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Magnetic seizure therapy (MST) for major depressive disorder
Zafiris J. Daskalakis1, Julia Dimitrova1, Shawn M. McClintock2, Yinming Sun1, Daphne Voineskos1, Tarek K. Rajji1, David S. Goldbloom1,
Albert H. C. Wong1, Yuliya Knyahnytska 1, Benoit H. Mulsant1, Jonathan Downar 3, Paul B. Fitzgerald4 and Daniel M. Blumberger1

Electroconvulsive therapy (ECT) is effective for major depressive disorder (MDD) but its effects on memory limit its widespread use.
Magnetic seizure therapy (MST) is a potential alternative to ECT that may not adversely affect memory. In the current trial,
consecutive patients with MDD consented to receive MST applied over the prefrontal cortex according to an open-label protocol.
Depressive symptoms and cognition were assessed prior to, during and at the end of treatment. Patients were treated two to three
times per week with high-frequency MST (i.e., 100 Hz) (N= 24), medium frequency MST (i.e., 60 or 50 Hz) (N= 26), or low-frequency
MST (i.e., 25 Hz MST) (N= 36) using 100% stimulator output. One hundred and forty patients were screened; 86 patients with MDD
received a minimum of eight treatments and were deemed to have an adequate course of MST; and 47 completed the trial per
protocol, either achieving remission (i.e., 24-item Hamilton Rating Scale for Depression score <10 and a relative reduction of >60%
at two consecutive assessments; n= 17) or received a maximum of 24 sessions (n= 30). High-frequency (100 Hz) MST produced the
highest remission rate (33.3%). Performance on most cognitive measures remained stable, with the exception of significantly
worsened recall consistency of autobiographical information and significantly improved brief visuospatial memory task
performance. Under open conditions, MST led to clinically meaningful reduction in depressive symptoms in patients with MDD and
produced minimal cognitive impairment. Future studies should compare MST and ECT under double-blind randomized condition.
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INTRODUCTION
Major depressive disorder (MDD) is a leading cause of global
disease burden. It produces functional impairment and is
associated with significant morbidity and mortality [1, 2]. About
33% of patients with MDD achieve remission of their depressive
symptoms after a single trial of antidepressant medication. Even
with multiple medication trials, 30–40% of patients do not
improve significantly [3] and are categorized as suffering from
treatment resistant depression (TRD).
Electroconvulsive therapy (ECT) is the most effective treatment

for TRD with remission rates between 40 and 70% [4].
However, <1% of patients with TRD receive ECT [5]. Patients,
families, and healthcare providers often do not consider ECT as a
treatment option due to fear, stigma, and concerns regarding
adverse cognitive effects associated with ECT [5]. Thus, there is a
need for new treatment alternatives for patients with MDD. One
such option is magnetic seizure therapy (MST).
In ECT, shunting of electrical current by the scalp and skull and

conduction of electrical current through the cerebrospinal fluid
results in a nonfocal and large total electrical charge delivered to
the brain [6]. Such diffuse activation may be the mechanism
through which neurocognitive adverse effects (e.g., memory
impairment) occurs. By contrast, the magnetic fields used in
MST are unimpeded and thus focal, requiring a lower total
electrical charge to elicit an effective seizure [6]. This may account
for the reports of absent or minimal effects of MST on
neurocognitive function [7].

Early research suggested that MST is safe, well-tolerated, and
has antidepressant effects [8, 9]. Kayser et al. combined the results
of a randomized clinical trial and an open-label trial of 100 Hz MST
in a total of 26 patients with MDD, the response rate was 69% and
the remission rate, 48% [10]. There were no significant adverse
neurocognitive effects. Another study investigated the effects of
MST in 13 patients in an open-label clinical trial of up to 18
treatment sessions with 100-Hz MST [11]. Overall, depression
severity decreased and ~38% of the patients who completed the
study met response criteria; the neurocognitive effects were
benign. Lastly, Fitzgerald et al. [12] published on 37 patients who
completed a course of at least nine ECT or MST treatments in a
randomized double-blind protocol. They found that there was no
clinically significant difference between MST and ECT and also
reported no significant differences between the two treatments
on cognitive performance.
In addition to their small samples, all these MST studies had

limitations. They assessed 100 Hz delivered to the vertex.
However, some evidence suggests that lower frequencies may
be more effective at inducing seizures. For example, animal data
show that the optimal frequency for seizure induction with MST is
~22 Hz [13]. Targeting the vertex may also limit antidepressant
efficacy as the pathophysiology of depression is closely associated
with prefrontal neurocircuitry [14]. Finally, the total number of
treatments was relatively short (e.g., up to 15). Thus, we conducted
a study to evaluate the antidepressant and neurocognitive effects
of MST applied at low, medium, and high frequencies over the
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prefrontal cortex for up to 24 treatments. We hypothesized that
MST would produce significant rates of depressive symptom
remission with negligible effects on cognition.

METHODS
Overall design
This study involved an open-label design with assessments of
depression severity, subjective side-effects, and neurocognitive
performance. We evaluated the efficacy of prefrontal MST at the
following frequencies in three cohorts: (i) high-frequency MST (i.e.,
100 Hz); (ii) moderate frequency MST initially applied at 50 Hz,
then at 60 Hz—the highest frequency at which MST can be
administered at 100% intensity continuously (without a roll-off
effect on stimulation intensity); and (iii) low-frequency MST (i.e.,
25 Hz). The moderate frequency 60 Hz cohort was treated last in
the sequence above.

Patients
Patients with MDD with or without psychotic features were
recruited at the Center for Addiction and Mental Health (CAMH;
Toronto, Ontario). The protocol was approved by the CAMH
Research Ethics Board in accordance with the Declaration of
Helsinki. All patients provided written informed consent.
Patients were included if they: (1) had a DSM-IV-TR major
depressive episode with or without psychotic features in the
context of a diagnosis of MDD, (2) were referred for a course of
ECT, (3) were 18–85-year-old, (4) had a 24-item Hamilton Rating
Scale for Depression (HRSD-24) total score of >21, and (5) were
on a medically-acceptable form of birth control, if a woman of
child-bearing potential. Patients were excluded if they: (1) had
unstable medical and/or neurological condition or were
currently pregnant or lactating, (2) were not considered
sufficiently physically stable to undergo general anesthesia, (3)
had a cardiac pacemaker, cochlear implant, implanted electronic
device, or non-electric metallic implant, (4) were taking a
benzodiazepine at a dose greater than lorazepam 2mg or
equivalent, (5) were taking any anticonvulsant medications, (6)
had active substance misuse within the past 3 months, (7) had a
diagnosis of delirium, dementia or a cognitive disorder
secondary to a general medical condition, (8) had a lifetime
diagnosis of an Eating Disorder, (9) had other significant
neuropsychiatric comorbidity, (10) had a history of any suicide
attempt in the past 6 months, and (11) met diagnostic criteria
for antisocial or borderline personality disorder on the Struc-
tured Clinical Interview for DSM-IV-TR Axis II Personality
Disorders (SCID-II). Eligible patients were treated at the Temerty
Centre for Therapeutic Brain Intervention at CAMH. If receiving a
course of pharmacotherapy for their current depressive episode
at the time of enrollment, patients were allowed to continue and
instructed not make any changes during the duration of their
enrollment. Information regarding concomitant medications
was collected at baseline and after every three treatments to
monitor for any changes.

Clinical measures
Demographic information, medical history, and concomitant
medications were recorded at the screening visit. Baseline medical
comorbidity was assessed with the Cumulative Illness Rating Scale
[15]. Neuropsychiatric diagnosis was confirmed using the Struc-
tured Clinical Interview for the DSM-IV-TR (SCID-I), and depression
severity was quantified with the HRSD-24. The Antidepressant
Treatment History Form (ATHF) was used to document treatment
resistance level [16, 17].
Depressive symptoms were assessed at baseline, after every

three treatments, and at the end of the treatment course.
Response was defined as ≥50% reduction in the HRSD-24 total
score from baseline to end of treatment. Remission was defined as

a post HRSD-24 total score ≤10 and ≥60% relative decrease in
total score from baseline on two consecutive ratings.

Neurocognitive assessment
Patients completed a comprehensive neurocognitive battery of
measures that assessed multiple neurocognitive domains includ-
ing global cognitive function, premorbid intellectual ability,
processing speed, attention, learning and memory, working
memory, autobiographical memory, and executive function.
Specific instruments included the Montreal Cognitive Assessment
Test (MoCA) [18], Wechsler Test of Adult Reading [19], Controlled
Oral Word Association Test (COWAT) [20], and the MATRICS
Consensus Cognitive Battery (MCCB) which includes the following
tests: Category Fluency Test, Trail Making Test, Symbol Coding
Test, Hopkins Verbal Learning Test-Revised (HVLT-R), Brief
Visuospatial Memory Test-Revised (BVMT-R), Spatial Span Test,
Letter Number Sequencing Span, Mazes Test [21]. The Stroop
Neuropsychological Screening Test [22], and the Autobiographical
Memory Interview Short Form (AMI-SF) [23] were also used.
Alternate forms were used for the following assessments after the
initial baseline data collection: MoCA (versions 7.1, 7.2, 7.3), HVLT-R
(Forms 1, 3, 5), and BVMT-R (Forms 1, 2, 3).
Patients completed neurocognitive assessments at baseline and

the end of the treatment course. In addition, time to reorientation
was assessed after each MST treatment and followed published
recommendations [24].

MST treatment procedure
MST was delivered over the frontal cortex using the MagPro MST
device with a bilateral dual circular coil, the Twin Coil (Twin Coil—
XS). At the first MST session, the seizure threshold was titrated
using a predefined dosing schedule. During titration, a maximum
of three stimulations were administered in the same session
provided that the coil temperature allowed for a third stimulation.
If an adequate seizure was not produced by the third stimulation,
titration continued at the next treatment session until threshold
was reached. Titration schedules were determined based on the
frequency of stimulation and the MST device stimulation capacity.
If stimulation was administered at 50, 60, or 100 Hz, titration would
begin with 2 s of stimulation and increase in increments of 2 s,
until a maximum stimulus of 1000 pulses was reached (Table 1).

Table 1. MST treatment parameters

Frequency

100 Hz 60 Hz 50 Hz 25 Hz

Duration Number of pulses

2 200 120 100

4 400 240 200 100

6 600 360 300

8 800 480 400 200

10 1000 600 500

12 720 600 300

14 840 700

16 960 800 400

18 900

20 1000 500

MST was administered at maximum stimulator output (100% intensity),
although there is a roll-off effect at frequencies higher than 60 Hz. The
maximum numbers of pulses administered in a single stimulation was
1000 pulses based on device operating specifications. For 25 Hz, the
maximum was 500 pulses or 20 s, as this is the maximum duration at which
the device could provide continuous stimulation
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The dose was adjusted based on treatment response. Similarly, at
25 Hz stimulation, titration would begin with 4 s of stimulation and
increase in increments of 4 s, until the maximum dose of
500 pulses was reached. After the titration session, stimulation was
administered at a dose three times that of the initial seizure-
producing threshold. If the patient had no seizure, another
stimulation would be administered at the next dose on the
titration schedule. If maximum dose was applied (i.e., 1000 or
500 pulses), a second stimulation using the same parameters was
administered during the same session. Patients were treated two
to three times per week until they achieved depressive symptom
remission or completed a maximum of 24 MST sessions.

Anesthesia
Anesthesiologists experienced in ECT administered general
anesthesia, with all patients started on methohexital
(0.375–0.75 mg/kg IV) and succinylcholine (0.5–1.0 mg/kg IV)
and mask ventilation with 100% oxygen. For patients with
inadequate seizures as determined by the trained study
psychiatrist, the dose of methohexital was decreased and
remifentanil (1.0–1.5 mcg/kg) was added as a second anesthetic
agent as used in convulsive therapy practice. Two patients were
switched to ketamine as the sole anaesthestic agent due to
inadequate seizures. Monitoring of blood pressure, oxygen
saturation, heart rate, and EKG occurred throughout each
session following standard clinical guidelines.

Data Analysis
All statistical analyses were conducted using the SPSS 24 statistical
software (IBM Inc.). The primary analysis included patients who
completed a minimally adequate trial of MST, defined as at least
8 sessions (i.e., adequate trial completers) [25]. In addition, a per-
protocol analysis included patients who completed the protocol
(i.e., protocol completers) by either completing the maximum of
24 sessions or achieving the defined criteria for remission. Baseline
differences in demographic and clinical variables were compared
between treatment groups. Continuous variables, i.e., ATHF scores,
seizure duration, and time to reorientation, were analyzed with
one-way analysis of variance (ANOVA). Categorical variables (i.e.,
proportions of responders and remitters) were analyzed with χ2
analyses, i.e., proportions of responders and remitters. All analyses

were two-tailed with a significance level set at α= 0.05.
Neurocognitive outcomes were analyzed using paired samples t-
tests for baseline and post-treatment data. In order to minimize
false positive findings due to overinflation of the alpha values due
to the large number of comparisons, neurocognitive findings were
considered to be significant at α= 0.005.

RESULTS
Patient flow, sample characteristics, and follow-up
Of the 140 patients consented and screened for eligibility, 24 did
not meet inclusion criteria, 6 declined participation, 2 did not
receive treatment due to a device malfunction, 15 withdrew from
the study, and 7 were discontinued prior to completing an
adequate MST course. Thus, the primary analysis included 86
patients with MDD who completed a minimally adequate MST
course (i.e., at least 8 sessions). There were 47 patients who were
protocol completers (see CONSORT Diagram). The patients’
baseline demographic and clinical characteristics are summarized
in Table 2. A one-way ANOVA revealed no significant differences
between the three frequency groups on age, baseline HRSD score,
years of education, number of previous depressive episodes,
duration of the current episode, and age at onset of depressive
illness. Chi-square analyses revealed a significant difference
between the moderate and high-frequency group on number of
individuals endorsing a recurrent episode of depression, with a
significantly higher proportion in the high-frequency group. No
other significant differences were found.

Antidepressant treatment history
Adequate trial completers. Among the patients who completed
an adequate trial, a mean (±SD) of 5.57 (±2.95) medication trials
was recorded for the current episode on the ATHF. The mean
number of medication trials for the current episode was 5.86
(±2.98) for the low-frequency MST group, 6.60 (±2.93) for the
moderate frequency MST group, and 3.96 (±2.29) in the high-
frequency MST group. There was a significant difference between
the stimulation frequency groups for the mean number of
medication trials recorded for the current episode (F(2, 76)=
7.19, p= 0.001). There was also a significant difference between
groups for number of adequate antidepressant trials in the current

Table 2. Demographic and clinical characteristics

Frequency

Overall Low Moderate High F χ2

M (SD) M (SD) M (SD) M (SD)

DSM IV-TR Diagnosis—MDD (n) 86 36 26 24

Sex (% females) 57.4 53.5 59.5 61.5 nsa

Education (years) 15.31 (2.95) 15.21 (2.64) 15.39 (2.96) 15.58 (3.38) 0.57

Age at enrollment 46.85 (13.31) 46.87 (12.50) 47.49 (13.06) 45.92 (15.37) 0.08

Age at onset 26.97 (14.75) 27.84 (16.79) 26.89 (13.89) 25.65 (12.57) 0.50

Baseline HRSD 0.42

Length of current MDE (weeks) 178.54 (182.07) 170.89 (18.23) 225.35 (195.59) 125.15 (152.69) 0.22

Recurrent MDE (% yes) 77.8 77.8 70.3 88.5 3.93b

ATHF cumulative strength rating (current MDE) 13.46 (8.85) 14.89 (9.50) 15.65 (8.76) 8.16 (5.07) 5.20*

Total medication trials (current MDE) 5.57 (2.95) 5.86 (2.98) 6.60 (2.93) 3.96 (2.29) 7.20**

DSM-IV-TR diagnostic and statistical manual of mental disorder IV-text revision, MDD major depressive disorder, MDE major depressive episode, ATHF
antidepressant treatment history form
*p < 0.05; **p < 0.001
aChi-square tests revealed no significant differences between groups with respect to sex
bChi-square analyses revealed a significant difference between the moderate and high-frequency group on number of individuals endorsing a recurrent
episode of depression, with a significantly higher proportion in the high-frequency group
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episode, whereby patients in the low-frequency group (p= 0.03)
and moderate frequency group (p= 0.009) had significantly
higher adequate antidepressant trials than patients in the high-
frequency group.

Protocol completers. Among the patients who completed the trial
as per protocol, a mean (±SD) of 5.36 (±2.51) medication trials was
recorded for the current episode on the ATHF. The mean (±SD)
number of medication trials for the current episode was 5.32
(±2.11) for the low-frequency MST group, 6.80 (±2.94) for the
moderate frequency MST group and 4.47 (±2.39) in the high-
frequency MST group. There was no significant difference
between the stimulation frequency groups for the mean number
of medication trials recorded for the current episode (F(2, 41)=
2.83, p= 0.07). There was also no significant difference between
groups for number of adequate antidepressant trials in the current
episode (F(2, 29)= 2.98, p= 0.07).

EEG seizure duration
EEG seizure duration was calculated in patients who completed an
adequate trial of MST as the mean duration of the second
treatment and the last treatment. The mean (±SD) seizure
duration across all three groups was 46.74 (±22.51 s); for the
high-frequency group, it was 41.66 ( ± 22.57) s; for the moderate
frequency group, 51.19 (±22.34) s; and for the low-frequency
group, 46.64 (±22.56 s): these durations did not differ significantly
between the three groups (F(2, 81)= 1.07, p= 0.35). Readers are
referred elsewhere for a detailed analysis of other seizure
characteristics (e.g., post-ictal suppression, global seizure strength,
polyspike amplitude, etc.) in this sample [26].

Antidepressant effects
Adequate trial completers. High-frequency MST produced the
largest response rate (10 of 24; 41.7%), followed by low (12 of 36;
33.3%), and moderate (7 of 26; 26.9%) frequency MST. These rates
did not differ significantly. Also, high-frequency MST produced the
highest rates of remission (8 of 24; 33.3%) followed by moderate
(5 of 26; 19.2%) and low (4 of 36; 11.1%) frequency MST; only the
remission rate with high-frequency MST was significantly higher
that the remission rate with low-frequency MST (χ2(1)= 4.44, p=
0.04).

Protocol completers. High-frequency MST produced the highest
response rate (9 of 15; 60%), followed by low (11 of 19; 57.9%),
and moderate (7 of 13; 53.8%) frequency MST; these rates did
not differ significantly. Also, high-frequency MST produced the
highest remission rate (8 of 15; 53.3%), followed by moderate (5
of 13; 38.5%), and low (4 of 19; 21.1%) frequency MST; the
remission rates with high-frequency MST were significantly
higher that with low-frequency MST (χ2(1)= 3.825, p= 0.05). See
Figs. 1 and 2.

Time to remission
The mean (± SD) number of treatments associated with remission
was 15.71 ± 5.76 across all three frequency groups. The mean
number of treatments associated with remission in the high-
frequency group was 14.50+ 5.17, 17.40+ 3.91 for the moderate
frequency group was, and 15.50 ± 7.92 for the low-frequency
group. There were no significant differences between the three
groups (F(2,14)= 0.32, p= 0.73).

Time to reorientation
Reorientation time was calculated in adequate trial completers as
the mean time between the second treatment and the last
treatment. The overall mean (±SD) reorientation time across
all three groups was 10.52 ± 7.52min. The mean (±SD) reorienta-
tion time was 3.99 ± 4.07min for the high-frequency group,
13.44 ± 7.48 minutes for the moderate frequency group, and

12.40 ± 6.91 min for the low-frequency group. These reorientation
times differed significantly between the three groups (F(2, 81)=
15.25, p < 0.001); reorientation times were shorter with high-
frequency stimulation than with moderate frequency (p < 0.001)
and low frequency (p < 0.001) otherwise there were no significant
differences in reorientation times.

Neurocognitive function
Adequate trial completers. Across all patients, there was a
significant decrease from baseline to end on the AMI-SF scores
(t(71)= 17.56, p < 0.001). Consistency loss using AMI-SF scores was
also examined based on the percentage of autobiographical recall
inconsistency from the baseline score. When comparing post
treatment to baseline in our sample, we found an average of 19%
consistency loss. The patients receiving low-frequency MST had a
consistency loss of 16%, while patients in the moderate frequency
MST and high-frequency MST groups had a consistency loss of 28
and 17%, respectively. A one-way ANOVA revealed a significant
difference between treatment frequency on consistency loss (F(2,
69)= 9.42, p < 0.001), with the moderate frequency group
presenting with significantly more consistency loss as compared
to the low (p < 0.001) and high (p= 0.003) frequency groups.
There was a significant positive association (r= 0.42) between
consistency loss on the AMI and mean time to reorientation in the
overall sample. Within groups, this association was significant for
the low-frequency MST group (r= 0.44), but not the moderate and
high-frequency MST groups. There also was a significant increase
in the BVMT-R total recall (t(70)== 3.92, p < 0.001), and delayed
recall scores (t(70)=−4.32, p < 0.00; Table 3).

Fig. 1 Percentage of remitters based on treatment frequency
received and number of treatments completed. The error bars
attached to each column represent standard error

Fig. 2 Percentage of responders based on treatment frequency
received and number of treatments completed. The error bars
attached to each column represent standard error
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Protocol completers. Across all patients, there was a significant
decrease from baseline to end on the AMI-SF; it was consistently
found in all three MST frequency conditions, t(43)= 12.88,
p < 0.001; Table 3).

Safety
Among the 140 patients who signed consent and were screened
for eligibility, there were 17 serious adverse events (SAEs) that
affected 16 (11.4%) patients. SAEs that were deemed related or
possibly related to MST included the emergence of mania (n= 1),
hospitalization related to a fall and dislocated shoulder (n= 1), and
a superficial burn on the head due to a coil malfunction (n= 1).

DISCUSSION
MST was associated with a significant reduction in depressive
symptoms in patients with MDD, both in adequate trial and
protocol completers. The effect of MST was more pronounced in
the high-frequency stimulation group than in the low and
moderate frequency stimulation groups. There were no changes
in cognition except for a reduction in autobiographical memory
(AMI-SF scores) and an improvement in visuospatial memory
(BVMT-R scores) and delayed recall scores. Also, postictal
orientation times were significantly shorter in the high-
frequency group.
Our study was primarily limited by a lack of an active

comparator group. However, several important factors mitigate
this limitation. First, the remission and response rates observed in

the 100 Hz MST group are higher than that observed in MDD
patients with other forms of electromagnetic brain stimulation. For
example, in a recent meta-analysis, Berlim et al. [27] reported an
rTMS remission rate of 18.6% with active treatment and 5% with
sham stimulation in over 15 randomized controlled trials (RCTs)
and 450 participants. By contrast, in patients treated with high-
frequency MST, we observed a remission rate of 32% in the
adequate trial completers and 53.3% in the protocol completers.
Right unilateral ultrabrief ECT, the form of ECT associated with
the fewest cognitive effects, has a remission rate of 35.29%
[25]—comparable to our remission rates, but lower than the
61.7% remission rates of the multicenter Prolonging Remission in
Depressed Elderly (PRIDE) study [28]. It is important to note,
however, that the PRIDE study involved only patients with
geriatric depression. Also, in the PRIDE trial, a minimum of 12
treatments was considered to be an adequate course.
As reported earlier, previous MST treatment trials have yielded

variable results (e.g., Kayser et al. [10] reported a 46% remission
rate and Fitzgerald et al. [11] reported a 15% remission rate). There
are key differences between these trials and ours. These
differences include site of stimulation (i.e., frontal versus vertex)
and the number of treatments administered (up to 18 in Kayser
et al. [10], up to 15 in Fitzgerald et al. [12], and up to 24 in our
trial). We cannot conclude whether there are any benefits to
frontal stimulation compared with vertex stimulation. By contrast,
it appears that longer courses of treatment (as in both the Kayser
et al. studies and our study) are associated with higher
remission rates.

Table 3. Means and SD across groups for neurocognitive measures among patients who have completed an adequate trial of MST (>eight
treatments) or per protocol

Adequate trial Per protocol

Pre Post Pre Post

Measure M (SD) M (SD) t M (SD) M (SD) t

MoCA 25.73 (3.63) 25.96 (3.5) −0.635 25.88 (3.78) 26.02 (3.06) −0.504

AMI-SF 51.42 (6.89) 41.58 (8.61) 17.56* 51.16 (7.4) 40.98 (9.1) 12.875*

Trails A 40 (33.3) 34.05 (14.27) 1.183 40.4 (31.52) 36.38 (15.94) 0.076

Trails B 95.11 (67.89) 84.88 (48.48) −0.173 93.21 (66.49) 90.64 (56.14) −0.369

Symbol coding 50.68 (13.6) 51.09 (13.44) 0.866 50.75 (13.66) 49.05 (12.26) 1.783

HVLT-R total 25.26 (6.29) 24.67 (5.2) 2.059 25.53 (6.64) 24.32 (5.5) 2.399

HVLT-R recall 8.78 (2.93) 8.53 (3) 1.661 8.93 (3) 8.34 (3.33) 2.233

HVLT-R recognition index 10.53 (1.93) 10.73 (1.66) −0.571 10.8 (1.53) 10.57 (1.82) 1.277

Spatial span forward 8.47 (2) 8.58 (1.99) 0.177 8.53 (1.85) 8.41 (1.92) 0.561

Spatial span back 7.78 (2.06) 7.93 (1.99) 0.575 7.76 (1.92) 7.41 (1.93) 1.677

Spatial span total 16.24 (3.64) 16.51 (3.54) 0.454 16.29 (3.22) 15.82 (3.45) 1.38

LNS total 15 (3.85) 14.99 (3.82) 0.872 15.2 (3.73) 14.77 (4.09) 1.275

Mazes total score 14.33 (7.91) 15.09 (8.62) −0.451 12.84 (7.55) 13.02 (8.26) −0.087

BVMT-R total 21.8 (8.78) 25.39 (7.41) −3.923* 22.6 (8.29) 25.1 (7.73) −2.709

BVMT-R learning 3.94 (2.16) 3.96 (2.23) 0.307 3.84 (2.26) 4 (2.18) −0.282

BVMT-R recall 8.4 (3.05) 9.85 (2.49) −4.318* 8.65 (2.84) 9.6 (2.59) −2.506

BVMT-R recognition index 5.58 (0.81) 5.81 (0.49) −2.114 5.58 (0.73) 5.83 (0.44) −1.939

COWAT total 39.06 (14.55) 37.47 (14.36) 1.458 39.58 (16.2) 37.1 (15.49) 2.315

Categories total 54.63 (19.4) 51.14 (20.66) 2.69 55.35 (20.89) 53.07 (20.15) 2.4

Stroop solor-word score 95.19 (22.25) 95.8 (22.02) 0.493 95.19 (22.02) 94.63 (22.92) 0.299

Stroop color-word time (sec) 113.62 (16.23) 111.09 (17.92) 2.282 115.4 (17.85) 115.8 (17.3) 0.407

MoCA Montreal Cognitive Assessment, AMI-SF autobiographical memory interview-short form, Trails A/B trail making test, Part A or B, HVLT-R Hopkins Verbal
Learning Test-Revised, LNS letter number span, BVMT-R Brief Visuospatial Memory Test-Revised, COWAT Controlled Oral Word Association Test, Categories
Category Fluency Test
*p < 0.005
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Another limitation of our study is the consecutive (nonrandom)
allocation of patients to the different frequency groups. The low
and moderate frequency groups had a higher total number of
antidepressant medications trials for the current episode than the
high-frequency group. However, even though these differences
were not significant in the protocol completers, differences in
clinical outcomes between the high and low-frequency groups
remained.
While our overall findings suggest that MST does not affect

cognitive performance, three findings survived correction for
multiple comparisons. First, there were significant decreases in
AMI-SF scores in all three frequency groups. The AMI-SF is the short
form version of the Autobiographical Memory Interview [23]. This
measure has recently been criticized due to the lack of normative
data from healthy control samples or appropriately matched
depressed non-ECT samples, and the absence of reliability and
validity studies [29]. However, proponents of the AMI-SF have
reported on its sensitivity in differentiating the effects of different
forms of ECT (e.g., bitemporal versus right unilateral electrode
configuration) on retrograde autobiographical amnesia (RAA).
Kessler et al. [30] compared the effects of right unilateral ECT to
pharmacotherapy on neurocognitive function. Pharmacotherapy
alone produced a decay of autobiographical memory consistency
loss of 19% on the AMI, significantly better than the ECT group of
27% consistency loss, and equivalent to the overall AMI consistency
loss of 19% in our trial. Given that there is a natural and well-
documented loss that characterizes normal autobiographical
memory function, and that the AMI-SF is a psychometrically
unsound measure, it is difficult to characterize any decreases on the
AMI-SF as conclusive evidence of retrograde amnesia induced by
MST. Importantly, from baseline to post-treatment, performance
across all other cognitive measures remained stable without
clinically meaningful changes, except there was improvement in
visuospatial memory. Collectively, the unadjusted and multiple
comparison adjusted findings suggests that MST is cognitively safe,
which is consistent with prior research [31].
In conclusion, our results suggest that MST can be an effective

treatment for some patients with MDD. On average, patients
showed decreased recall consistency of autobiographical informa-
tion that was likely related to an effect of time rather than
treatment, whereas all other cognitive functions remained stable
with improvement in visuospatial memory. MST also produced
some improvement in visuospatial memory and delayed recall.
MST could have a significant impact on the treatment of MDD if
future studies demonstrate that its efficacy is comparable to the
efficacy of ECT, while maintaining cognitive safety. To that end, we
are currently conducting a randomized, non-inferiority, double-
blind trial evaluating the efficacy, tolerability, and cognitive
adverse effects of MST to ECT (ClinicalTrials.gov Identifier:
NCT03191058). If the efficacy of MST and ECT are comparable
but MST has a more favorable cognitive effect profile, then MST
may be preferred to ECT and more patients may agree to try this
treatment.
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