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Major Depressive Disorder
Disease Burden

• Millions across the globe are affected annually

• Functional impairment equal to or surpassing that of 
chronic medical conditions

• Leading cause of disease burden world-wide

• Economic burden on society: 200 billion dollars per 
year

Mathers CD Loncar ,D. Projections of global mortality and burden   
of disease from 2002 to 2030. PLoS Medicine 2006;3(11):2011-
2030.

Sims BE, Nottlemann ,E, et al. Prevention of depression in 
children and adolescents. J Prev Med 2006;31(6S1).



Some Statistics on Resistant Depression

• 40-50 % patients with depression do not respond (i.e., 
<50 % reduction) to medication (Triverdi et al 2006)

• Remission was about 33 percent in STAR*D (Trivedi et. al 2006) 

• These patients are twice as likely to be hospitalized

• Receive up to 3 times more psychiatric medications 

• 19 times the mean total medical costs of non-treatment-
resistant depression

• For remitters up to 40 % relapse at 2 years (Bolland and Keller, 
2009)



Major Depressive Disorder
Suicide

 Mental illness can cut 10 to 20 years from a person’s life 
expectancy.

 Nearly 40,000 Americans die by suicide each year – an average 
of more than 100 suicides a day.

 More than half of suicides involve people 45 and older.

 The World Health Organization (WHO) reports that: In the last 45 
years suicide rates have increased by 60% worldwide.

 After accidents, suicide is the second leading cause of death among 
those aged 15-34 (male and female).



Predictors of change in 

suicidality across treatment phases 

of major depressive disorder: 

Secondary analysis of the STAR*D 

study

LEVEL 

1

LEVEL 

2

LEVEL 

3
LEVEL 

4

△= 0.29 (p<0.001) △= 0.26 (p<0.001) △= 0.16 (p<0.01) △= 0.18 (p>0.01)

Improvement in mean (△) 
suicidality decreases over 
time (change score as per 

suicide item of HRSD)

3 SUICIDE

0 |__| Absent.

1 |__| Feels life is not worth living.

2 |__| Wishes he/she were dead or any thoughts of possible

death to self.

3 |__| Ideas or gestures of suicide.

4 |__| Attempts at suicide (any serious attempt rate 4).

4 INSOMNIA: EARLY IN THE NIGHT

0 |__| No difficulty falling asleep.

1 |__| Complains of occasional difficulty falling asleep, i.e.

more than 1⁄2 hour.

2 |__| Complains of nightly difficulty falling asleep.

5 INSOMNIA: MIDDLE OF THE N IGHT

0 |__| No difficulty.

1 |__| Patient complains of being restless and disturbed

during the night.

2 |__| Waking during the night – any getting out of bed rates

2 (except for purposes of voiding).

6 INSOMNIA: EARLY HOURS OF THE MORNING

0 |__| No difficulty.

1 |__| Waking in early hours of the morning but goes back

to sleep.

2 |__| Unable to fall asleep again if he/she gets out of bed.

7 W ORK AND ACTIVITIES

0 |__| No difficulty.

1 |__| Thoughts and feelings of incapacity, fatigue or

weakness related to activities, work or hobbies.

2 |__| Loss of interest in activity, hobbies or work – either

directly reported by the patient or indirect in

listlessness, indecision and vacillation (feels he/she has

to push self to work or activities).

3 |__| Decrease in actual time spent in activities or decrease

in productivity. Rate 3 if the patient does not spend at

least three hours a day in activities (job or hobbies)

excluding routine chores.

4 |__| Stopped working because of present illness. Rate 4 if

patient engages in no activities except routine chores,

or if patient fails to perform routine chores unassisted.

8 RETARDATION (slowness of thought and speech, impaired

ability to concentrate, decreased motor activity)

0 |__| Normal speech and thought.

1 |__| Slight retardation during the interview.

2 |__| Obvious retardation during the interview.

3 |__| Interview difficult.

4 |__| Complete stupor.

9 AGITATION

0 |__| None.

1 |__| Fidgetiness.

2 |__| Playing with hands, hair, etc.

3 |__| Moving about, can’t sit still.

4 |__| Hand wringing, nail biting, hair-pulling, biting of lips.

10 ANX IETY PSYCHIC

0 |__| No difficulty.

1 |__| Subjective tension and irritability.

2 |__| Worrying about minor matters.

3 |__| Apprehensive attitude apparent in face or speech.

4 |__| Fears expressed without questioning.

11 ANX IETY SOMATIC (physiological concomitants of

anxiety) such as:

gastro-intestinal – dry mouth, wind, indigestion, diarrhea,

cramps, belching

cardio-vascular – palpitations, headaches

respiratory – hyperventilation, sighing 

urinary frequency

sweating

0 |__| Absent.

1 |__| Mild.

2 |__| Moderate.

3 |__| Severe.

4 |__| Incapacitating.

12 SOMATIC SYMPTOMS GASTRO-INTESTINAL

0 |__| None.

1 |__| Loss of appetite but eating without staff

encouragement. Heavy feelings in abdomen.

2 |__| Difficulty eating without staff urging. Requests or

requires laxatives or medication for bowels or

medication for gastro-intestinal symptoms.

13 GENERAL SOMATIC SYMPTOMS

0 |__| None.

1 |__| Heaviness in limbs, back or head. Backaches,

headaches, muscle aches. Loss of energy and

fatigability.

2 |__| Any clear-cut symptom rates 2.

14 GENITAL SYMPTOMS (symptoms such as loss of libido,

menstrual disturbances)

0 |__| Absent.

1 |__| Mild.

2 |__| Severe.

15 HYPOCHONDRIASIS

0 |__| Not present.

1 |__| Self-absorption (bodily).

2 |__| Preoccupation with health.

3 |__| Frequent complaints, requests for help, etc.

4 |__| Hypochondriacal delusions.

16 LOSS OF W EIGHT (RATE EITHER a OR b)

a) According to the b) According to weekly 

patient: measurements:

0 |__| No weight loss. 0 |__| Less than 1 lb weight loss in

week.

1 |__| Probable weight 1 |__| Greater than 1 lb weight loss 

loss associated with in week.

present illness.

2 |__| Definite (according 2 |__| Greater than 2 lb weight loss 

to patient) weight in week.

loss.

3 |__| Not assessed. 3 |__| Not assessed.

17 INSIGHT

0 |__| Acknowledges being depressed and ill.

1 |__| Acknowledges illness but attributes cause to bad food,

climate, overwork, virus, need for rest, etc.

2 |__| Denies being ill at all.

Total score: |__|__|

29

This scale is in the public domain.

Treatment by Level

Level 

1
Citalopram

Level 

2

Bupropion SR,* 

Sertraline, 

Venlafaxine XR, 

Citalopram,* 

Buspirone,* 

Cognitive therapy*

Level 

3

Nortriptyline, 

Mirtazapine, 

Lithium,* T
3
,* 

Bupropion SR, 

Venlafaxine XR

Level 

4

Tranylcypromine, 

Venlafaxine XR,* 

Mirtazapine,* 

Nortriptyline, 

Lithium,* T
3
,*  

Suicidality at baseline 

increases odds of Treatment 

Resistant Depression (TRD) 

Treatment in level 3 (OR 

1.24, p<0.001)

*note 

that 

treatment 

combinati

ons were 

allowed 

with 

these 

medicatio

ns
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N = 3784

N = 1036

N = 256

N = 79

Weissman et al. NPP 2021



One of the most effective treatments in medicine……..

Kellner, C. H. et al.. (2010). Bifrontal, bitemporal and right unilateral electrode 

placement in ECT: randomised trial. The British Journal of Psychiatry, 196(3) 

226-234.

• Remission (i.e., no Depression): 
60-80 percent

• Remission i.e., no suicidality: >80 
percent 



Controversies

• Common Side effects: disorientation, 
retrograde and anterograde amnesia 

• Uncommon: cardiac arrest, stroke, 
aspiration, prolonged seizures, fractures, 
malignant hyperthermia, death (1/10,000)

• Only 1% of patients with resistant 
depression receive ECT– fear, stigma, 
cognitive side effects



Magnetic Seizure Therapy (MST)

• ECT side effects: shunting of 
electrical activity and higher 
energies

• MST involves no shunting: 
minimal involvement of brain 
structures related to memory 

• Pulse width of MST is closer 
physiologically to activate neurons



ECT vs MST

Lee et al. 2014 IEEE



CAMH Study

• Pilot study of Frontal MST at 3 different stimulation frequencies
• 100 Hz, 60Hz, 50 Hz and 25 Hz

• Treatment studies in humans have used 100 Hz, in primates 22 Hz shown to 
be associated with optimal seizure production

• Patients treated in an open label manner
• Primary DVs of interest included remission and response rates:

• In pts completing more than 3 treatments

• In completers (i.e., completed the protocol with target of either remission or 24 
treatments)

• Cognition evaluated at baseline an at the end of treatment

• Neurophysiology used as a predictor of treatment response

• Neurophysiology included TMS combined with EEG to measure 
cortical inhibition from the DLPFC in patients with TRD



Assessed for eligibility
(n = 140)

Enrolled (n = 108)

Allocated to 100 Hz MST
(n = 26)

Allocated to 50/60 Hz MST
(n = 37)

Allocated to 25 Hz MST
(n = 45)

Excluded (n = 32)
• Did not meet inclusion/exclusion criteria (n =24)
• Declined to participate/Withdrew prior to first 

treatment (n = 6)
• Device malfunction (n = 2)

Completed (n=16)
Withdrew (n= 8)

Discontinued (n= 0)

Completed (n= 13)
Withdrew (n = 11)

Discontinued (n= 2)

Completed (n= 19)
Withdrew (n = 10)

Discontinued (n= 7)

Reasons 
withdrew/discontinued:

Could not tolerate (n = 3)
Anxiety (n = 1)

No benefit perceived (n= 3)
Health concerns (n = 1)

Reasons 
withdrew/discontinued:

Could not tolerate (n = 0)
Anxiety (n =5)

No benefit perceived (n= 4)
Non-compliance (n = 2)
Health concerns (n=1)

Other (n = 1)

Reasons 
withdrew/discontinued:

Could not tolerate (n = 0)
Anxiety (n = 0)

No benefit perceived (n= 10)
Non-compliance (n= 1)

Device malfunction(n = 3)
Health Concerns (n = 3)

Adequate trial of 100 Hz 
MST

(n = 24)

Adequate trial of 50/60 Hz 
MST

(n = 26)

Adequate trial of 25 Hz 
MST

(n = 36)

Withdrew (n = 15)
• Could not tolerate (n=8)
• Physical/health concerns 

(n=2)
• Anxiety (n=2)
• No benefit perceived (n=3)

Discontinued (n = 7)
• Physical/health concerns 

(n=2)
• Non-compliance (n=4)
• Device malfunction (n=1)

Consort Diagram

Daskalakis et al. 2019 NPP
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Cognitive Outcomes

Daskalakis et al. 2020 NPP



SSI Efficacy Rates

Chi – square tests revealed the following significant differences:

50 Hz > 100 Hz: χ(1) = 7.80,  p = .005

50 Hz > 60 Hz: χ(1) = 6.81,  p = .009

• Modified Intent-to-Treat (ITT) sample: minimum 8 treatments completed

1Remission = score of 0 at post-treatment SSI (i.e. no suicidal ideation reported)

Weissman et al. 2020 JAMA Open



Confirmatory Efficacy and Safety Trial of Magnetic 
Seizure Therapy of Depression (CREST –MST)

• 5 year NIMH funded multi-center trial at UT Southwestern 
and the Centre for Addiction and Mental Health (CAMH) in 
Toronto, Canada

• Target n= 260

• Target population = severe and/or treatment-resistant MDD 
(unipolar, w/o psychotic features)

• Design = randomized, double blind, parallel-group clinical trial 
with two treatment arms: Magnetic Seizure Therapy (MST) or 
right unilateral ultrabrief pulse electroconvulsive therapy 
(RUL-UB-ECT)





BPRS: All Subjects



Autobiographical Memory AMI



Cognition - MoCA



Magnetic Seizure Therapy for Schizophrenia (MAST)-Trial

• 5 year CIHR funded multi-center trial at CAMH, UBC and LHSC

• Target n= 160

• Target population = severe and/or treatment-resistant SCZ 
(unipolar, w/o psychotic features)

• Design = randomized, double blind, parallel-group clinical trial 
with two treatment arms: Magnetic Seizure Therapy (MST) or 
bilateral electroconvulsive therapy



Neurophysiology

Motor Cortex DLPFC

Demonstrated inhibition/plasticity 
in DLPFC in healthy subjects



DLPFC: Combined Baseline N100 and LICI 
Predicts SSI Remission

Binary Outcome:

Post SSI  = 0    Remitter

Post SSI  > 0    Non-Remitter

90% sensitivity and 89% specificity 

Accuracy for optimal cutoff: 89%

Model: Subjects with baseline N100 less than cutoff or LICI 

greater than cutoff are classified as remitters

Classifier:

Baseline N100 and LICI Value

Sun et al. JAMA Psychiatry 2016



CEAtheta Post - Pre (T-score)

FCz

MST-Induced Potentiation of Neural 
Plasticity

Sun et al. Translational Psychiatry, 2018 Nov 23;8(1):253



SGC Region (SCS Pre vs 

Post)

50-500ms average

P = 0.03

PRE

POST

MST-induced decreased SGC Hyperactivity 

Brain Source Image
(Post-Pre T-score)
50-500ms average 
P < 0.1 Threshold

5

-5

Concurrent EEG 

(Post-Pre T-score)

50-500ms average 

* Significant electrodes
Hadas et al, Translational Psychiatry 
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