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ARTICLE INFO ABSTRACT
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Magnetic seizure therapy (MST) is a noninvasive neuromodulation therapy under investigation for the treatment
of severe neuropsychiatric disorders. MST involves inducing a therapeutic seizure under anesthesia in a setting
MST similar to electroconvulsive therapy (ECT). To date, randomized controlled trials suggest that MST has similar

Neumm_"dmation antidepressant efficacy as ECT, but without significant cognitive adverse effects. Large scale clinical trials are
Depression currently underway to confirm these preliminary findings. So far, there has only been one study evaluating the
Neurocognition

clinical predictors of response to MST and more research is needed. This study found that patients with fewer
episodes of depression and a positive family history of depression had a better response to MST. Overall, the
ability of MST to focus the delivery of the electric field and the resultant seizure makes targeting seizure therapy
to specific brain regions possible, and further research will be helpful in identifying personalized targets to
maximize clinical benefit. In this review, we describe MST methodology and how it could be individualized to
each patient. We also summarize the clinical and cognitive effects of MST and provide indications of which
patients may be most likely to benefit. Finally, we summarize the studied neurophysiological predictors of
response.

1. Introduction remission rates (minimal symptoms, typically 10 or less than in de-

pression rating scales such as Hamilton Depression Rating Scale

Electroconvulsive therapy (ECT) has been used to treat neu-
ropsychiatric disorders since the late 1930s and it remains one of the
most effective antidepressant therapies for major depressive disorder
(MDD) and treatment-resistant depression (TRD; patient with TRD has
failed two or more antidepressant treatments with adequate dose and
duration) [1]. Other indications for ECT include MDD with psychotic
features, bipolar disorder, and catatonia. ECT is also beneficial when a
rapid antidepressant response is needed, for example, due to imminent
suicidal ideation. Although ECT has been consistently found to have
rapid antidepressant effects with high response (typically defined as at
least a 50% reduction in the depression scores from baseline) and

(HDRS)), many patients treated with ECT experience cognitive adverse
effects [2]. Such ECT-induced cognitive effects include disorientation,
decreased attention, executive dysfunction, anterograde amnesia, and
retrograde amnesia [2]. Research has suggested that the ECT-induced
cognitive adverse effects are transient, though can persist for up to 6
months or longer after the last ECT treatment [2]. In addition to cog-
nitive adverse effects, ECT is associated with a negative social stigma,
and collectively these limit the use of ECT for the severely depressed
patients and leave them with chronic, disabling, and often life-threa-
tening depression.

The idea of using magnetic fields to induce antidepressant
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Fig. 1. A. Magnetic seizure therapy (MST)/electro-
convulsive therapy (ECT) coil and electrode config-
urations and corresponding electric field distribu-
tion on a spherical head model (from left to right:
MagVenture twin coil MST, MagStim circular coil
MST, bilateral ECT, right unilateral ECT). B. Electric
field as a function of depth in the brain from the
gray matter surface (field magnitude is normalized
to unity at the gray matter-white matter interface).
C. Stimulated brain volume.
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therapeutic seizures was theorized in the 1990s but required extensive
technological development and preclinical testing before the con-
ceptualization of magnetic seizure therapy (MST) [3]. Preclinical stu-
dies and computational modeling provided the initial technological and
safety information for MST, which then proceeded to clinical in-
vestigations [3]. The rationale underlying MST is predicated on the fact
that magnetic field induced electric fields can be better controlled and
are more focal than directly applied electric fields on the scalp [4]. This
is because the magnetic fields pass through the scalp and skull unim-
peded and the induced electric field is confined to regions near the
stimulation coil [5]. Furthermore, magnetic fields attenuate rapidly,
thereby limiting and containing the effects of the induced electric field
to the superficial layers of the cortex (see Fig. 1). To date, MST has been
found to have antidepressant benefits with benign neurocognitive ef-
fects [6]. If the preliminary findings across multiple clinical studies are
confirmed in large randomized controlled clinical trials currently un-
derway, MST may provide a new safe and efficacious non-invasive
neuromodulation antidepressant therapeutic option.

2. MST methodology and current treatment procedure

MST technology is based on repetitive transcranial magnetic sti-
mulation (rTMS); however, as the aim is to induce a seizure, the MST
stimulation parameters are administered at higher frequencies, in-
tensities, and train durations than in conventional rTMS. MST mainly
impacts the cortex directly under the stimulation coil (see Fig. 1) with
minimal effects to the medial temporal lobe structures (i.e., hippo-
campus). The applied stimulation frequencies have varied between 25
and 100 Hz, and commonly the maximum stimulator output is used as
the stimulation intensity. However, it should be noted that the optimal
dosing for MST, and how best to individualize the dose, remains an
open question.

In general, the MST treatment procedure is similar to that of ECT.
Before the first treatment, a complete psychiatric, mental status, neu-
rologic and medical examination are performed. Furthermore, in many
research settings comprehensive neurocognitive evaluations are per-
formed. Because MST is a convulsive treatment, it is always adminis-
tered while the patient is under general anesthesia. The MST dosage is
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individualized to each patient by finding the patient specific seizure
threshold, based on the common practice in ECT. This is accomplished
by increasing the duration of MST stimulation train until visible motor
activity in a cuffed limb and ictal electroencephalography (EEG) ac-
tivity can be observed. At subsequent treatment sessions, the ther-
apeutic treatment is administered at a supra-threshold duration (typi-
cally six times the seizure threshold). One preclinical study has
suggested that seizure threshold in MST could also be titrated based on
resting motor threshold (rMT) measured with transcranial magnetic
stimulation (TMS), as rMT and amplitude-titrated seizure threshold
have been shown to correlate [7]. To date, pulse amplitude titration of
seizure threshold has not been investigated in clinical studies.

In research, the MST treatments have been provided 2-3 times per
week, every other day, until the depressive symptoms have abated and
the patient has remitted, or the maximum allowed treatment number is
reached [8,9]. Also, an accelerated MST protocol was investigated in
one clinical trial [10]. In the accelerated MST protocol, treatments were
administered once a day for six consecutive week days (e.g., Mon-
day-Friday, and the following Monday). Thus, the MST treatment
course was completed in eight days.

3. Seizure characteristics

The ECT-induced seizure is associated with characteristic phases
including a recruitment phase where the ictal EEG increases in ampli-
tude, followed by high amplitude polyspike activity. This is followed by
slow wave ictal activity that finally leads to a robust suppression of EEG
activity after the seizure end (post-ictal suppression). The two most
common seizure characteristics that have been reported to be asso-
ciated with remission after ECT have been ictal slow-wave amplitude
and post-ictal suppression [11,12].

MST initiates the seizure more focally than ECT, although after in-
itiation the seizure generalizes [13]. Previous studies that compared the
seizure characteristics between ECT and MST have been inconclusive
mainly due to varying MST parameters across studies as the MST sti-
mulation frequency has been observed to significantly influence the
seizure characteristics [9]. To date, no clear trends in seizure char-
acteristics with increasing frequency have been found [9]. Rather, the
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stimulation frequency seems to influence the seizure characteristics in a
non-linear fashion. The only exception is post-ictal suppression, which
is dependent on the stimulation frequency as higher frequencies induce
greater post-ictal suppression [9]. Interestingly, increasing MST dosage
may have no effect on the seizure characteristics [14]. A limitation of
these studies is that they have typically used 2-channels of fronto-
mastoid EEG, which may not be optimally positioned to record more
focal seizure expression depending on their location relative to the MST
coil.

In general, it seems that seizure characteristics in MST differ from
those of ECT in both ictal and post-ictal phases. Preclinical models have
suggested that MST relative to ECT induces a seizure with less theta,
alpha and beta power [14,15], though both show similar EEG power in
the delta band. Topographical EEG analysis in humans showed that
MST-induced seizures had less robust ictal expression. For MST, there
appeared to be local increases in the delta and beta power during the
ictal period, consistent with more focal seizure activity of MST com-
pared to ECT. On the other hand, ECT showed greater increase from
baseline in all frequency bands, particularly the beta power during the
ictal period [16]. Further, the post-ictal suppression associated with
MST is less evident and has been reported in both human and non-
human primate studies [8,9,14,16]. MST may also induce shorter sei-
zures than ECT [8], but conflicting results have been found [17].

A preliminary clinical study used bispectral index (BIS), which is an
index that reflects the anesthetic depth based on EEG activity, to
evaluate the level of anesthesia during ECT and MST [18]. The study
showed that according to BIS, post-ictal recovery was faster in MST
when the assessment was started from the same pre-ictal BIS levels.
MST has also been connected with a decreased need for muscle relaxant
anesthetic agent dosage relative to what is needed for ECT [19]. The
recovery and reorientation times after treatment have consistently been
found to be shorter with MST relative to ECT [8,20]. Indeed, recovery
and reorientation typically occur within a few minutes after MST
[8,20].

As ECT is known to influence the autonomic nervous system that
may result in cardiac effects, one study compared the effects of MST and
ECT to heart-rate variability during the treatment in a preclinical model
[21]. That study found bradycardia right after stimulation with ECT,
but not with MST. Also, ECT, relative to MST, was found to produce
greater rates of tachycardia during the ictal and post-ictal phases.
However, MST resulted in significantly increased heart-rate variability
during the post-ictal phase in comparison to ECT. Also, both ECT and
MST have been associated with acute hemodynamic responses [19].

4. Clinical outcome

Preliminary data has suggested that MST is similar to ECT in terms
of antidepressant efficacy. To date, a few dozen clinical trials and case
reports have been published that reported MST induced antidepressant
effects. From these, most have been open-label studies and only a few
have directly compared the clinical efficacy of ECT and MST.
Collectively, most of the studies have applied MST in patients with
unipolar and bipolar depression, and two in patients with schizo-
phrenia. However, most of the studies have only included a small pa-
tient sample and none have included a sham condition. Since MST is
still under investigation, previous studies also include some variability
in methodology and design. Therefore, large scale randomized con-
trolled clinical trials are warranted to confirm MST antidepressant ef-
fects.

In the first study that compared ECT and MST in 2003, Lisanby
et al., recruited a total of 10 inpatients with MDD [22]. Three of these
patients had bipolar disorder and one had psychotic features. In this
study, the acute side effects of MST and ECT were compared in a within-
subjects study in which two MST treatments were administered within
the right unilateral (RUL) ECT treatment course, i.e., two ECT treat-
ments were replaced with MST. The study was not designed to assess
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clinical efficacy of MST and ECT. MST was applied with a stimulation
frequency of 60 Hz with various coil geometry (e.g., round) types. This
study demonstrated that MST was safe and feasible. Also, adverse
cognitive and subjective side effects with MST were reported to be
lower than those after ECT.

After these encouraging results, a larger two-center study compared
the clinical efficacy between ECT and MST [19]. In this study, 10 pa-
tients with severe MDD treated with MST were compared to 10 patients
with severe MDD treated with ECT. MST was provided with a frequency
of 50 Hz. In both groups, HDRS reduced, however, the reduction was
significantly bigger in ECT than in MST group (mean pre-treatment
HDRS ECT: 30 * 6 (standard deviation, SD), mean pre-treatment
HDRS MST: 32 + 4 SD, difference between ECT and MST p > 0.05;
mean post-treatment HDRS ECT: 6 *+ 6 SD, mean post-treatment HDRS
MST: 14 + 10 SD, difference between ECT and MST p < 0.05).

Soon after this, high-frequency (i.e., 100 Hz) MST was developed in
an attempt to optimize the dosage of MST [20]. In 2011 Kayser et al.,
compared high-frequency MST to ECT in 20 patients with TRD [23].
Both treatment groups included two patients with bipolar disorder.
Twelve treatments were administered twice a week and antidepressant
response was evaluated with the Montgomery Asberg Depression
Rating Scale (MADRS). The study found no difference in the anti-
depressant efficacy between the ECT and MST groups (ECT response
rate: 40%, remission rate: 40%; MST response rate: 60%, remission rate:
30%; difference between ECT and MST p > 0.05). Similar clinical
outcomes were also found in a slightly larger study with 37 patients
with MDD [17]. This study also evaluated the number of treatments
needed for an adequate clinical response between ECT and MST and
found no significant differences between the two treatment conditions
[17].

Promising results have been reported using the accelerated MST
protocol, in which three patients with TRD received six MST treatments
[10]. After the treatment course, two of the patients responded (one of
these remitted) and third showed decreased depression severity, but not
enough to reach the response criteria. These patients also showed de-
creased anxiety symptom severity as documented with the Hamilton
Anxiety Rating Scale (mean pre-treatment score: 33.3 + 13.6 SD,
mean post-treatment score: 11.3 = 7.8 SD).

A case study evaluated MST in an adolescent with refractory bipolar
disorder [24]. The patient remitted after 18 MST treatments that were
followed by nine maintenance MST treatments over six months. The
remission was maintained for up to 11 months after the last acute MST
treatment.

MST has also demonstrated encouraging results in patients with
schizophrenia [25,26], but has not yet been directly compared with
ECT in that disorder. In a study with eight patients with treatment re-
sistant schizophrenia, MST was administered with a stimulation fre-
quency between 25 and 100 Hz and a maximum of 24 treatments [25].
The Brief Psychiatric Rating Scale (BPRS) was used for clinical eva-
luation. Of the four patients that completed the trial, three remitted and
one responded to MST. In another study, patients with schizophrenia
were provided with 10 MST sessions at a frequency of 25Hz [26].
Reduction in clinical symptoms was evaluated with the Positive and
Negative Syndrome Scale (PANSS). Six of the patients completed at
least five treatments. Of these patients, three responded and five had a
reduction in their PANSS scores.

Suicidal ideation is a significant symptom of TRD, bipolar disorder
and schizophrenia. In a study with 27 patients with TRD, suicidal
ideation was assessed before and after MST with the Scale for Suicide
Ideation (SSI) [27]. SSI ranges from O to 38 and the higher the SSI score,
the greater the severity of suicide ideation and a score of six or more is
considered clinically significant. Before the MST treatments, the mean
SSI score was 9.0 + 6.8 SD with 30% of the patients having an SSI of 0.
After an average of 16.9 = 7.0 SD MST treatments, the mean post-MST
treatment SSI score was 4.2 = 6.3 SD, and 67% had a score of 0. This
difference between pre- and post-values was statistically significant
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(p < 0.001). Similar findings were observed in another study with 23
patients with TRD [28]. The SSI scores decreased significantly
(p < 0.005) from a mean pre-MST value of 9.3 + 6.3 SD (22% had a
score of 0) to a mean post-value of 4.3 = 5.6 SD (57% had a score of
0). The average number of treatments was not provided in this study.

5. Predictors of response

There is still very limited knowledge regarding which patient groups
and which symptoms, or biological markers are most likely to show a
response to MST. According to a study of 38 patients with TRD who
were treated with MST, the main clinical predictors for response were
the number of previous major depressive episodes and a family history
of MDD [29]. Specifically, patients who had fewer previous episodes of
depression had a better response with MST [29]. Positive family history
of depression predicted a good response to MST indicating that genetic
factors may play a role in treatment outcome [29]. In addition, patients
who responded to MST had less anxiety and melancholic symptoms,
and lower levels of somatic anxiety and anhedonia [29]. This study,
however, did not provide the full extent of possible clinical predictors
as the selected variables were based on predictors identified for ECT
[29]. Previously, MST has been applied to only a few patients with TRD
and psychotic symptoms. Therefore, no conclusions about the effec-
tiveness of MST in psychotic depression can be made, although this
phenotype is known to respond well to ECT [30]. Also, even patients
with atypical depression can benefit from ECT [31], indications for this
have not yet been observed with MST [29].

As in ECT, positive treatment outcome to MST may potentially be
predicted from the seizure characteristics measured with EEG [9].
There is some preliminary evidence that seizure characteristics; how-
ever, predict treatment outcome differently in MST than in ECT [9]. In
MST, low slow-wave amplitude and short polyspike duration in the ictal
EEG have been associated with good clinical outcome. Also, even
though post-ictal EEG suppression indicates positive outcome in ECT
[32], such association has not been found in MST [9]. These findings
imply that ECT and MST may have different biological mechanisms of
action and therefore the biomarkers associated with outcome may be
distinct.

The clinical and cognitive treatment outcomes of MST may also be
associated with brain region and timescale specific complexity of the
EEG [33]. A study that included 34 patients with TRD found that a
reduction in EEG complexity after the treatment course, evaluated by
multiscale entropy measures with resting-state EEG, correlated with
positive treatment outcome [33]. Especially, a reduction in EEG com-
plexity in the occipital regions indicated positive clinical outcome. On
the contrary, an increase in complexity in the parieto-central regions
was associated with greater impairment in neurocognitive function.
Interestingly, the study included patients who received either ECT or
MST, but the results were the same despite the treatment method.

Promising evidence has suggested that remission from suicidal
ideation after the MST treatment course could be predicted from the
baseline TMS-EEG findings [27]. Specifically, cortical inhibitory indices
such as N100 and long-interval cortical inhibition (LICI) measured from
the dorsolateral prefrontal cortex (DLPFC) may identify patients who
most likely benefit from MST. The study found that a greater N100
amplitude and LICI at baseline were associated with a greater decrease
in suicidal ideation [27].

6. Neurocognitive effects

Relative to ECT, in MST the seizure can be induced with greater
focality and the MST-induced electric field influences a smaller amount
of brain volume [4]. These features are relevant and important espe-
cially when considering neurocognitive effects, as non-focality and
electric field spreading to deeper brain structures (e.g., hippocampus)
have been thought to be associated with ECT-induced cognitive adverse
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effects [2]. To date, MST relative to ECT has been found to have a su-
perior neurocognitive profile [6], though this awaits confirmation in
future randomized controlled-clinical studies.

In the early studies of MST when the stimulation frequency was
around 50 Hz or below, MST was found to be superior to ECT regarding
neurocognitive outcomes. A within-subject study that included 10 pa-
tients with MDD found that after treatment with MST relative to ECT,
patients showed better performance on measures of attention, retro-
grade memory, and semantic fluency [22]. Another case study in a
patient with TRD evaluated verbal and visuospatial learning and
memory, and autobiographical memory [34]. That study found no de-
cline or impairment in neurocognitive performance on those selected
measures [34].

After technological advancements in MST, researchers were able to
induce seizures with higher stimulation frequencies (up to 100 Hz) that
were also found to be cognitively benign. For example, a study that
enrolled 37 patients with TRD compared the neurocognitive effects of
MST and ECT on domains of attention, processing speed, verbal and
visuospatial memory, and executive function and found no significant
decline in performance within the cohort treated with MST [17]. An-
other study with 26 patients with TRD assessed the neurocognitive ef-
fects of MST via verbal and visuospatial learning and memory, working
memory, language, attention, visual perception, and executive function
measures [35]. The study found that performance across all neuro-
cognitive measures remained stable after MST. Additional research has
suggested that MST may even be associated with improvement in
cognitive functions relative to pre-treatment levels in domains such as
visuospatial learning, and verbal learning and memory [22,23,34,35].
Also, neurocognitive improvement was observed in patients with TRD
who completed an accelerated MST protocol [10].

Furthermore, ECT and MST have been found to differ in their effects
on acute memory retrieval [36]. In a clinical study of 20 patients with
TRD who were asked to recall a set of words that was memorized at
baseline before the treatment, patients treated with MST had no dif-
ferences in recalling the set of words across both treatment and non-
treatment days [36]. However, after ECT, patients showed significantly
worse recall on treatment days relative to non-treatment days. In both
ECT and MST groups, patients showed stable recall of the words when
they were provided with cues.

In addition to neurocognitive studies of patients with TRD treated
with MST, to date there have been two preliminary studies that ex-
amined the MST associated neurocognitive effects in patients with
schizophrenia [25,26]. In one study, two of three patients showed im-
proved performance after MST on measures of immediate and delayed
recall memory [26]. In the other study, eight patients with schizo-
phrenia showed no change in performance on neurocognitive measures
of processing speed, working memory, verbal learning, verbal fluency,
and executive function [25]. However, patients showed a slight de-
crease in consistency of autobiographical memory recall that may have
been more related to time than to the treatment.

Collectively, preclinical and clinical evidence suggests that MST has
benign neurocognitive effects and based on preliminary evidence could
possibly have neurocognitive enhancing effects. Should MST have
neurocognitive enhancement effects, that would be useful given that
neurocognitive difficulties are central to many neuropsychiatric ill-
nesses. Future research is warranted to determine the neurocognitive
effects of MST across various technical parameters (e.g., coil type, sti-
mulation frequency) and neuropsychiatric conditions (e.g., TRD, schi-
zophrenia, bipolar disorder). Given the more benign cognitive profile,
MST may in future prove to be a useful option for those patients with
pre-existing cognitive decline.

7. Mechanisms of action and neurophysiological and metabolic
effects

The mechanisms of antidepressant action of MST remain unknown;
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Table 1
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Comparison between electroconvulsive therapy (ECT) and magnetic seizure therapy (MST).

Convulsive method ECT

MST

Stimulating method Electric fields

Focality Non-focal
Stimulating tool Electrodes
Antidepressant effects Yes

Neurocognitive effects
magnitude depends on the stimulation parameters
Headache

Nausea

Other adverse effects

Anesthesia related adverse effects

Transient cognitive adverse effects that can last up to 6 months or longer,

Magnetic fields

Relatively focal

Coil

Yes

Little or no cognitive adverse effects, may also enhance cognition,
magnitude depends on the stimulation parameters

Relatively less headache than associated with ECT.

Relatively less nausea than associated with ECT.

Similar anesthesia related adverse effects as in ECT.

however, it is thought that the mechanisms are similar to those in ECT.
In a preliminary study, MST was found to induce neuroplasticity in
excitatory and inhibitory circuits in the frontal areas measured through
TMS-induced EEG responses [28]. MST has also been observed to in-
duce changes in functional connectivity, especially in the beta-fre-
quency band [37]. Changes in functional connectivity after MST have
also been found through EEG microstate analysis, which is a method
that evaluates the spatial stability of the brain network dynamics with
time [38]. Microstate changes following MST were not specific to any
network, but a decrease of relative power above 17 Hz was detected
[38]. The clinical and cognitive meaning of these changes remains
unclear.

Metabolic changes have also been associated with MST [34,35,39].
Particularly, a study that included 12 patients with TRD found an in-
crease in metabolic activity in the frontal cortex and a decrease in the
left striatum with fluorodeoxyglucose positron emission tomography
(FDG-PET) [35]. Another study with 10 patients with TRD used FDG-
PET to evaluate metabolic changes produced by MST and found in-
creased metabolism in the basal ganglia, orbitofrontal cortex, medial
frontal cortex and DLPFC [39]. Furthermore, a case study of a single
patient with TRD observed increased metabolism in the left fronto-
parietal region and the brainstem with 99mTc-hexamethylpropylenea-
mineoxime single photon emission computed tomography (HMPAO
SPECT) [34]. Overall, these metabolic changes found were in brain
regions closely associated with MDD.

8. Towards personalized seizure therapy

MST allows the clinician to focus the delivered electric field and
resultant seizure to targeted regions of the brain. Using frameless ste-
reotaxic methodology, coil placement can be guided with millimeter
resolution to the patient’s own anatomy in real-time using structural
and functional imaging. This spatial precision enables for the first time
the ability not only to focus seizure therapy precisely, but also the
ability to individualize its delivery based on individual circuitry.
Research has generated emerging biomarkers of response to ECT
[40,41] which represent potential therapeutic targets for MST, in-
forming where to target the MST coil and also providing measures of
target-engagement to evaluate whether clinical benefit is mechan-
istically linked to changes in the target. Most of the work to date to
optimize MST has focused on avoiding non-targets linked to cognitive
side effects, such as the hippocampus. The benign cognitive profile of
MST demonstrates that hippocampal sparing can be cognition sparing.
What remains to be determined is how to optimize efficacy of MST by
selecting circuits essential to antidepressant response and target those
based on individual anatomy and physiology. In so doing, not only may
we achieve a means of effectively treating each patient, we will also be
able to test the causal mechanisms of antidepressant response to seizure
therapy, which remains an unanswered question not only for MST but
for ECT as well.
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9. Summary and future directions

MST is a promising non-invasive neuromodulation treatment with
demonstrated antidepressant properties and relatively benign neuro-
cognitive adverse effects (see Table 1). Despite this, MST field has ad-
vanced slowly because MST is a new technology and we still need re-
search to replicate and confirm the positive findings. To date, MST has
been tested in computational models, preclinical studies, and clinical
investigations in patients with unipolar and bipolar depression, and in
schizophrenia. Many questions remain, including mechanisms of ac-
tion, optimal treatment paradigms and predictors of response. As such,
future research is warranted to identify optimal treatment parameters,
mechanisms of action, applicability across neuropsychiatric disorders,
neurocognitive effects, and optimal means to select those most likely to
respond as well as how to personalize the treatment for each individual.
Given its spatial precision and existing tools to target the treatment to
individual anatomy and physiology, MST has an exciting potential to
translate the emerging biomarkers of response to ECT into selective and
precisely delivered treatments for each patient.
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