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Abstract | From the advent of electroconvulsive therapy in the 1930s to the emergence of magnetic seizure 
therapy in the 2000s, the refinement of brain stimulation in psychiatry has been largely motivated by a desire 
to achieve clinical efficacy and eliminate cognitive adverse effects. As a result of these efforts, a clinically 
efficacious brain stimulation technique that does not negatively affect cognition could soon be available. In the 
course of developing a ‘cognitively safe’ brain stimulation technique, potential methods to enhance various 
aspects of cognition have also emerged. In this article, we discuss the past, present and future of brain 
stimulation in psychiatry, and its effects on cognition. 
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Introduction
Brain stimulation in psychiatry has come a long way 
since the introduction of electroconvulsive therapy 
(eCt) in 1938.1 over the past 20 years, a variety of 
brain stimula tion techniques have been developed 
with the aim of producing effective clinical tools with 
minimal cognitive adverse effects (Figure 1). as well as 
considerable improvements to eCt itself in an attempt 
to reduce such adverse effects, we have witnessed a 
resurgence of interest in transcranial direct current 
stimulation (tDCs), the development and refinement 
of transcranial magnetic stimulation (tms), the intro-
duction of invasive brain stimulation techniques such 
as deep brain stimulation (DBs) and epidural cortical 
stimulation (epCs) into psychi atry, and the emergence 
of magnetic seizure therapy (mst).2 as a result, the 
availability of efficacious brain stimulation techniques 
has increased considerably, and several are potentially 
free from cognitive adverse effects. in addition, some 
of these techniques could have potential for enhancing 
aspects of cognition.3

this review will discuss the past, present and immedi-
ate future of brain stimulation in psychiatry. in view of 
the breadth of the literature, we selected the most inclu-
sive reviews and meta-analyses, along with research 
articles considered to be seminal contributions to the 
field, to provide a balanced overview of this large body 
of research.

Electroconvulsive therapy 
Historical background 
Following observations of a seemingly dichotomous 
relationship between the diagnoses of dementia praecox 

(subsequently termed schizophrenia) and epilepsy, the 
first thera peutic seizure in psychiatry was induced, via 
an injection of camphor, in 1934.4 Following some initial 
success in the treatment of schizophrenia, this new form 
of therapy spread rapidly throughout the world, although 
camphor was replaced with metrazol to limit the adverse 
effects of treatment.1 However, persistent problems were 
experienced with metrazol-based seizure induction, 
including bouts of terror preceding loss of consciousness, 
which led to considerable reluctance among patients to 
undergo treatment. electrical seizure induction in the 
form of eCt was introduced as an alternative in the late 
1930s, and this form of treatment, with refinement, con-
tinues to be used in psychiatric practice today.5 Currently, 

eCt is generally reserved for severe and treatment-
resistant depression, and is less commonly used to treat 
schizophrenia and other disorders. 

Cognitive adverse effects 
although eCt is effective, with reported response rates 
of 60–90%, major problems with this treatment persist.6 
Despite superior acute effectiveness, evidence exists of 
high relapse rates following discontinuation of eCt, 
with reported rates as high as 50% within 6 months.7 
From a longer-term perspective, a retrospective chart 
review reported an 82% relapse rate over 5 years follow-
ing an acute course of eCt with antidepressant therapy 
alone.8,9 in addition, the use of eCt, both acutely and as 
maintenance therapy, is complicated by the production 
of marked cognitive adverse effects, especially memory 
impairment. estimates of the prevalence of cognitive 
impairment following eCt vary considerably, with a 
figure as high as 79% being quoted in some studies.10 
the cognitive impairments seen after eCt are possibly 
the result of widespread electric current distribution 
throughout the brain, including stimulation of medial 
temporal lobe structures such as the hippocampus.11
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eCt has been shown to induce postictal disorientation, 
anterograde amnesia (inability to form new memories) 
and retrograde amnesia (loss of past memories).12 
Disorientation following eCt is not uncommon and can 
be prolonged, with reports of durations ranging from 
11–40 min depending on stimulation parameters.13  
longer durations of disorientation are associated with 
greater degrees of retrograde amnesia, as measured at 
2 months post-eCt.13 Disruption to memory was origi-
nally thought to be transient and to relate only to events 
occurring around the time of the eCt, but more-recent 
research suggests that some impairment can persist over 
time.14 in the case of anterograde amnesia, acute impair-
ment can last for up to 4 weeks, with reports of further 
improvements in this memory function occurring over a 
period of up to 6 months.14 these findings are not univer-
sal, and studies comparing eCt patients with controls 
have reported no impairment in anterograde memory 
persisting for more than 4 weeks.12,15 recovery from retro-
grade amnesia has been reported to be considerably slower 
than re covery from anterograde amnesia, and may not 
always be ab solute.14 such reports, however, contrast with 
the findings of the uK eCt Group study, which found no 
longitudinal evidence for persistent cognitive effects of 
eCt, although the authors acknowledged a considerable 
lack of randomized evidence on the potential longer-term 
cognitive adverse effects of eCt.15 with respect to the 
qualities of retrograde amnesia, a suggestion has been 
made that impersonal memory (know ledge of public 
events) is more profoundly affected than autobiographical 
memory (knowledge about oneself).16 also, events closest 
in time to eCt administration and less-salient personal 
events are thought to be particularly vulnerable to disrup-
tion.16 these amnestic effects of eCt are found to occur 
independently of response to treatment.14–16

while memory impairment is the most commonly 
reported cognitive adverse effect of eCt, one cannot 
safely assume that the treatment does not adversely affect 
other cognitive domains. as reviewed by ingram et al.,14 
the research that has been conducted into non-memory 
cognitive impairment (including attention, information 
processing, visuospatial ability, executive functioning 
and language) has resulted in highly variable findings, 
mostly due to methodological limitations. 

research advances 
the presence of memory deficits following eCt has 
motivated research into modified eCt treatment 

Key points

Numerous advances have been made in the field of brain stimulation in  ■
psychiatry since the introduction of electroconvulsive therapy in 1938

The motivation to maintain the superior efficacy of electroconvulsive therapy  ■
while avoiding its cognitive adverse effects has driven much of the research

The past 10 years have seen rapid progress, and a number of brain stimulation  ■
techniques with varying efficacy and side-effect profiles are currently under 
investigation

In light of recent developments in the field, the future role of brain stimulation  ■
in psychiatry, and its effects on cognition, must be considered

procedures that produce minimal memory-related 
adverse effects while maintaining efficacy. Both the 
positive and negative effects of eCt could be affected by 
a variety of treatment parameters, including electrode 
placement, electrical dose, pulse width, and the pattern 
of seizure initiation and spread.11

studies of eCt modifications have been underway 
since the 1960s. a study by d’elia and raotma pub-
lished in 1975 showed that nondominant temporal lobe 
uni lateral eCt (rul eCt) had the potential to be as 
effective as bilateral temporal lobe eCt (Bl eCt), and 
produced less cognitive impairment.17 more recently, 
sackeim et al.18,19 have found that if rul eCt is de livered 
at a sufficiently high stimulus intensity (five times above 
seizure threshold), equivalent efficacy to standard tem-
poral lobe-focused Bl eCt can be obtained, with a con-
comitant reduction in the severity of cognitive adverse 
effects. studies investigating the use of bifrontal eCt 
indicate that this technique could be as efficacious as 
temporal Bl eCt while producing less-severe cognitive 
impairment.20–23 such findings suggest that eCt may 
exert its primary therapeutic effect in the frontal lobes; 
however, an insufficient number of high-quality studies 
have adequately addressed this question to date.24

the most recently investigated eCt modification 
involves shortening the width of the electrical pulse 
delivered. By reducing the overall charge required, this 
‘ultra-brief eCt’ technique could stimulate neurons 
more efficiently than standard eCt, and could result in 
less spread of electrical current and, thus, a more focal 
seizure.25 the research to date indicates that ultra-brief 
eCt reduces cognitive adverse effects, but a greater 
number of treatment sessions seem to be required to 
produce an equivalent therapeutic effect when compared 
with standard eCt.25–28 

research into eCt modification has yet to find a cog-
nitively safe approach, but an important conclusion from 
this body of research is that the therapeutic efficacy of eCt 
can potentially be dissociated from its cognitive adverse 
effects, thereby providing motivation for the development 
of alternative brain stimulation treatments. 

Alternative forms of stimulation 
Currently, eCt is the only established therapy for patients 
with treatment-resistant mental illness, who represent a 
substantial population given that a large proportion of 
patients fail to respond to medication.1 this fact holds 
particularly true for antidepressant medication, as high-
lighted by the findings of the recent star*D (sequenced 
treatment alternatives to relieve Depression) study, in 
which monotherapy (citalopram) remission rates were 
28% and lessened with each subsequent intervention.29 
Consequently, a considerable research effort has been 
dedicated to the development of alternative therapies for 
people with treatment-resistant mental illness; in par-
ticular, the development of a cognitively safe and clini-
cally effective form of brain stimulation. From the early 
applications of tDCs in the 1960s to the development 
of 100 Hz mst in the mid to late 2000s, considerable 
progress has been made towards this goal.
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Transcranial direct current stimulation 
tDCs was the first of a range of alternative forms of 
brain stimulation to be investigated for their applica-
tion in neuropsychiatric disorders. this technique was 
initially investigated in the 1960s as a possible treat-
ment for schizophrenia; however, researchers at this 
time had a relatively rudimentary understanding of its 
mechanism of action, and it was applied in a manner 
quite dif ferent from how it is utilized today. as a conse-
quence, few conclusions can be drawn from these initial 
reports.30 with the recent growth in brain stimulation 
research and techniques, interest in tDCs has undergone 
a substantial revival.

tDCs is a nonconvulsive process that involves the 
application of a small electric current (usually 1–2 ma) 
between anode and cathode electrodes that are placed 
on the scalp.31 the technique seems to act by making 
nerve cells in the cortex more or less likely to fire (owing 
to hyperpolarization under the anode and depolariza-
tion under the cathode, respectively).31–34 over the past 
few years, tDCs has been investigated for its thera-
peutic potential in a number of neurological and neuro-
psychiatric disorders.31,32 of five sham-controlled studies 
of tDCs applied to the dorsolateral prefrontal cortex in 
patients with treatment-resistant depression, all but one 
demonstrated significant therapeutic effects of tDCs 

ECT (1930s)
Induction of a seizure by administration 
of an electric current to the brain via 
electrodes placed on the scalp. The 
exact mechanism of action is unknown,
but theories include correction of 
depletion of inhibitory neurotransmitters, 
and induction of neurogenesis, 
particularly in the hippocampus.

tDCS (1960s)
Application of a weak electric current to 
the scalp via two surface electrodes 
(anode and cathode). tDCS alters 
neuronal excitability by shifting the 
membrane potential of superficial 
neurons in a depolarizing or 
hyperpolarizing direction. The effect 
generally lasts for up to 1 h following a 
single period of stimulation.

TMS (1990s)
Use of a time-variable, intense (~2 T),
focused magnetic field to induce an 
electrical field in superficial regions of 
the cortex. Magnetic field induction 
causes depolarization or firing of nerve 
cells in the brain. If repetitive trains of 
pulses are applied, the repeated firing 
of neurons over time seems to change 
their activity.

DBS (2005)
Direct implantation of electrodes into
localized brain regions with the aim
of altering both local and connected
brain activity via ongoing, generally
high-frequency stimulation. Electrodes
are connected to a pacemaker
implanted under the skin on the chest.

EpCS (2007)
A direct cortical stimulation technique 
that uses implanted electrodes placed 
above the dura at the desired brain 
region. Underlying neurons are activated
through induction of an electrical field.

100 Hz MST (2008)
Induction of a focal seizure via 
high-frequency repetitive TMS. The
seizure originates in the superficial
regions of the cortex and, unlike in ECT, 
no electric current passes through the 
deeper regions of the brain. The 
mechanisms of action are as yet unknown.

Figure 1 | Timeline of introduction of brain stimulation techniques. Abbreviations: DBS, deep brain stimulation; ECT, 
electroconvulsive therapy; EpCS, epidural cortical stimulation; MST, magnetic seizure therapy; tDCS, transcranial direct 
current stimulation; TMS, transcranial magnetic stimulation.
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over sham,35–38 with loo et al.39 reporting equivalent 
improvements in mood in both the active and sham 
conditions. all the studies except for loo et al.39 included 
small patient samples. rigonatti et al.38 reported a persis-
tence of antidepressant effects for 4 weeks, but the long-
term efficacy of tDCs is largely unknown and requires 
further investigation. in summary, the data relating to 
efficacy of tDCs in depression should be considered to 
be preliminary, as a considerable amount of research 
remains to be conducted with respect to the optimal 
treatment durations, stimulation parameters, and degree 
and duration of effects.40

initial studies investigating the effects of tDCs on 
cognition have yielded interesting results. not only does 
tDCs seem to be cognitively safe, but evidence exists that 
it might enhance cognitive functioning independently 
of its effects on psychopathology.31,41 a series of studies 
has shown that anodal tDCs applied to the left dorso-
lateral prefrontal cortex may enhance working memory 
performance in patients with depression42 or Parkinson 
disease,43 as well as in healthy individuals.44,45 Cognitive 
symptoms of such disorders are not easily remedied with 
standard treatments, and tDCs could have valuable appli-
cations as an adjunct to existing cognitive remediation 
programs or medication therapies. 

repetitive transcranial magnetic stimulation 
one of the more extensively researched brain stimulation 
therapies in psychiatry is repetitive transcranial magnetic 
stimulation (rtms).46 rtms involves the production of 
a magnetic field via an alternating electric current. this 
magnetic field passes into the brain and stimulates elec-
trical activity in neurons in a focused field of stimulation. 
High-frequency rtms increases brain activity, whereas 
low-frequency stimulation decreases brain activity.46 

many rtms trials have been conducted in patients 
with depression—mostly of a treatment-resistant type—
over the past 15 years.6,47–50 most of these trials used 
high-frequency stimulation applied to the left dorso-
lateral prefrontal cortex (HFl-tms). the results of this 
type of stimulation have been subjected to numerous 
meta- analyses, with most clearly showing greater anti-
depressant effects with a 2 week course of HFl-tms than 
with sham treatment.51–57 However, the average percent-
age improvements seen in scores on standard rating 
scales have been moderate.53 Clinically modest results 
were also seen in the largest study conducted to date, a 
multisite trial of the efficacy and safety of left prefrontal 
rtms undertaken by a private tms manufacturer.58

to date, eight randomized trials have been conducted 
to compare HFl-tms with eCt in patients with depres-
sion or bipolar disorder.59–66 three of these trials reported 
significantly higher response rates with eCt, with the 
remaining five reporting no significant dif ference in 
response. interestingly, one study found eCt to be 
superior to rtms for psychotic but not nonpsychotic 
patients.59 these head-to-head studies have been some-
what biased towards finding a benefit of eCt, in that 
many compared an unrestricted number of either uni-
lateral or bilateral eCt treatments with a fixed number of 

unilateral rtms treatments. so far, research into relapse 
rates after rtms has been limited, although the available 
data suggest that they are likely to be quite high.67,68 in 
the most substantive study to date, only 22.6% of a large 
sample of 204 patients who achieved remission during 
rtms treatment remained in remission at 6 months.69

several attempts have been made to improve the effi-
cacy of rtms. For example, some studies have investi-
gated the effects of low-frequency rtms applied to the 
right dorsolateral prefrontal cortex (lFr-tms),70–73 with 
a review of lFr-tms concluding that this technique 
might be as effective as HFl-tms but with greater toler-
ability.73 studies have also been performed to investigate 
bilateral rtms,49,74,75 although most have not demon-
strated greater response rates than those seen with 
HFl-tms. However, one study that used sequentially 
administered bilateral rtms with greater treatment 
duration (6 weeks) than in most previous studies found 
a >50% response rate at the end of the study.49 Currently, 
a number of other methods are under active investigation 
that could potentially improve the response rate to tms 
for depression, including the use of neuronavigational 
targeting (individualized localization of the dorsolateral 
prefrontal cortex treatment site using structural mri 
and a neuronavigational system), priming (providing 
a priming stimulation of 6 Hz immediately before lFr-
tms), and theta burst stimulation (consisting of short 
bursts of high-dose rtms; specifically, 50 Hz at 5 s inter-
vals).76–78 approval for use of rtms has been obtained in 
several countries including the us, but much work still 
needs to be done to optimize its efficacy. 

rtms has also been studied for the potential treatment 
of a number of other disorders. the most extensive of 
these research efforts has focused on schizophrenia; in 
particular, the treatment of two prominent symptom 
types—persistent auditory hallucinations and negative 
symptoms. several studies have investigated the use of 
low-frequency rtms administered to the left temporo-
parietal region for the treatment of auditory hallucina-
tions, and a meta-analysis (10 studies, n = 212) found 
a positive effect of treatment over placebo.79 However, 
the results of the studies included in this meta-analysis 
showed considerable heterogeneity, and further studies, 
preferably with much larger samples and more-unified 
methods, are required to confirm this effect. a smaller 
group of studies, with mixed and currently inconclusive 
results, used high-frequency frontal rtms in an attempt 
to treat negative symptoms such as lack of motivation and 
interest in activities.79–82 rtms has also been investigated 
for the treatment of post-traumatic stress disorder,83 gen-
eralized anxiety disorder,84 and obsessive–compulsive 
disorder (oCD),85 but a substantive body of research has 
not yet been collected for any of these indications.

Clinical trials of rtms in psychiatric illness have fre-
quently included cognitive assessments, which have 
demon strated that rtms does not adversely affect cogni-
tive function.6 in fact, a number of these clinical trials 
have shown improvements in cognition—most com-
monly in attention, concentration, working memory, and 
processing speed64,86—and probable flow-on effects 
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leading to improvements in learning, memory and 
aspects of executive functioning. these beneficial effects 
are seen primarily among patients who experience clini-
cal improvement, so they are most likely to be related to 
the neuropsychological gains seen in patients with 
depression when their symptoms are relieved. Clear evi-
dence exists that rtms results in favorable cognitive out-
comes relative to eCt, with a direct comparison study 
reporting no evidence of anterograde or retrograde 
amnesia following rtms, in contrast to the acute nega-
tive cognitive outcomes following eCt.64,86 trials have 
also demonstrated improvement in certain cognitive 
functions in response to rtms outside the treatment of 
psychiatric disorders,87 but major trials of the effects  
of tms on cognition are lacking. 

invasive stimulation methods 
Deep brain stimulation 
invasive forms of brain stimulation that were initially 
developed for neurological applications have now been 
investigated in psychiatric illnesses. DBs involves the 
direct implantation of electrodes into localized brain 
regions, with the aim of altering both local and connected 
brain activity via ongoing, generally high- frequency stimu-
lation.88 the electrodes are connected to a  pacemaker- 
like device, which is implanted under the skin on the 
chest. DBs has a number of established applications in 
neurology, including severe Parkinson disease.

oCD and treatment-refractory depression are the 
main psychiatric disorders in which DBs has been 
investi gated to date.89 in oCD, DBs has been targeted to 
either the anterior capsule or the subthalamic nucleus, 
with some reports of stimulation to the caudate nucleus 
and the in ferior peduncle.90 the most notable study to 
date reported on the outcomes of 10 patients in an open-
label trial of DBs administered to the anterior limb of 
the internal capsule.91 Four of eight patients who were 
followed up for 3 years achieved a >35% reduction in 
oCD symptoms, which translated into improved func-
tioning and quality of life. neuropsychological assess-
ment after 10 months showed no significant changes 
from baseline at an indivi dual level, and a significant 
improvement in verbal recall (as measured by prose pas-
sages) was observed when performances were analyzed 
at a group level. 

DBs studies are increasingly focusing on treatment-
resistant depression, with two main sites—the sub-
genual anterior cingulate cortex, and the ventral internal 
capsule and nucleus accumbens—currently being tar-
geted.89 mayberg et al. reported on the outcomes of a 
group of 20 patients treated by means of DBs delivered 
to the white matter adjacent to the subgenual anterior 
cingulate cortex.92,93 60% of the patients met response 
cri teria and 35% were in remission 6 months follow-
ing the surgery. neuropsychological outcomes were 
assessed at 3, 6 and 12 months on a subsample, and no 
evidence of impaired cognition was found.94 malone 
et al. recently reported findings from 15 patients who 
underwent DBs to the ventral capsule–ventral striatum 
region for treatment-resistant depression.95 at their 

final follow-up (>12 months after surgery), 53.3% of the 
patients met response criteria and 40% met remission cri-
teria. Comprehensive neuropsychological testing again 
revealed no negative effects of DBs on general intellec-
tual ability, processing speed, learning and memory, lan-
guage, or executive functioning. 

interest is emerging in the potential role of DBs in the 
enhancement of cognition; in particular, memory forma-
tion and recall.96 a small body of research has reported 
vivid autobiographical memory recollections follow-
ing both depth electrode recordings in the temporal 
lobe—especially following stimulation of the entorhinal 
cortex—and DBs of the hypothalamus.96 in addition, 
stimulation of regions of the basal ganglia in rhesus 
monkeys, specifically the anterior caudate and putamen, 
were reported to result in enhanced memory formation; 
in particular, markedly improved associative learning.96 
research in this area is complicated by considerable 
ethical implications, and the ultimate gains of using 
invasive stimulation methods will need to be balanced 
against the risks of the procedure. these issues are more 
acutely apparent when considering the potential of such 
a technique to enhance normal cognition, as opposed to 
improving cognition in a disorder such as dementia.

Epidural cortical stimulation 
epCs is a direct stimulation technique that uses 
implanted electrodes placed above the dura at the desired 
brain region, which thereby remain separated from the 
underlying cortex by the arachnoid space.97 epCs has 
been used to treat pain and the motor symptoms of 
Parkinson disease, and as an aid to stroke re covery,98–100 

and is now being investigated in the treatment of depres-
sion. in an initial study, which to date has only been 
reported in abstract form, results from 11 patients seemed 
to demonstrate an advantage of active stimula tion over 
sham stimulation, with a relatively modest reduction in 
depression scores being observed beyond the blind phase 
(mean reduction of 26% on Hamilton Depression rating 
scale).101 in a second pilot study of five patients, three 
achieved clinical remission at 7 months after stimula-
tion onset, and no cognitive side effects were reported 
following a brief cognitive screen that looked primarily 
at attention, working memory and executive function-
ing.97 at this stage, limited data are available on which to 
draw conclusions regarding the efficacy and/or duration 
of effect of epCs.

Magnetic seizure therapy 
Post-eCt research into brain stimulation techniques 
in psychiatry has seen the development of a number of 
promising cognitively safe or even cognition-enhancing 
treatments; however, the clinical efficacy of these tech-
niques needs to be improved. similarly, the substantial 
research into eCt modification has not resulted in a 
cognitively safe and efficacious treatment. a recently 
de veloped form of brain stimulation—mst—is one 
of the more promising techniques to date. mst is an 
alternative form of convulsive therapy to eCt, and it 
uses very high-frequency rtms rather than an electric 
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current as the mechanism of seizure induction.102 the 
seizure produced by mst originates in the super-
ficial regions of the cortex, and is more focal than the 
seizure produced by eCt. unlike in eCt, no electri-
cal current passes through the deeper regions of the 
brain. Consequently, mst could, theoretically, produce 
similar therapeutic benefits to eCt without inducing 
memory-related adverse effects. 

the first mst-induced seizure was produced in non-
human primates in the late 1990s.103 initial studies showed 
that mst did not produce identifiable histo logical lesions 
in the brains of primates,104 and mst seemed to produce 
fewer cognitive adverse effects than electroconvulsive 
shock (eCs, the animal equivalent of eCt) in this animal 
model.105 Human studies of mst for the treatment of 
depression began in 2000. the first patient received mst 
stimulation over four sessions and a second successfully 
received a full treatment course.106,107 the patients, both 
of whom were treated with stimulation at 40 Hz, toler-
ated the treatment well and responded clinically. in a 
sub sequent study, 10 patients with treatment-resistant 
depression received two mst sessions within a course 
of eCt.108 the mst sessions were better tolerated and 
resulted in fewer acute adverse effects than the eCt.

Following these safety and feasibility investigations of 
mst in humans, a controlled efficacy investigation was 
undertaken. in a two-site study, 20 patients with major 
depressive disorder were treated with a full course of 
mst using a 50 Hz device.102,109 the mst treatment 
course produced mood improvement, and was asso-
ciated with fewer adverse effects than were observed 
in an eCt comparison group, including a dramatically 
more rapid reorientation. the magnitude of improve-
ment, however, seemed lower than is generally seen 
with eCt, with only 53% of patients achieving a ≥50% 
improvement following mst. the authors speculated 
that as the stimulation dose was only on average 1.3 
times above magnetic seizure threshold, substantially 
greater responses could have been achieved with 
higher stimulation intensity, especially given that eCt 
response rates are highly sensitive to dose relative to 
seizure threshold.19 the mst stimulators used at that 
time, however, could only produce short trains (8 s) of 
50 Hz stimulation at high intensity. alternatively, the 
lower antidepressant effect of 50 Hz mst may have been 
due to differences in the method of seizure induction 
and, consequently, the less widespread seizure activity, 
compared with eCt.

Table 1 | Comparison of brain stimulation techniques used in psychiatry

Technique Advantages Disadvantages Future challenges

Electroconvulsive 
therapy (ECT)

Superior efficacy 
Rapid rate of response

Cognitive adverse effects 
Requires anesthetic

Further establishing optimal 
stimulation methods to decrease 
cognitive adverse effects while 
maintaining superior efficacy

Transcranial direct 
current stimulation 
(tDCS)

Noninvasive and nonconvulsive

High tolerability

Low cost and potential applicability 
in developing countries

No cognitive adverse effects; 
possibly enhances cognition

Lacks evidence for degree of efficacy 
compared with other techniques

A considerable amount of further 
research required

Establishing the optimal 
stimulation protocols and 
parameters for delivery of the 
technique

Repetitive 
transcranial 
magnetic 
stimulation (rTMS)

Noninvasive and nonconvulsive

Some evidence for efficacy in 
treatment-resistant depression

No evidence of cognitive adverse 
effects

Produces only modest clinical results

Lacks evidence of efficacy for other 
psychiatric indications

Further research required to optimize 
response

Definitive evidence required of efficacy 
in treatment-resistant depression 

Developing ways to enhance 
response rates to rTMS

Deep brain 
stimulation (DBS)

Provides continual stimulation

Provides direct and targeted 
stimulation of deep brain 
structures

No evidence of cognitive adverse 
effects

Invasive surgical procedure

Restricted to treatment-refractory 
patients

Establishing optimal site for 
electrode placement

Establishing optimal stimulation 
parameters

Studies with larger sample size 
to establish efficacy

Epidural cortical 
stimulation (EpCS)

Provides continual stimulation

Provides direct and targeted 
stimulation of cortical brain regions

Seems to be cognitively safe

Invasive surgical procedure

A considerable amount of further 
research required to establish 
treatment efficacy

Establishing clinical efficacy in a 
large sample size

Establishing optimal placement 
and stimulation parameters of 
paddle leads

Magnetic seizure 
therapy (MST)

Noninvasive

Seems to lack cognitive adverse 
effects

Requires anesthetic

Head-to-head trials with ECT required 
to establish efficacy

Establishing clinical efficacy of 
100 Hz MST

Development of the optimal 
stimulation parameters for 
seizure induction
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since these initial studies, the technology used to 
produce mst has advanced considerably. several devices 
have been developed that are capable of stimulating con-
tinuously at 100 Hz for up to 10 s at full machine power. 
this type of stimulation has been shown in primate experi-
ments to induce seizures much more reliably while still 
producing fewer cognitive adverse effects than eCs.104 the 
first patients reported to have treatment with 100 Hz mst 
(n = 11) received the intervention in a single session during 
a regular course of eCt for treatment-resistant depres-
sion.111 seizures were elicited in 10 of the 11 patients. all 
patients showed rapid recovery of orienta tion (on average 
15 min shorter than the recovery time after eCt) and 
reported less confusion than they experienced following 
eCt. the initial clinical outcome data with this type of 
high-dose 100 Hz mst are also promising. of 10 patients in 
Bonn, Germany who were treated twice a week with 100 Hz 
mst at 100% for 1–6 s, 7 (70%) met the criteria for a clini-
cal response without any adverse effects such as headache, 
nausea, dizziness, or cognitive or memory impairment.112 
Despite these promising data, much research remains to be 
done on the efficacy of 100 Hz mst and on the duration of 
the effects, both of which are unknown at this stage. should 
future studies show mst to have similar efficacy to eCt 
but with fewer adverse effects, this technique is uniquely 
placed to be rapidly introduced into clinical practice using 
the existing eCt infrastructure.

Future prospects 
treatment of psychiatric disorders has predominately 
involved the use of pharmacological agents and various 
forms of psychotherapy, with eCt having a relatively 
restricted role. the progressive development of a wide 
range of alternative brain stimulation technologies, such 
as those discussed here, indicates that the future psychi-
atric treatment armamentarium will be a much broader 
one. the extent to which these treatments will be adopted, 
however, is currently unclear. the provision of rtms or 
tDCs requires the development of new therapeutic infra-
structure or programs, although mst could be imple-
mented relatively easily using established eCt facilities. 
several barriers are likely to hinder the widespread 
uptake of the more-invasive treatments, especially those 
involving some form of surgical intervention. However, 
given the high relapse rates with current standard treat-
ments, and the likelihood of fairly high relapse rates with 
treatments such as tms, which are acutely applied to 

induce remission but are not provided as a maintenance 
therapy, more-permanently implanted treatment options 
could gather support. a comprehensive demonstration 
of the safety of these techniques, especially with regard 
to cognitive outcomes, will be important. Combinations 
of stimulation methods that target different aspects of 
brain circuits, or combinations of these techniques with 
more-traditional approaches, could also prove to be 
highly useful. For example, cognitive behavioral therapy 
has been suggested to reduce relapse rates after eCt,113 

and a similar approach could be taken after a course of 
rtms or tDCs. less clear is whether brain stimulation 
techniques could ultimately be used to augment cogni-
tive function beyond the primary treatment of psychiat-
ric symptoms such as depression. some promising but 
preliminary data have been obtained in this regard.

Conclusions 
a substantive body of research is now emerging on 
the development and refinement of a range of old and 
new brain stimulation techniques that can be applied in 
psychi atric disorders (table 1). the precise roles of many 
of these techniques within the spectrum of treatments for 
mental illness are currently unknown, but research that 
aims to ultimately provide patients with evidence-based 
treatment choices is ongoing. this research needs to 
demonstrate both the therapeutic efficacy and the safety 
of these techniques, as well as the potential benefits with 
regard to cognition. 

Review criteria

OVID and MEDLINE databases were used to search 
for the relevant literature. Search terms used alone 
and in combination were “electroconvulsive therapy”, 
“transcranial direct current stimulation”, “epidural cortical 
stimulation”, “deep brain stimulation”, ”transcranial 
magnetic stimulation”, “magnetic seizure therapy”, 
“psychiatry”, “depression”, “schizophrenia”, “anxiety 
disorders” and “cognition”. A manual search of papers 
referenced in this literature was also undertaken. Owing 
to the breadth of the literature, reviews, meta-analyses 
and other articles considered to be seminal in the field 
were selected to provide an overview of this large body of 
research. The most inclusive reviews and meta-analyses 
were selected to avoid bias, and for the purposes of 
discussing areas of well-known controversy the authors 
selected and reviewed papers presenting opposing views.
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