
Electroconvulsive therapy and repetitive transcranial 
magnetic stimulation are treatment options for 
people with depression, with or without concomitant 
pharmacotherapy. Several other neurostimulation 
techniques are considered experimental for 
depression although some are used for other 
indications.

Brain stimulation therapies are an emerging new field in 
psychiatry and offer potentially safe and efficacious 
treatments for the major health problem of depression, 

which is the second leading worldwide cause of disability.1 
Current pharmacological treatments for depression have the 
two main difficulties of treatment resistance (up to one-third 
of patients with depression do not remit despite treatment with 
up to four trials of antidepressant medications) and treatment 
intolerance (some patients are not able to tolerate side effects 
from anti depressants).2,3 In this context, brain stimulation 

therapies offer an important additional treatment option for 
depression. 

Repeated sessions of brain stimulation are usually given to 
modulate brain activity, with or without concomitant pharmaco-
therapy. There is some evidence suggesting that brain  stimulation 
combined with pharmacotherapy might present better efficacy 
outcomes in treating depression than pharmacotherapy 
alone.4-6 

In Australia, current approved neurostimulation treatments 
for depression are electroconvulsive therapy (ECT) and repetitive 
transcranial magnetic stimulation (rTMS). Transcranial direct 
current stimulation (tDCS), vagus nerve stimulation (VNS), 
magnetic seizure therapy (MST) and deep brain stimulation 
(DBS) are still considered experimental therapies (Table).

Established treatments
Electroconvulsive therapy 
ECT involves the passage of a pulsed current through the brain 
to generate a controlled therapeutic seizure while the patient is 
under general anaesthesia. ECT is a highly specialised but short 
procedure. The current is typically applied for a few seconds 
(up to 8 s), and the patient recovers from anaesthesia minutes 
after. A course of ECT typically comprises eight to 12 sessions 
given at a frequency of two or three times per week.7 Although 
most patients maintain clinical improvement after ECT with 
pharmacotherapy, a small proportion only respond to ECT and 
may be maintained with intermittent ECT treatments, once 
every month or six weeks, to prevent relapse.

ECT is the brain stimulation method with the largest clinical 
experience available, and is considered the most effective proven 
biological treatment currently available for depression.7 ECT 
is superior to pharmacotherapy, both in efficacy (60 to 90% 
response rates with ECT vs 30 to 50% response rates with 
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pharmacotherapy) and onset of action, 
and has higher efficacy than rTMS.8-10 For 
this reason, ECT is prescribed for severe 
or treatment-resistant depression, espe-
cially in patients who present with high 
severity, psychotic symptoms, refusal to 
eat or high suicide risk.7 ECT is effective 
in both unipolar and bipolar depression, 
with faster onset of response in the lat-
ter.11-14 Evidence suggests that patients 
with personality disorders or substance 
abuse may respond less well to ECT.15 

When performed by appropriately qual-
ified specialists, ECT is a safe procedure 
that can be given even to patients with severe 
medical comorbidities.7 ECT is used in 
adults and the elderly and also can be used 
during pregnancy and in children and ado-
lescents.7,16 Patients may experience some 
cognitive side effects, including immediate 
post-treatment disorientation and antero-
grade and retrograde amnesia, although 
the severity and duration of these vary 
widely. Cognitive side effects are  usually 
temporary and contingent on  individual 
and treatment parameters (e.g. the type of 
ECT, the anaesthetic used and the patient’s 

age and prior cognitive reserve).8,17-19 Clin-
ical data and studies in animal models have 
repeatedly demonstrated that ECT does not 
produce brain damage.20,21 

Several important advances in treatment 
approach in the past 25 years have led to 
improved clinical outcomes with ECT. 
These include the individualisation of ECT 
dose based on the patient’s seizure thresh-
old, electroencephalographic monitoring 
of seizure quality for dose adjustment over 
the treatment course, bifrontal placement 
of stimulating electrodes and ultrabrief 
pulse stimulation.22-30 The latter two devel-
opments have been shown to cause fewer 
cognitive side effects, through lesser stim-
ulation of the temporal lobe, while main-
taining the high efficacy of ECT.31,32 

ECT is used worldwide, and despite its 
proven efficacy and safety is still associated 
with stigma.33 However, studies exploring 
satisfaction rates have reported that more 
than 80% of patients are satisfied with the 
 treatment.34 Studies containing large sam-
ples have shown that self-ratings of quality 
of life significantly improve after a course 
of ECT in depressed individuals.35 

Repetitive transcranial magnetic 
stimulation
Repetitive TMS uses an electromagnetic 
coil placed on the scalp to generate a strong 
magnetic field that crosses the skull and 
induces electrical currents in superficial 
cortical layers, depolarising neurons 
 (Figure 1). It is a more focal brain stimu-
lation method than ECT, as the magnetic 
field penetrates the skull without being 
dispersed. Repetitive TMS treatment is 
typically given every weekday over a 
period of four to six weeks. It is non-
convulsive and does not require anaes-
thesia. For treatment of depression, rTMS 
has been targeted at the dorsolateral 
 prefrontal cortex (DLPFC), activating 
subcortical and limbic areas implicated 
in depression pathophysiology.36,37 

There is good evidence for the efficacy 
of rTMS in the treatment of unipolar 
depression in adult populations, with 
comparable effect sizes to antidepressant 
medications.38,39 Repetitive TMS is gen-
erally recommended as a second-line 
treatment, when there is moderate resist-
ance or intolerance to antidepressants.40 

THERAPEUTICS CLINIC continued 

TABLE. BRAIN STIMULATION THERAPIES FOR DEPRESSION 

Technique Clinically 
approved for 
depression*

Anaesthesia 
requirement

Focality Seizure 
involved

Efficacy vs 
antidepressant 
medications

Common side effects

Electroconvulsive 
therapy (ECT)

Yes Yes Diffuse Yes Superior Cognitive (mostly 
transient), headache

Repetitive 
transcranial magnetic 
stimulation 

Yes No Focal No Similar Pain at stimulation site 
during treatment, headache

Transcranial direct 
current stimulation 

No No Relatively 
diffuse

No Probably similar Tingling, itching, mild 
burning sensation, 
erythema at stimulation site

Vagus nerve 
stimulation 

No Yes Relatively 
focal

No Superior (?) Stimulation side effects: 
voice alteration, dyspnoea

Magnetic seizure 
therapy 

No Yes Relatively 
focal

Yes Superior (?) Cognitive (less than ECT)

Deep brain 
stimulation 

No Yes Very focal No Superior Stimulation side effects: 
paraesthesias, mood 
changes, autonomic effects

* Clinically approved for depression in Australia.
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Greater antidepressant response has 
been described in relatively young indi-
viduals (e.g. less than 65 years), patients 
with shorter depressive episode duration 
(less than a year) and patients with less 
treatment resistance (one or two anti-
depressant medications failed).41,42 
 Comparative trials of ECT and rTMS 
showed that rTMS is less efficacious than 
ECT in the treatment of depression, 
 especially in the case of depression with 
psychotic features.9,10,43,44 More research 
is needed regarding the efficacy of rTMS 
in patients with bipolar depression, as 
current evidence is not  conclusive and 
studies targeting exclusively bipolar 
depression are scarce.45 

Repetitive TMS has consistently been 
shown to be a safe procedure that is well 
tolerated. The most common side effects 
are local (e.g. discomfort at the area of stim-
ulation, headaches).46,47 In contrast to ECT, 
rTMS has shown no detrimental effects on 
cognition.46 Seizures have been reported 
with rTMS, although the risk is low if safety 
recommendations are followed.47 Induction 
of mania has been associated with the use 
of rTMS, especially in patients with bipolar 
disorder, although the risk is low.47 

Experimental treatments 
Transcranial direct current 
stimulation 
Transcranial DCS is a relatively diffuse, 
noninvasive, neuromodulatory technique 
that uses a mild current applied through 
two electrodes to modify brain excitabil-
ity.48 The current is ‘direct’ in that it flows 
in one direction from the excitatory elec-
trode (anode) to the inhibitory electrode 
(cathode). The treatment approach  
is  similar to that for rTMS, with both 
 stimulation electrodes applied to the 
DLPFC and a treatment course involving 
several weeks. Transcranial DCS has 
shown promising results in the treatment 
of patients with depression, with the most 
recent meta- analyses reporting active 
tDCS to be more effective than sham.49,50 
Effect sizes have been shown to be 
 moderate and comparable to rTMS  

(0.37 vs 0.39, respectively).49,51 
Transcranial DCS has an excellent 

safety profile, with no major side effects 
reported to date. Typical side effects are 
minor and localised to the site of stimu-
lation (e.g. itching, burning sensation and 
redness).52,53 Switches to mania are rare.54-56 
Transcranial DCS has several advantages 
over other brain stimulation techniques, 
such as anaesthesia is not required, there 
is no risk of seizure and it may exert 
 positive effects on cognition.57 Further, 
the equipment is relatively economical 
and the device is portable, which augurs 
well for widespread clinical translation 
and possibly home-based tDCS adminis-
tration in the future.58 However, given the 
limited number of patients treated in 
 placebo-controlled trials in depression, 
more research is needed before tDCS is 
recommended in clinical practice.

Vagus nerve stimulation
In VNS, a surgically implanted lead with 
several electrodes is placed over the left 
vagus nerve in its trajectory through the 
neck. The lead and associated stimulator 
is connected to a battery implanted sub-
cutaneously in the chest area. This gen-
erates electrical pulses that stimulate the 
vagus nerve, which has up-connections 

to the brainstem and other cortical areas 
involved in depression.59 

VNS, a treatment for uncontrolled 
 epilepsy, was controversially approved as 
an adjunctive treatment for patients with 
treatment resistant chronic or recurrent 
depression in the USA in 2005. However, 
the evidence-base for VNS antidepressant 
efficacy is unclear. Although initial open- 
label studies reported response rates of 
around 30% and patients continued to 
improve after the initial acute phase, a large 
multicentre study failed to demonstrate 
that active VNS was more efficacious than 
sham.59-62 

Adverse effects from VNS include 
uncommon complications of the surgical 
procedure (e.g. infection of the wound, 
pain, temporary asystole) and side effects 
from stimulation, which are more frequent 
(10 to 60%; e.g. voice alteration, dyspnoea). 
Hypomania and mania have also been 
reported, mostly in patients with bipolar 
disorders, but they are considered infre-
quent (1 to 3%).63 VNS does not seem to 
have a detrimental effect on cognition.59 
Although the literature suggests that VNS 
can have long-term benefits for patients 
who are highly treatment resistant, more 
randomised controlled trials are necessary 
to elucidate its efficacy.64-66 

Figure 1. Transcranial magnetic stimulation. 
(Demonstrated by members of the Sydney 
Neurostimulation Centre at the Black Dog 
Institute, Sydney.)

Figure 2. Transcranial direct current 
stimulation. (Demonstrated by members of 
the Sydney Neurostimulation Centre at the 
Black Dog Institute, Sydney.)
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Magnetic seizure therapy 
MST has evolved from TMS technology; in MST, a much stronger 
magnetic field is used to induce a seizure while the patient is under 
general anaesthesia. MST is, therefore, a convulsive therapy, but 
differs from ECT in that it uses magnetic fields to transfer energy 
into brain tissue rather than a direct electrical current.67 

The limited randomised data available on MST suggest the 
efficacy may be close to that of unilateral forms of ECT, with 
response rates of 40 to 60% and relatively minimal cognitive 
side effects.68,69 It is still considered an experimental treatment 
and research is needed to assess its effectiveness, tolerability and 
role relative to ECT.

Deep brain stimulation
In DBS, fine electrodes inserted in specific deep brain areas under 
stereotaxic guidance and connected to a stimulator unit and 
battery implanted under the skin deliver constant stimulation 
over a period of years.70,71 DBS has been used successfully to treat 
patients with Parkinson’s disease and is under research for the 
treatment of patients with refractory severe depression that has 
failed to respond to ECT, essentially as a replacement to psycho-
surgical ablative therapy.71,72 Potential although infrequent serious 
cerebral side effects include  bleeding (0.2 to 5%), infection and 
seizures. Side effects repeatedly reported in clinical trials are 
those related with stimulation (paraesthesias, mood changes, 
autonomic effects).63 

Trials to date of DBS for patients with treatment- resistant 
unipolar and bipolar depression have shown encouraging results, 
although efficacy and safety need to be further tested. 73 DBS is 
currently only offered in research studies for the treatment of 
depression. 

Conclusion
The science of brain stimulation treatments for depression is 
developing rapidly. In modern ECT, cognitive side effects are 
reduced and the therapy remains an important treatment for severe, 
refractory depression. Repetitive TMS can be used when there is 
moderate treatment resistance or intolerance to antidepressants. 
Experimental brain stimulation techniques (tDCS, VNS, MST 
and DBS) show promising results and may emerge as clinical 
treatment options for depression in the near future.  MT
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