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Abstract

Purpose of Review This review aims to discuss historical aspects, mechanism of action, safety and efficacy, response pre-
dictors, and Magnetic Seizure Therapy (MST) protocol for treating depression. We also discuss the possibility of MST for
personalized depression treatment and future directions.

Recent Findings MST likely has a similar mechanism to the current gold standard neuromodulation treatment of Electrocon-
vulsive Therapy (ECT) but differs in inducing seizures with a more controlled focus and pattern of cortical spread through the
application of time-varying magnetic stimulation. The response and remission rates in depression with MST are comparable
to ECT, but the cognitive adverse effects are likely to be more favorable with MST.

Summary Depression is a common mental illness with significant burden globally, and about one-third of patients do not
respond to treatment with multiple anti-depressant medications. Neuromodulation is one of the important treatment strate-
gies for the management of depression, and among them MST is emerging as a promising treatment modality for depression.

However, further evidence is needed to establish MST as a routine intervention in the clinical setting.

Keywords Magnetic seizure therapy - Neuromodulation - Brain stimulation - Personalized depression treatment

Introduction

Depression is a common mental disorder and has emerged as
a major public health concern. The number of incident cases
of depression worldwide have increased from 172 million
in 1990 to 258 million in 2017 as per the Global Burden of
Disease (GBD) study data suggesting an increase of about
50% [1]. It is seen that around 30% patients with depression
do not respond to the conventional medical treatment options
[2]. This group of patients need other modalities of treat-
ment like Electroconvulsive Therapy (ECT) which is highly
effective and is still widely considered as the gold-standard
neuromodulation technique for depression treatment [3].
Neuromodulation is an evolving field of study with wide
spectrum of implantable and noninvasive technology-based
approaches for the treatment of neuropsychiatric disorders
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being developed and tested at different stages in pre-clinical
and clinical trials with both animal and human participants
respectively. Its central premise is to offer an interface with
the nervous system (neurons and neurocircuits) through
electrical, electromagnetic, chemical, or optogenetic meth-
odologies with an aim of long-term activation, modification,
inhibition, and/or regulation of neural activity [4].

Magnetic seizure therapy (MST) is a type of neuromod-
ulation treatment which uses alternating magnetic fields
across the scalp and the calvarium to induce an electric cur-
rent in the cerebral cortex. The therapy works by inducing a
seizure with relatively controlled focus and restricted pattern
of spread through cerebral cortex as compared to the ECT-
induced seizure [5]. In this review we aim to describe the
historical aspects, possible mechanism of action, available
evidence on its safety and efficacy from randomized con-
trolled trials, and potential areas future research for estab-
lishing the role of MST in depression management.

Historical Aspects

ECT has undergone numerous revisions since its introduc-
tion, significantly improving its safety profile by the use
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of general anesthesia and muscle relaxant, introduction of
right unilateral and bifrontal electrode placement, refine-
ments in electrical stimulus parameters, enhanced control of
electrical dosage for induction of seizure. Even with these
improvements there are multiple problems like the limited
control over distribution of electric current inside the cranial
vault, shunting of current to other adjoining areas, cogni-
tive adverse effects like amnesia, executive dysfunction, and
disorientation, negative effect on neurocognitive functions of
the patient [6].Considering this there is a need for exploring
newer alternative techniques of neuromodulation for treat-
ment of patients with depression. One such promising option
that emerged in recent times is MST. The first MST-induced
seizure reported in nonhuman primate was in the year 1998
[7]. The first human to receive MST was a 20-year-old inpa-
tient with a medication-resistant major depression in 2000 in
Bern, Switzerland [8]. There was a 50% drop in depression
scores after four MST treatments. After this, the approval
for conducting a feasibility trial of MST in the United State
was obtained from the FDA and local institutional ethics
review board [9]. It was seen that MST performed better
as compared to ECT in terms of subjective side effects and
recovery of orientation, measures of attention, retrograde
amnesia, and category fluency [9].

Mechanisms of Action of MST in Depression

The exact mechanism(s) underlying the antidepressant
effects of MST are still not fully understood and are likely
to be similar to those proposed for the ECT. The induction
of seizures is widely considered to play a vital role in pro-
ducing treatment-related antidepressant effects in MST as
well. However, there is a qualitative difference in the sei-
zure produced by treatment with MST as compared to ECT.
MST-induced seizure unlike ECT, mostly involves only the
cerebral cortex and does not usually involve other deeper
brain structures including the hippocampus [10, 11]. Simi-
larly, MST-induced seizure results in a lesser degree of auto-
nomic changes and is associated with a lower rise in serum
prolactin levels as compared to that observed following an
ECT-induced seizure [12, 13].

The emerging evidence from neuroimaging studies also
suggests that the therapeutic effects of MST are possibly due
to changes produced by MST in regional cerebral blood flow,
neurotransmitter levels, and functional neural connectivity
patterns [14—16]. Functional neuroimaging imaging-based
studies have revealed changes in regional brain activity
and connectivity patterns following MST, with alterations
observed in areas implicated in emotion regulation, reward
processing, and cognitive control. MST has been shown to
enhance connectivity within the default mode network and
favorably modulate activity in the anterior cingulate cortex
and dorsolateral prefrontal cortex, and other regions thought

to play a critical role in mood regulation and executive
functioning. These neuroplastic changes may underlie the
sustained antidepressant effects of MST and offer potential
biomarkers for treatment response.

MST Protocol for Treatment of Depression

The MST protocol usually involves the application of a
time-varying magnetic field from a magnetic stimulation
coil placed over patients’ scalp which in turn produces an
electrical current in the underlying brain or neurons. Mag-
netic stimulation in MST is applied at a higher frequency
and intensity compared to the conventional transcranial
magnetic stimulation treatment often called repetitive tran-
scranial magnetic stimulation (rTMS). However, the strength
of stimulation in MST is still lesser than in ECT. The most
commonly used stimulation parameters for MST in the
published RCTs (see Table 1) involved delivering magnetic
stimulation at 100 Hz stimulation frequency at the maxi-
mum stimulation output of the machine as the strength of
magnetic stimulation. However, there are variations in MST
protocols across different RCTs in terms of the target site
(vertex, bilaterally at F5-F6 as per the International 10-20
EEG system, etc.) and duration (2 weeks, 3 weeks, etc.) of
MST treatment. Further, the ideal number of MST sessions
or the gap between two consecutive MST sessions is also
not yet established. Interestingly, one small open-label study
tested the safety and efficacy of an accelerated MST protocol
comprising one treatment session per day for six consecutive
days in 15 patients with depression [17]. A rapid improve-
ment in depressive symptoms with no significant cognitive
side effects or other adverse events was reported by the
authors. However, only a few human studies with relatively
small sample sizes have been conducted to date for MST,
with significant variations in the MST protocols even among
them. Thus, there is a need to conduct adequately powered
RCTs to determine the optimal stimulation parameters for
the use of MST among patients with depression.

General anesthesia requirements for delivering MST are
similar to that for ECT. There are no preferred pre-anes-
thetic medications, anesthetic agents, or muscle relaxants
for MST compared to ECT. One notable exception would
be the possible omission of the mandatory tongue bite block
use [23]. This is because unlike ECT in which the masse-
ter muscles get directly stimulated by the electric current
applied through electrodes, the electric current gets directly
produced inside brain tissue through electromagnetic induc-
tion by application of a time-varying magnetic field in MST.
However, most human studies have still used a bite block
as a precautionary measure. A repeated clicking noise is
produced from the coil during the MST session which may
potentially cause hearing loss, headache, or tinnitus in the
patient and treating staff members. Thus, the use of ear plugs
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by both patient and health care staff delivering MST is rec-
ommended unlike that in ECT.

Safety and Efficacy of MST Use in Depression

The enthusiasm surrounding the possibility of MST having
a better safety profile as compared to the ECT stems from
the initial studies conducted on non-human primates that
indicated its favorable safety profile in terms neuropatho-
logical effects measured post MST induced seizure [24, 25].
A systematic review of published literature assessing the
antidepressant effects of MST and its impact on cognitive
functioning in patients with depression synthesized infor-
mation from 10 different studies comprising a total of 285
patients [26]. It concluded that MST was comparable to ECT
in terms of its antidepressant effects. Further, MST had a
more favorable cognitive adverse effects profile than ECT.
Subsequently, a recent systematic review and meta-analysis
comprised exclusively of data obtained from randomized
controlled trials (RCTs) comparing the safety and efficacy
of MST and ECT for depression treatment also reported no
significant difference in study-defined response or remis-
sion rates, as well as improvement in depression symptom
severity scores between MST and ECT [27]. Three RCTs
included in the above review evaluated the cognitive effects
of MST compared with ECT using different assessment tools
and yielded mixed findings. However, no study suggested
a significantly greater degree of cognitive adverse effects
with MST compared to ECT. After this meta-analysis was
published, one more RCT comparing the effectiveness and
safety of MST with ECT in depression was published in
December 2023 [22]. This is the largest double-blind RCT to
have been published to date. It compared MST (n=35) with
ultra-brief pulse right unilateral ECT (n=38) for treatment
of depression and reported no significant difference in either
response or remission rates between the two treatment arms.
In comparison to ECT, MST was associated with lesser fre-
quency and intensity of subjectively reported adverse effects,
especially in the physical and cognitive domains. Further,
the improvement in depressive symptoms was maintained
with both MST and ECT over a 6-month naturalistic follow-
up period.

However, the response rates reported in the MST arm
of the available RCTs ranged from 22 to 100%. This wide
range is most likely because of small heterogenous sam-
ple sizes (inadequately powered to detect significant dif-
ferences) and the application of different MST protocols
(e.g. coil placement, stimulation parameters). At least
three adequately powered non-inferiority RCTs comparing
MST with ECT for the treatment of depression registered
in the clinical trial registry (https://clinicaltrials.gov/) are
currently ongoing in the USA (CTR id: NCT03191058),
Canada (CTR id: NCT03641300), and Brazil (CTR id:

NCT05054699). The findings from these trials shall help
establish the safety and efficacy of MST for the treatment
of depression, as well as help in identifying optimal MST
stimulation parameters.

Predictors of Response to MST

A study among 38 patients with treatment resistant depres-
sion showed that the response rate with MST was 68.4%.
The negative correlation with response was seen with
number of previous episodes, and chronicity of the epi-
sode; whereas the positive correlation with response was
seen with family history of depression, degree of depres-
sion severity and presence of fewer anxiety or somatic and
melancholic symptoms [28]. When we look at the regional
glucose metabolism, responders to MST exhibit an overall
decrease in relative metabolism compared to the overall
increase in non-responders. Response is related to a res-
toration of balance within limbic-cortical brain regions,
rather than an overall increase in brain activity in these
areas. However, these studies of predictors for response
are also limited by small sample sizes [29].

The ictal EEG finding of low slow-wave amplitude and
short polyspike duration been associated with good clini-
cal outcome in MST [30]. Also positive clinical response
could be indicated by reduction in EEG complexity in the
occipital regions whereas greater impairment in neuro-
cognitive function could be associated with increase in
complexity in the parieto-central regions as concluded by
a study done in 34 patients with treatment resistant depres-
sion [31].

MST as an Individualized Treatment Approach

MST is used to deliver time varying magnetic field, which
electromagnetically induces electric current in the underly-
ing cortex (neurons) and resultant seizure in targeted regions
of the brain. With newer technology like structural and func-
tional imaging it is possible to place a coil with precision
making it a possibility to deliver current as per requirement
of individual circuitry. Apart from this there is a possibility
to identify biomarkers of response to MST as seen in ECT
[32]. With further advancement, selecting circuits essential
to produce antidepressant response and specifically targeting
those based on the individual’s unique anatomy and patho-
physiology could potentially enhance the safety and efficacy
of MST. This personalized neuromodulation approach is a
possibility which would not only provide individualized tar-
geted effective treatment but also help us to test the causal
mechanisms of antidepressant response to seizure therapy,
which has not been answered till now.

@ Springer


https://clinicaltrials.gov/

144

Current Behavioral Neuroscience Reports (2024) 11:140-145

Conclusions

MST in recent times has emerged as a promising non-
invasive neuromodulation treatment that has good antide-
pressant properties and relatively benign neurocognitive
adverse effects. As it is a relatively newer technique, a lot
still remains to be established for MST such as the mecha-
nism of action, optimal treatment paradigms and predictors
of response. There is a need for conducting further research
in order to find the mechanism of action, optimal parameters
for best efficacy, use in other neuropsychiatric disorders,
neurocognitive side-effects. Though there is lot of potential
to develop this modality as a part of precision medicine for
treatment of depression, more research is needed to optimize
stimulation and safety parameters. Furthermore, comparative
studies with other modalities of depression treatment such
as ECT, refinement of treatment protocols, establishment of
clear guidelines for patient selection, and long-term longitu-
dinal follow-up studies for assessing the durability of effect
are warranted.
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