
85

Review

www.expert-reviews.com ISSN 1743-4440© 2011 Expert Reviews Ltd10.1586/ERD.10.57

Major depressive disorder (MDD) is a com-
mon, disabling and difficult-to-treat psychiatric 
disorder, with a range of symptoms, including 
altered mood, loss of interest in everyday activi-
ties, motor retardation, impairment of concen-
tration, sleep and appetite. Depression has a 
lifetime prevalence of approximately 15% and 
it is associated with substantial morbidity and 
mortality. Depression clearly has a highly sig-
nificant impact on individual patients, health-
care systems and society [1,2]. There are a range 
of established treatments for MDD, including 
numerous antidepressant medications, sev-
eral efficacious types of psychotherapy and 
electro convulsive treatment (ECT). Despite 
the improvement in these therapies over recent 
years, including the development of a variety of 

novel antidepressant medications, implementa-
tion of increasingly specific psychotherapies and 
evidence-based ECT techniques, a significant 
percentage of patients, estimated to be approxi-
mately 30%, fail to respond to treatment [3]. A 
substantial proportion of these patients remain 
depressed for prolonged periods of time with 
few therapeutic options. This results in substan-
tial suffering, as well as treatment costs [1,2]. The 
main treatment option for patients who do not 
respond to medication and/or psychotherapy 
is currently ECT. ECT has high efficacy, but 
patients are concerned about significant cogni-
tive side effects, risks associated with repeated 
general anesthetics and the stigma associated 
with the treatment [4]. Patients often refuse 
ECT because of these concerns. 
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Repetitive transcranial magnetic stimulation (rTMS) is currently emerging as one of the first 
fundamentally new treatments in psychiatric practice for a considerable number of years. 
Research into the use of rTMS for the treatment of patients with depression has now been 
conducted for over 15 years. The aim of this article was to review the development of rTMS 
treatment for depression and the current state of evidence supporting its use. The vast majority 
of the trials conducted on the technique have evaluated the efficacy of high-frequency rTMS 
applied to the left dorsolateral prefrontal cortex using a set of parameters very similar to those 
originally described in the mid-1990s. This ‘standard’ form of rTMS clearly appears to have 
antidepressant efficacy, and its effects have now been confirmed in several large-scale clinical 
trials and a number of meta-ana lyses: response is better than that of sham stimulation, although 
the number of responders to treatment is relatively modest. A wide range of alternative forms 
of rTMS have been, or are currently being, evaluated. Low-frequency stimulation applied to the 
right prefrontal cortex appears to have similar efficacy to standard treatment and it is possible 
that the bilateral approaches may prove more effective. Novel methods of stimulation, such as 
priming stimulation, theta-burst stimulation and deep TMS, appear to be promising although 
require further evaluation. Significant benefit appears likely to accumulate through the use of 
methods that involve a more reliable targeting of prefrontal brain regions. Research is also 
required to evaluate the long-term effects of rTMS treatment, its use as a maintenance therapy 
and to establish reliable predictors of response to treatment.
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Repetitive transcranial magnetic stimulation (rTMS) is a rela-
tively new brain stimulation technique that has been developed 
as an additional treatment option for patients with MDD. Since 
the mid-1990s, a range of open and double-blind studies of rTMS 
have been conducted in patients with MDD (and to a lesser 
degree bi polar disorder) [5]. More recently, the technique has been 
approved for use in a number of jurisdictions, such as the USA, 
leading to the development of clinical programs and recommenda-
tions that it now be used in a more widespread manner in clinical 
practice [6]. Despite this, the optimal methods for administration 
of rTMS remain unclear and considerable research needs to be 
carved out to define these variables. There is also considerable scope 
for technological innovation to improve both the technique and 
its applicability. The aim of this article is to address these issues.

Transcranial magnetic stimulation & rTMS
Transcranial magnetic stimulation refers to the basic procedure 
where a rapidly time-variable magnetic field is used to stimulate 
brain activity [7,8]. This magnetic field is typically produced by 
a custom-built stimulator connected to a coil that is placed over 
the area of the brain that is the target of the intended stimulation. 
The passage of a high-voltage current that is switched on and 
off rapidly produces a magnetic field that passes into the brain 
without resistance (Figure 1) [7]. This magnetic field induces an 
electrical field in the brain, resulting in stimulation and depola-
rization of nerve cells in superficial areas of the cortex [7]. The 
effects of a single TMS pulse are limited to the transient reaction 
to the stimulation of the local cortical region.

Repetitive TMS is a technique where TMS pulses are applied to 
the brain repeatedly over time at either high or low frequency. Low-
frequency rTMS usually refers to stimulation at approximately 1 Hz 
that is often carried out continuously for up 
to 15–20 min at a time. Neurophysiological 
studies have demonstrated that a single ses-
sion of low-frequency rTMS produces a 
transient reduction in local cortical activ-
ity [9]. High-frequency rTMS refers to the 
stimulation of the brain with short bursts of 
multiple pulses, usually applied at between 
5 and 20 Hz. Multiple trains of stimulation 
are administered, for example 20 or 30 trains 
of 5 s duration at 10 Hz. High-frequency 
rTMS appears to have the opposite effect to 
low-frequency rTMS, producing a transient 
increase in local cortical excitability [9]. The 
interval between trains of treatment may 
also be varied considerably, with potential 
implications for efficacy and safety. Several 
manufacturers now produce a variety of 
TMS devices (Figures 2 & 3). 

Safety
Repetitive TMS, as provided in treatment 
protocols and within safety guidelines, is 
generally considered to be safe, and few 

adverse events of major concern have been reported despite the 
proliferation of clinical trials over the last 10 years [10]. The 
most commonly reported side effects are transient headache 
and discomfort at the site of stimulation [10,11]. Anecdotally, 
tolerability can be improved by moving the coil more medially 
or rotating the angle of the coil, although in some patients the 
intensity of stimulation needs to be reduced to allow treatment 
to progress. Owing to the experience with ECT, especially in 
regard to memory, cognitive effects of rTMS have been assessed 
within several clinical trials, with no evidence of treatment-
related impairment [4,12]. Ear plugs are recommended to prevent 
the development of possible hearing impairment [13].

The major adverse event of concern with rTMS has been 
its potential to induce a seizure. A number of seizures were 
reported with TMS prior to the delineation of safety guidelines 
defining safe stimulation parameters [14]. Despite a progres-
sive increase in the number of trials being conducted, few sei-
zures have been reported in the last 10 years and none in trials 
conducted with stimulation applied within these guidelines in 
individuals with depression. Of note, however, two seizures 
have been reported in bipolar disorder, suggesting that this may 
be a higher risk factor for seizure induction [15,16]. Because of 
the potential seizure risk associated with rTMS treatment, it 
is considered that it should only be administered by an appro-
priately trained doctor or nurse and continuous monitoring of 
the patient is required [17].

There have been several reports of manic switching in bipolar 
patients treated with both left- and right-sided rTMS [18,19]. 

Of note, the safety of rTMS has not been evaluated in a num-
ber of relevant subpopulations of patients with depression, for 
example in adolescents or the very old. Although it would appear 
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Figure 1. Illustration of the induced magnetic field (and area of stimulation) 
produced by the Neurostar™ transcranial magnetic stimulation coil. 
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to be an ideal treatment for patients who are pregnant or breast-
feeding because of the absence of systemic effects, safety in these 
groups has also not been evaluated. 

rTMS in depression: high-frequency stimulation
The very first studies using TMS and depression applied single 
pulses, often to the vertex, with minimal therapeutic benefit [20]. 
A more rational application using rTMS in depression arose 
from the observation that patients with MDD exhibit a reduc-
tion in resting activity in left dorsolateral prefrontal cortex 
(DLPFC) on PET imaging [21]. High-frequency stimulation 
was proposed to increase activity in this area with potential 
therapeutic benefit. The initial studies using high-frequency 
rTMS applied to the left DLPFC demonstrated considerable 
promise with demonstration of antidepressant efficacy despite 
trials being very short in duration (1 or 2 weeks) [22,23]. Since 
these studies in the mid-1990s, over 30 sham-controlled trials 
have been conducted exploring the antidepressant effects of 
this type of stimulation. Over time, these trials have progres-
sively increased the dose of rTMS (the number of pulses and 
trains provided each day and the intensity of stimulation), as 
well as the duration of treatment (in recent trials up to 6 weeks 
or even longer) [5]. However, in the majority of trials, the basic 
technique has not changed dramatically. For example, despite 

recognition of the inaccuracy of the technique, most trials have 
continued to target DLPFC based on a simplistic measurement 
from the motor cortex. It is important to note that a number of 
factors, including pulse number, frequency, intensity of stimula-
tion, train duration and intertrain interval, can all be varied in 
the provision of rTMS trials over time, and the optimal selection 
of many of these factors has not been systematically established.

Several substantial multisite sham-controlled trials of this form 
of rTMS have now been published. The first, sponsored by an 
equipment manufacturer, involved the randomization of over 
300 patients to either active or sham stimulation [24]. Treatment 
was provided on a daily basis for 6 weeks and continued during 
a three-week taper period. A total of 75 trains at 10 Hz were pro-
vided daily at a relatively high intensity. This trial demonstrated 
an anti depressant effect of active treatment compared with sham, 
although this was not consistently found on all of the outcome 
measures. A substantial difference in antidepressant effect was 
seen depending on the degree of treatment resistance: patients 
who had not responded to only one antidepressant medication 
in the current episode responded to a substantially greater degree 
than those with a greater degree of treatment failure. The results 
of this trial were used by the manufacturer, Neuronetics Ltd., (PA, 
USA) to achieve device registration approval in the USA in 2008.

A second multisite trial has recently been published that 
was funded independently by the National Institute of Mental 
Health [25]. A total of 199 patients were randomized to either 
active or sham stimulation, which involved 3000 10-Hz pulses 
applied on a daily basis for 3 weeks, with a possible 3-week exten-
sion for partial responders. Active stimulation produced a greater 
percentage of patients than sham stimulation who achieved remis-
sion of depressive symptoms although the overall rates of remis-
sion in both groups were low (14.1 vs 5.1%). Of note, treatment 
was well-tolerated in both of these randomized trials without 
major adverse events.

A third multisite trial, this time in Europe, did not demon-
strate anti depressant effects of rTMS greater than placebo, but was 
confounded by the concurrent commencement of antidepressant 
medication [26]. Owing to this confound, the trial was not really 
assessing the value of rTMS in treatment-resistant depression but 
as an adjuvant treatment to medication therapy. 

There have now been a number of meta-analyses of the anti-
depressant effects of high-frequency left-sided rTMS. One of the 
most recent of these, involving the largest number of participants, 
was published by Schutter et al. [27]. It involved 30 trials and 
1164 patients. There was a highly significant effect of active treat-
ment compared with placebo on the average reduction in depres-
sion severity scores (p < 0.00001). A second recent meta-ana lysis 
has clearly demonstrated that the effect sizes seen in more recent 
studies have been greater than those seen in earlier research, sup-
porting the idea that the increase in rTMS dose seen in more recent 
trials has resulted in improved treatment outcomes [28]. These anal-
yses have also found that the effect sizes seen with rTMS are similar 
to those seen with antidepressant medication treatment [27], despite 
a considerable percentage of these trials having been conducted in 
patients with treatment-resistant depression who have often failed 

Figure 2. Transcranial magnetic stimulation delivery system 
produced by MagVenture A/S (Denmark). The system 
consists of the stimulator, fluid filled cooling system and actively 
fluid cooled coil. 
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to respond to multiple courses of medication and have prolonged 
illness durations. However, it has been noted that the size of the 
clinical effects (usually reported as the number of patients meeting 
response criteria, e.g., a 50% reduction in a depression rating scale 
score) are quite limited. For example, a mean overall improvement 
of 23.8% on the Hamilton Depression Rating Scale (HAMD) was 
seen across blinded studies reviewed in the study by Holtzheimer 
et al. [29] compared with 7.3% in the sham groups. 

A number of trials have also compared high-frequency rTMS 
to ECT [30–35], despite debates regarding whether these are really 
competing treatments (Table 1) [4]. A number of these have reported 
no differences in response rates between ECT and rTMS, although 
these studies may not necessarily have had sufficient power to 
detect subtle differences between the groups. One study incor-
porating patients with psychotic depression demonstrated greater 
benefit with ECT in the psychotic group [33] and a second study 
has reported greater effects of ECT [36]. However, all of these stud-
ies have compared a fixed course of unilateral rTMS to a flexible 
course of often uni- and bi-lateral ECT, a design which clearly 
biases towards finding an advantage of ECT, an observation that 
is frequently ignored in relative evaluations of the techniques. 

To summarize, the research studies of left-sided rTMS clearly 
indicate that the method has antidepressant properties, which 
has now translated into clinical approval of the technology in 
multiple jurisdictions. However, the clinical meaningfulness of 
this form of rTMS treatment and the effects produced remain 
under some question.

Low-frequency right-sided rTMS & bilateral rTMS
Based on the observation that MDD may involve hyperactivity of 
the right prefrontal cortex (as assessed by EEG or functional neuro-
imaging means [37]), an alternate method using rTMS in MDD was 
developed applying low-frequency stimulation to the right DLPFC. 
Low-frequency stimulation has potential advantages over its high-
frequency counterpart in that it appears to be better tolerated, is 
theoretically safer and places less demands on equipment.

The initial trial of low-frequency right-sided rTMS established 
its efficacy in a nontreatment-resistant sample of patients [38], 
and several more recent studies suggest that it is also effective 
in patients with treatment-resistant depression [39–41]. These 
studies have supported the idea that it is better tolerated than 
high-frequency stimulation but it does not seem to be more 
efficacious. Low-frequency stimulation should also be safer, 
as this reduces, rather than increases, cortical excitability [9]. 
Response to one type of rTMS does not seem to exclude the 
possibility of response to the other [42]. It is also possible that 
there are differences in the patients who would respond to either 
type, such that treatment could be individualized but this has 
not been systematically investigated. The efficacy of right-sided 
rTMS has been supported by a recent meta-ana lysis indicating 
a moderate effect size with the procedure [43]. 

The success of both left- and right-sided rTMS has led to the 
obvious conclusion that there may be value in the evaluation of 
bilateral approaches. The most promising way to do this would 
appear to be combining low-frequency right-sided rTMS with 
high-frequency left-sided rTMS applied in a sequential fashion 
(sequential bilateral rTMS). There have now been a number of 
trials of sequential bilateral rTMS, with one treatment following 
on immediately from the other in each session. An initial rather 
complicated trial compared bilateral rTMS to high-frequency 
left-sided rTMS, and a condition with high (10 Hz) and low 
(1 Hz) frequency rTMS both applied to left DLPFC [44]. No 
difference was found between the groups; however, this study 
was small and only over 5 days of treatment. A second study 
also demonstrated no difference in response between bilateral 
and left-sided rTMS, but the results of this study are hard to 
interpret given the concurrent commencement of antidepressant 
medication with the rTMS [45]. A larger study of bilateral rTMS 
compared with a sham condition with treatment over 6 weeks 
and with a considerably higher number of LFR-TMS pulses has 
also been published [46]. There was a highly significant benefit of 
active stimulation compared with sham from 2 to 6 weeks. More 
than half of the patients in the active treatment group achieved 
clinical response by the end of the trial, and 36% met criteria for 
clinical remission. Interestingly, one recent study has suggested 
that bilateral stimulation may not be as effective as unilateral 
right-sided low-frequency rTMS [47]. 

Other approaches
Although the majority of studies have supported stimulation 
with either high-frequency rTMS on the left, low-frequency 
rTMS on the right or a combination of both, it is too early 
to definitively exclude the possibility that these are the only 
or most efficacious approaches. For example, several studies 
have suggested that low-frequency stimulation applied to the 
left DLPFC may have antidepressant effects [48–50], while our 
group has unpublished data suggesting that sequential bilat-
eral low-frequency rTMS (1-Hz TMS applied to both the left 
and right DLPFC) is also effective. Low-frequency stimulation 
applied to the right parietal cortex also appears to have some 
antidepressant effects [51].

Figure 3. Neurostar™ therapy system produced by 
Neuronetics Ltd. (PA, USA) and marketed in the USA. 
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There are also several quite novel ways of applying rTMS that 
may have usefulness:

•	 Priming stimulation involves the administration of a number 
of low-intensity high-frequency rTMS trains (usually sub-
threshold 6-Hz stimulation) prior to standard low-frequency 
rTMS [52]. The 6-Hz stimulation is proposed to ‘prime’ the 
cortex and enhance the reduction in excitability produced by 
low-frequency stimulation. One study has demonstrated that 
right-sided priming stimulation may be more effective than 
low-frequency right-sided stimulation applied alone [53];

•	 Theta-burst stimulation (TBS) involves the repetitive applica-
tion of very short trains at high frequency (50 Hz) [54]. Studies 
using TBS in the motor cortex demonstrated that it can regu-
late cortical excitability with much briefer stimulation periods 
than traditional rTMS [54]. Preliminary data suggest that TBS 
may have antidepressant effects, but substantial controlled 
trials have not yet been conducted [55];

•	 Enhance treatment targeting. As alluded to earlier, the majority 
of clinical trials conducted with rTMS have utilized a relatively 
simplistic method for localizing DLPFC that involves localizing 
the motor cortical site for hand muscles, and then measuring 
5 cm anterior in a parasagittal line over the scalp surface (5-cm 
method) [56]. However, research has demonstrated that this is 
likely to be inaccurate in a significant percentage of patients [57]. 
One study has found that enhanced treatment response can be 
achieved by targeting DLPFC using structural neuroimaging 
and a neuronavigational tool [58]. Several studies have attempted 
to target treatment based upon areas of hypo metabolism on PET 
scanning [59,60]. These studies have generally not found an 
improved treatment response based on PET metabolism data, 
although the study of Paillere Martinot et al. [60] did support the 
notion of targeting DLPFC based on structural neuro imaging. 
Finally, one study has indicated that a more anterior and lateral 
coil location is associated with better antidepressant response [61]. 
Further research is required to confirm these findings and also 
to investigate whether more simple methods of localizing true 
DLPFC can be developed that do not rely on MRI-based neuro-
navigation. For example, research suggests that DLPFC may be 
more efficiently localized using standard EEG methods [62];

•	 Altered coil design and profile of stimulation. Deep TMS is a 
method involving the use of a coil that allows stimulation of 
deeper brain regions, for example, in the context of depression, 
orbitomedial frontal regions or anterior cingulate (Figure 4) [63,64]. 
Preliminary data appears promising [65] and controlled trials 
are underway. 

Other clinical issues
Predictors of treatment response
Given the time commitment and potential expense in the pro-
vision of rTMS treatment, it would seem important to develop 
reliable predictors of clinical response. Although a number of 
studies have explored this question to date, no predictors have 
been identified that would be able to predict response with 

a sufficient degree of sensitivity and specificity to be of use 
in clinical practice. In addition, few studies have addressed 
this question, most not having sufficient sample sizes to allow 
meaningful ana lysis. 

The potential predictors that have emerged from the literature 
so far are predominantly related to the degree of treatment resis-
tance and demographic factors. For example, younger age and 
less treatment refractoriness were associated with better response 
in a sample of 195 patients in one study [66]. Less treatment 
resistance, along with a short duration of the current episode 
(and a high level of sleep disturbance), was also identified in the 
study of Brakemeier et al. [67] and less treatment resistance and 
a shorter duration of the current episode in 301 patients in the 
study of Lisanby et al. [68]. Our group did not find that treat-
ment resistance was a predictor of response to right-sided low-
frequency rTMS in a sample of 130 patients [69]. The presence 
of a personality disorder was a negative predictor of response.

This study also did not find a relationship between antidepres-
sant response and age [70]. Previous studies have suggested that 
increasing age was likely to be associated with poor antidepressant 
response related to increased distance between the coil and cor-
tex in frontal brain regions [71]. There may also be a relationship 
between response and melancholic symptoms [46], although studies 
are required to further explore depression subtypes as potential 
predictors of response.

A differing approach has been to explore the relationship 
between genetic polymorphisms and rTMS response. Although 
the studies are relatively small, there appears to be a relation-
ship between the serotonin transporter (5-HTTLPR) and brain-
derived neurotrophic factor (BDNF Val66Met) polymorphisms 
and rTMS response [72]. Studies have also explored the relation-
ship between frontal activity measured with various neuroimaging 
tools and response to rTMS. There appears to be a relationship 
between frontal hypometabolism in response to high-frequency 

Figure 4. Deep transcranial magnetic stimulation coil 
connected to a Magstim Super Rapid transcranial magnetic 
stimulation stimulator. 
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stimulation, and frontal hypometabolism and response to low-
frequency stimulation [50], although further research is required 
to translate these findings into a mechanism that can predict 
response to treatment, especially given that hypometabolism-
targeted treatment was not better than standard treatment in 
studies by Herwig et al. and Paillere et al. [59,60]. 

Duration of treatment benefit 
Few studies have explored the persistence of rTMS treatment 
effects. In a 6-month study, Dannon et al. found a similar rate 
of relapse post-successful treatment with ECT and rTMS [73]. A 
recent study investigated relapse rates from 204 patients treated 
over a number of years with rTMS [74]. Event-free remission rates 
were 75.3% at 2 months, 60.0% at 3 months, 42.7% at 4 months 
and 22.6% at 6 months. Younger age and more treatment sessions 
predicted longer periods of wellness.

Treatment schedules
To date, almost all rTMS studies have applied the treatment 
5 days per week, usually Monday to Friday. Little is known 
yet as to whether this is the most effective or efficient method 
of treatment delivery. Research has explored the use of rTMS 
provided twice-daily, but unfortunately not compared this to 
the standard daily schedule [75]. One study has indicated that 
rTMS administration less frequently than five-times per week 
may be equally effective, although this requires confirmation 
in large samples [76]. An additional study finding equivalent 
efficacy of rTMS and ECT provided rTMS two- or three-times 
per week [77]. 

Efficacy of reinstituted treatment
Research is beginning to explore the efficacy of rTMS when 
it is applied in recurrent episodes of depressive relapse. Where 
rTMS was reinstituted in the event of depressive relapse as an 
add-on to other treatments, Fitzgerald et al. found consider-
able success in achieving clinical response [78]. A second study 
followed 16 patients over a number of years providing repeat 
treatment at the point of relapse but no ongoing antidepressant 
medication [79]. Approximately half of the patients continued to 
respond to rTMS, with a mean time between treatment sessions 
of 5 months. 

Maintenance treatment 
Given the likelihood that there will be a significant relapse rate fol-
lowing rTMS treatment, such as is the case with ECT, investigators 
have been interested in exploring the potential for maintenance 
treatment. However, data from a number of case reports or open 
series is promising. The most common method for maintenance 
administration is to provide stimulation in single sessions at a 
regular frequency, often once or twice a week. Seven out of ten 
individuals in one trial experienced benefit from this type of regime 
for up to 6 years [80]. Three patients out of seven with bipolar 
disorder maintained wellness during a 1-year weekly maintenance 
schedule [81]. Our group has several years of experience with an 
alternative maintenance schedule where five treatment sessions 
are provided intensively over a weekend, once every 4 weeks (or 
in two cases once every 2 weeks) [Fitzgerald PB et al. Unpublished 

data]. Although not formally assessed to date, this schedule appears 
to have had considerable success in aiding patients to remain in 
remission who had otherwise relapsed rapidly (within 3 months) 
following several previous acute courses of rTMS treatment. 

Applicability in complicated depression
Most trials of rTMS treatment have included patients with unipolar 
major depression. Some of these have also included patients with 
a depressive phase of the bipolar disorder, although little research 
has specifically focused on this patient group [69,82,83]. Most other 
neurological or psychiatric diseases have been included as exclu-
sion criteria in these trials. Studies are emerging that incorporate 
a wider range of comorbidity, including patients with personality 
disorders and eating disorders [69]. In addition, pre liminary data 
now suggest that rTMS treatment may have benefit in patients 
with post-stroke depression [84], vascular depression [85], depres-
sion in the context of Parkinson’s disease [86] and depression post-
traumatic brain injury [87]. 

Cost–effectiveness
The cost–effectiveness of rTMS has only been investigated to a 
limited degree, most commonly in the context of ECT. Kozel 
et al. calculated costs and quality-adjusted life years comparing 
ECT, rTMS alone and rTMS followed by ECT for rTMS nonre-
sponders [88]. They concluded that the availability of rTMS would 
offer a substantial economic benefit because of cost advantages and 

Table 1. Summary of comparative characteristics of electroconvulsive therapy and repetitive transcranial 
magnetic stimulation. 

ECT rTMS

Treatment indications Severe depression 
Treatment-resistant depression
Catatonia
Emergency treatment of depression requiring urgent clinical 
response

Treatment-resistant depression
Failure to tolerate other treatments for depression

Efficacy Well-established, response rates >50% Moderately well-established, response rates <50%

Safety Risks associated with general anesthesia
Memory impairment, possible other cognitive side effects

Risk of seizure induction
No cognitive side effects

ECT: Electroconvulsive therapy; rTMS: Repetitive transcranial magnetic stimulation.
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increases in quality-adjusted life years. By contrast, a study evalu-
ating cost–effectiveness based on the outcomes of an ECT–rTMS 
comparative trial suggested that ECT was more cost effective 
than rTMS [36]. However, given the limits of the rTMS provided 
in this study (only 15 treatments of unilateral rTMS), further 
comparative research of this will be required with more optimal 
rTMS parameters.

Concurrent treatment
A large number of the clinical trials of rTMS conducted to date 
have involved patients remaining on concurrent treatment with 
antidepressant medications. This does not appear to have produced 
any significant safety considerations, although changes in drug 
doses during treatment, which could alter motor threshold and 
hence the relative dose applied, are not usually allowed because of 
considerations of the possibility of increased seizure risk.

An unexplored area to date is the possible combination of rTMS 
treatment with psychotherapy. Patients are attending for a signifi-
cant period of time and are usually capable of interacting with 
a therapist during treatment, although this may not be optimal 
for patients who find treatment uncomfortable. It is possible that 
activation of prefrontal regions through engagement in a thera-
peutic process could enhance the response to stimulation of these 
brain regions with rTMS, although it is also possible that it could 
have a counterproductive effect – exploration of these issues will 
require specific testing in randomized trials.

Expert commentary 
A large body of research has now accumulated supporting the use 
of rTMS treatment for patients with depression. Although the 
majority of studies conducted using rTMS to date have been small 
investigator-initiated activities, a number of large-scale multi site 
clinical trials have been conducted, as well as larger single-center 
studies. The vast majority of these studies to date have still focused 
on the evaluation of high-frequency stimulation applied to the left 
DLPFC, with treatment methods including stimulation target-
ing and treatment scheduling mirroring that of the original trials 
conducted in the mid-1990s, although the dose of treatment has 
increased considerably.

This type of treatment has clearly established efficacy greater 
than sham stimulation, although the percentage of patients that 
achieve response or remission criteria is quite modest. However, 
the data available has been sufficient to achieve device registration 
in the USA, as well as in other countries. However, it would be a 
considerable pity, if there is little evolution in the methodology 
of rTMS administration from this starting point. Clearly it seems 
likely that there will be stimulation parameters that will be either 
better tolerated or more effective than those initially proposed. 
These may involve changes in hemisphere, frequency, treatment 
targeting, treatment scheduling and/or the application of novel 
stimulation parameters, such as priming stimulation, TBS or deeper 
TMS stimulation. We also require an enhanced knowledge of meth-
ods for predicting response to treatment. To be clinically useful, this 
is likely to require a shift away from exploring demographic and 
general clinical predictors to the measurement of brain variables that 

may be able to be used in a personalized manner to determine treat-
ment parameters. Neuroimaging approaches to date have not been 
able to be applied in this way, but this may only reflect the prelimi-
nary nature of the studies conducted so far. Electroencephalography 
and near-infrared spectroscopy may also prove to be useful and their 
use in this manner should be increasingly explored.

Conclusion
Repetitive TMS clearly has antidepressant effects in patients with 
depression and its use is likely to fill an important clinical need. 
Continued research should be actively encouraged to explore the 
optimal methods of treatment administration and to identify, 
at an individual patient level, predictors of clinical response and 
determinants of the best method for treatment delivery. 

Five-year view
The next 5 years should prove a very interesting period of time 
in the development of rTMS methods in psychiatry. The recent 
approval of the Neurostar™ TMS system [101] in the USA has led 
to the rapid development of clinical programs across that country, 
with approximately 150 clinics providing TMS treatment at the 
time of writing. Clinical services providing rTMS treatment are also 
developing in other Western countries. This clinical development 
reflects recognition of the antidepressant properties of rTMS but is 
occurring somewhat in spite of our relative ignorance in regard to 
the best way to apply the technique. The accumulation of clinical 
knowledge with regard to the use of the technique should occur 
relatively rapidly over this 5-year period. This will occur in paral-
lel to a series of ongoing studies that aim to optimize treatment 
parameters. A large multisite trial of deep TMS for depression is 
currently underway as are trials evaluating the relative effectiveness 
of bilateral stimulation, TBS and other novel stimulation methods. 
Although the former of these trials is industry supported, a number 
of the research approaches that aim to enhance rTMS efficacy are 
not and it is possible that the findings of these studies will not gain 
widespread impact unless they are adopted into protocols promoted 
by rTMS equipment manufacturers.

Over the next 5 years it will also be interesting to see how a 
number of potential other brain stimulation technologies fit into 
the therapeutic spectrum around rTMS. There is considerable 
current interest in the potential use of transcranial direct current 
stimulation in the treatment of depression, but the development of 
this technique may be hindered by the lack of large-scale industry 
support for clinical trials – the development of rTMS was delayed 
for this reason for a considerable period of time. The coming years 
should also give some direction as to whether deep brain stimula-
tion, superficial cortical stimulation and low-field magnetic stimu-
lation have a role in the treatment of depression and where they fit 
around rTMS and ECT.
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Key issues

• Repetitive transcranial magnetic stimulation (rTMS) has antidepressant efficacy greater than sham in the treatment of patients with 
major depressive disorder.

• rTMS is well-tolerated and appears to be a safe treatment for patients with major depressive disorder.

• High-frequency stimulation applied to left dorsolateral prefrontal cortex is the standard rTMS approach, and there appears to be a 
greater response with a higher dose of stimulation (greater intensity, number of pulses and duration of treatment course).

• There is considerable evidence supporting the use of low-frequency right-sided rTMS, suggesting that it is as effective as left-sided 
stimulation and better tolerated. This could be used as a first-line treatment or offered to people who cannot tolerate left-sided 
stimulation or who have inadequate clinical response.

• Methods other than the traditional ‘5 cm method’ for localizing dorsolateral prefrontal cortex should be considered and used 
where feasible.

• Further research is required to establish the role of bilateral treatment and other new experimental methods of rTMS delivery.
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