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Abstract

Introduction: Magnetic seizure therapy (MST) is a new convulsive therapy that is as
effective as traditional electroconvulsive therapy (ECT) in treating depression but
with fewer cognitive side effects. The aim of this study was to compare the efficacy
and cognitive effects between MST (100 Hz applied over the vertex) and bifrontal
ECT for treating patients with depressive episodes.

Methods: Forty-five patients with depressive episodes were enrolled, with 18 re-
ceiving MST and 27 receiving ECT. MST was administered over the vertex with
100 Hz frequency. Treatment consisted of six sessions. The 17-item Hamilton Rating
Scale for Depression (HAMD-17) was used to assess the severity of depression. The
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was
used to assess cognition. Assessments were performed at baseline and after the third
and sixth treatment sessions.

Results: Both MST and ECT improved the patients’ depressive symptoms signifi-
cantly, yet no significant difference was found between the two groups (p > .05).
The response rates and remission rates of MST and ECT were 72.2% versus 81.5%
and 61.1% versus 63.0%, respectively. The MST group showed significant improve-
ments in immediate memory (p < .001), delayed memory (p = .002), and attention
(p < .001) than ECT. The recovery times for consciousness (p < .001), spontaneous
breathing (p < .001), and orientation (p < .001) were shorter in MST group than ECT
group. RBANS improvements were negatively correlated with the recovery time for
orientation (r =.561, p < .001).

Conclusion: Magnetic seizure therapy showed similar efficacy to bifrontal ECT for
treating depressive episodes. While MST may be an effective alternative to ECT,

larger randomized trials are needed.
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1 | INTRODUCTION

Depression is a common mental disorder, affecting approximately
4.4% of the world's population (Smith, 2014). In the next 20 years,
depression will likely become the leading cause of disability, result-
ing in higher suicide rates and substantial social and economic bur-
dens globally (Blackburn, 2019). While antidepressants are the most
common treatment for depression, only 56% of patients respond
positively to these drugs and 44% of patients have treatment-re-
sistant depression (Bergfeld et al., 2018). In addition, antidepres-
sants do not provide rapid benefits, with most patients requiring
4-8 weeks of continuous therapy to experience benefits (Huda
et al., 2018). Electroconvulsive therapy (ECT) is the most effective
and rapid treatment for depressive episodes (Hermida et al., 2018),
with remission rates of 50%-75% in patients with severe depression.
However, the use of ECT is limited due to its adverse effects, in-
cluding memory loss and cognitive impairments (Bodnar et al., 2016;
Napierata et al., 2019).

As an alternative to ECT, magnetic seizure therapy (MST) is a new
type of convulsive therapy (Eric et al., 2015). Specifically, MST is a
neuromodulation technique that applies high-frequency repetitive
transcranial magnetic stimulation to induce therapeutic seizures
(Luber et al., 2013). MST provides directed and focal stimulation,
while avoiding the direct stimulation of the deep medial temporal
lobe, a region of the brain associated with cognitive impairments
in ECT ("Magnetic seizure therapy reduces suicidal ideation and
produces neuroplasticity in treatment-resistant depression" Sun
et al.,2018). Hence, MST is a promising alternative to ECT, and sev-
eral studies have verified its efficacy for depression and other men-
tal disorders (Daskalakis etal., 2020; Fitzgerald et al., 2018; Jiang
et al,, 2018; Tang et al., 2018). However, additional comparative
studies are needed to assess the efficacy, systemic, and cognitive
adverse effect profiles of MST and ECT.

Based on these previous findings, we conducted this rat-
er-blinded, controlled study to compare the efficacy and cognitive
effects of MST and ECT in Chinese patients with depression. In this
study, we aimed to compare the clinical efficacies and cognitive ef-
fects of MST (100 Hz applied over the vertex) and bifrontal ECT in
patients with depressive episodes. We hypothesized that MST and
ECT would result in similar improvements in depressive symptoms,
yet MST would produce fewer cognitive side effects, such as mem-

ory loss.

2 | MATERIALS AND METHODS
2.1 | Study design and participants

The study was a rater-blinded, non-randomized comparative study.
Eligible patients and their legal guardians decided which arm (MST or
ECT) to enter for the clinical trial.

Participants were recruited from the outpatient and inpatient ser-

vices of Beijing Anding Hospital, Capital Medical University (Beijing,

China). The protocol was approved by the Ethics Committee of
Beijing Anding Hospital, Capital Medical University. All participants
or their direct family members were required to provide written in-
formed consent before entering the study. The trial was registered
in the Chinese Clinical Trial Register (ChiCTR-ONN-17010740) on
February 27, 2017.

All participants ranged from 18 to 60 years of age and were
required to meet the diagnostic criteria for depressive episodes,
according to the Diagnostic and Statistical Manual of Mental
Disorders-IV-TR (First et al., 2002). In addition, the score of the
17-item Hamilton Rating Scale for Depression (HAMD-17) had to
be 17 or greater, and convulsive therapy was recommended by the
clinicians (Hamilton, 1960). Diagnostic interviews were conducted
by experienced psychiatrists who were trained before the assess-
ment. Exclusion criteria for this study included comorbid psychiat-
ric and medical conditions; substance abuse or dependence (except
nicotine dependence); serious medical illnesses like cardiovascular,
hepatic, renal, respiratory, hematological, endocrinological, head
trauma, and seizure disorders; significant laboratory abnormalities;
having received convulsive therapy or taking long-acting anticonvul-
sant medications within 1 month of enrollment; female patients who
were pregnant or planned to become pregnant; a history of anes-
thetic or muscle relaxant allergies, such as propofol, etomidate, or
succinylcholine. In addition, patients with electromagnetic implants
were excluded from the study. The concurrent use of SSRI medi-
cations was permitted; however, the participants were required to
keep antidepressants on stable dosage throughout the study. The
concurrent use of benzodiazepines was not allowed. Treatment dis-
continuation was decided by the patient's wish to withdraw from the
study at any time or by psychiatrists based on medical complications
or other conditions.

2.2 | Patient assessments

Clinical symptoms were assessed using the HAMD-17 and
Hamilton Anxiety Rating Scale (HAMA) (Hamilton, 1959) by ex-
perienced psychiatrists who were trained before the assessment.
The Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) (Silverberg et al., 2007) was used to measure cog-
nitive function. The RBANS generates five index scores for five
neurocognitive domains, including immediate memory, visuospa-
tial and constructional abilities, language, attention, and delayed
memory. All assessors were blinded to the treatments of the par-
ticipants. Participants were assessed three times, including before
the treatment (baseline), after the third treatment session, and
after the sixth treatment session. Ictal seizure durations were re-
corded by visual observation. Seizure duration, recovery time of
breathing, consciousness, and orientation were recorded by the
nurse or research assistant. The primary outcome measure was
defined as the change in RBANS score between baseline and post-
treatment. The secondary outcome measures were the response

rates and remission rates of MST and ECT.
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2.3 | MST treatment

Based on previous studies (Eric et al., 2015; Milev et al., 2016; de Sousa
et al,, 2015), the patients received a total of six treatment sessions in
this study. The patients were treated on days 1, 2, 3, 5, 7, and 9. MST
was administered using the MST stimulator and circular coil (Magstim
Inc.). The coil diameter was 130 mm, and the international standard
10-20 EEG system was used to establish the position of the coil's
center. The coil's center was placed over the vertex of the patient's
head, in the middle site of P3 and P4. The stimulation frequency was
100 Hz, with 100% maximum stimulator output. The maximum stimu-
lation duration was 10s (Eric et al., 2015; Milev et al., 2016; de Sousa
etal., 2015). General anesthesia was induced with propofol (1.5 mg/kg)
and muscle relaxation with succinylcholine (0.5 mg/kg).

2.4 | ECT treatment

Based on previous studies (Boroojeny et al, 2012; Hirano
et al., 2017; Kellner et al., 2015), participants received six treatment
sessions of ECT with a bifrontal electrode in this study. The patients
were treated on days 1, 2, 3, 5, 7, and 9. ECT was administered with
a brief-pulse constant current apparatus (Somatics Thymatron®)
(Teraishi et al., 2012). The dosage was determined using the half-age
method in this study (Chanpattana et al., 2000). General anesthesia
was induced with propofol (1.5 mg/kg), and succinylcholine (0.5 mg/

kg) was used for muscle relaxation (Wang et al., 2012).

2.5 | Statistical analysis

The statistical analysis was performed using the Statistical Package
for the Social Sciences, version 22.0 (SPSS Inc.). Statistical significance
was set at the level of 0.05, two-tailed. Demographic, clinical, and
cognitive data were shown as the mean + SD. The demographic and
clinical characteristics at baseline were compared between MST and
ECT groups using the between-group t tests. Frequency counts of re-
sponse and remission status were compared using the Chi-square test.
Repeated measures analysis of variance (ANOVA) was applied to eval-
uate group and time-dependent effects of MST and ECT on the scores
of HAMD-17 and RBANS. Pearson's correlation test was performed to
examine the correlation between the changes in RBANS scores for the
pre-treatment and post-treatment, seizure duration, breathing recov-
ery time, consciousness recovery time, and orientation recover time.

3 | RESULTS
3.1 | Participants
A total of 52 patients were assessed for eligibility in this study. The

patients were screened from Beijing Anding Hospital, Capital Medical

University (Beijing, China) between March 2017 and September
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2017. Six patients failed to meet the inclusion criteria (HAMD < 17)
and were excluded from the study. In addition, one patient was ex-
cluded due to a suspected cerebral hemorrhage. Hence, 45 right-
handed patients with depressive episodes participated in the study,
of which 18 received MST and 27 received ECT. All participants
completed the entire study protocol and experienced treatment-in-
duced seizures successively during each session. The demographics
and clinical characteristics of the participants, including age, gender,
medication use, disease duration, and baseline clinical measures,
were summarized in Table 1. There were no statistical differences in

baseline characteristics between the two groups (p > .05).

3.2 | Clinical outcomes

In both groups, significant reductions were detected in the severity
of depressive symptoms (HAMD-17: F = 152.933, p < .001) and anxi-
ety symptoms (HAMA: F = 83.397, p < .001) after treatment com-
pared with baseline. There were no significant differences between
two groups in terms of depression symptoms (HAMD-17: F = 0.018,
p =.982), anxiety symptoms (HAMA: F = 0.564, p = .571), comparing
the change of pre- and post-treatment between the two treatment
groups (Table 2). The reductions of HAMD-17 and HAMA from base-
line were significant after three treatment sessions in both groups,
but no significant differences were detected between the two treat-
ment groups (Figure 1).

Treatment response was defined as >50% improvement in
HAMD, as compared with the baseline values and a remission was
defined when HAMD-17 < 7. After three treatment sessions, there
were no significant differences between MST and ECT groups in
response rates (61.11% vs. 62.96%, respectively, p > .05) or remis-
sion rates (29.63% vs. 33.33%, respectively, p > .05). After six treat-
ment sessions, there were no significant differences between the
MST and ECT groups in response rates (72.22% vs. 81.48%, respec-
tively, p > .05) and remission rates (61.11% vs. 62.96%, respectively,
p > .05), as shown in Figure 2.

3.3 | Duration of seizures

The average seizure duration for treatments 4, 5, and 6 was longer
in ECT group than MST group (F = 7.651, p = .008). There were no
significant differences in seizure duration for treatments 1, 2, and 3
between the two treatment groups (Figure 3).

3.4 | Recovery times for breathing,
consciousness, and orientation

Time to orientation is the time from the end of the seizure to pa-
tients regaining their sense of orientation. There were significant
differences in the recovery time of breathing (F = 6.696, p = .013),
consciousness (F = 22.48, p < .001), and orientation (F = 14.688,
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TABLE 1 Demographics and clinical characteristics of enrolled patients (n = 45)

MST group (n = 18) ECT group (n = 27) t/? p
Age, mean (SD), years 29.00(8.32) 32.78 (8.84) -1.437 158
Sex
Male, No. (%) 2(11.11%) 5(18.52%) 0.063 .801
Female, No. (%) 16 (88.89%) 22 (81.48%)
Years of Education, 13.11 (3.10) 13.00(3.41) 0.111 912
mean (SD)
Age at onset, mean (SD), 24.72 (6.86) 24.96 (7.90) -1.420 163
years
Duration of illness, mean 3.77(3.77) 4.47 (5.42) -0.474 .683
(SD), years
Frequency of depressive 2.22(1.73) 2.63(2.04) -0.695 491
episodes, mean (SD),
times
Frequency of 1.39 (0.61) 1.63(1.18) -0.795 431
hospitalizations, mean
(SD), times
Family history of mood 9 (50%) 12 (44.44%) 0.134 714
disorders, No. (%)
Lifetime suicidal 15 (83.33%) 21(77.78%) 0.006 .939
ideation/attempts,
No. (%)
Complications, No. (%) 5(27.78%) 8(29.63%) 0.018 .893
Medications
Antidepressants, No. 13 (68.42%) 19 (70.37%) 0.018 .893
(%)
Antipsychotics, No. (%) 10 (55.56%) 13 (48.15%) 0.237 626
Mood stabilizers, No. 7 (38.89%) 10 (37.04%) 0.016 .900
(%)
Baseline clinical symptom and cognitive function
HAMD-17 total scores,  27.39 (7.31) 26.81(5.91) 0.290 773
mean (SD)
HAMA-14 total scores,  29.56 (10.42) 28.67 (8.55) 0.313 756
mean (SD)
RBANS, mean (SD)
Immediate memory 80.28 (18.17) 76.26 (17.13) 0.753 456
Visuospatial 89.67 (14.54) 96.19 (17.88) -1.287 .205
Language 95.94 (14.36) 92.78 (15.83) 0.682 499
Attention 90.72 (15.52) 90.85 (17.40) -0.026 .980
Delayed memory 86.44 (22.66) 84.37 (20.38) 0.320 751
Total score 85.67 (16.60) 85.11 (16.60) 0.110 913

Abbreviations: HAMA, Hamilton Anxiety Scale for 14-items; HAMD-17, The Hamilton Depression Rating Scale for 17-items; RBANS, Repeated

Battery for the Assessment of Neuropsychological Status.
p < .001) between the two groups (Figure 4). The recovery times of

breathing, consciousness, and orientation were significantly shorter

in MST group, as compared with ECT group.

3.5 | Cognition: RBANS score

After undergoing treatment on days 3 and 9, the composite scores

for RBANS in MST group were significantly improved in comparison

to the baseline values, and the improvement was significantly bet-
ter than ECT group as the group time interaction was significant
(p < .01). However, there was no significant change in RBANS scores
in ECT group after days 3 and 9 treatment (p > .0.5).

In addition to improvement in the composite RBANS scores, the
three dimensions of immediate memory, delayed memory, and at-
tention were significantly improved in MST group after days 3 and
9 treatments, and these values were significantly better than those

of ECT group (group time interaction was significant, p < .01). There
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FIGURE 1 The trend of HAMD
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FIGURE 3 Comparison of seizure durations between MST and
ECT groups

was no significant change in the cognitive function of patientsin ECT
group (p > .05). In MST group, there were no significant differences
in the two dimensions of speech and visual spatial memory between
the days 3 and 9 treatments (p > .05), and there were no signifi-
cant improvements in the scores of the two groups after treatment
(Table 2).

the recovery time for breathing and consciousness as control
variables, the results showed that the recovery time for orienta-
tion and changes in total RBANS scores were negatively corre-
lated (r = -.309, p = .047). Using RBANS total score as dependent
variable, seizure duration, and the recovery time for breathing,
consciousness, and orientation as independent variables, the re-
gression equation was Y = 18.144-0.014x. Hence, the differences
between RBANS total scores decreased by 0.014 on average for
each unit of increase in the recovery time of orientation. The re-
covery time for orientation could explain the variance of RBANS
total scores.
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FIGURE 4 Recovery times for breathing, consciousness, and orientation in MST and ECT groups

4 | DISCUSSION

Magnetic seizure therapy is a new type of convulsive therapy that
induces seizures similar to ECT, but with greater control over the
induction and spread of the seizures (Fitzgerald et al., 2018; Kayser
et al., 2020). In this study, we found no significant differences in
clinical outcomes between MST and ECT, and response rates and
remission rates were numerically better for patients receiving ECT.
The response rates were 72.2% and 81.5% for MST and ECT, re-
spectively. The remission rates were 61.1% and 63.0%, respectively.
The findings are consistent with previous reports in the literature,
showing that the response rates of MST range from 50% to 75%
(Backhouse et al., 2018; Eric et al., 2015; Polster et al., 2015; Radman
& Lisanby, 2017).

Our findings are consistent with previous studies concerning
the impact of MST on cognition (Cycowicz et al., 2009; Mcclintock
etal., 2011). We observed no cognitive impairments with ECT, and we
found cognitive improvements with MST. First, the effect on mem-
ory and attention was significantly different between MST and ECT
treatment groups (Cycowicz et al., 2009, 2017; Lisanby et al., 2003;
Mcclintock et al., 2011). MST has been shown to improve both
immediate and delayed memory, along with attention (Cycowicz
etal., 2009, 2017; Lisanby et al., 2003; Mcclintock et al., 2011). Since
there was no significant difference in antidepressant efficacy be-
tween MST and ECT, the improvements in cognitive function were
less likely due to the improvement of depressive symptoms. The dif-
ferences in the effect of cognitive function between MST and ECT
may be related to their different mechanisms on brain function (Lee
etal., 2017).

Magnetic seizure therapy affects the brain function of the stim-
ulation site directly, while other brain areas are impacted through
anatomical and functional connectivity (Atluri et al., 2018; Deng
et al., 2013). ECT produces its therapeutic effect through two elec-
trodes acting on the brain, so it impacts more extensive areas of
the brain, including deep brain areas like the hippocampus, which
is why ECT can lead to memory loss. MST and ECT have similar
effects on a, B, and y waves, yet the effect on 6 waves is more signif-

icant on ECT than MST. Hence, 0 waves may be related to cognitive

function (Eitan & Lerer, 2006; McClintock et al., 2013; Peterchev
et al., 2015).

Finally, a few limitations of this study should be acknowledged,
including the non-randomized design, the relatively small sample,
and the relatively limited numbers of treatments. Additionally, the
electrode placement and dose of electricity in the ECT group might

have contributed to more severe side effects in the group.
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