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LEARNING 
OBJECTIVES

• To review recent research 
focused on the application 
of TMS to adolescents and 
young adults.

• To discuss challenges and 
future related innovations 
direction to address this 
unmet need
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THE CHALLENGE…

Hetrick SE, McKenzie JE, Bailey AP, Sharma V, Moller CI, Badcock PB, Cox GR, Merry SN, Meader N. 

New generation antidepressants for depression in children and adolescents: a network meta‐analysis. Cochrane 

Database of Systematic Reviews 2021, Issue 5. Art. No.: CD013674. DOI: 10.1002/14651858.CD013674.pub2. 

Accessed 30 May 2021.
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DEFICITS AND OPPORTUNITIES 
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Meet protocol-defined 

treatment benefit? 

Phase I  
Randomized, sham-controlled 

1:1 active/sham 

30 treatments, 6 weeks 

Phase II 
Non-randomized,  

open-label 

30 treatments, 6 weeks 

No 

3-week taper, 

6 treatments exit trial 

Offered Opportunity to 

Enter Phase II Phase III 
Non-randomized,  

open-label,  

6-month follow-up 

 

Yes 

No 

If symptoms worsen, acute course 

of known active TMS offered for 

up to 6 weeks until symptoms 

return to level recorded at entry 

into Phase III, followed by taper 

phase 

Meet protocol-defined 

treatment benefit? 

3-week taper, 6 

treatments Yes 

3-week taper, 

6 treatments exit trial 

3-week taper, 6 

treatments 

Croarkin PE, Elmaadawi AZ, Aaronson ST, Schrodt GR, Holbert RC, Verdoliva S, Heart KL, Demitrack MA, Strawn JR.  Left 

Prefrontal Transcranial Magnetic Stimulation for Treatment-Resistant Depression in Adolescents: A Double-Blind, Randomized, 
Sham-Controlled Trial. Neuropsychopharmacology 2021 Jan;46(2):462-469. doi: 10.1038/s41386-020-00829-y. Epub 2020 Sep 

12. 
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Summary of Key Demographics 
and Clinical Variables at Baseline

Variable Treatment Group p-value

Sham (N = 55) Active (N = 48)

Gender N (%) 0.6123

Female 37 (67.3%) 30 (62.5%)

Male 18 (32.7%) 18 (37.5%)

Age (years) 0.3377

N 55 48

Mean (SD) 17.1 (2.22) 17.6 (2.28)

Median 17.4 17.6

Min, Max 12.1, 21.4 12.2, 21.8

Age (years) 0.7384

12-14 11 (20.0%) 8 (16.7%)

15-17 24 (43.6%) 19 (39.6%)

18-21 20 (36.4%) 21 (43.8%)

Race N (%) 0.3510

White 47 (85.5%) 43 (89.6%)

Black / African American 5 (9.1%) 1 (2.1%)

Asian 1 (1.8%) 3 (6.3%)

American Indian or Alaska Native 0 (0.0%) 0 (0.0%)

Native Haw aiian/other Pacif ic Islander 0 (0.0%) 0 (0.0%)

Other 2 (3.6%) 1 (2.1%)

Race, White N (%) 47 (85.5%) 43 (89.6%) 0.5291

Ethnicity N (%) 0.6211

Hispanic or Latino 3 (5.5%) 1 (2.1%)

Not Hispanic or Latino 52 (94.5%) 47 (97.9%)

Motor Threshold (SMT) 0.2405

N 55 46

Mean (SD) 0.92 (0.199) 0.97 (0.192)

Median 0.95 0.94

Min, Max 0.35, 1.27 0.42, 1.30

Primary Diagnosis N (%) N/A

Major Depressive Disorder 55 (100.0%) 48 (100.0%)

Non-Major Depressive Disorder 0 (0.0%) 0 (0.0%)

Major Depressive Disorder History N (%) 0.5461

Single episode 13 (23.6%) 9 (18.8%)

Recurrent episodes 42 (76.4%) 39 (81.3%)

Duration of Current Episode (months) 0.9238

N 55 48

Mean (SD) 13.8 (8.36) 13.9 (9.01)

Median 12.9 13.2

Min, Max 1.5, 33.9 1.8, 36.2

<24 months N (%) 50 (90.9%) 43 (89.6%) 1.0000

≥24 months N (%) 5 (9.1%) 5 (10.4%)

ATR Medication Resistance Level N (%) 0.7505

0 4 (7.3%) 2 (4.2%)

1 30 (54.5%) 22 (45.8%)

2 15 (27.3%) 17 (35.4%)

3 4 (7.3%) 5 (10.4%)

4 2 (3.6%) 1 (2.1%)

5 0 (0.0%) 1 (2.1%)

Secondary Psychiatric Diagnosis N (%) 0.2430

None 19 (34.5%) 22 (45.8%)

Any 36 (65.5%) 26 (54.2%)

Prior Treatment History N (%)

Prior ECT Treatment 0 (0.0%) 0 (0.0%) N/A

Prior Inpatient Hospitalization for    

Depression

9 (16.4%) 9 (18.8%) 0.7504

Prior Psychotherapy 10 (18.2%) 7 (14.6%) 0.6236

Mania/Hypomania by YMRS (Total 

Score > 20)

0 (0.0%) 0 (0.0%) N/A

Baseline Symptom Severity

HAMD24 Total Score 0.5721

N 55 (Sham) 48 (Activ e)

Mean (SD) 29.5 (6.69) 28.8 (5.75)

Median 28.0 28.5

Min, Max 18.0, 54.0 19.0, 43.0

HAMD17 Total Score 0.4711

N 55 48

Mean (SD) 21.5 (4.41) 20.9 (4.43)

Median 21.0 21.0

Min, Max 12.0, 37.0 11.0, 31.0

MADRS Item Total Score 0.3888

N 55 48

Mean (SD) 32.3 (7.16) 31.1 (6.41)

Median 33.0 32.0

Min, Max 12.0, 56.0 17.0, 42.0

CDRS-R Total Score 0.5906

N 55 46

Mean (SD) 62.6 (10.03) 61.5 (10.03)

Median 63.0 61.0

Min, Max 41.0, 89.0 40.0, 84.0

CGI Sev erity of Illness Total Score 0.7654

N 55 48

Mean (SD) 5.1 (0.68) 5.1 (0.72)

Median 5.0 5.0

Min, Max 4.0, 7.0 4.0, 7.0

QIDS-A17-SR 0.7645

N 55 48

Mean (SD) 20.8 (7.54) 20.4 (6.80)

Median 21.0 20.0

Min, Max 1.0, 36.0 6.0, 35.0

p-value from Chi-square or Fisher’s exact test for categorical variables and t-

test for continuous variables.

p-value from Chi-square or Fisher’s exact test for categorical variables and t-

test for continuous variables.

1Subjects w ith ATR Medication Resistance Level 0 and 5 do not meet the study 

inclusion/exclusion criteria. These w ere documented as protocol deviations. 

Strawn et al. Treatment-Resistant Depression in Adolescents: Clinical Features and Measurement of Treatment Resistance.  

Journal of Child and Adolescent Psychopharmacology 2020; 30(4):262-266.
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REINTRODUCTION TMS AS A STRATEGY FOR 
MAINTENANCE TREATMENT FOR ADOLESCENTS WITH 
TREATMENT RESISTANT DEPRESSION 

 

Meet protocol-defined 

treatment benefit? 

Phase I  
Randomized, sham-controlled 

1:1 active/sham 

30 treatments, 6 weeks 

Phase II 
Non-randomized,  

open-label 

30 treatments, 6 weeks 

No 

3-week taper, 

6 treatments exit trial 

Offered Opportunity to 

Enter Phase II Phase III 
Non-randomized,  

open-label,  

6-month follow-up 

 

Yes 

No 

If symptoms worsen, acute course 

of known active TMS offered for 

up to 6 weeks until symptoms 

return to level recorded at entry 

into Phase III, followed by taper 

phase 

Meet protocol-defined 

treatment benefit? 

3-week taper, 6 

treatments Yes 

3-week taper, 

6 treatments exit trial 

3-week taper, 6 

treatments 
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PHASE III Entering 
Phase III 

n=65

Completed 
Phase III 

n=41

Discontinued 
prior to end 
of month 6 

n=24

• Phase I Active to Phase II Active 

• Phase I Sham to Phase II Active

• Phase I Active to Phase III
• Phase I Sham to Phase III

Patients 
entering 

retreatment 
n= 28
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PHASE III

Reasons for 

Discontinuation

(n=24)

Satisfactory Response (efficacy) n=1

Unsatisfactory Response (efficacy) n=5

Adverse Event n=2

Failed to Return n=7

Subject Request n=4

Symptoms Worsened n=1

Other n=4
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Baseline 

n

Score (SD)

Month 3

n

Score (SD)

Change 

Month 3

n

Score (SD)

Change 

Phase I Active 17

27.3 (5.86)

16

7.7 (7.43)

-19.1 (7.99)

14

5.9 (6.13)

-22.1 (6.58)

Phase I Active to 

Phase II Active

8

27.3 (3.54)

8

12.1 (8.13)

-15.1 (10.20)

5

7.4 (6.66)

-19.8 (6.94)

Phase I Sham to 

Phase II Active

13

26.2 (3.31)

13

8.1 (7.48)

-18.1 (7.32)

11

4.3 (3.82)

-21.3 (2.41)

Phase I Sham 17

28.2 (6.62)

16

8.7 (7.13)

-19.9 (7.96)

11

4.4 (4.92

-24.9 (4.91)

PHASE III OUTCOMES HAMD24 

10
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Baseline 
Score 

(SD)

Pretreatment 
Change from 

Baseline

After 
treatment

Change 
from 

Baseline

Number 
Receiving 

Retreatment

Mean number 
of 

Retreatments 
(Range)

Phase I 

Active

13.0 

(6.49)

2.2 (8.03) 2.1 (5.79) 12 23 

(9-30)

Phase I 

Active to 

Phase II 

Active

11.5 

(4.95)

-4.0 (1.41) 9.5 (4.95) 2 30 

(30)

Phase I 

Sham to 

Phase II 

Active

6.5 

(5.86)

11.7 (7.47) 6.8 (11.11) 6 17

(5-30)

Phase I 

Sham 

10.8

(6.3)

7.9 (5.72) 0.5 (9.70) 8 21

(1-30)

PHASE III PATIENTS WITH RETREATMENT 
HAMD24
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NEUROSTRUCTURAL 
IMPACT OF TRD IN 

ADOLESCENTS AND 
POTENTIAL TREATMENT 

EFFECTS OF TMS

Characteristic Healthy MDD TRD Active rTMS Sham rTMS

n 30 19 34 18 7

Female 70% 57.9% 58.8% 66.7% 71.4%

Age (SD) 15.60 (2.25) 15.2 (1.8) 16.4 (1.8) 16.3 (2.0) 17.5 (1.2)

CDRS-R (SD) 19.1 (2.8) 54.1 (8.2) 59.6 (11.4) 50.2 (15.1) 61.4 (8.4)

BheditaSeewooJeffrey R. Strawn, MD
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• Multisite, naturalistic treatment

• N=201 

• Ages 12-22

• 1 Hz delivered to the right dorsolateral prefrontal cortex for 360 pulses, 
followed by 20 Hz delivered to the left dorsolateral prefrontal cortex for 
1200 pulses

• 30-36 sessions

Clinical Effectiveness of 1 Hz/20 Hz Bilateral rTMS 
Treatment in Adolescents with Major Depressive 
Disorder
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Analytics and Machine Learning Framework 

for Omics and Clinical Big Data (ALMOND)

Disease Data Analytics and Learning Engine Capabilities

Biomarker discovery

Individualizing 
treatment management

Disease Prognoses

0.0

0.1

0.2

10 15 20 25

Baseline Total QIDS−C Score

P
ro

b
a

b
ili

ty
 d

e
n

s
it
y

STRATIFICATION

OMICS DATA
DOMAIN 

EXPERTISE

VISUALIZATION

Athreya et al. (US Patent Pending 16/221,073)

Athreya AP, et al. Prediction of short-term antidepressant response using probabilistic graphical models with replication across multiple drugs and treatment 

settings. Neuropsychopharmacology. Jun;46(7):1272-1282. 

doi: 10.1038/s41386-020-00943-x. Epub 2021 Jan 15. 

Arjun Athreya, PhD 

16

17

18



10/13/2021

7

©2021 May o Foundation for Medical Education and Research  |  

slide-19

1 Hz Inhibitory10 Hz – 20 Hz Excitatory

PRECISION MEDICINE APPROACHES FOR BRAIN

STIMULATION
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Croarkin PE, et al. Evidence for increased glutamatergic cortical facilitation in children and adolescents with major 

depressive disorder. JAMA Psychiatry. 2013 Mar;70(3):291-9. doi: 10.1001/2013.jamapsychiatry.24. 

©2021 May o Foundation for Medical Education and Research  |  

slide-21

GLUTAMATERGIC AND GABAERGIC BIOMARKERS FOR 

TMS  TREATMENT OF DEPRESSION IN

ADOLESCENTS

1 Hz vs 10 Hz TMS

Intracortical  

Facilitation

7 T Proton MRS

19

20
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SUICIDE PREVENTION IN 
2021 AND BEYOND 
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Utku Kucuker, MD
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Parmis Fatih, MD
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LICI DEFICITS AS A MARKER OF TREATMENT RESISTANCE 
IN ADOLESCENTS MAJOR  DEPRESSIVE DISORDER 

Croarkin PE, Nakonezny PA, Husain MM, Port JD, Melton T, Kennard BD, Emslie GJ, Kozel FA, Daskalakis ZJ.  Evidence for 

pretreatment LICI deficits among depressed children and adolescents with nonresponse to  fluoxetine. Brain Stimul 2014;7:243-
251.
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Charles P. Lewis, M.D.

Lewis CP, Nakonezny PN, Blacker CJ, Vande Voort JL, Port JD, Worrell GA, Jo HJ, Daskalakis ZJ, Croarkin  PE. Cortical 

Inhibitory Markers of Suicidality in Depressed Adolescents. Neuropsychopharmacology. 2018 Aug;  43(9):1822-1831.

Biomarkers of Suicidality in Adolescents with

Major Depressive Disorder

25
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GABAB AND SUICIDAL IDEATION IN 
DEPRESSED  ADOLESCENTS

Lewis CP., Doruk Camsari D, Sonmez AI, Nandakumar AL, Gresbrink MA, Daskalakis 

ZJ, Croarkin PE. Preliminary evidence of an association  between increased 

Lewis CP, et al. Preliminary evidence of an association between increased cortical inhibition and reduced suicidal ideation in 

adolescents treated for major depression. J Affect Disord. 2019;244:21-24.reduced
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10 HZ RTMS AND ADOLESCENT SUICIDALITY

Croarkin et al. High-frequency repetitive TMS for suicidal ideation in adolescents with depression. J Affect Disord. 2018 Oct

15;239:282-290
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Faranak Farzan,Ph.D.

THETA BURST STIMULATION (TBS)
IN YOUTH WITH MAJOR DEPRESSIVE DISORDER

• N=20

• Ages 16-24

• 10 treatment sessions over 2 weeks

• Sequential Bilateral TBS (1800 pulses of continuous TBS to the Right
DLPFC and 1800 pulses of intermittent to the Left DLPFC at 80%
active motor threshold)

• 18 completers with a significant reduction in Hamilton  Rating 
Scale for Depression 17 scores (p < 0.001)

• Tolerable treatment

Dhami P, et al. Feasibility and clinical effects of theta burst stimulation in youth with major depressive disorders: An open-label trial.  

Journal of Affective Disorders. 2019;258:66-73.
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TMS-EEG Biomarkers 

Dhami P et al. Neurophysiological markers of response to theta burst stimulation in youth depression. Depression and 

Anxiety. 2021 Feb;38(2):172-184. doi: 10.1002/da.23100. Epub 2020 Oct 1.Depress Anxiety. 2021. PMID: 33001549 
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ACCELERATED TMS 

Sonmez AI, Doruk Camsari D, Nandakumar AL, Vande Voort J, Kung S, Lewis CP, CroarkinPE. Accelerated TMS for  

Depression: A systematic review and meta-analysis. Psychiatry Research. 2019 Mar; 273:770-781.

Ayse Irem Sonmez, M.D

31
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BheditaSeewooJennifer Rodger,PhD

Seewoo B, Feindel K, Etherington S, Hennessy L, Croarkin PE, Rodger J. Validation of the Chronic  Restraint Stress Model of 

Depression in Rats and Investigation of Standard vs. Accelerated rTMS  Treatment. The 58th Annual Meeting of the American 
College of Neuropsychopharmacology. Vol 44.  Orlando, FL; 2019:122-123.

A Preclinicial Model

of  Accelerated TMS
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AUTISM SPECTRUM 
DISORDER: ASSOCIATED  

SYMPTOMS

• Hyperactivity

• Short Attention Span

• Impulsivity

• Irritability

• Aggressiveness

• Severe Tantrums

• Hypersensitivity to  sensory stimuli

• Abnormal eating

• Affective/Mood Lability

• Abnormal emotional  reactions

• Anxiety

• Self-Injurious Behaviors

behavior/head banging

Irritability 

and 

Aggression

Repetitive 

Behaviors

Hyperactivity, 

Inattention, 

Neurocognitive 

Deficits

©2021 May o Foundation for Medical Education and Research  |  

slide-38

PREDICTORS OF OUTCOME IN ASD

LANGUAGE 
OUTCOME

IQ EXECUTIVE 
FUNCTIONING
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TMS for Executive Function Deficits in 

Autism Spectrum Disorder 

Stephanie Amies, M.D. M.Sc.

37
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TMS FOR EXECUTIVE FUNCTION DEFICITS 
IN AUTISM SPECTRUM DISORDER 

• N=40 16-35 years old

• Double-blind, randomized, sham controlled trial

• 20 sessions, 4-week course of 20 Hz rTMS delivered to  
bilateral DLPFC (750 pulses per session at each  
hemisphere) at 90% resting motor threshold

• 95% of randomized patients completed the protocol

• No significant difference between active and sham

• Patients with lower baseline functioning experiences 
significant improvement with active TMS

Ameis SH, et al. Treatment of Executive Function Deficits in Autism Spectrum Disorder with Repetitive Transcranial Magnetic  

Stimulation: A Double-Blind, Sham-Controlled, Pilot Trial. Brain Stimulation. May-Jun 2020;13(3):539-547. 
doi: 10.1016/j.brs.2020.01.007. Epub 2020 Jan 15
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Cynthia Kahl

BILATERAL TRANSCRANIAL MAGNETIC 
STIMULATION OF THE SUPPLEMENTARY 
MOTOR AREA IN CHILDREN WITH TOURETTE 
SYNDROME

• Ten children with Tourtette syndrome (8 males) aged 9-15 
years

• Eight of the subjects had comorbid ADHD

• Other comorbidities: OCD, epilepsy, anxiety, social phobia

• Medications continued (guanfacine, clonidine, ethosuximide, 
methylphenidate, fluoxetine, aripiprazole, risperidone, 
clomipramine, citalopram, amitriptyline, and fluphenazine)

• 15 sessions of neuronavigated, robotic 1 Hz rTMS at 100% 
motor threshold with 1800 pulses 

• The Yale Global Tic Severity Scale decreased from baseline   
(p < 0.001, Cohen’s d=2.9)

• Dominant motor cortex cortical silent period measures 
increased with treatment.

Kahl CK, et al. Bilateral transcranial magnetic stimulation of the supplementary motor area in children with Tourette 

Syndrome. Dev Med Child Neurol 2021 Feb 25. doi: 10.1111/dmcn.14828. Online ahead of print. 
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