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Il Abstract

Background: Rates of treatment-resistant major depressive disorder (MDD) among adolescents are high, yet there are limited
treatments that have demonstrated effectiveness in treating this condition. While sham-controlled study has not demonstrated
superiority of repetitive transcranial magnetic stimulation (rTMS) over sham for adolescent MDD, real-world data has supported
rTMS as an effective treatment for this population. Despite this, access to rTMS in Canada remains limited, especially for
adolescent populations. Objective: This study set out to develop a case series for adolescents who received rTMS at a publicly-
funded Canadian clinic. Method: Medical records were reviewed for patients under the age of 18 years who received rTMS at the
Edmonton Mental Health Clinic between 2021 and 2024. Outcome measures included the 17-item Hamilton Depression Rating
Scale (HAMD-17) and Quick Inventory of Depressive Symptomatology Self-Report (QIDS-SR). Documented adverse effects
were also recorded. Results: Ten patients aged 15—17 years received rTMS for treatment-resistant MDD, with nine completing 30
sessions. Paired analyses demonstrated a statistically significant reduction in HAMD-17 scores, while changes in QIDS-SR scores
were not statistically significant. rTMS was well tolerated, with fatigue and dizziness being the most common adverse effects.
Conclusions: rTMS is a safe and well-tolerated treatment for adolescent treatment-resistant MDD. The findings of this case series
are consistent with extant real-world data supporting the use of rTMS for adolescent treatment-resistant MDD. Further research

is needed to study novel treatments for adolescent MDD, including other forms of neurostimulation.
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Il ntroduction

Major depressive disorder (MDD) is a common psychiatric
disorder among adolescents, with an estimated prevalence
of 13-15%W". Depression in pediatric populations has been
associated with an increased risk of social and academic
impairment, physical illness (including diabetes and cardiac
disease), substance use, and suicide®. Adolescent-onset
depression has also been associated with more severe clinical

courses in adulthood compared to MDD with onset in later

life®. Despite an evidence base supporting psychotherapeutic
and pharmacotherapeutic treatments for adolescent depression,
30-40% of pediatric patients continue experiencing clinically
significant depressive symptoms after treatment with a first-
line medication and psychotherapy, and evidence supporting
treatments beyond first-line treatments in pediatric MDD is

limited®.
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Repetitive transcranial magnetic stimulation (rTMS) is a
non-invasive neurostimulatory treatment that involves the
modulation of neural activity through delivery of focused
magnetic pulses to a specific brain region. Health Canada
approved rTMS for the treatment of treatment-resistant
depression in adults in 2002, and rTMS is endorsed as a
first-line neuromodulation treatment for treatment-resistant
depression in Canadian guidelines®. rTMS remains off-label
for the treatment of pediatric depression in Canada, and despite
randomized sham-controlled trial data suggesting that rTMS
is no more efficacious than sham treatment for adolescent
depression®, the NeuroStar Advanced Therapy System rTMS
device received approval from the United States Food and
Drug Administration (FDA) in 2024 as an adjunct treatment for
MDD for individuals aged 15-21 years®. This FDA approval
was conferred following review of real-world data from 347
centres in the United States over a 15-year span starting in 2008
involving 1,169 adolescent patients with MDD who received
I'TMS to the left dorsolateral prefrontal cortex. This real-
world data indicated improvements in depressive symptoms
for patients in the severe or moderately severe categories at
baseline as measured by the Patient Health Questionnaire-9
(PHQ-9)©.

Access to rTMS treatment in Canada is often limited by several
factors. rTMS is publicly-funded in Alberta, Saskatchewan,
and Quebec, and while private rTMS clinics exist in some
centres, financial barriers may preclude patients from receiving
this form of treatment. In addition, geographical barriers
exist for patients residing in rural or remote areas since rTMS
treatment sites tend to be concentrated in larger urban centres.
Even in areas where rTMS is more readily available, there may
be limited awareness of rTMS among referring providers!”, as
well as limited expertise among practitioners to treat certain

patient populations or to deliver certain rTMS protocols.

Publicly-funded rTMS in Alberta was established in Ponoka
in 2004 with private and public clinics opening in Calgary and
Edmonton thereafter®. The Edmonton Mental Health Clinic
(EMHC) is a publicly-funded clinic that has been providing
rTMS for adults since 2019 for the primary indication of

treatment-resistant MDD. Since 2021, adolescent patients

as young as 15 years old have been eligible to receive rTMS
treatment at the EMHC for treatment-resistant MDD.

This study set out to review real-world outcome data from
adolescents who have received rTMS treatment at the EMHC.
Examination of this data may help inform clinical practice at

other Canadian sites.
I Methods

This study was a retrospective case series that involved review
of medical records of adolescent patients who received rTMS
at the EMHC between 2021, when patients under age 18 years
were first eligible to receive rTMS at this clinic, and December
2024. This study received approval from the Health Research
Ethics Board at the University of Alberta.

All patients receiving rTMS at the EMHC have been accepted
for treatment on the basis of a primary diagnosis of treatment-
resistant MDD.

adolescents remains poorly characterized”; some studies

Treatment-resistant depression (TRD) in

operationalize TRD as a depressive disorder that fails to respond
to at least one adequate trial of psychological or pharmacological
treatment!?. For the purposes of this clinic, TRD in adolescents
was defined pragmatically based on inadequate response to
previous antidepressant trials based on documentation from the
referring physician. Referrals are received from primary care
physicians, nurse practitioners, or psychiatrists. After referrals
are reviewed by one of the rTMS psychiatrists at the EMHC,
patients are offered a consultation appointment with an rTMS
psychiatrist to further determine suitability for rTMS. This
consultation appointment is conducted to confirm a diagnosis
of treatment-resistant MDD and the Transcranial magnetic
stimulation Adult Safety Screen (TASS)!V is used to assess for
possible contraindications. The TASS hasbeenused atthe EMHC
for adolescents as well as adults given its comprehensive nature
and questions that are generalizable to adolescents. Provided no
contraindications are revealed, patients are directed to receive a
physical examination with their primary care physician or nurse
practitioner, and to undergo laboratory investigations to assess
for other conditions that may be contributing to depressive

symptoms.

Patients included in this case series received rTMS treatment
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delivered with the MagVita TMS Therapy System using a
figure-of-eight coil. Localization was conducted using the
Beam-F3 method"?, which has been demonstrated to be a
reliable localization technique in adolescents!'®). Resting motor
threshold was defined as the lowest level of stimulation required
to evoke visual motor response in the contralateral abductor
pollicis brevis for at least 50% of stimulations. Adolescent
patients were generally assigned to receive 19-minute treatment
sessions with stimulation delivered at 120% of the resting
motor threshold to the left dorsolateral prefrontal cortex at 10
pulses per second (10 Hz) in 4-second trains with an inter-train
interval of 11 seconds. Each session delivered 75 trains for a
total of 3,000 pulses. If there was a clinical reason to assign
a different protocol, adolescents could instead be assigned
to receive 20-minute treatment sessions with stimulation
delivered at 120% of the resting motor threshold to the right
dorsolateral prefrontal cortex at 1 pulse per second (1 Hz) for a

total of 1,200 pulses.

A total of 30 rTMS sessions was planned for each patient, with
sessions taking place 5 days per week over 6 weeks. The 17-
item Hamilton Depression Rating Scale (HAMD-17) was used
to measure clinician-rated depressive symptoms at baseline
and after every 10 rTMS sessions. Patients also completed the
Quick Inventory of Depressive Symptomatology Self-Report
(QIDS-SR) at baseline and after every 10 rTMS sessions.
Patients were asked by nursing staff during every treatment
session about side effects from rTMS, and side effects were
also assessed at appointments with an rTMS psychiatrist after

every 10 sessions.

The HAMD-17 was used to document depressive symptom
severity across cases. Although the HAMD-17 is primarily
validated for adult populations and has limited psychometric
evaluation in adolescents, it is the standardized measure routinely
used in our clinical service for both adults and older adolescents.
The HAMD-17 has been used in other rTMS studies, including
adolescents!¥19, and its use in this case series may be helpful
for comparative purposes. Its use in this case series reflects real-
world clinical practice and provided a feasible and consistent
method for tracking symptoms across patients. HAMD-17 scores
are therefore presented descriptively, and findings should be

interpreted with appropriate caution given the instrument’s limited

validation in younger populations. Similarly, the QIDS-SR has
been less extensively validated compared to other youth-specific
tools; however, it has been used in routine clinical practice at the
EMHC and is presented here for illustrative, rather than diagnostic,

purposes.

Patient records were included for review if the patient was
under the age of 18 years at the time that rTMS treatment was
initiated. Electronic and paper records were reviewed to gather the
following data: age at which rTMS treatment started, patient sex,
psychiatric conditions that were documented at the time of initial
consultation for rTMS treatment, medications prescribed during
rTMS treatment, past medication trials, rTMS treatment protocol,
HAMD-17 scores at baseline and during rTMS treatment, QIDS-
SR scores at baseline and during rTMS treatment, and documented
adverse effects reported by patients during their rTMS treatment
course. These data were entered into an Excel spreadsheet, and
all data was de-identified. Raw means and standard deviations for
the HAMD-17 and QIDS-SR scores were calculated at each time
point. Ninety-five percent confidence intervals (CIs) for the means
were computed using the standard error and the t-distribution.
Scores with more than half of the items missing for a given patient
were excluded from these calculations. Patient-level changes from
baseline to treatment 30 were calculated as paired differences,
with mean change, 95% CI, and associated p-values determined
using paired t-tests. Patients with missing values at either baseline
or treatment 30 were excluded from the paired analyses for that
measure. A two-sided p-value of less than 0.05 was considered
statistically significant. All analyses were performed in R using

the “dplyr” and “tidyr” packages.
Il Results

Ten patients between the ages of 15-17 years old received
rTMS treatment at the EMHC between 2021 and December
2024. Demographic and clinical characteristics of these patients
are displayed in Table 1. All 10 patients had been referred by a
psychiatrist who had made a clinical diagnosis of MDD prior to the
referral, and the diagnosis was confirmed at the time of consultation
with the rTMS psychiatrist. None of the patients had received
previous neurostimulation treatment. Patients were advised to
maintain their medication regimens during rTMS treatment so as to

minimize other factors that could influence depressive symptoms.

24

J Can Acad Child Adolesc Psychiatry, 35:2, August 2026



Repetitive Transcranial Magnetic Stimulation (rTMS) for Adolescent Treatment-resistant Major Depressive Disorder: A Case Series from a Canadian Publicly-funded Clinic

Table 1. Characteristics of adolescent patients receiving rTMS treatment.

Patient Age (years)

Co-morbid psychiatric

Medications and dosages during rTMS

Past medications

diagnoses treatment
1 17 M | ADHD, GAD, DCD, LD Dgloxetmej 99 mg daily, Blpheptln 10 mg Fluoxetlnf:, ser.trallr.le, Concerta,
daily, quetiapine 50 mg at bedtime atomoxetine, risperidone
Duloxetine 120 mg daily, risperidone 1.5 Fluoxetine, sertraline, bupropion
2 15 F GAD, SAD mg at bedtime, trazodone 125 mg at bedtime | XL
. Sertraline, citalopram,
3 17 M | GAD, SAD lr:u\g:i(f ming 1 mopg 110} AaEmill a0 fluoxetine, aripiprazole,
& y Biphentin, Vyvanse, Dexedrine
4 15 F SAD Fh.loxetlne 60 mg daily, aripiprazole 4 mg Dul.oxetlne, c1talopra}m,
daily escitalopram, sertraline
5 16 F SAD, BPD Esmtaloprgm 20 mg daily, quetiapine XR 50 Bl.lp.roplon, fluoxetine
mg at bedtime aripiprazole
Venlafaxine XR 112.5 mg daily, aripiprazole . .
6 17 M | LD 2.5 mg daily, trazodone 50 mg at bedtime Escitalopram, sertraline
7 17 M | ADHD, ODD Aripiprazole 10 mg daily, clonidine 0.05 mg Escnal(.)pram., sertrallhne,
BID fluoxetine, Biphentin
Sertraline 150 mg daily, bupropion XL 150
8 15 F PDD, ADHD, GAD, BPD | mg daily, risperidone 0.5 mg at bedtime, Biphentin, guanfacine XR
aripiprazole 10 mg daily
9 17 F ADHD, GAD, OCD Venlafaxme 225 mg daily, Adderall XR 30 Sertraline
mg daily
10 17 M | GAD, PTSD Desvenlafaxine 100 mg daily Sertraline, bupropion XL,
escitalopram

Note. M = male; F = female; GAD = generalized anxiety disorder; ADHD = attention-deficit/hyperactivity disorder; SAD = social anxiety disorder; LD =
learning disorder; BPD = borderline personality disorder; OCD = obsessive-compulsive disorder; PTSD = posttraumatic stress disorder; DCD = developmental
coordination disorder; PDD = persistent depressive disorder; ODD = oppositional defiant disorder

All patients were accepted for rTMS treatment on the basis of a primary clinical diagnosis of treatment-resistant MDD. Co-morbid
psychiatric conditions included generalized anxiety disorder (N=6), social anxiety disorder (N=4), and attention-deficit/hyperactivity
disorder (N=4). All patients had been prescribed at least one SSRI medication prior to rTMS treatment, with 8/10 patients having been
prescribed at least two SSRI medications. Five patients were prescribed an SNRI medication at the time of rTMS treatment and one patient
was prescribed bupropion. One patient was prescribed a methylphenidate-based stimulant during rTMS and two other patients were

prescribed an amphetamine-based stimulant.

Most patients (8/10) received high-frequency (10 Hz) rTMS to the left DLPFC. The other two patients received low-frequency (1 Hz)
rTMS to the right DLPFC. The decision to proceed with low-frequency right-sided rTMS for these two patients was a clinical one, as both
patients had a history of severe emotional dysregulation and anxiety, and extant literature suggests that right-sided rTMS may produce fewer

side effects than left-sided treatment® and lower-frequency rTMS may be better-tolerated for patients with comorbid anxiety!”.

The HAMD-17 and QIDS-SR scores for each patient who received rTMS are displayed in Table 2. Baseline HAMD-17 scores were
predominantly in the mild-moderate range. Reductions in HAMD-17 and QIDS-SR scores were observed from baseline to assessment
at treatment 30 (Figures 1 and 2). The paired mean change in HAMD-17 scores from baseline to treatment 30 was -7.6 points with a
95% confidence interval of -12.9 to -2.4 (t=-3.44, df=7, p=0.01) indicating a statistically significant reduction in symptom severity. The
mean change in QIDS-SR scores was -3.8 points with a 95% confidence interval of -8.0 to +0.5 (t=-2.09, df=7, p=0.07) indicating a non-
statistically significant trend towards reduction. Retaining data from the two patients who received low-frequency rTMS to the right

DLPFC did not meaningfully change descriptive trends.
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Table 2. Individual HAMD-17 and QIDS-SR scores for patients receiving rTMS treatment.

Patient rTMSProtocol Baseline Session #10 Session #20 Session #30 Change from baseline
HAMD-17 17 13 7 4 -13
1 HF-LDLPFC
QIDS-SR 22 15 13 13 -9
HAMD-17 13 11 10 13 0
2 LF-RDLPFC
QIDS-SR 10 10 16 12 +2
HAMD-17 15 6 4 1 -14
3 HF-LDLPFC
QIDS-SR 11 7 5 5 -6
HAMD-17 19 10 6 2 -17
4 LF-RDLPFC
QIDS-SR 19 9 9 8 -11
HAMD-17 18 13 12 16 -2
5 HF-LDLPFC
QIDS-SR 21 16 14 15 -6
HAMD-17 6 0 0 1 -5
6 LF-RDLPFC
QIDS-SR 6 1 4 3 -3
HAMD-17 15 7 14 12 -3
7 HF-LDLPFC
QIDS-SR 12 16 18 13 +1
HAMD-17 20 15 16 13 -7
8 LF-RDLPFC
QIDS-SR 25 17 - - -8*
HAMD-17 10 - - - -
9 HF-LDLPFC
QIDS-SR 12 9 - 14 +2
HAMD-17 14 11 - - -3*
10 LF-RDLPFC
QIDS-SR 15 - - - -

Note. HF-LDLPFC = high-frequency left dorsolateral prefrontal cortex; LE-RDLPFC = low-frequency right dorsolateral prefrontal cortex; HAMD-17 = Ham-
ilton Depression Rating Scale 17-item; QIDS-SR = Quick Inventory of Depressive Symptomatology Self-Report; * = change at session #10 from baseline due to

incomplete data

Three patients had notable HAMD-17 reductions of at least 10 points, and two other patients had more modest HAMD-17 reductions
of at least 5 points. One patient did not have any change in HAMD-17 score, and three patients had HAMD-17 reductions of less than
5 points. One patient voluntarily withdrew from treatment after 16 sessions due to subjective concern about worsening depressive
symptoms and increased suicidal ideation — it was not clear if these were in fact side effects of rTMS, as this individual had a history
of chronic, intermittent suicidal ideation even prior to initiating rTMS treatment. Side effects reported during rTMS treatment
included dizziness (N=2), fatigue (N=2), headache (N=1), and nausea (N=1).
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Figure 1. Mean QIDS-SR scores for adolescent patients receiving rTMS with 95% CI arms.
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Figure 2. Mean HAMD-17 scores for adolescent patients receiving rTMS with 95% CI arms.
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Il Discussion

This study is among the first to report on real-world data for
rTMS for adolescents in a Canadian publicly-funded clinic.
Our findings suggest that, on average, adolescent patients
who received r'TMS experienced a reduction in depressive
symptoms, that rTMS was well-tolerated, and that delivery of
rTMS for adolescents is feasible within the Canadian public

health care system.

These findings regarding feasibility and tolerability are similar
to results from a recent study reporting on deep TMS and
intermittent theta burst stimulation (iTBS) in older adolescents
and adults at a tertiary care clinic in Ontario (14). Compared
to that study, our sample involved standard rTMS (not deep
TMS or iTBS), only individuals under the age of 18 years, and
a longer duration of neurostimulatory treatment. Our sample
also had lower mean baseline HAMD-17 scores, suggesting
less severe depressive symptoms at the start of treatment. Our
findings contribute additional insight into the application of
standard rTMS protocols for adolescents in Canadian clinical

settings.

As seen in Figures | and 2, reduction in clinician-rated and
patient-reported depressive symptoms was most pronounced
over the first 10 rTMS sessions. This is consistent with
aforementioned real-world data submitted to the FDA® that
also indicated the sharpest reduction in depressive symptoms
over the first 10 rTMS sessions'®. Among patients included in
this case series, while most improvement was observed over the
first 10 sessions, there was on average further improvement over
the remainder of rTMS treatment courses. However, individual
improvements were generally modest, and baseline depression
severity was low, which likely constrained observable effect

sizes.

Nearly all patients included in this case series had baseline
HAMD-17 scores in the mild or moderate depression range,
with no baseline scores in the severe depression range. The
previously-described data submitted to the FDA® indicated
that patients experiencing severe depression experienced the
greatest percent change in PHQ-9 scores with rTMS treatment,

whereas similar results were not observed for patients with mild

or moderate depression. Thus, targeting more severely affected

adolescents may optimize use of limited treatment resources.

Beyond the conventional 10 Hz and 1 Hz rTMS protocols
described above, iTBS has garnered interest as a potentially
effective treatment for adolescent MDD!%. iTBS has been
established as an effective treatment in adult MDD and,
along with high-frequency rTMS to the left DLPFC and low-
frequency rTMS to the right DLPFC, is recommended as a first-
line protocol for the treatment of MDD in adults®. Randomized
controlled studies for iTBS in adolescent depression to date
have been limited to investigation of relatively short courses
of iTBS with mixed findings regarding performance relative to
placebo"”Y, Further study of iTBS for adolescents, including
additional controlled studies and investigation of longer courses

of iTBS, is needed at this time.

'TMS treatment for adolescents at the EMHC has been possible
as a result of collaboration within the treatment team consisting
of psychiatrists and nurses. The treatment of adolescents has
required collaboration between child and adolescent and general
psychiatrists who provide service to the clinic and routinely
monitor the rTMS treatment for adolescents and adults alike.
A similar model could be employed at other sites looking to
expand rTMS treatment to adolescent populations. Given
limited numbers of child and adolescent psychiatrists across
Canada, collaboration with general psychiatrist colleagues with
rTMS expertise is likely to be required to provide rTMS to

adolescents in other centres.

There are limitations to the current study. Given the open-label
nature of treatment in this retrospective study with no control
group, it is possible that similar changes would have been seen
with sham treatment, given previously-described data from a
sham-controlled trial that did not suggest superiority of rTMS
over sham treatment. In addition, the data collected in this
study were not sufficient to determine if patients truly met
criteria for treatment-resistant depression. While information
was available about previous medication trials, it was not
possible to confirm that the medications were taken consistently
or prescribed at a therapeutic dose for a sufficient duration.
Similarly for psychotherapeutic treatment, it was not possible

to confirm that patients had received an adequate course of
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an evidence-based psychotherapeutic treatment. Finally, as
reported in Table 2, some patients did not engage in, or were
not willing to engage in, assessment involving the HAMD-17 or
QIDS-SR, leading to incomplete data.

Bl Conclusions

rTMS appears to be a safe and well-tolerated treatment for
adolescents experiencing treatment-resistant depression. While
access to r'TMS treatment is largely limited to private clinics in
Canada, this case series supports that rTMS can be delivered
to adolescent populations under the Canadian publicly-funded
health care system and may provide benefit for treatment-
resistant MDD. Further research to investigate the efficacy
of novel rTMS protocols, including iTBS, for adolescents is

needed.
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