that the effect was not statistically significant.   

In comparison to pharmacotherapy, rTMS was found to be more effective (0.299 QALYs) but more 
costly (£8,449). The resulting ICER of £28,214 per QALY gained indicated that rTMS is not cost-
effective in comparison to pharmacotherapy as it is above a threshold of £20,000 per QALY. 

 



Page 26 of 95 
 

EAR035 November 2021 

 

 

6.2.4 Deterministic sensitivity analysis results 

A series of deterministic sensitivity analyses were conducted, whereby an input parameter is 
changed, the model is re-run and the new cost-effectiveness result is recorded. This is a useful 
way of estimating uncertainty and determining the key drivers of the model result. The results of 
the deterministic sensitivity analyses are presented in Table 17. 

The analysis considering rTMS in comparison to ECT was found to be sensitive to changes in RR 
for response, the sustained response rate after 12 months and assumptions around the QoL value 
for severe depression. In these scenarios, the conclusion of the analysis changed with rTMS 
found to be cost-effective rather than ECT (as the ICER increased above £20,000 per QALY).  

The analysis considering rTMS in comparison to pharmacotherapy was found to be insensitive 
to changes with the conclusion of the analysis remaining unchanged in all modelled scenarios.   

Table 17. Deterministic sensitivity analysis results 

Modelled scenario ICER result (cost per QALY)* 

rTMS vs ECT rTMS vs 
pharmacotherapy 

Base case £15,664† £28,214 

Baseline age = 20 years £15,659† £28,202 

Baseline age = 60 years £15,691† £28,282 

Baseline age = 80 years £15,913† £28,838 

Lower 95% CI applied for RR of response (0.95) Dominant £47,703 

Upper 95% CI applied for RR of response (3.11) £9,654† £23,885 

RR of response for rTMS vs pharmacotherapy = 2.26 - £30,193 

Probability of remission given response equivalent in 
both arms (73%) 

£18,312† - 

Sustained response rate with rTMS at 6 months = 70% £19,643† £25,192 

Sustained response rate with rTMS at 6 months = 20% £10,977† £37,074 

Sustained response rate with rTMS after 12 months = 
70% 

£23,025† £23,683 

Sustained response rate with rTMS after 12 months = 
20% 

£12,972† £31,836 

Assume maintenance ECT is required in 50% of non-
responders (100% in base case) 

£8,926† - 

Assume no maintenance ECT £2,189† - 

Assume rTMS maintenance is required in 50% of non-
responders (100% in base case) 

£17,293† £27,235 

Assume no maintenance rTMS £18,923† £26,255 

No increase in mortality in those with severe 
depression 

£15,665† £28,221 

Time horizon = 1 year £16,476† £35,607 

Time horizon = 2 years £15,508† £30,221 

Equivalent QoL in remission and maintenance groups 
(0.80) 

£15,472† £25,575 

Severe depression QoL increased by 50% £22,486† £42,146 
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Severe depression QoL decreased by 50% £12,018† £21,205 

Severe depression costs equivalent to standard 
pharmacotherapy costs 

£18,180† £30,958 

† Denotes a scenario in which rTMS was found to be less costly and less effective than ECT. In this scenario, ICER 
values above £20,000 per QALY indicate that rTMS is cost effective. 
*Results highlighted in bold text show a scenario in which the conclusion of the analysis changes with rTMS found 
to be cost-effective 

 

6.2.5 Probabilistic sensitivity analysis results 

Probabilistic sensitivity analysis (PSA) was conducted to assess the combined parameter 
uncertainty in the model. In this analysis, the mean values that were utilised in the base case 
were replaced with values drawn from distributions around the mean values. The results of 
10,000 runs of the PSA are shown using ICER scatterplots and cost-effectiveness acceptability 
curves (CEAC). The ICER scatter plots show the incremental costs and QALYs associated with each 
of the 10,000 runs of the PSA along with the mean result. The CEAC graphs show the probability 
of each strategy being considered cost effective at various cost-effectiveness thresholds on the 
x axis. 

Figure 1 shows the ICER scatterplot for rTMS in comparison to ECT. It can be seen that the vast 
majority of the results reside in the southwest quadrant of the graph, indicating that rTMS is less 
costly but less effective than ECT in most modelled scenarios. 

Figure 2 shows the CEAC for rTMS in comparison to ECT. The probability of rTMS being cost 
effective decreases as the cost-effectiveness threshold increases. At a threshold of £20,000 per 
QALY, rTMS was found to have a 35% probability of being cost effective while ECT was found to 
have a 65% probability of being cost-effective. 

 

Figure 1. ICER scatterplot for rTMS in comparison to ECT 
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Figure 2. Cost effectiveness acceptability curves for rTMS in comparison to ECT 

 

Figure 3 shows the ICER scatterplot for rTMS in comparison to pharmacotherapy. It can be seen 
that all of the results reside in the northeast quadrant of the graph, indicating that rTMS is more 
effective but also more costly than pharmacotherapy in all modelled scenarios. 

Figure 4 shows the CEAC for rTMS in comparison to pharmacotherapy. The probability of rTMS 
being cost effective increases as the cost-effectiveness threshold increases. At a threshold of 
£20,000 per QALY, rTMS was found to have a 5% probability of being cost effective while 
pharmacotherapy was found to have a 95% probability of being cost-effective. 

 

 

Figure 3. ICER scatterplot for rTMS in comparison to pharmacotherapy 
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Figure 4. Cost effectiveness acceptability curves for rTMS in comparison to pharmacotherapy 

 

6.2.6 Limitations 

There is considerable uncertainty surrounding the analysis; this is due to both structural and 
parameter-based concerns. The primary limitation of the analysis is the uncertainty as to the 
optimal pathway position for rTMS. There is very little evidence showing when rTMS may be 
optimally utilised. The literature includes comparisons of rTMS to sham and to ECT, this 
inconsistency highlights the uncertainty surrounding the pathway. The recent paper by Teng et 
al. (2021) assesses an array of alternative treatment sequences in the context of the Singaporean 
healthcare system with a societal perspective. The generalisability of these findings is low for 
the Welsh NHS setting. The use of maintenance treatment with rTMS is an additional pathway 
uncertainty as there is no well supported position on its effect or the optimal structure of 
delivery. The modelling approaches included in this review (Ontario Health 2021, Teng et al. 2021) 
both assume homogenous treatment delivery across patients, that is, each patient receives the 
same session number regardless of initial response/acceptability, this is also the approach 
adopted in the de-novo modelling. Expert feedback has reported that rTMS patients may curtail 
their treatment according to initial response status. The lack of available evidence on treatment 
completion means that this facet is not included in the analysis, however, the homogeneity of 
session number is questionable. 

When assessing the position of an intervention within a care pathway it is important to know the 
long-term effects, this is something which is poorly evidenced for rTMS. The pathway modelled 
in this analysis, the Ontario Health (2021) review and Teng et al. (2021) all extend further than the 
evidence underpinning the sustained impact of rTMS. The literature on rTMS only offers evidence 
extending to the twelve-month sustained effect.  

The lack of evidence on the optimal pathway position of rTMS leads to an uncertainty as to the 
impact of treatment sequencing effects. Modelling often assumes a consistent impact of an 
intervention regardless of prior therapies an individual has accessed and the resulting state, 
often non-response, that has been achieved. To better inform this position, there would need to 
be comparative pathway assessment, this is currently an area with insufficient evidence.  

The issue of sequencing effects is linked to a general limitation of Markov modelling, individuals 
are considered homogeneous within a state, they have no history, or impact, from the healthcare 
they have received previous.  
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Overall, the limitations within the literature and the de-novo modelling are significant and 
should be considered when assessing the model output.  

 

7. Organisational considerations 

At the time of this report, rTMS is not used routinely available in Wales for treatment-resistant 
major depression, and HTW experts have reported that people are referred outside of Wales to 
receive rTMS. Experts also noted that additional service requirements would need to be 
considered to implement rTMS, such as staff training, sufficient space to provide the treatment, 
and infection control requirements. The additional pressures on staff and service due to the 
increased prevalence of depression since the start of the COVID-19 pandemic should also be 
considered.  

As part of their health technology assessment, Ontario Health (2021) performed a quantitative 
evidence review on patient and provider preferences and values. Two studies were identified that 
surveyed psychiatrists knowledge, attitudes, and acceptance of rTMS (AlHadi et al. 2017, Bourla 
et al. 2020). Overall, most psychiatrists had positive attitudes towards and acceptance of rTMS. 
However, the studies reported low practical experience with rTMS (8% and 28%), and gaps in the 
psychiatrists’ knowledge. 

 

8. Patient, family and carer perspectives 

As part of their health technology assessment, Ontario Health (2021) explored the underlying 
values, needs and priorities of adults who have lived experience with rTMS for treatment 
resistant depression. They evaluated patient perspectives in two ways: 

• A quantitative evidence review on patient and provider preferences and values. 
• Direct engagement with people through interviews and written submissions 

The quantitative evidence review did not identify any studies on patient and provider preferences 
and values but did identify three studies on provider and patient experience, knowledge, 
attitudes and acceptability of rTMS.  

One of these studies surveys people with DSM-IV major depressive episode who received high-
frequency rTMS (Walter et al. 2001). Overall, 63% reported that rTMS was helpful for their 
treatment-resistant depression. The majority of recipients (92%) reported that they would agree 
to receive rTMS if offered in the future and that they would recommend rTMS to friends and family 
(82%). Reported side effects were similar to that reported in the clinical literature. 

Given the findings of the Ontario Health (2021) review, HTW conducted a literature review search 
for reports on the preferences and perspectives of patients published after the Ontario Health 
review took place. The results captured published literature between September 2019 and 
September 2021 (See section 11: Evidence review methods). 

Three additional articles were identified. These, alongside the evidence from Ontario Health 
(2021), are discussed in more detail below.  

 

 Impacts of depression  

In their interviews, Ontario Health (2021) asked participants about the impacts that depression 
can have on their and their family’s quality of life. Participants reported unique and personal 
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experiences. For some, the causes of their depression were uncertain, while for others it was 
understood to be related to family history or specific incidents. Some reported experiencing 
depression as a young adult or child, while others experienced depression for the first time as 
adults. Symptoms, severity and the frequency of cycles or ‘episodes’ of depressions varied. 
Common themes on the impacts of depression were identified (Ontario Health 2021). Themes 
included: 

• breakdown of family relationships 
• inability to care for oneself and perform daily tasks 
• losing the ability to enjoy and take pleasure in activities that had previously been 

pleasurable 
• feeling demoralised, disheartened and hopeless 
• inability to work and take part in society 
• persistent stigma and stress of mental illness 
• feelings of guilt, particularly when ‘nothing appears wrong’  

 
“Mental illness has had a major impact on most areas of my life. My marriage fell apart for a while 
(my husband moved out), and my daughters were under a lot of stress and experienced anxiety as a 
result of my illness” 

“I was trying to find reasons because I felt sad all the time, and I had no reason to feel sad because 
my life was so good” 

“I live in a constant state of overwhelm. Tasks that for most people are easy, almost automatic, such 
as getting out of bed, showering, leaving the house, taking care of basic household chores, and making 
simple decisions are difficult and cause much stress, procrastination, and worry. I have no motivation 
and can't enjoy things I used to, mostly because I overthink and can't make decisions, so don't end up 
doing anything. There is a horrible, uncomfortable, and distressing feeling that is very hard to put into 
words. It's like being both paralyzed and panicked at the same time.” 

Patient quotes taken from Ontario Health (2021). 

 

 Attitudes towards current treatments 

For some people current treatments, including antidepressant use and ECT, can have little to no 
clinical effect over time. People with recurrent, severe and treatment-resistant depression need 
alternatives for support. However, patient decisions on using traditional treatments are also 
heavily influenced by family experience and personal and cultural attitudes.  

Cabrera et al. (2021), Goldbloom & Gratzer (2020) and Ontario Health (2021) each explored some 
of the attitudes of patients, the public and others on current treatments for depression, including 
the use of antidepressants and ECT. The themes that emerged include: 

• experiences of negative side-effects 
• misconceptions on the effectiveness and function 
• concerns over potential unknown or unexplored effects on brain tissue and brain 

chemistry 
• public stigma 
• family history  
• treatment exhaustion.  
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8.2.1 Antidepressants 

Ontario Health (2021) examined patient attitudes and experiences with antidepressants. They 
found that trying a variety of medications at different doses over several years was not 
uncommon. While necessary to find the correct type and dose of medication, patients and their 
families found the experience to be frustrating, exhausting and emotionally draining. It also 
created a feeling of being dependant on medications and a desire for a more permanent and 
reliable treatment.  For many, the experience of negative side effects was the main reason to try 
different doses and combinations of medication (Ontario Health 2021). 

“Medications, we tried many, many, many medication trials for many months at a time, and 
nothing ever seemed to work. I seem to be really sensitive to the side effects of them, to the point 
where I ended up having a bunch of gastrointestinal issues.” 

Patient quote taken from Ontario Health (2021). 

 

8.2.2 ECT 

Cabrera et al. (2021) and Goldbloom & Gratzer (2020) explored personal and public attitudes 
towards ECT. They found that negative public attitudes towards ECT persist in societal 
psychology, “despite sound scientific evidence regarding the intervention’s safety and efficacy” (Cabrera 
et al. 2021). This is partly due to negative portrayals in film and media. “ECT is forever enshrined in 
the public imagination by films such as One Flew Over the Cuckoo’s Nest or television shows like 
Homeland” (Goldbloom & Gratzer 2020). Even when ECT is undertaken and shown to have a 
positive effect for patients, the attitudes of their families and friends can negatively impact this 
effect. “ECT recipients described devaluation and alienation by others as a consequence of people knowing 
they received it” (Goldbloom & Gratzer 2020). Poor knowledge and negative views on ECT have 
been explored in many studies that make note of this link between ECT perception and its 
portrayal in films and media (Cabrera et al. 2021). This misinformation and stigma can result in 
poor uptake in ECT referral, as a person’s decision making can be heavily influenced by public 
and family perception.  

Concerns were also expressed on the invasive nature of ECT.  

“I’d say [ECT is] very invasive because it’s getting down to the physical brain in itself and sending 
signals directly to the brain where everything is happening.” 

“[T]here is something different about putting something inside of my brain as opposed to putting 
something out here. [points to scalp]… [T]he degree of invasion is a major concern for me as a 
patient.” 

Patient quote from Cabrera et al. (2021). 

 

8.2.3 The need for an alternative treatment 

Amongst patients and families, there is a strong interest in trying alternative treatments to 
manage depression. Alternatives can help address some of the concerns lists above, as well 
provide options for people who have tried several forms of traditional management to no effect. 
In their paper, Goldbloom & Gratzer (2020) reported that the general public are note aware of 
rTMS, and the majority of psychiatrists do not use rTMS. They suggest that rTMS will not have the 
same barriers to patient and public acceptability that exist for ECT and other psychiatric 
electroceutical interventions (Goldbloom & Gratzer 2020). 
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“I've been on medication for years for depression and anxiety and in therapy. So I've just kind of 
been interested in looking at other things” 

Patient quote taken from Ontario Health (2021).  
 

  Expectations and experience of rTMS 

Cabrera et al. (2021), Dai et al. (2020), Giacobbe et al. (2020), and Ontario Health (2021) explored 
patient’s attitudes, expectations and experiences of using rTMS. 

 

8.3.1 Positive impacts 

Overall, patients reported positive experiences and tolerability of rTMS.  

Ontario Health (2021) noted that among the patients and family members interviewed as part of 
its HTA, many reported a greater benefit after receiving rTMS than they expected. Improvements 
were often noted by patients and families after several sessions of rTMS. (Ontario Health 2021). 

“And then … probably 2 or 3 weeks into that [new] protocol, a couple of things began to become 
apparent. One, I was experiencing a much different wake-up in the morning. I’d get up in the 
morning and I’d feel like, “Oh, let’s get something done today.” 

“By the second or third week [of treatment], he started to say, “I think I need to take a shower.” 
And we're like, “Oh my God!” He's like, “I need to brush my teeth.” We're like, “Oh my God!” Then 
he's actually said, “Could I have a friend over?” We almost fell over [in surprise]. He said, “I can 
feel it in my brain; … I can do more.” 

Patient quotes from Ontario Health (2021). 

Positive impacts noted by patients include: 

• feelings of relief 
• disappearance of negative thoughts 
• ability to perform daily activities 
• more energy 
• improved sleeping patterns 
• greater appetites 
• improvements to family relationships 
• relief and reduction of burden for family and carers as well as improvements in emotional 

state.  
 

“It [worked]. It did. I mean, thank God it did. And it won't for everybody but there are a lot of kids who it 
will [help]. But if people never even heard about it, then it can't. And then even if they hear about it, if 
they can't get to it, then … it just seems silly that we have this treatment that will work for quite a good 
number of people and we're not offering it.” 

Patient quote from Ontario Health (2021). 

Patients also responded favourably to the perceived reduction in side-effects associated with 
rTMS when compared to ECT and other PEIs, as well a perception of it being less-invasive (Cabrera 
et al. 2021). 

“[TMS] didn’t sound nearly as invasive. It sounded fairly safe and without side effects.” 
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“I wouldn’t think it’s that invasive because they’re doing it like outside your brain even though they are 
stimulating your brain.” 

Patient quotes from Cabrera et al. (2021). 

Ontario Health (2021) explored the importance of knowledge and understanding of rTMS in 
patients before undertaking treatment, noting that familiarity with rTMS was varied but greatly 
impacted on patient decision-making.  

“I wanted to try rTMS because other treatments were not fully effective and rTMS does not have negative 
side effects once you stop treatment. I was determined to try and get my mental health to a place where 
I did not feel defeat, shame, and suicidal thoughts on a regular basis, so it was worth it—and again, it is 
a much, much gentler and [more] tolerable treatment than ECT.” 

Patient quote from Ontario Health (2021). 

Giacobbe et al. (2020) examined the use of rTMS using patient-related outcomes (PROs). This 
included Quality of Life Enjoyment and Satisfaction Questionnaires (QLES-Q), which assessed 
the degree of enjoyment and satisfaction experienced in various aspects of daily life. The Q-LES-
Q assesses the degree of enjoyment and satisfaction experienced by subjects in various aspects 
of daily life. The total score is calculated by summing the ratings on the first 14 items, with higher 
scores representing greater life enjoyment and satisfaction (Giacobbe et al. 2020). 

QLES-Q measures were collected at baseline, after every five treatments, and after completion of 
the study at 1 week, 4 weeks, and 12 weeks post-rTMS. The 1-week post-rTMS evaluation was 
deemed the “Acute Follow-Up” endpoint, and 12-week post-rTMS evaluation was the “Long-Term 
Follow-Up” outcome.  

The results showed that scores increased on average by 8.12 points between baseline and acute 
follow-up and increased by 7.88 points between baseline and the long-term follow-up. The 
authors concluded that rTMS is associated with significant improvements across a range of 
PROs, and noted that patients felt achieving optimal functional outcomes was more important 
to them than achieving symptomatic remission (Giacobbe et al. 2020).  

 

8.3.2 Concerns and negative impacts 

Concerns on the use of rTMS were mostly linked to concerns about potential side effects. These 
concerns were present even where participants perceived side effects associated with rTMS to 
be less severe than those with than with ECT. Some patients expressed an interest in rTMS as a 
‘last resort’ (Cabrera et al. 2021). 

“I’m really intrigued by like what TMS could do because I don’t know anything about it. …[A]m I sceptical 
of it? Yeah, a little bit.” 

“[T]he rare but serious side effects…. somewhat turn me off because it just seems like if it could 
[happen], it’ll happen to me.” 

“[T]hey’re stimulating the brain, so there is always a chance that something could be affected.” 

“If I were suicidal, I guess I would [try TMS]. I guess if I had just got to the end of my rope and felt like 
nothing was working, which I am close to right now because I have been taking medications for a long 
time and not really getting any relief.” 

Patient quotes from Cabrera et al. (2021). 
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Access and disruption during treatment sessions was also identified by patients as negatively 
impacting their experiences of rTMS. (Ontario Health 2021). Problems with access and disruption 
included: 

• having to travel to access treatment 
• the arrangement of overnight accommodation and associated additional expenses 
• interruptions to treatment courses due to scheduling  
• disruption due to unrelated illnesses, public holidays and practitioner availability.  

 
Multiple weekly sessions can pose a substantial inconvenience to patients who have to travel a 
distance to access treatment.  

“If I do end up receiving the treatment, it will take me at least 2 hours to get to [the hospital] 
(train/subway/bus) for the 15-minute treatment and of course another 2 hours to get home. I will need 
20–30 treatments. This travel will cause me much added stress, as I find it incredibly difficult to leave 
my house. Such a shame it is not offered at the hospital 10 minutes up the road where I live.” 

“I think it was almost three or four times a week at the beginning. And of course my son can't drive, so 
my husband and I are taking time off work to go pick up my son and bring him down, bring him back.” 

Patient quotes from Ontario Health (2021). 

 

9. Conclusions 

We adapted a meta-analysis from Ontario Health (2021) to compare standard rTMS modalities 
with sham rTMS for treatment-resistant major depression. Overall, we found high-frequency 
rTMS had reduced depression scores, and better response and remission rates compared with 
sham. These improvements were found both at the end of the acute treatment phase, and the 
follow-up phase.  

Conversely, low-frequency rTMS showed no difference in score, response rate or remission rates 
compared to sham treatment at either end of treatment or at follow-up. Bilateral rTMS only 
showed better reduction in depression scores and better response and relapse rates compared 
with sham in the follow-up phase. 

Many of the analyses, specifically those comparing high or low-frequency rTMS with sham, 
showed high statistical heterogeneity. This may be due to variation across the studies in terms 
of rTMS parameters, treatment phase length, follow-up length and patient groups. Some 
outcomes showed considerable heterogeneity (I2 > 75%); we have still included the pooled results 
in this review, but these results should be interpreted with caution. 

It should be noted that not all studies comparing rTMS with sham included post-treatment 
follow-up, and in those studies that did the follow-up periods were short, between two and 12 
weeks. This makes it difficult to ascertain impact of rTMS on long-term remission, or rates of  
relapse. Furthermore, all studies involved an acute treatment period, after which no further 
maintenance treatment was given; therefore, the effectiveness of long-term, persistent rTMS 
treatment is uncertain. 

Evidence comparing rTMS with ECT was summarised in three systematic reviews; all evidence 
was assessing high-frequency left DLPFC rTMS. ECT showed a better reduction in overall 
depression score than rTMS, but there was no difference in response and remission rates. 

We identified one interim analysis of an RCT published after the Ontario Health (2021) evaluating 
high-frequency rTMS in chronic, treatment-resistant depression Converse to the meta-analysis, 
the study observed no difference between rTMS and sham. This difference of effect may be due 
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to the study population; most studies in this review included acute or shorter-term episodes of 
major depression than the longer-term, chronic episodes of the RCT (> two years). 

The economic literature suggests that rTMS may be a cost effective intervention, however, the 
evidence has not been developed for a UK NHS setting. There is pathway uncertainty with 
conflicting evidence as to what the optimal rTMS treatment sequence is. The de-novo modelling 
undertaken within this analysis concluded that rTMS was not cost effective when compared to 
ECT or pharmacotherapy. Sensitivity analyses show suggest that that the findings for rTMS in 
comparison to pharmacotherapy are broadly robust but that there is considerable uncertainty 
in the analysis comparing rTMS and ECT. In addition, there are a range of structural and pathway-
based uncertainties which could not be fully captured within the sensitivity analyses. Therefore, 
the results and conclusions of the analysis remain uncertain for both comparisons. Regarding 
patient, family and carer perspectives, the studies identified show how depression can take a 
toll on patient and family lives, and explore the difficulties and challenges patients can have 
when undertaking treatment and management for depression. People with treatment-resistant 
depression and people for whom antidepressants aren’t appropriate often feel exhausted and 
without hope. Brain stimulation therapies, such as ECT, as an alternative to antidepressants 
have been available to people for a number of years, but carry a number of side effects and have 
not been immune to stigma and poor public understanding and perception. This has been shown 
to heavily influence people’s decision making.  

rTMS provides people with a therapy option that is, as yet, unaffected by public perception and 
stigma and with less severe side effects to ECT. For people who find that traditional methods of 
treating and managing depression are ineffective, TMS is proven to be an effective alternative. 
Overall, patients have reported positive experiences and attitudes towards undertaking rTMS. 
Accurate education on the mechanism and side effects has been shown to be an important part 
of managing patient expectations and alleviating concerns. Location and access to services 
remains a major concern according to patient values, as it has been shown that travelling to 
access rTMS incurs a number of challenges to patients, including costs, time off work, 
accommodation and related stress and anxiety. 
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12. Evidence review methods 

We searched for evidence that could be used to answer the review question: What is the clinical 
and cost effectiveness of repetitive transcranial magnetic stimulation in people with major 
depressive disorder that has not responded to antidepressants, when compared to standard 
care?  

The criteria used to select evidence for the appraisal are outlined in Appendix 1. These criteria 
were developed following comments from the Health Technology Wales (HTW) Assessment Group 
and UK experts.  

The systematic search followed HTW’s standard rapid review methodology. A search was 
undertaken of Medline, Embase, PsycINFO, CINAHL, Cochrane Library, the International Network 
of Agencies for Health Technology Assessment (INAHTA) HTA database, the Centre for Reviews 
and Dissemination (CRD) database & Epistemonikos. Additionally, searches were conducted of 
key websites and clinical trials registries. 

Study design filters were used to restrict the searches to systematic reviews & meta-analyses, 
guidelines & health technology assessments, randomised controlled trials and health 
economics. 

The searches were conducted in July 2021, with an update search of Medline, Embase, PsycINFO, 
CINAHL, Cochrane Library, and INAHTA HTA database run on 1 November 2021. 

Appendix 2 gives details of the search strategy used for MEDLINE. Search strategies for other 
databases are available on request. 

Appendix 3 summarises the selection of articles for inclusion in the review. In the initial 
screening, we identified a recent health technology assessment from Ontario Health evaluating 
rTMS in treatment-resistant depression, including major depression, bipolar depression and 
mixed depression populations. The HTA included de novo meta-analyses of relevant studies 
comparing different rTMS modalities and sham rTMS, a review of systematic reviews comparing 
rTMS with ECT, and cost-effectiveness modelling. We adapted the Ontario Health report for the 
purposes of this review evidence review, adapting only the evidence relevant to our selection 
criteria, i.e. evidence on major depression (or unipolar depression) with ‘standard’ rTMS 
modalities (high-frequency left DLPFC, low-frequency right DLPFC, and bilateral) and re-
calculated pooled outcome data for the meta-analyses in RevMan using a random effects model.  

We also looked for any randomised controlled trials that were published after the literature 
searches that informed the Ontario Health report to include in the analyses. No relevant studies 
were identified.The patient evidence literature review search followed HTW’s standard patient 
issues methodology. A search was undertaken of Medline, PsycINFO and CINAHL databases with 
appropriate patient issues search filters applied. Additionally, searches were conducted of key 
websites. The searches were conducted between 21-28 September 2021.  
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Appendix 1. Inclusion and exclusion criteria for evidence included in the review 

 

 Inclusion criteria Exclusion criteria 

Population 
Adults with major depressive disorder that has not responded 
to antidepressant medication, or where antidepressant 
medication is not suitable.  

Any other type of depression 

Intervention 

Repetitive transcranial magnetic stimulation (rTMS) 
 
For the purposes of this review we will focus on the following 
‘standard’ protocols: 
High-frequency left DLPFC rTMS 
Low-frequency right DLPFC rTMS 

Other rTMS modalities, including deep rTMS, accelerated rTMS 
or type of theta-burst stimulation. 

Comparison/ Comparators Sham devices 
Electroconvulsive therapy.  

 

Outcome measures 

• Quality of life 
• Change in depression severity (e.g. measured using appropriate scores, response rates, remission rates) 
• Relapse rate 
• Adverse events 
• Resource use 

Other economic outcomes.  

Study design 

We will prioritise the following study types: 

• Systematic reviews. 
• Randomised controlled trials. 
• Health economic reviews 

Search limits English language studies.  

Other factors 
Treatment may be delivered unilaterally or bilaterally, we may look to report findings on these interventions separately if 
appropriate. 
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Appendix 2. Flow diagram outlining selection of relevant evidence sources 
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Additional records identified 
through other sources  

(n = 31) 

Records after duplicates removed 
(n =  1,163) 

Records screened  
(n = 1,163) 

Records excluded  
(n = 1,032) 

Full-text articles assessed 
for eligibility  

(n = 131) 

Papers included in Evidence Appraisal 
Report (n= 35)  

• Health technology assessment (n = 1) 
• Systematic reviews (n = 2, identified 

from Ontario Health) 
• RCTs (n = 29, identified from Ontario 

Health) 
• Other – terminated RCT (n = 1) 
• Economic (n = 1) 

Full-text articles excluded, 
with reasons (n = 96) 

 



 

 
 

Page 47 of 95 
 

EAR035 November 2021 

Appendix 3. Characteristics of included systematic reviews and randomised controlled trials 

Table 1. Included systematic reviews: design and characteristics 

Review Design, 
search period 

Number of studies Eligibility criteria Interventions Authors’ 
conclusions 

Comments 

Lepping et 
al. (2014) 

Up to January 
15, 
2014 
RCTs or non-
RCTs 
(such as 
open-label or 
naturalistic 
trials) 

63 studies total 
 
5 studies compared 
rTMS with ECT: 
Dannon et al. (2002)  
Grunhaus et al. 
(2003) 
Janicak et al. (2002) 
(uni/bi) 
Keshtkar et al. (2011) 
Wang et al. (2004) 

Inclusion:  
• humans with a formal 

diagnosis of depression 
irrespective of 
depression subtype or 
diagnostic criteria used 

 
Exclusion:  
• studies where 

depression was not the 
primary diagnosis; 
adolescents or children 

Inclusion:  
• rTMS as monotherapy or add-on 

therapy 
Exclusion:  
• nonstandard rTMS (e.g., deep 

TMS or stimulation outside the 
DLPFC) 

 
Comparator: 
• Sham rTMS 
• Another rTMS modality 
• ECT 

rTMS is 
superior to 
sham rTMS in 
treatment of 
TRD 

HQA reported high 
ROB. 
 
The review looked 
for evidence in any 
depression subtype, 
including people 
with bipolar 
disorder. One of the 
studies identified 
included people 
with bipolar 
disorder: 
 
In Janicak et al 
(2002), 69% of 
participants were 
people with MDD. 

Health 
Quality 
Ontario 
(2016) 

Up to March 1, 
2015 
RCTs 

30a 
 
6 studies compared 
rTMS with ECT: 
Grunhaus et al. 
(2000)  
Pridmore et al. 
(2000) 
Dannon et al. (2002) 
Grunhaus et al. 
(2003) 
Rosa et al. (2006) 
Keshtkar et al. 
(2011) 

Inclusion: 
• studies with adults ≥ 18 

years of age 
• at least 80% of patients 

were resistant to 
treatment (TRD 
population) 

• studies that only 
included people with 
unipolar depression, or 
that reported the 
proportion of people 
with bipolar disorder as 
≤ 20% 

 

Inclusion:  
• studies that applied HF rTMS (≥ 

5 Hz) to left DLPFC (unilateral) 
and complied with safety 
guidelines 

• studies in which patients 
received at least 10 sessions of 
rTMS treatment  

 
Exclusion:  
• studies with stimulation other 

than left DLPFC, used 
frequencies of rTMS outside 
range of this review 

 

rTMS has small 
short-term 
effect 
compared with 
sham TMS on 
improving 
depression 
scores. 
 
Significantly 
more 
improvement in 
depression 
scores with ECT 
than with rTMS 

HQO reported low 
ROB 
 
The review looked 
for evidence in any 
depression subtype, 
including people 
with bipolar 
disorder. However, 
none of the studies 
identified included 
bipolar participants 
(100% of 
participants were 
people with MDD). 
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Review Design, 
search period 

Number of studies Eligibility criteria Interventions Authors’ 
conclusions 

Comments 

   Exclusion:  
Studies of depression due 
to specific conditions (i.e., 
post-stroke depression, 
postpartum depression 

• bilateral rTMS or bilateral vs. 
unilateral rTMS, sequential 
combined LF and HF rTMS 

• newer techniques 
(synchronized rTMS, pulsed 
rTMS, deep TMS, rTMS with 
priming stimulation) 

 
Comparator:  
• Sham 
• rTMS ECT 

  

University 
of Calgary 
(2014) 

Up to Jan 10, 
2014 
RCTs 

61a 
 
6 studies compared 
rTMS to ECT: 
Grunhaus et al. 
(2003) 
Janicak et al. (2002) 
Pridmore et al. 
(2000) 
Pridmore (2000)  
Keshtkar et al. (2011) 
Rosa et al. (2006) 

Inclusion:  
• adults (18 years or older) 

diagnosed with unipolar 
or bipolar depression 
with TRD (had ≥ 2 
treatments)  

 
Exclusion:  
• not TRD or do not report 

whether patients have 
TRD 

• not unipolar or bipolar 
depression 

Inclusion:  
• any form of rTMS 
 
Exclusion:  
• not rTMS 
 
Comparator: 
• Sham rTMS 
• ECT  
• Cognitive therapy 
• Pharmaceuticals 
Another rTMS modality 

rTMS is 
effective when 
compared with 
sham rTMS. 
Optimal 
frequency, 
location, and 
intensity of 
rTMS are 
unclear. 
Effectiveness of 
rTMS compared 
with ECT is 
unclear 

HQO report Low ROB 
 
The review looked 
for evidence in any 
depression subtype, 
including people 
with bipolar 
disorder. One of the 
studies identified 
included people 
with bipolar 
disorder: 
 
In Pridmore et al 
(2000), 81% of 
participants were 
people with MDD. 

Leggett et 
al. (2015) 

Up to January 
10, 2014 
RCTs 

46a 
 
Grunhaus et al. 
(2003) 
Janicak et al. (2002) 
Keshtkar et al. (2011) 
Pridmore (2000) 
Pridmore et al. 
(2000) 

Inclusion:  
• adults (≥ 18 years of 

age) who have had TRD 
(≥ 2 previous 
treatments) or bipolar 
or unipolar depression  

 
Exclusion:  
not TRD or do not report 
whether patients have TRD 

Inclusion:  
• any form of rTMS 
 
Comparator: 
• Sham rTMS 
• Pharmacological therapy 
• Cognitive therapy 
• ECT  
Another modality of rTMS 

rTMS is 
approximately 
twice as 
effective as 
sham TMS; 
however 
optimal rTMS 
modality 
remains 

The review looked 
for evidence in any 
depression subtype, 
including people 
with bipolar 
disorder. Two of the 
studies identified 
included people 
with bipolar 
disorder: 
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Review Design, 
search period 

Number of studies Eligibility criteria Interventions Authors’ 
conclusions 

Comments 

  Rosa et al. (2006)   unclear rTMS 
most likely as 
effective as ECT 

In Pridmore et al 
(2000), 81% of 
participants were 
people with MDD, 
and in Janicak et al 
(2002), 69% of 
participants were 
people with MDD.  

Abbreviations: ECT: electroconvulsive therapy, TRD: treatment resistant depression, rTMS: repetitive transcranial magnetic stimulation 
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Table 2. Randomised controlled trials of HF left DLPFC TMS vs Sham: design and characteristics 

Study 
reference 

Setting and 
Design Participants Interventions Outcomes 

End of 
treatment / 
Follow-up 

Comments 

Anderson et 
al. (2007) 

UK,  
Randomised 
controlled 
trial 
 
Enrolment 
dates NR 

Number of participants: 
rTMS = 11 at EOT (9 at end of follow-up) 
Sham = 14 at EOT (13 at end of follow-up) 
 
Mean age, years (SD): 
rTMS: 48 (8) 
Sham: 46 (12) 
 
Inclusion criteria: 

• Patients with a DSM-IV major depressive episode who were 
poorly responsive to – or choosing not to take – 
antidepressant drugs. 

 
Exclusion criteria:  

• safety considerations (e.g., suicidality 
• contraindications to intervention) 
• organic brain disorder, psychosis 
• current alcohol/drug misuse or dependence. 

 
TRD definition: NR 
 
AD status: add-on 89% 
 
Baseline depression score:  
rTMS = 26.7 (3.6) 
sham = 27.7 (7.1) 

Intervention: 
HF left DLPFC 
rTMS (Magstim 
Super Rapid, 
Magstim) 
 
Comparator:  
Sham 
 
% MT: 110 
Frequency (Hz): 
10 
Sessions (N): 12 
Pulses (N): 
12,000 

• Change in 
score 
(MADRS) 

• Response 
rate 
(≥50%reduc
tion in 
MADRS 
score plus 
a CGI-I 
ration of 
much or 
very much 
improved). 

4 weeks / 
12 weeks 

Majority of 
patients (all but 
3) were taking 
antidepressants. 
 
MADRS scale used 
for meta-analysis. 
 
2 patients 
withdrew before 
completing 2 
weeks treatment 
(1 from rTMS 
group, 1 from 
sham group). 
 
2 patients 
reduced to 100% 
MT stimulation 
due to scalp 
discomfort. 
 
3 participants did 
not return at 12 
week follow-up 

Avery et al. 
(2006) 

US, 
Double-
blind, 
randomised 
controlled 
trial, 
number of 
centre NR 

Number of participants: 
rTMS = 35 
Sham = 33 
 
Mean age, years (SD): 
rTMS: 44.3 (10.3) 
Sham: 44.2 (9.7) 
 

Intervention: 
HF left DLPFC 
rTMS (Dantec 
Magrpro 
Magnetic 
Stimulator, 
Medtronic) 
 

• Response 
rate (≥50% 
decrease in 
HDRS 
score) 

• Remission 
rate (HDRS 

4 weeks / 
6 weeks 
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Study 
reference 

Setting and 
Design Participants Interventions Outcomes 

End of 
treatment / 
Follow-up 

Comments 

 
January 
2001 to 
February 
2004 

Inclusion criteria: 
• 21 to 65 years old 
• DSM-IV diagnosed MDD that had failed to respond to (or 

unable to tolerate) antidepressants 
• HAMD-17 of 17 or over at both screening and treatment day 

 
Exclusion criteria: 

• previous TMS exposure 
• bipolar disorder 
• previous failure of nine or more bitemporal ECT treatments 
• a current major depressive episode longer than 5 years 
• a history of substance abuse or dependence within the 

past 2 years, antisocial or borderline personality disorder, 
active suicidal ideation with plan and/or intent, current 
symptoms of psychosis 

• a history of seizure disorder, a history of closed head injury 
with loss of consciousness, prior brain surgery, or any 
other major psychiatric or medical comorbidity. 

 
TRD definition: ≥ 2 treatments  
 
AD status: 
add-on,  
rTMS 31% 
Sham 27% 
 
Baseline depression: 
rTMS 23.5 (3.9) 
Sham 23.5 (2.9 

Comparator:  
Sham 
 
% MT: 110 
Frequency (Hz): 
10 
Sessions (N): 15 
Pulses (N): 
24,000 

<8 at end of 
follow-up) 

Bakim et al. 
(2012) 

Turkey,  
Prospective, 
double-
blind, 
randomised 

Number of participants: 
rTMS 80% MT = 12 
rTMS 110% MT = 11 
Sham = 12 
 
Mean age, years (SD): 

Intervention: 
HF left DLPFC 
rTMS (Magstim) 
 
Comparator:  
Sham 

• Change in 
depression 
score 
(MADRS, 
HDRS-17) 

6 weeks / No 
follow-up 

This study 
included two 
intervention 
groups: rTMS at 
80% and 110% MT. 
The higher 
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Study 
reference 

Setting and 
Design Participants Interventions Outcomes 

End of 
treatment / 
Follow-up 

Comments 

controlled 
trial, 
single 
centre 
 
Enrolment 
period NR 

rTMS 80% MT: 38.75 (9.96) 
rTMS 110% MT: 43.09 (8.18) 
Sham: 44.41 (10.22) 
 
Inclusion criteria: 
• Between 18 and 65 years 
• Patients with a diagnosis of treatment resistant major 

depression, recurrent or single episode. without psychotic 
features 

• Right-handedness 
• a score of at least 18 or above on the HAMD-17 and at least 20 

or above on the MADRS  
 
Exclusion criteria:  
• comorbidity of any other Axis I disorder, including alcohol and 

substance use disorders 
• current or past history of epilepsy, head trauma, encephalitis, 

meningitis, or any other cerebrovascular disease. 
• pregnancy 
• any pace-maker or medical pumps replaced in the body or a 

metal implant in the skull 
• any use of ECT, antipsychotics or anticonvulsants which may 

interfere with treatment response 
• inability to read and understand the Turkish language. 
 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on, 100% 
 
Baseline depression score: 
80% MT rTMS 23.08 (3.63) 
110% MT rTMS 24.09 (2.77) 
Sham 25.58 (3.82) 

 
%MT: 80% and 
100% 
Frequency (Hz): 
20 
Sessions (N): 30 
Pulses (N): 
24,000 

• Response 
(50% or 
above 
decrease in 
baseline 
scores) 

• Remission 
(score of 7 
or less on 
the HAMD- 
17 and 10 or 
less on the 
MADRS at 
the 
endpoint) 

threshold group 
(110%) was used in 
this review and 
meta-analysis. 
 
40 were initially 
enrolled, 5 left the 
study in the first 
week. 
 
HDRS-17 score 
was used in the 
meta-analysis. 
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Blumberger 
et al. (2012) 

Canada, 
Double-
blind, 
randomised 
controlled 
trial, single 
centre 
 
January 
2006 to 
January 
2009 

Number of participants: 
rTMS = 22 
Sham = 20 
 
Mean age, years (SD): 
rTMS: 48.9 (13.4) 
Sham: 45.8 (13.4) 
 
Inclusion criteria: 
• 18 to 85 years old 
• DSM-IV diagnosed MDD without psychotic features 
• HDRS score higher than 21 
• Failed to achieve a clinical response in the current episode (or 

did not tolerate AD). 
 
Exclusion criteria: 
• history of DSM-IV substance dependence in the last 6 months 

(excluding nicotine), or DSM-IV substance abuse in the last 
month. 

• Met DSM-IV criteria for bipolar disorder, borderline personality 
disorder or antisocial personality disorder based on the 
Structured Clinical Interview for DSM-IV Axis II Disorders 
(SCID-II). 

• Acutely suicidal 
• Pregnant 
 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on 
rTMS 
77.2% 
Sham 50% 
 
Baseline depression score: 
rTMS 26.0 (3.3) 

Intervention: 
HF left DLPFC 
rTMS 
(Medtronic) 
 
Comparator:  
Sham 
 
%MT: 100 or 120 
Frequency (Hz): 
10 
Sessions (N): 15 
Pulses (N): 21,750 

• Remission 
rate (final 
score of 
HDRS ≤ 10) 

• Response 
rate (50% 
reduction 
in HDRS 
score) 

3 weeks / 6 
weeks 

Dependent on 
age: 100 MT given 
to patients who 
were ≤ 60 years of 
age and 120 MT 
given to patients 
who were > 60 
years of age 
 
HDRS-17 score 
used in meta-
analysis. 
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Sham 25.2 (3.6) 

Blumberger 
et al. (2016) 

Canada, 
Randomised 
controlled 
trial, single 
centre 
 
Between 
2008 and 
2012 

Number of participants: 
rTMS = 40 
Sham = 41 
 
Mean age, years (SD): 
rTMS: 46.5(14.1) 
Sham: 48.1 (12.0) 
 
Inclusion criteria: 
• Aged between 18 and 85 years 
• Patients with a DSM-IV diagnosis of MDD experiencing a 

current major depressive episode (MDE) 
• A score of 20 or higher on the HAMD-17 
• Failed to achieve clinical response or did not tolerate at least 2 

AD. 
• Receiving stable doses of psychotropic medication for at least 

4 weeks before the study. 
 
Exclusion criteria: 

• history of DSM-IV substance dependence (excluding 
nicotine) in the 6 months preceding the study or DSM-IV 
substance abuse in the month preceding the study 

• met DSM-IV criteria for borderline personality disorder or 
antisocial personality disorder based on the Structured 
Clinical Interview for DSM-IV Axis II Disorders (SCID-II) 

• had an unstable medical or neurologic illness or a history 
of seizures 

• were acutely suicidal 
• were pregnant 
• had metal implants in the skull; had a cardiac pacemaker, 

an implanted defibrillator, or a medication pump 
• had a diagnosis of dementia or a current Mini Mental 

State Examination (MMSE) score less than 24 

Intervention: 
HF left DLPFC 
rTMS 
(Magventure RX-
100 repetitive 
magnetic 
stimulator, 
Tonika/Magvent
ure) 
 
Comparator:  
Sham 
 
%MT: 120 
Frequency (Hz): 
10 
Sessions (N): 15 
Pulses (N): 
31,500 

• Remission 
rate 
(HAMD-17 
score ≤7) 

• Response 
rate (>50% 
reduction 
in HAMD-17 
score) 

• Change in 
depression 
score for 
HAMD-17 

• Response 
and 
remission 
rates based 
on the Beck 
Depression 
Inventory 

• Adverse 
events 
(based on 
participant 
experience
s). 

3 weeks / 6 
weeks 
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• were taking lorazepam (> 2 mg/d) or equivalent 
medication during the 4 weeks preceding the study. 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on 
rTMS: 90% 
Sham: 95.1% 
 
Baseline depression score: 
rTMS 26.0 (3.4) 
Sham 25.5 (3.6) 

Bretlau et al. 
(2008) 

Denmark, 
single 
centre 
 
April 2003 
to December 
2005 

Number of participants: 
rTMS = 22 
Sham = 23 
 
Mean age, years (SD): 
rTMS: 53.1 (10.1) 
Sham: 57.8 (10.0) 
 
Inclusion criteria: 

• 18 to 75 years of age 
• DMS-IV diagnosis for a current MDD 

 
Exclusion criteria: 

• Chronic major depression (>24 months duration) 
• Organic brain disorders 
• Substance abuse 
• Severe anxiety disorders or personality disorders. 

 
TRD definition: ≥ 1 treatments 
 
AD status: 
Add-on 
100% 

Intervention: 
HF left DLPFC 
rTMS (Magstim 
Super Rapid, 
Magstim) 
 
Comparator:  
Sham 
 
%MT: 90 
Frequency (Hz): 8 
Sessions (N): 15 
Pulses (N): 
19,200 

• Change in 
depression 
score 
(HAM-D17, 
HAM-D6, 
MES) 

3 weeks / 12 
weeks 

All patients took 
escitalopram. 
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Baseline depression score: 
rTMS 25.3 (3.0) 
Sham 24.7 (3.2) 

Chen et al. 
(2013) 

Taiwan,  
Double-
blind 
randomised 
controlled 
trial, single 
centre 
 
1 January 
2008 to 31 
October 
2008 

Number of participants: 
rTMS = 10 
Sham = 10 
 
Mean age, years (SD): 
rTMS: 44.1 (4.4) 
Sham: 47.3 (3.5) 
 
Inclusion criteria: 
• Patients with a DSM-IV diagnosis of MDD 
 
Exclusion criteria: 

• high risk of suicide 
• physical abnormality such as head injury 
• epilepsy 
• implanted pacemaker 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on 
100% 
 
Baseline depression score:  
rTMS 23.5 (1.9) 
Sham 24.9 (1.9) 

Intervention: 
HF left DLPFC 
rTMS (Magstim) 
 
Comparator:  
Sham 
 
%MT: 90 
Frequency (Hz): 
20 
Sessions (N): 10 
Pulses (N): NR 

• Change in 
depression 
score (BDI-
II, HAMD-17) 

2 weeks / 4 
weeks 

HAMD17 used for 
meta-analysis. 

Fitzgerald et 
al. (2012) 

US,  
Double-
blind 
randomised 
controlled 

Number of participants: 
rTMS = 24 
Sham = 17 
 
Mean age, years (SD): 

Intervention: 
HF left DLPFC 
rTMS (Medtronic 
Magpro30, 
Medtronic) 

• Change in 
depression 
score 
(HAMD-17, 

3 weeks / 6 
weeks 

Patients with 
other concurrent 
Axis 1 psychiatric 
disorders were 
not excluded, with 
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trial, single 
centre 
 
January 
2008 and 
November 
2010 

rTMS: 43.4 (12.7) 
Sham: 44.9 (15.7) 
 
Inclusion criteria: 

• rTMS naïve patients 
• Patients with moderate to severe depression (higher than 

15 on HAMD-17) 
 

Exclusion criteria: 
• bipolar disorder 
• a significant active medical / neurological illness 
•  a contraindication to rTMS 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on 
60% 
 
Baseline depression score: 
rTMS 23.7 (3.8) 
Sham 22.9 (2.1) 

 
Comparator:  
Sham 
 
%MT: 120 
Frequency (Hz): 
10 
Sessions (N): NR 
Pulses (N): NR 

MADRS, 
BDI, BPRS) 

the exception of 
schizophrenia 
spectrum 
disorders. 

Garcia-Toro 
et al. (2001) 

Spain, 
Double-
blind 
randomised 
controlled 
trial, 
number of 
centres NR. 
 
Recruitment 
period NR. 

Number of participants: 
rTMS = 17 
Sham = 18 
 
Mean age, years (SD): 
rTMS: 51.5 (15.9) 
Sham: 50 (11) 
 
Inclusion criteria: 

• > 18 years old 
• DSM-IV diagnosed unipolar depression 

 
Exclusion criteria: 

Intervention: 
HF left DLPFC 
rTMS  (Dantex 
Magpro) 
 
Comparator:  
Sham 
 
% MT: 90 
Frequency (Hz): 
20 
Sessions (N): 10 
Pulses (N): NR 

• Change in 
depression 
score for 
(HDRS, CGI, 
BDI) 

2 weeks / 4 
weeks 

HDRS-21 
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• previous seizures or neurosurgery, current serious or 
uncontrolled medical illness 

• pacemakers or hearing aids 
• pregnant women or women who were not using an 

effective contraception 
• High suicidal risk. 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
add-on 100% 
 
Baseline depression score: 
rTMS 27.11 (6.65) 
Sham 25.6 (4.92 

George et al. 
(2010) 

US, 
Prospective, 
randomised 
controlled 
trial, 
multicentre 
(n = 4) 
 
15 October 
2004 to 31 
March 2009 

Number of participants: 
rTMS = 92  
Sham = 98 
 
Mean age, years (SD): 
rTMS: 47.7 (10.6) 
Sham: 46.5(12.3) 
 
Inclusion criteria: 

• Aged 18 to 70 years 
• DSM-IV diagnosed MDD (current episode duration ≥ 5 

years) 
• Antidepressant medication-free patients 
• HDRS score higher than 20 

 
Exclusion criteria: 

• Other current Axis I disorders (except simple phobia and 
nicotine addiction) 

• Past failure to respond to an adequate trial of 
electroconvulsive therapy 

Intervention: 
HF left DLPFC 
rTMS  
 
Comparator:  
Sham 
 
% MT: 120 
Frequency (Hz): 
20 
Sessions (N): NR 
Pulses (N): NR 

• Remission 
rate (HAM-
D score of 3 
or less or 2 
consecutiv
e HAM-D 
scores less 
than 10 
during 
phase 1) 

• Response 
rate using 
(≥50% 
decrease in 
HAMD-D 
score from 
baseline to 
final visit) 

3 weeks / no 
follow-up 

HDRS-24 
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• Previous treatment with TMS or VNS 
• Personal or close family history of seizure disorder 
• Neurologic disorder 
• Ferromagnetic material in body or close to head 
• Pregnancy 
• Taking medications known to lower seizure threshold (eg, 

theophylline) 
 
TRD definition: 1-4 treatments 
 
AD status:  
No AD 
100% 
 
Baseline depression score: 
rTMS 26.3 (5.0) 
Sham 26.5 (4.8) 

Holtzheimer 
et al. (2004) 

US, 
Randomised 
controlled 
trial 
 
January 
1998 to 
December 
1999 

Number of participants: 
rTMS = 7 
Sham = 8 
 
Mean age, years (SD): 
rTMS: 40.4 (8.5) 
Sham: 45.4 (4.9) 
 
Inclusion criteria: 

• 21 to 65 years of age 
• Right-handedness 
• DSM-IV diagnosed MDD 
• HDRS score higher than 17 

 
Exclusion criteria: 

• No other major psychiatric or medical comorbidity 
• Bipolar disorder 
• Previous failure of ECT 

Intervention: 
HF left DLPFC 
rTMS (Dantec 
Magpro; 
Medtronic) 
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 
10 
Sessions (N): 10 
Pulses (N): 
16,000 
 

• Change in 
depression 
score 
(HDRS, BDI) 

• Response 
rate (≥50% 
decrease in 
HDRS as 
week 3) 

2 weeks / 3 
weeks 

HDRS-17 
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• history of substance abuse on dependence 
•  Current symptoms of psychosis 
•  Pregnancy 

TRD definition: ≥ 2 treatments 
 
AD status: 
No AD, 100% 
 
Baseline depression scores: 
rTMS 22.7 (5.3) 
Sham 20.8 (6.3) 

Höppner et 
al. (2003) 

Germany, 
Randomised 
controlled 
trial, single 
centre 
 
Enrolment 
period NR 

Number of participants: 
rTMS = 10 
Sham = 10 
 
Mean age, years (SD): 
rTMS: 60.36 (NR) 
Sham: 56.44 (NR) 
 
Inclusion criteria: 

• Right-handed patients with DSM-IV diagnosed depression 
 
Exclusion criteria: 

• Patients with other relevant medical illnesses. 
 
TRD definition: ≥ 1 treatment 
 
AD status: 
Add-on, 100% 
 
Baseline depression score: 
NR 

Intervention: 
HF left DLPFC 
rTMS (Maglite r 
25, Medtonic) 
 
Comparator:  
Sham 
 
%MT: 90 
Frequency (Hz): 
20 
Sessions (N): 10 
Pulses (N): NR 

• Change in 
depression 
score for 
(HDRS-21. 
BDI) 

2 weeks / no 
follow-up 

HDRS-21 

Kang et al. 
(2016) 

South Korea, 
Randomised 
controlled 

Number of participants: 
rTMS = 13  
Sham = 11 

Intervention: 
HF left DLPFC 
rTMS (Magstim) 

• Change in 
depression 
score 

2 weeks / no 
follow-up 

HDRS-17 
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trial, single 
centre 
 
January 
2009 to 
June 2011 

 
Mean age, years (SD): 
rTMS: 32.8 (19.1) 
Sham: 52.2 (20.1) 
 
Inclusion criteria: 

• DSM-IV diagnosed MDD 
• Right handed 

 
Exclusion criteria: 

• any current psychiatric disorder other than MDD, including 
anxiety disorder and substance use disorder (except 
nicotine) 

• current or past history of psychotic disorder, seizure, 
mental retardation, high risk of suicide, cognitive 
impairment 

• contraindications for general functional magnetic 
resonance imaging (fMRI) experiments 

 
TRD definition: ≥ 1 treatment 
 
AD status: 
100% on AD 
 
Baseline depression scores: 
rTMS 24.1 (6.4) 
Sham 20.0 (4.6) 

 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 
10 
Sessions (N): 20 
Pulses (N): 
10,000 

• Response 
rate (>50% 
improveme
nt from 
baseline 
HDRS 
score) 

• Remission 
rate 
(defined as 
final HDRS 
score ≤9) 

Mogg et al. 
(2008) 

UK, 
Randomised 
controlled 
trial, single 
centre 
 
March 2002 
to August 
2004 

Number of participants: 
rTMS = 28 
Sham = 29 
 
Mean age, years (SD): 
rTMS: 55 (18) 
Sham: 52 (15.5) 
 
Inclusion criteria: 

Intervention: 
HF left DLPFC 
rTMS (Magstim 
Super Rapid 
stimulator, 
Magstim) 
 
Comparator:  
Sham 

• Response 
rate (HDRS 
score ≥50% 
lower than 
at baseline) 

• Remission 
rate (HDRS 
≤8) 

2 weeks / no 
follow-up 

HDRS-17 
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• > 18 years old 
• Right handed 
• Diagnosis of MDE confirmed by DSM-IV 

 
Exclusion criteria: 

• history of seizures; head injury with loss of consciousness 
; brain surgery; presence of metallic implants 

• dementia or other Axis I diagnosis 
• substance dependency or abuse within the previous 6 

months 
• previous rTMS treatment 
• inability to provide informed consent 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on 
rTMS: 93.1% 
Sham: 86.7% 
 
Baseline depression score: 
rTMS 20.5 (4.4) 
Sham 21.6 (4.7) 

 
%MT: 110 
Frequency (Hz): 
10 
Sessions (N): 10 
Pulses (N): 
10,000 

O'Reardon et 
al. (2007) 

US (20 
centres), 
Australia (2 
centres) and 
Canada (1 
centre) 
Double-
blind, 
randomised 
controlled 
trial, 
multicentre  

Number of participants: 
rTMS = 155 
Sham: 146 
 
Mean age, years (SD): 
rTMS: 47.9 (11.0) 
Sham: 48.7 (10.6) 
 
Inclusion criteria: 

• Antidepressant medication free patients with a DSM-IV 
MDD diagnosis 

• CGI-S score of at least 4 

Intervention: 
HF left DLPFC 
rTMS  
(Neuronetics 
Model 2100, 
Neuronetics Inc.) 
 
Comparator:  
Sham 
 
%MT: 120 

• Change in 
depression 
score for 
(MADRS, 
HAMD-17, 
HAMD-24) 

• Response 
rate (>50% 
reduction 
in score) 

• Remission 
rate 

4 weeks / 6 
weeks 

MADRS 
HDRS-17 
HDRS-24 
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January 
2004 to 
August 
2005 

• HAMD-17 score of at least 20 
 
Exclusion criteria: 

• lifetime history of psychosis, bipolar disorder, or 
obsessive–compulsive disorder; posttraumatic stress 
disorder and eating disorders (if present in the past year) 

• lack of response to an adequate trial of electroconvulsive 
therapy (ECT); prior treatment with TMS or a vagus nerve 
stimulator implant 

• pregnancy 
• a personal or close family history of a seizure disorder; 

presence of neurologic disorder or medication therapy 
known to alter seizure threshold 

• presence of ferromagnetic material in or in close proximity 
to the head. 

 
TRD definition: ≥ 1 treatment 
 
AD status: 
100% no AD 
 
Baseline depression score: 
MADRS 
rTMS 32.8 (6.0) 
Sham 33.9 (5.7) 
 
HDRS-17 
rTMS 22.6 (3.3) 
Sham 22.9 (3.5) 
 
HDRS-24 
rTMS 30.1 (5.0) 
Sham 30.5 (4.9) 

Frequency (Hz): 
10 
Sessions (N): 30 
Pulses (N): 
90,000 

(MADRS < 
10, HDRS-17 
<8, HDRS-
24 <11)  

Peng et al. 
(2012) 

China, 
Double-
blind 

Number of participants: 
rTMS = 17 
Sham = 13 

Intervention: 
HF left DLPFC 
rTMS (Dantec 

• Change in 
depression 
score 

4 weeks / no 
follow-up 

All patients took 
escitalopram 
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randomised 
controlled 
trial, single 
centre 
 
Enrolment 
period NR 

 
Mean age, years (SD): 
rTMS: 27.41 (6.14) 
Sham: 26.38 (3.45) 
 
Inclusion criteria: 

• DSM-IV diagnosed major depressive episode 
 
Exclusion criteria: 

• any patients with other psychiatric axis-I or axis-II 
disorders 

• history of epileptic seizures or any other neurological 
disorder 

• any kind of metal implants, or any other clinically relevant 
abnormalities in their medical history or laboratory 
examinations 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% add-on therapy 
 
Baseline depression score: 
rTMS 24.7 (3.0) 
Sham 24.5 (3.3) 

Medtronic, 
MagPro R30) 
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 
20 
Sessions (N): 15 
Pulses (N): 
60,000 

(HDRS-17, 
BDI) 

Taylor et al. 
(2018) 

US, Double-
blinded, 
randomised 
controlled 
trial, single 
centre 
 
October 
2012 to 
October 
2015 

Number of participants: 
rTMS = 16 
Sham = 16 
 
Mean age, years (SD): 
rTMS: 46.9 (10.7) 
Sham: 44.13 (11.1) 
 
Inclusion criteria: 

• DSM-IV diagnosed major depressive disorder 
• Moderate depressive severity score on MADRS 

Intervention: 
HF left DLPFC 
rTMS (NeuroStar 
XPLOR system in 
research mode) 
 
Comparator:  
Sham 
 
% MT: 120 

• Change in 
depression 
score 
(MADRS, 
HDRS-17) 

4 weeks / no 
follow-up 
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Exclusion criteria: 

• bipolar disorder (I/II), obsessive-compulsive disorder, 
post-traumatic stress disorder, any psychosis, serious 
suicidal ideation/behavior 

• previous rTMS, previous ECT and contra-indications to 
rTMS or MRI. 

 
TRD definition: ≥ 1 treatment 
 
AD status: 
93.8% receiving add-on therapy 
 
Baseline depression score: 
MADRS: 
rTMS 25.4 (5.7) 
Sham 21.9 (3.1) 
 
HRSD-17: 
rTMS: 16.0 (3.9) 
Sham 13.1 (2.3) 

Frequency (Hz): 
10 
Sessions (N): 20 
Pulses (N): 
60,000 

Theleritis et 
al. (2017) 

Greece, 
randomised 
controlled 
trial, single 
centre 
 
July 2006 to 
December 
2011 

Number of participants: 
rTMS = 25 
Sham = 18 
 
Mean age, years (SD): 
rTMS: 39.1 (10.1) 
Sham: 38 (9.9) 
 
Inclusion criteria: 

• 18 to 59 years of age 
• Right-handed patients with DSM-IV diagnosed MDD  
• TMS naive  

 
Exclusion criteria: 

• history of seizures 

Intervention: 
HF left DLPFC 
rTMS (Magstim 
Ultrarapid 
stimulator, 
Magstim) 
 
Comparator:  
Sham 
 
% MT: 100 
Frequency (Hz): 
20 
Sessions (N): 15 

• Change in 
depression 
score for 
(HDRS-17) 

• Response 
rate (≥50% 
reduction 
in HDRS 
score) 

• Remission 
rate (HDRS 
score <8) 

3 weeks / 4 
weeks 
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• head injury with loss of consciousness 
• brain surgery, presence of metallic implants 
• dementia or other Axis I diagnosis 
• substance dependence or abuse within the previous 

6months 
• pregnancy 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on 
rTMS 56% 
Sham 50% 
 
Baseline depression score: 
rTMS 30.6 (3.2) 
Sham 29.4 (3.2) 

Pulses (N): 
24,000 

Zhang et al. 
(2011) 

China, 
randomised 
controlled 
trial, single 
centre 
 
October 
2008 to 
October 
2009 

Number of participants: 
rTMS = 14 
Sham = 14 
 
Mean age, years (SD): 
rTMS: 50.8 (13.3) 
Sham: 43.8 (13.9) 
 
Inclusion criteria: 

• Aged 18-65 
• DSM-IV criteria for MDD 
• HDRS score >17 

 
Exclusion criteria: 

• Serious physical disease or organic cerebral disease 
• Current dependence on psychoactive drugs 
• Pregnancy 
• prior psychotic depression 

Intervention: 
HF left DLPFC 
rTMS 
(MagproR100, 
Dantec) 
 
Comparator:  
Sham 
 
% MT: 110 
Frequency (Hz): 
10 
Sessions (N): 20 
Pulses (N): 
30,000 

• Change in 
depression 
score 
(HDRS-17, 
MADRS) 

• Response 
rate (>50% 
reduction 
in HDRS or 
MADRS 
score) 

4 weeks / no 
follow-up 

HDRS-17 



 

 
 

Page 67 of 95 
 

EAR035 November 2021 

Study 
reference 

Setting and 
Design Participants Interventions Outcomes 

End of 
treatment / 
Follow-up 

Comments 

• ECT in previous 6 months prior failure to respond to ECT  
• metal implants 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% receiving add-on ADs 
 
Baseline depression score: 
rTMS 20.07 (2.92) 
Sham 20.21 (4.21) 

Zheng et al. 
(2015) 

China, 
Blinded 
randomised 
controlled 
trial, 
number of 
centres NR 
 
Enrolment 
period NR 

Number of participants: 
rTMS = 18 
Sham = 14 
 
Mean age, years (SD): 
rTMS: 26.9 (6.4) 
Sham: 26.9 (4.3) 
 
Inclusion criteria: 

• DSM-IV diagnosed major depressive episode 
• Severely depressed based on higher HAMD scores 
• All participants were right-handed 

 
Exclusion criteria: 

• any other psychiatric axis-I or axis-II disorders 
• history of epileptic seizures or any other neurological 

disorder 
• any kind of metal implants, and any other clinically 

relevant abnormalities in their medical history or 
laboratory examinations. 

• Patients with a medical history of alcohol or drug abuse 
were also excluded. 

 
TRD definition: ≥ 2 treatments 

Intervention: 
HF left DLPFC 
rTMS (MagPro 
R30, Dantec) 
 
Comparator:  
Sham 
 
%MT: 110 or 100 
Frequency (Hz): 
15 
Sessions (N): 20 
Pulses (N): 
60,000 

• Change in 
score 
(HDRS-17) 

• Response 
rate (50% 
reduction 
in baseline 
score) 

4 weeks / no 
follow-up 

HDRS-17 used in 
analysis. 
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Study 
reference 

Setting and 
Design Participants Interventions Outcomes 

End of 
treatment / 
Follow-up 

Comments 

 
AD status: 
100% receiving add-on ADs 
 
Baseline depression score: 
rTMS 23.1 (3.6) 
Sham 23.6 (3.6) 

Abbreviations: TRD: treatment resistant depression, rTMS: repetitive transcranial magnetic stimulation, HDRS: Hamilton Depression Rating Scale, MT: motor threshold, EOT: end of 
treatment, NR: not report, AD status: Antidepressant status, DLPFC: dorsolateral prefrontal cortex, ECT: electroconvulsive therapy, HF: high frequency, MRI: magnetic resonance 
imaging, CGI: clinical global impression, DSM-IV: the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders, MDD: major depressive disorder, HAMD: Hamilton 
depression rating scale, MADRS: Montgomery and Asberg depression rating scale, SD: standard deviation, BDI: Beck depression inventory 
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Table 3. Randomised controlled trials of LF right DLPFC TMS vs Sham: design and characteristics 

Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months 

Comments 

Bares et al. 
(2009) 

Czech 
Republic, 
Double-
blind, 
randomised 
controlled 
trial, single 
centre 
 
June 2005 
to July 2008 

Number of participants: 
rTMS = 27 
Sham = 31 
 
Mean age, years (SD): 
rTMS: 45.4 (11.7) 
Sham: 44.2 (11.6) 
 
Inclusion criteria: 

• 18-65 years old 
• DSM-IV diagnosed MDD 
• MADRS score of at least 20 

 
Exclusion criteria: 

• suicidal risk, current psychiatric comorbidity on axis I, 
personality disorder 

• serious unstable medical illness,  
• drug or alcohol abuse 
• risk of seizure 

 
TRD definition: ≥ 1 treatment 
 
AD status: 
100% receiving add-on therapy 
 
Baseline depression score: 
rTMS 27.5 (4.1) 
Sham 26.7 (4.0) 

Intervention: 
LF right DLPFC 
rTMS (Magstim 
Super Rapid 
stimulator, 
Magstim) 
 
Comparator: 
Sham 
 
%MT: 100 
Frequency (Hz): 1 
Sessions (N): 20 

• Pulses (N): 
12,000
 Change 
in 
depression 
score 
(MADRS) 

• Response 
rate (>50% 
reduction in 
MADRS 
score) 

• Remission 
rate (score ≥ 
10) 

4 weeks / no 
follow-up 

Sham group 
received 
venlafaxine. 

Brunelin et 
al. (2014) 

France and 
Monaco, 
Double-
blind, 
randomised 
controlled 
trial, 

Number of participants: 
rTMS = 54 
Sham = 51 
 
Mean age, years (SD): 
rTMS: 53.3 (11.3) 
Sham: 56.2 (9.9) 

Intervention: 
LF right DLPFC 
rTMS 
(Magprox100, 
Mag2Health or 
Magstim Super 
Rapid, Inomed) 

• Remission 
rate defined 
by HDRS-17 
score <8. 

• Change in 
score 

2-6 weeks 
(until 
patients 
achieved 
remission) / 
endpoint 
unspecified 

One rTMS group 
and the sham 
group received 
venlafaxine 
 
HDRS-17 used in 
analysis. 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months Comments 

multicentre 
(18 sites)  
 
May 2008 to 
July 2012 

 
Inclusion criteria: 

• DSM-IV diagnosed non-psychotic MDD 
• HDRS-17 higher than 20 

 
Exclusion criteria: 

• age under 18 
• other axis I disorders (except for anxiety disorders) 
• substance use disorder (except for nicotine) 
• somatic or neurological disorders 
• failure to respond to venlafaxine during the current 

depressive episode 
• pregnancy 
• previously received rTMS, and rTMS contraindications 

 
TRD definition: ≥ 1 treatment 
 
AD status: see comments 
 
Baseline depression score: 
rTMS w/V: 26.1 (3.9) 
rTMS w/o V: 25.8 (3.6) 
Sham w/V: 25.8 (3.4) 

 
Comparator:  
Sham 
 
%MT: 120 
Frequency (Hz): 1 
Sessions (N): 10-
30 
Pulses (N): 3,600-
10,800 
 

• Response 
rate (≥50% 
reduction in 
HDRS-17 
score) 

Höppner et 
al. (2003) 

 Number of participants: 
rTMS = 10 
Sham = 10 
 
Mean age, years (SD): 
rTMS: 52 (NR) 
Sham: 56.44 (NR) 
 
Inclusion criteria: 

• Right-handedness 
• DSM-IV diagnosed depression 
• Unfamiliar with TMS procedures 

 

Intervention: 
LF right DLPFC 
rTMS  
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 1 
Sessions (N): 10 
Pulses (N): NR 

• Change in 
depression 
score (HDRS-
21) 

2 weeks / no 
follow-up 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months Comments 

Exclusion criteria: 
• Other relevant medical illnesses 

 
TRD definition: ≥ 1 treatment 
 
AD status: 
100% received add-on therapy 
 
Baseline depression score: 
NR 

Januel et al. 
(2006) 

France, 
Double-
blind, 
randomised 
controlled 
trial 

Number of participants: 
rTMS = 11 
Sham = 16 
 
Mean age, years (SD): 
rTMS: 38.64 (11.16) 
Sham: 37.19 (11.67) 
 
Inclusion criteria: 

• Right-handed patients aged between 18 and 65 years 
with DSM-IV diagnosed unipolar MDD  

• HDRS score 18 or higher 
 
Exclusion criteria: 

• All patients had no history of brain trauma or seizure, 
bipolar disorder, abuse or dependence to psychoactive 
substance. 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% were not receiving add-on 
 
Baseline depression score: 
rTMS 21.73 (3.52) 
Sham 22.5 (2.73) 

Intervention: 
LF right DLPFC 
rTMS (Magstim 
Rapid, Magstim) 
 
Comparator:  
Sham 
 
%MT: 90 
Frequency (Hz): 1 
Sessions (N): 16 
Pulses (N): NR 

• Change in 
score (HDRS-
17) 

• Response 
rate (HDRS 
score >50% 
reduction 
compared 
with 
baseline)  

• Remission 
rates (HDRS-
17 score <9) 

4 weeks / no 
follow-up 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months Comments 

Kauffmann 
et al. (2004) 

US, 
Double-
blind, 
randomised 
controlled 
trial, 
number of 
centre NR 
 
Enrolment 
period NR 

Number of participants: 
rTMS = 7 
Sham = 5 
 
Mean age, years (SD): 
rTMS: NR 
Sham: NR 
 
Inclusion criteria: 

• DSM-IV diagnosed major depression 
• At least 18 years old 
• No pre-existing neurological and/or cardia diseases 

 
 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% receiving add-on Ads 
 
Baseline depression score: 
rTMS 21.86 (2.31) 
Sham 18.2 (2.2) 

Intervention: 
LF right DLPFC 
rTMS (Mag-lite 
Stimulator; 
Medtronic) 
 
Comparator:  
Sham 
 
% MT: NR 
Frequency (Hz): 1 
Sessions (N): 10 
Pulses (N): NR 

• Change in 
depression 
score (HDRS-
21) 

• Response 
rate (≥50% 
reduction in 
HDRS 
scores) 

2 weeks / no 
follow-up 

 

Krstic et al. 
(2014) 

Serbia,  
Randomised 
controlled 
trial, single 
centre  
 
Enrolment 
period NR 

Number of participants: 
rTMS = 11 
Sham = 8 
 
Mean age, years (SD): 
rTMS: 50.7 (7.3) 
Sham: 46.1 (8.5) 
 
Inclusion criteria: 

• >18 years old 
• Patients with a HDRS 20 or over 
• DSM-IV diagnosed MD 

 
Exclusion criteria: 

Intervention: 
LF right DLPFC 
rTMS  
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 1 
Sessions (N): 10 
Pulses (N): 3,000 

• Change in 
depression 
score (HDRS) 

• Response 
rate (≥50% 
score 
reduction 
from 
baseline) 

• Remission 
(HDRS ≤10) 

2 weeks / 3 
weeks 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months Comments 

• history of seizure or brain surgery; medical, 
neurological, or neurosurgical disorder that might 
preclude the administration of rTMS 

• meeting DSM-IV criteria for any other axis I disorder 
• personality disorder 
• substance or alcohol abuse 
• or a history of suicide attempt in the past 6 months 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% receiving ADs 
 
Baselines depression score: 
rTMS 30.1 (3.53) 
Sham 28 (2.74) 

Mantovani 
et al. (2013) 

US,  
Randomised 
two phase: 4 
week 
double-
blind and 4 
week open-
label 
controlled 
trial, single 
centre 

Number of participants: 
rTMS = 12 
Sham = 13 
 
Mean age, years (SD): 
rTMS: 40.2 (10) 
Sham: 39.8 (13.3) 
 
Inclusion criteria: 

• 18-65 years old 
• DSM-IV diagnosed panic disorder and MDD 
• PDSS score 15 or over 
• HDRS-24 score 20 or over 

 
Exclusion criteria: 

• acute suicide risk 
• had a history of bipolar disorder, any psychotic 

disorder, or of substance abuse or dependence within 
the past year 

Intervention: 
LF right DLPFC 
rTMS (Magstim 
super rapid, 
Magstim) 
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 1 
Sessions (N): 20 
Pulses (N): 36,000 

• Change in 
depression 
score (HDRS-
24) 

• Response 
rate 
(classified 
as 40% 
reduction in 
PDSS score 
and 50% 
reduction in 
HDRS-24 
score) 

• Remission 
rate (PDSS 
score <5 and 
HDRS-24 
score <10) 

4 weeks / no 
follow-up 

This study 
included people 
with MDD and 
panic disorder; 
therefore 
response and 
remission rates 
required 
improvement in 
more depression 
symptoms and 
panic disorder 
symptoms. 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months Comments 

• Patients with neurological disorders, increased risk of 
seizure 

• implanted devices, metal in the brain, unstable medical 
conditions pregnancy, or breastfeeding were excluded 

• We excluded patients with prior rTMS exposure to 
reduce risk of unblinding. 

 
TRD definition: number NR, individuals who could not tolerate 
medications were also included 
 
AD status: 
Add-on 
rTMS: 83.3% 
Sham: 76.9% 
 
Baseline depression score: 
rTMS 31.9 (6.5) 
Sham 31.1 (8.3) 

Pallanti et 
al. (2010) 

Italy, 
Three group, 
double-
blind, 
randomised 
controlled 
trial, single 
centre  
 
March 2009 
to October 
2009 

Number of participants: 
rTMS = 20 
Sham = 20 
 
Mean age, years (SD): 
rTMS: 51.2 (12.53) 
Sham: 47.85 (9.12) 
 
Inclusion criteria: 

• Right-handed patients with DSM-IV diagnosed non-
psychotic MD 

• HAMD 18 or more 
 
Exclusion criteria: 

• any additional psychiatric comorbidity, as assessed by 
the SCID 

• rTMS contraindications such as metallic implants, 
foreign bodies or history of seizures 

Intervention: 
LF right DLPFC 
rTMS (Magstim 
rapid magnetic 
stimulator, 
Magstim) 
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 1 
Sessions (N): 15 
Pulses (N): 6,300 

• Change in 
HDRS score 

• Response 
rate (50% 
reduction in 
score) 

• remission 
rate (HDRS 
score ≤8) 

3 weeks / no 
follow-up 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months Comments 

• substance abuse in the previous 6 months 
• any major medical disease 
• inability or refusal to provide written informed consent 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% receiving ADs 
 
Baseline depression score: 
rTMS 27.95 (5.89) 
Sham 29.05 (3.54) 

Abbreviations: TRD: treatment resistant depression, rTMS: repetitive transcranial magnetic stimulation, HDRS: Hamilton Depression Rating Scale, MT: motor threshold, EOT: end of 
treatment, NR: not report, AD status: Antidepressant status, DLPFC: dorsolateral prefrontal cortex, ECT: electroconvulsive therapy, LF: low frequency, DSM-IV: the fourth edition of the 
Diagnostic and Statistical Manual of Mental Disorders, MDD: major depressive disorder, HAMD: Hamilton depression rating scale, MADRS: Montgomery and Asberg depression rating 
scale, SD: standard deviation,  
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Table 4. Randomised controlled trials of Bilateral rTMS vs Sham: design and characteristics 

Study 
reference 

Setting Participants Interventions Outcomes Follow-up, 
months 

Comments 

Blumberger 
et al. (2012) 

Canada, 
Double-
blind, 
randomised 
controlled 
trial, single 
centre 
 
January 
2006 to 
January 
2009 

Number of participants: 
rTMS = 26 
Sham = 20 
 
Mean age, years (SD): 
rTMS: 58.0 (12.5) 
Sham: 45.8 (13.4) 
 
Inclusion criteria: 
• 18 to 85 years old 
• DSM-IV diagnosed MDD without psychotic features 
• HDRS score higher than 21 
• Failed to achieve a clinical response in the current episode 

(or did not tolerate AD). 
 
Exclusion criteria: 
• history of DSM-IV substance dependence in the last 6 

months (excluding nicotine), or DSM-IV substance abuse in 
the last month. 

• Met DSM-IV criteria for bipolar disorder, borderline 
personality disorder or antisocial personality disorder 
based on the Structured Clinical Interview for DSM-IV Axis II 
Disorders (SCID-II). 

• Acutely suicidal 
• Pregnant 
 
TRD definition: ≥ 2 treatments 
 
AD status: 
Add-on 
rTMS: 69.2% 
Sham: 50% 
 
Baseline depression score: 
rTMS 25.1 (3.8) 

Intervention: 
Bilateral rTMS 
(Medtronic)  
 
Comparator:  
Sham 
 
%MT: 100% or 120% 
Frequency (Hz): 
10/1 
Sessions (N): 15 
Pulses (N): 18,225 

• Remission 
rate (final 
score of 
HDRS ≤ 10) 

• Response 
rate (50% 
reduction in 
HDRS score) 

3 weeks / 6 
weeks 

Dependent on 
age: 100 MT given 
to patients who 
were ≤ 60 years of 
age and 120 MT 
given to patients 
who were > 60 
years of age 
 
HDRS-17 score 
used in meta-
analysis. 
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Study 
reference Setting Participants Interventions Outcomes Follow-up, 

months Comments 

Sham 25.2 (3.6) 

Blumberger 
et al. (2016) 

 Number of participants: 
rTMS = 40 
Sham = 41 
 
Mean age, years (SD): 
rTMS: 46.4 (12.5) 
Sham: 48.1 (12.0) 
 
Inclusion criteria: 

• DSM-IV diagnosed MDD 
• Experiencing a current major depressive episode 
• HAMD-17 score 20 or higher 

 
Exclusion criteria: 

• if they had a history of DSM-IV substance dependence 
(excluding nicotine) in the 6 months preceding the 
study or DSM-IV substance abuse in the month 
preceding the study 

• met DSM-IV criteria for borderline personality disorder 
or antisocial personality disorder based on the 
Structured Clinical Interview for DSM-IV Axis II 
Disorders (SCID-II) 

• had an unstable medical or neurologic illness or a 
history of seizures 

• were acutely suicidal 
• were pregnant 
• had metal implants in the skull; had a cardiac 

pacemaker, an implanted defibrillator, or a medication 
pump 

• had a diagnosis of dementia or a current Mini Mental 
State Examination (MMSE) score less than 24 

• taking lorazepam (> 2 mg/d) or equivalent medication 
during the 4 weeks preceding the study 

 
TRD definition: ≥ 2 treatments 

Intervention: 
Bilateral rTMS  
 
Comparator:  
Sham 
 
% MT: 120 
Frequency (Hz): 
10/1 
Sessions (N): 15 
Pulses (N): 31,500 

 3 weeks / 6 
weeks 

HDRS-17 
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Study 
reference Setting Participants Interventions Outcomes Follow-up, 

months Comments 

 
AD status: 
Add-on 
rTMS 100% 
Sham 95.1% 
 
Baseline depression score: 
rTMS 24.1 (3.2) 
Sham 25.5 (3.6) 

Fitzgerald et 
al. (2012) 

US,  
Double-
blind 
randomised 
controlled 
trial 

Number of participants: 
rTMS = 19 
Sham = 17 
 
Mean age, years (SD): 
rTMS: 40.5 (15.5) 
Sham: 44.9 (15.7) 
 
Inclusion criteria: 

• rTMS naïve patients 
• Patients with moderate to severe depression 
• A score higher than 15 on HAMD-17 

 
Exclusion criteria: 

• bipolar disorder 
• a significant active medical/ neurological illness 
• a contraindication to rTMS 

Patients with other concurrent Axis 1 psychiatric disorders were 
not excluded 
 
TRD definition: ≥ 2 treatments 
 
AD status: 
60% receiving add-on ADs 
 
Baseline depression score: 
rTMS 24.3 (3.6) 
Sham 22.9 (2.1) 

Intervention: 
Bilateral rTMS  
 
Comparator:  
Sham 
 
%MT: 120 
Frequency (Hz): 
10/1 
Sessions (N): NR 
Pulses (N): NR 

Change in 
depression score 
for: 

• HAMD-17 
• MADRS 

3 weeks / 6 
weeks 
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Study 
reference Setting Participants Interventions Outcomes Follow-up, 

months Comments 

Garcia-Toro 
et al. (2006) 

Spain, 
Randomised 
controlled 
trial, single 
centre 
 
Enrolment 
period NR 

Number of participants: 
rTMS = 10 
Sham = 10 
 
Mean age, years (SD): 
rTMS: 48.5 (13.3) 
Sham: 47.2 (11.8) 
 
Inclusion criteria: 

• >18 years old 
• DSM-IV diagnosed unipolar depression 

 
Exclusion criteria: 

• contraindications for rTMS, including personal or 
family history of seizures 

• past neurosurgical procedures, implanted pacemaker, 
inner ear prosthesis, medication pumps, 

• pregnancy, and unstable medical conditions 
• Patients with a high suicidal risk were excluded. 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% receiving ADs 
 
Baseline depression score: 
rTMS 27.3 (4.9) 
Sham 25.1 (7.3) 

Intervention: 
Bilateral rTMS 
(Magpro 
stimulator, 
Dantec) 
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 
20/1 
Sessions (N): 10 
Pulses (N): NR 

• Change in 
depression 
score (HDRS-
21) 

2 weeks / 4 
weeks 

 

Pallanti et 
al. (2010) 

Italy, 
Three group, 
double-
blind, 
randomised 
controlled 
trial, single 
centre 

Number of participants: 
rTMS = 20 
Sham = 20 
 
Mean age, years (SD): 
rTMS: 47.6 (12.33) 
Sham: 47.85 (9.12) 
 
Inclusion criteria: 

Intervention: 
Bilateral rTMS  
 
Comparator:  
Sham 
 
%MT: 100/110 
Frequency (Hz): 
10/1 

• Response 
and 
remission 
using HDRS 

3 weeks / no 
follow-up 
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Study 
reference Setting Participants Interventions Outcomes Follow-up, 

months Comments 

• Right-handed patients with DSM-IV diagnosed non-
psychotic MD 

• HAMD 18 or more 
 
Exclusion criteria: 

• any additional psychiatric comorbidity, as assessed by 
the SCID 

• rTMS contraindications such as metallic implants, 
foreign bodies or history of seizures 

• substance abuse in the previous 6 months 
• any major medical disease 
• inability or refusal to provide written informed consent. 

 
TRD definition: ≥ 2 treatments 
 
AD status: 
100% receiving ADs 
 
Baseline depression score: 
rTMS 28.75 (6.01) 
Sham 29.05 (3.54) 

Sessions (N): 15 
Pulses (N): 21,300 

Valkonen-
Korhonen et 
al. (2018) 

Finland, 
Randomised 
controlled 
trial 

Number of participants: 
rTMS = 18 
Sham = 19 
 
Mean age, years (SD): 
rTMS: 37.1 (11.1) 
Sham: 36.4 (15.3) 
 
Inclusion criteria: 

• DSM-IV diagnosis of MDD 
 
Exclusion criteria: 

• bipolar disorder or non-affective psychosis, or the onset 
of these disorders in a three-year follow-up 

• neurological conditions preventing the use of rTMS 

Intervention: 
Bilateral rTMS  
 
Comparator:  
Sham 
 
%MT: 110 
Frequency (Hz): 
10/1 
Sessions (N): 30 
Pulses (N): 5,700 

• Change in 
depression 
score (HDRS, 
MADRS) 

6 weeks HDRS used in 
analysis 
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Study 
reference Setting Participants Interventions Outcomes Follow-up, 

months Comments 

• current acute severe suicidality 
• current acute substance abuse. 

 
TRD definition: ≥2 treatments 
 
AD status: 
100% receiving ADs 
 
Baseline depression score: 
rTMS 27.7 (6.9) 
Sham 25.9 (5.4) 

Abbreviations: TRD: treatment resistant depression, rTMS: repetitive transcranial magnetic stimulation, HDRS: Hamilton Depression Rating Scale, MT: motor threshold, EOT: end of 
treatment, NR: not report, AD status: Antidepressant status, DSM-IV: the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders, MDD: major depressive disorder, 
HAMD: Hamilton depression rating scale, MADRS: Montgomery and Asberg depression rating scale, SD: standard deviation. 
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Appendix 4. Additional figures for rTMS versus sham 

Change in depression score 

HF left DLPFC rTMS 

 

Figure 1. High-frequency left DLPFC rTMS versus sham rTMS – change in depression score at end 
of treatment 

 

Figure 2. High-frequency left DLPFC rTMS versus sham rTMS – change in depression score at 
end of treatment (longer follow-up) 
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Figure 3. High-frequency left DLPFC rTMS versus sham rTMS – change in depression score at 
end of treatment (subgroup analysis based on antidepressant usage) 
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LF right DLPFC 

 

Figure 4. Low-frequency left DLPFC rTMS versus sham rTMS – change in depression score at end 
of treatment 

 

 

Figure 5. Low-frequency right DLPFC rTMS versus sham rTMS – change in depression score at 
end of treatment (subgroup analysis based on antidepressant usage) 
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Bilateral rTMS 

 

Figure 6. Bilateral rTMS versus sham rTMS – change in depression score at end of treatment 

 

Figure 7. Bilateral rTMS versus sham rTMS – change in depression score (longer follow-up) 
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Response rate 

HF left DLPFC rTMS 

 

Figure 8: High-frequency left DLPFC rTMS versus sham rTMS – Response rate at end of 
treatment 

 

 

Figure 9: High-frequency left DLPFC rTMS versus sham rTMS – Response rate (longer follow-
up) 
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Figure 10. High-frequency left DLPFC rTMS versus sham rTMS – response rate at end of 
treatment (subgroup analysis based on antidepressant usage) 
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LF right DLPFC rTMS 

 

Figure 11: Low-frequency right DLPFC rTMS versus sham rTMS – Response rate at end of 
treatment 

 

 

Figure 12. Low-frequency right DLPFC rTMS versus sham rTMS – response rate at end of 
treatment (subgroup analysis based on antidepressant usage) 
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Bilateral rTMS 

Figure 13: Bilateral rTMS versus sham rTMS – Response rate at end of treatment 

 

Figure 14: Bilateral rTMS versus sham rTMS – Response rate (longer follow-up) 

 

Remission rate 

HF left DLPFC rTMS 

 

Figure 15: High-frequency left DLPFC rTMS versus sham rTMS – Remission rate at end of 
treatment 
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Figure 16: High-frequency left DLPFC rTMS versus sham rTMS – Remission rate (longer follow-
up) 

 

LF right DLPFC rTMS 

 

Figure 17: Low-frequency right DLPFC rTMS versus sham rTMS – Remission rate at end of 
treatment 

 

Bilateral rTMS 

 

Figure 18: Bilateral rTMS versus sham rTMS – Remission rate at end of treatment 

 

Figure 19: Bilateral rTMS versus sham rTMS – Remission rate at end of treatment  
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Appendix 5. Adverse events 

Table 1. Adverse events in RCTs – rTMS versus sham 

Study Adverse Events 

HF L-DLPFC vs. sham 

Anderson et al. 
(2007) 

rTMS: 2/11 had scalp discomfort 
Sham: none 

Avery et al. 
(2006) 

rTMS: 11/33 experienced pain 
Sham: 1/30 experienced pain 

Bakim et al. 
(2012) 

rTMS: 4/23 had mild headache, 2/23 had scalp discomfort 
Sham: 1/12 had mild headache 

Blumberger et al. 
(2012) 

Three subjects withdrew after experiencing serious adverse events judged unrelated 
to rTMS treatment: one subject in the bilateral group after a myocardial infarction, 
two subjects who experienced suicidality requiring hospitalization (one subject in 
each of the unilateral and sham groups). 
 
rTMS (unilateral): 1/22 scalp discomfort, 1/22 headache 
Sham: none 

Blumberger et al. 
(2016) 

Bilateral: 7/40 headache, 7/40 pain, 2/40 fatigue, 2/40 difficulty sleeping, 1/40 racing 
thoughts, 1/40 worsening mood, 1/40 nightmares, 1/40 lightheadedness, 1/40 
tinnitus, 1/40 flu, 1/40 metallic taste, 1/40 lactation, 1/40 anxiety 
Unilateral: 7/40 headache, 8/40 pain, 2/40 fatigue, 2/40 difficulty sleeping, 1/40 
anger, 1/40 confusion, 1/40 flu, 1/40 scraping feeling, 1/40 neck stiffness, 1/40 
vomiting, 3/40 anxiety 
Sham: 7/41 headache, 2/41 pain, 1/41 fatigue, 1/41 difficulty sleeping, 1/41 racing 
thoughts, 1/41 suicidal thoughts, 1/41 tremor, 1/41 sore hip, 1/41 flu 

Bretlau et al. 
(2008) 

Used UKU side effect scale (Table 5). In both groups (sham and active) the baseline 
scores on the UKU scale had diminished during the 12 weeks of treatment. Only two 
items: Thus, at the end of the 3 weeks direct comparison the sham TMS treated 
patients had reduced sleep length and at the end of the post TMS period (12 weeks), 
the sham TMS treated patients had the greater concentration difficulties. 

Chen et al. (2013) NR 

Fitzgerald et al. 
(2012) 

None 

Garcia-Toro et al. 
(2001) 

"The most frequent side effects were scalp discomfort and slight and transitory 
headaches in approximately a third of the cases, nearly all from the active rTMS 
group" 
rTMS: 6/17 headache 
Sham: none 

George et al. 
(2010) 

rTMS: 29/92 headache, 17/92 scalp discomfort, 7/92 insomnia, 6/92 worsening 
depression or anxiety, 6/92 gastrointestinal, 5/92 fatigue, 4/92 muscle aches, 2/92 
vertigo, 1/92 skin pain, 18/92 "other" 
Sham: 23/98 headache, 10/98 scalp discomfort, 10/98 insomnia, 8/98 worsening 
depression or anxiety, 3/98 gastrointestinal, 4/98 fatigue, 4/98 muscle aches, 2/98 
vertigo, 1/98 skin pain, 1/98 facial muscle twitch, 15/98 "other" 

Holtzheimer et 
al. (2004) 

None 

Höppner et al. 
(2003) 

None 
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Kang et al. (2016) None 

Mogg et al. 
(2008) 

Used Subjective Side Effects Schedule (CSSES). There was no significant grouprtime 
interaction for the CSSES scores. 
Sham: 1/29 tinnitus, 1/29 dizziness 

O'Reardon et al. 
(2007) 

rTMS: 10/165 eye pain, 12/165 toothache, 18/165 scalp discomfort, 59/165 site pain, 
11/165 facial pain, 34/165 muscle twitching, 14/165 pain of skin  
Sham: 3/158 eye pain, 1/158 toothache, 2/158 scalp discomfort, 6/158 site pain, 5/158 
facial pain, 5/158 muscle twitching, 1/158 pain of skin 

Peng et al. (2012) NR 

Taylor et al. 
(2018) 

None 

Theleritis et al. 
(2017) 

HF1: 7/25 scalp discomfort, 3/25 headache 
Sham1: 1/18 scalp discomfort, 1/18 headache 

Zhang et al. 
(2011) 

NR 

Zheng et al. 
(2015) 

None 

LF R-DLPFC vs. sham 

Bares et al. 
(2009) 

"The vast majority of patients in both groups did not report 
any side effects with the exception of transient headache or nausea" 

Brunelin et al. 
(2014) 

Shamw/V: 7/51 worsening depression 
rTMSw/V: 3/50 worsening depression 
rTMS: 2/54 worsening depression 

Januel et al. 
(2006) 

NR 

Kauffmann et al. 
(2004) 

None 

Krstic et al. 
(2014) 

NR 

Mantovani et al. 
(2013) 

rTMS: 2/12 headache, 2/12 neck pain, 1/12 scalp pain, 1/12 impaired cognition, 1/12 
trouble concentrating, 1/12 memory impairment 
Sham: 3/13 headache, 2/13 neck pain, 2/13 scalp pain, 1/13 impaired cognition,  2/13 
trouble concentrating, 1/13 memory impairment 

Pallanti et al. 
(2010) 

NR 

Bilateral rTMS vs. sham 

Blumberger et al. 
(2012) 

Three subjects withdrew after experiencing serious adverse events judged unrelated 
to rTMS treatment: one subject in the bilateral group after a myocardial infarction, 
two subjects who experienced suicidality requiring hospitalization (one subject in 
each of the unilateral and sham groups). 
 
rTMS (unilateral): 1/22 scalp discomfort, 1/22 headache 
Sham: none 
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Blumberger et al. 
(2016) 

Bilateral: 7/40 headache, 7/40 pain, 2/40 fatigue, 2/40 difficulty sleeping, 1/40 racing 
thoughts, 1/40 worsening mood, 1/40 nightmares, 1/40 lightheadedness, 1/40 
tinnitus, 1/40 flu, 1/40 metallic taste, 1/40 lactation, 1/40 anxiety 
Unilateral: 7/40 headache, 8/40 pain, 2/40 fatigue, 2/40 difficulty sleeping, 1/40 
anger, 1/40 confusion, 1/40 flu, 1/40 scraping feeling, 1/40 neck stiffness, 1/40 
vomiting, 3/40 anxiety 
Sham: 7/41 headache, 2/41 pain, 1/41 fatigue, 1/41 difficulty sleeping, 1/41 racing 
thoughts, 1/41 suicidal thoughts, 1/41 tremor, 1/41 sore hip, 1/41 flu 

Fitzgerald et al. 
(2012) 

None 

Garcia-Toro et al. 
(2006) 
 

NR 

Pallanti et al. 
(2010) 

NR 

Valkonen-
Korhonen et al. 
(2018) 

NR 
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Appendix 6. Markov model structures  

 

 

Figure 1. TMS –Markov model pathway 
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Figure 2. ECT –Markov model pathway 

 


	Evidence Appraisal Report
	1. Purpose of the evidence appraisal report
	2. Health problem
	3. Health technology
	4. Measuring depression severity (depression scales)
	5. Clinical effectiveness
	5.1 rTMS compared with sham rTMS
	Table 1. Pooled outcomes for rTMS compared with sham rTMS
	5.1.1 Change in depression score
	5.1.1.1 High-frequency left DLPFC rTMS versus sham rTMS
	5.1.1.2 Low-frequency right DLFPC rTMS versus sham therapy
	5.1.1.3 Bilateral rTMS versus sham
	5.1.2 Response rate
	5.1.2.1 High-frequency left DLPFC rTMS versus sham therapy
	5.1.2.2 Low-frequency right DPLFC rTMS versus sham rTMS
	5.1.2.3 Bilateral rTMS versus sham
	5.1.3 Remission rate
	5.1.3.1 High-frequency left DLPFC rTMS versus sham
	5.1.3.2 Low frequency right DLPFC rTMS versus sham
	5.1.3.3 Bilateral rTMS versus sham
	5.1.4 Adverse events
	5.1.5 Additional studies not included in the analysis

	5.2 rTMS versus ECT
	5.2.1 Change in depression score
	Table 2. Change in depression score – rTMS versus ECT
	5.2.2 Response rate
	Table 3. Response rate – rTMS versus ECT
	5.2.3 Remission rate
	Table 4. Remission rate – rTMS versus ECT
	5.2.4 Relapse rate
	5.2.5 Adverse events
	Table 5. Adverse events for rTMS versus ECT 

	5.3 Ongoing studies
	Table 6: summary of randomised controlled trials


	6. Economic evaluation
	6.1 Health economic evidence review 
	Table 7. Teng et al. (2021).
	Table 8 Ontario Health (2021)

	6.2 Health economic modelling
	 Table 9 Markov model clinical inputs
	6.2.1 Resource costs 
	Table 10: rTMS device costs
	Table 11: rTMS Staff costs
	Table 12: rTMS Total costs
	Table 13: rTMS and ECT total cost table
	6.2.2 Quality of life estimates
	Table 14: Quality of life figures by health state
	6.2.3 Base case results
	Table 15: Base case results
	Table 16: Base case results for comparison of rTMS and pharmacotherapy 
	6.2.4 Deterministic sensitivity analysis results
	Table 17. Deterministic sensitivity analysis results
	6.2.5 Probabilistic sensitivity analysis results
	Figure 1. ICER scatterplot for rTMS in comparison to ECT
	Figure 2. Cost effectiveness acceptability curves for rTMS in comparison to ECT
	Figure 3. ICER scatterplot for rTMS in comparison to pharmacotherapy
	Figure 4. Cost effectiveness acceptability curves for rTMS in comparison to pharmacotherapy
	6.2.6 Limitations


	7. Organisational considerations
	8. Patient, family and carer perspectives
	8.1 Impacts of depression 
	8.2 Attitudes towards current treatments
	8.2.1 Antidepressants
	8.2.2 ECT
	8.2.3 The need for an alternative treatment

	8.3  Expectations and experience of rTMS
	8.3.1 Positive impacts
	8.3.2 Concerns and negative impacts


	9. Conclusions
	10. Contributors
	11. References
	12. Evidence review methods
	Appendix 1. Inclusion and exclusion criteria for evidence included in the review
	Appendix 2. Flow diagram outlining selection of relevant evidence sources
	Appendix 3. Characteristics of included systematic reviews and randomised controlled trials
	Table 1. Included systematic reviews: design and characteristics
	Table 2. Randomised controlled trials of HF left DLPFC TMS vs Sham: design and characteristics
	Table 3. Randomised controlled trials of LF right DLPFC TMS vs Sham: design and characteristics
	Table 4. Randomised controlled trials of Bilateral rTMS vs Sham: design and characteristics

	Appendix 4. Additional figures for rTMS versus sham
	Change in depression score
	HF left DLPFC rTMS
	Figure 1. High-frequency left DLPFC rTMS versus sham rTMS – change in depression score at end of treatment
	Figure 2. High-frequency left DLPFC rTMS versus sham rTMS – change in depression score at end of treatment (longer follow-up)
	Figure 3. High-frequency left DLPFC rTMS versus sham rTMS – change in depression score at end of treatment (subgroup analysis based on antidepressant usage)

	LF right DLPFC
	Figure 4. Low-frequency left DLPFC rTMS versus sham rTMS – change in depression score at end of treatment
	Figure 5. Low-frequency right DLPFC rTMS versus sham rTMS – change in depression score at end of treatment (subgroup analysis based on antidepressant usage)

	Bilateral rTMS
	Figure 6. Bilateral rTMS versus sham rTMS – change in depression score at end of treatment
	Figure 7. Bilateral rTMS versus sham rTMS – change in depression score (longer follow-up)

	Response rate
	HF left DLPFC rTMS
	Figure 8: High-frequency left DLPFC rTMS versus sham rTMS – Response rate at end of treatment
	Figure 9: High-frequency left DLPFC rTMS versus sham rTMS – Response rate (longer follow-up)
	Figure 10. High-frequency left DLPFC rTMS versus sham rTMS – response rate at end of treatment (subgroup analysis based on antidepressant usage)

	LF right DLPFC rTMS
	Figure 11: Low-frequency right DLPFC rTMS versus sham rTMS – Response rate at end of treatment
	Figure 12. Low-frequency right DLPFC rTMS versus sham rTMS – response rate at end of treatment (subgroup analysis based on antidepressant usage)

	Bilateral rTMS
	Figure 13: Bilateral rTMS versus sham rTMS – Response rate at end of treatment
	Figure 14: Bilateral rTMS versus sham rTMS – Response rate (longer follow-up)

	Remission rate
	HF left DLPFC rTMS
	Figure 15: High-frequency left DLPFC rTMS versus sham rTMS – Remission rate at end of treatment
	Figure 16: High-frequency left DLPFC rTMS versus sham rTMS – Remission rate (longer follow-up)

	LF right DLPFC rTMS
	Figure 17: Low-frequency right DLPFC rTMS versus sham rTMS – Remission rate at end of treatment

	Bilateral rTMS
	Figure 18: Bilateral rTMS versus sham rTMS – Remission rate at end of treatment
	Figure 19: Bilateral rTMS versus sham rTMS – Remission rate at end of treatment

	Appendix 5. Adverse events
	Table 1. Adverse events in RCTs – rTMS versus sham

	Appendix 6. Markov model structures 
	Figure 1. TMS –Markov model pathway
	Figure 2. ECT –Markov model pathway


