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1. THE NEED FOR A TRIAL 
1.1 The problem to be addressed 
 Major depressive disorder (MDD) is a significant public health issue with a considerable personal 
and societal toll. MDD is estimated to affect over 300 million individuals around the globe and is now 
ranked as the leading cause of disability worldwide [1]. In Canada, the lifetime prevalence of MDD is 
12%, and ~1.9 million Canadians live with MDD in any given year [2]. First-line treatments for MDD 
include pharmacotherapy and psychotherapy [2]. Unfortunately, around 30 to 40% of patients develop 
treatment-resistant depression (TRD), classically defined as the failure to respond to one or two adequate 
trials of antidepressants [3–5]. TRD affects about ~2% of the population (~760,000 Canadians) and 
represents about 30 to 50% of the total treatment cost for MDD [6]. Given the public health imperative, 
novel therapeutic approaches are needed. 

Transcranial magnetic stimulation (TMS) has been gaining ground in the last decade for the 
treatment of TRD, with evidence of superiority over pharmacotherapy after two (2) failed antidepressant 
trials [7,8]. TMS uses rapidly alternating magnetic fields to safely stimulate specific cortical areas, 
allowing modulation of underlying dysfunctional brain networks. Even though TMS is a now well-
established treatment for TRD [9], optimizing protocols to maximize effectiveness remains an active area 
of research. 
 The primary aim of this trial is to compare the effectiveness of two different TMS techniques 
in TRD, repetitive TMS (rTMS) and deep TMS (dTMS). Compared to rTMS, dTMS delivers a broader 
magnetic field, which in turn reduces coil positioning error and maximizes the probability of optimal 
cortical stimulation [10]. A past RCT comparing both approaches found a greater depression score 
decrease and response/remission rates for dTMS, but was short of reaching significance for remission 
rates (primary outcome) [11]. Critical components of this RCT were suboptimal, including too few 
treatment sessions and insufficient statistical power, both of which could have obscured an actual 
difference between modalities. Proof of a more effective type of TMS over another would translate 
into increased odds of improvement for TRD patients who live with a chronic and disabling illness. 

The exploratory aim of this trial is to study the predictive value of candidate biomarkers for 
TMS in MDD. Two scalable techniques have shown the potential to develop biomarkers in pilot studies: 
electroencephalography (EEG) and electrocardiography (ECG). These highly scalable approaches could 
easily be implemented in regular clinical psychiatric settings. Predicting an individual's chances of 
improvement to TMS before the start of treatment could expedite remission, spare futile 
interventions, and protect limited clinical resources. 

The results of this trial will have clinically significant benefits for MDD patients. Evidence of the 
superiority of dTMS could lead to more favorable clinical outcomes for patients suffering from TRD and 
offer an additional treatment option to individuals who have not responded to rTMS. Identifying scalable 
biomarkers ready for clinical use could also positively impact the care trajectory of patients suffering 
from TRD and reduce the current trial-and-error approach for treatment selection. 
1.2 Research questions 
Primary: To assess the superiority of dTMS over rTMS in TRD. 
Hypothesis: dTMS will achieve significantly greater reduction in depressive symptoms and higher 
response/remission rates than rTMS. 
Exploratory: To evaluate the predictive capacity of scalable candidate biomarkers. 
Hypothesis: Specific biomarker features at baseline will predict response to TMS overall, irrespective of 
the specific TMS modality. 
1.3 The need for a trial 
1.3.1 The need to increase the effectiveness of TMS for TRD  
 The evidence for the effectiveness of TMS in TRD is supported by well over 200 RCTs and 
dozens of meta-analyses [5,9,12]. Health Canada approved TMS in 2002, and U.S. Food and Drug 
Administration (FDA) followed suit for TRD in 2008. The most recent literature indicates that TMS 
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consistently achieves response (≥50% improvement from baseline) and remission (little to no symptoms 
left) rates of 40-55% and 25-35% in TRD, respectively [5]. TMS involves the use of a powerful alternating 
magnetic field to modulate neuronal activity. Electromagnetic pulses are delivered through coils of 
various designs. Standard rTMS uses figure-8 coils offering focal and superficial stimulation [13]. Even 
though rTMS is effective in TRD, remission rates are still below those for electroconvulsive therapy 
(ECT), which remains the gold standard for TRD [14]. Given the low patient acceptability of ECT [15], 
work must continue to optimize the effectiveness of therapies such as TMS, which possess an 
advantageous safety, tolerability, and acceptability profile [5]. 
1.3.2 Rationale for testing the clinical efficacy between dTMS and rTMS 

Several ways to increase the effectiveness of TMS have been studied, including increasing the 
number of pulses per session, various frequencies, bilateral treatment, treatment acceleration, and 
functional imaging. So far, none have yielded consistent results [16–24]. One approach of interest has been 
to improve coil technology [25]. Figure-8 coils used for rTMS have been developed for neurophysiological 
experimentation, where more focus stimulation is preferred for precise target engagement. Unfortunately, 
the high individual variability of the prefrontal cortex (PFC) and the probabilistic nature of figure-8 coil 
positioning renders them theoretically more prone to error in clinical use. Neuronavigation systems have 
been developed to optimize targeting [26], but these tools are expensive and technically complex, currently 
precluding widespread use. 

H-coils used in dTMS, on the other hand, were developed for specifically for clinical use (Fig. 1 
of the Appendix). H-coils create a much broader and deeper magnetic field than figure-8 coils, reducing 
coil positioning error and maximizing the probability of optimal cortical stimulation. Indeed, even though 
the average thickness of the cortical gray matter strip is only 2 mm, the highly convoluted pattern of 
organization (gyri and sulci) means that some parts of the gray matter may remain sub-optimally 
stimulated with figure-8 coils compared to H-coils. H-coils are, therefore, better adapted to engage the 
underlying PFC circuitry. The initial H-coil developed for TRD was the H1. More recently, another H-
coil has received FDA clearance for MDD: the H7 [27]. The H7 has the advantage of stimulating 4x deeper 
than figure-8 coils (compared to 2.5x for the H1-coil), translating into a total stimulated brain volume of 
40.3 cm3 for the H7, compared to 18 cm3 for the H1, and only 3 cm3 for figure-8 coils. Because of this, 
the H7 can stimulate large portions of the PFC, including the dorsolateral and dorsomedial prefrontal 
regions. These areas, which are of significant interest in MDD [28], can only be simultaneously stimulated 
by the H7. The clinical advantage of broader PFC stimulation provided by dTMS is supported by the 
effectiveness of ECT, which causes widespread whole-brain depolarization. ECT still, to this day, 
remains the gold standard in terms of clinical outcomes in TRD, with remission rates of ~50%, according 
to the most recent data [14]. The recruitment of larger PFC areas by dTMS may therefore be expected 
to augment the antidepressant effect.  

Because of this, some have theorized the therapeutic superiority of dTMS over rTMS in MDD 
[29]. While some evidence suggests this [11], the issue is still vigorously debated. Resolving this research 
question is vital to enhance the effectiveness of TMS for TRD. 
1.3.3 rTMS vs. dTMS 
 dTMS was shown to be effective for TRD in its landmark trial [30]. Subsequently, an RCT 
compared rTMS (N = 75) and dTMS (N = 72) in a way that led to inconclusive findings [11]. Even though 
the proportion of remitters was greater in the dTMS group (dTMS 60% remission, CI95% 48–71%; 
rTMS 43% remission, CI95% 31–55%), this was not statistically significant (OR 1.74, CI95% 0.79–
3.83, p = 0.17). Regarding secondary endpoints, response was significantly greater with dTMS (OR 2.33, 
CI 95% 1.04–5.21, p = 0.040). The 17-item Hamilton Rating Scale for Depression (HRSD-17) decrease 
was also significantly greater in the dTMS group (p = 0.048). Still, this trial was underpowered and only 
used a limited 20-session course, which is insufficient [31] and probably prevented full therapeutic effects. 
These equivocal results require a well-designed and appropriately powered head-to-head RCT. 
Such a trial would be vital to improving the overall effectiveness of TMS and guide the 
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implementation and choices of optimal technology in clinical settings. Additionally, this trial did not 
follow up with patients beyond the treatment period (4 weeks). It is now established that trajectories of 
outcomes vary between individuals treated with TMS and that some do not reach a plateau of 
improvement by treatment end [32] and can continue to improve afterward [33]. Research health metrics 
such as functioning and quality of life may also require longer follow-up periods.   
 Lastly, that trial used the original 10 Hz stimulation protocol initially approved by the FDA for 
rTMS. More recently, intermittent theta burst stimulation (iTBS) has been introduced for rTMS and 
received FDA approval. The landmark iTBS-rTMS trial (THREE-D study co-chaired by DMB and ZJD) 
established the non-inferiority of this approach to the 10 Hz stimulation protocol [18]. iTBS is delivered 
in only ~3 min, compared to 37.5 min for 10 Hz, which makes it much more efficient (time-saving and 
cost-effective) and has led to its adoption by many clinics worldwide [34]. 
1.3.4 The search for biomarkers 
 In addition to treatment optimization, biomarkers are another key strategy in improving outcomes 
in MDD. Predicting the chances of improvement to TMS before the start of the procedure could help 
treatment centers better orient patients to optimal therapies, spare them futile interventions and improve 
the use of limited clinical resources. Encouraging results have emerged from neuroimaging studies [35], 
but scalable, reliable, and cost-effective candidates are needed [36]. This work aligns with our group's 
expertise in TMS and biomarkers [33,37–49]. 
 Individual alpha frequency: EEG biomarkers have shown great promise in MDD 35,48,49.  EEG 
has the advantage of being a low-cost, broadly available, and already established tool in routine clinical 
care 48. Initial studies suggested pathologic frontal alpha asymmetry in MDD [50], and interference with 
this abnormal rhythm by TMS has been theorized to reset dysfunctional thalamocortical oscillators and 
lead to therapeutic improvement [51]. A research question arising from this observation has been 
determining if specific TMS stimulation frequencies are more efficient at interfering with these abnormal 
rhythms. It was initially determined in a pilot study that participants (N = 35) undergoing rTMS 
experienced a greater improvement when their individual alpha frequency (iAF) was closer to the 10 Hz 
[52]. Collaborator MA on this proposal later replicated this finding in a larger cohort (N = 59) [53]. 
So far, this promising approach remains to be explored with other frequencies, such as those proposed 
here (18 Hz/dTMS and iTBS/rTMS). Such evidence could help clinicians assign patients to an optimal 
TMS protocol based on their iAF, an example of the recently-discussed Stratified Psychiatry concept [36]. 
Our hypothesis is that individuals with baseline iAF closer to 10 Hz will respond better to TMS 
overall.  
 Reward positivity: EEG event-related potentials (ERPs) are also recognized as promising 
biomarkers. Decreased reward positivity (REWP), an ERP elicited by reward feedback, is associated 
with MDD [58]. REWP originates from the anterior cingulate and is highly sensitive to insults to the 
mesocorticolimbic reward system [58–61]. REWP has been shown to reflect the anterior cingulate 
electrophysiological response to dopaminergic reward prediction error signals [60,62]. A substantial body 
of evidence implicates dopamine and anterior cingulate dysfunction in MDD and a series of studies 
demonstrated that REWP amplitude can serve as a biomarker for depression [58]. Importantly, TMS 
applied to the PFC can enhance dopamine release, neuronal activity, and cerebral blood flow in the 
cingulate cortex [63–66]. We previously demonstrated that 10 Hz rTMS applied to the DLPFC 
enhanced REWP in substance users [45,46]. In healthy subjects, we demonstrated that 600 pulses of 
iTBS applied to the left DLPFC suppressed the amplitude of REWP across two independent studies 
[47]. To date, the effects of dTMS on REWP amplitude are unknown, which adds to the innovation of the 
proposed work. Since REWP studies have shown the cingulate is critically involved in MDD [58,59], it 
may be hypothesized that a similar mode of action involving the cingulate, as measured by the REWP, 
is the case in the treatment of MDD. REWP is thus well-positioned to serve as an RDoC-type predictive 
biomarker of reward-related psychopathology in MDD. While other ERPs have been studied in MDD, 
REWP has the most extensive literature supporting its use in the context of cingulate dysfunction and 
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MDD. In line with this work, we hypothesize that a TMS-induced modulation of cingulate activity could 
be objectively evaluated using REWP, particularly for a condition with mesocorticolimbic reward system 
dysfunction like MDD. Our hypothesis is that participants with lower baseline REWP will respond 
better to TMS overall. 
 ECG: Cardiac function abnormalities and autonomic nervous system dysfunctions have been 
extensively described in MDD, focusing on decreased vagal control, which could represent a failure of 
the PFC to inhibit sympathetic activity [67]. At the neurobiological level, subcortical hyperactivity is 
thought to be responsible for increased sympathetic tone in response to stress [68]. The PFC regulates 
sympathetic and parasympathetic activity by top-down mechanisms through the vagus nerve via the 
subgenual anterior cingulate [67]. In MDD, these mechanisms could be compromised, given the known 
dysfunctions of the PFC in MDD. Since TMS is theorized to normalize PFC activity, its effects could 
therefore be captured by cardiac activity recording [69]. ECG-based biomarkers represent a low-cost and 
scalable approach that merits further investigation. Our team has already shown that greater baseline 
ECG corrected QT interval length was associated with greater improvement in vagus nerve stimulation 
[38] and that even though baseline resting-state heart rate variability was not associated with improvement 
to TMS [49], lower baseline resting-state heart rate (HR) was associated with greater improvement [70]. 
Our hypothesis is that participants with higher baseline corrected QT interval and lower baseline 
resting-state HR will respond better to TMS overall. 
1.4 Knowledge transition 
 We will engage in knowledge translation with the scientific and clinical communities via 1) 
publication of study findings in high-impact peer-reviewed open-access journals with a broad readership 
and 2) presentations at international scientific conferences, including both leading neuroscience (e.g., 
Society of Biological Psychiatry, American College of Neuropsychopharmacology), brain stimulation 
(e.g., International Brain Stimulation Conference), national (e.g., Canadian Psychiatric Association) and 
provincial (Association des Médecins Psychiatres du Québec) annual meetings. We will also summarize 
our findings in plain language and use media deemed to be highly effective for knowledge users. We will 
also disseminate our findings via social media platforms. Knowledge translation will also be facilitated 
through our members’ affiliation and collaboration with the Réseau Québécois sur le suicide, les troubles 
de l’humeur et les troubles associés. We will liaise with radio, television, and press journalists to ensure 
media coverage of this study and its potential benefits. The media and federal and provincial 
governmental organizations frequently solicit our research team members for their expertise. Information 
that identifies participants or that reasonably could be used to identify participants will not be included 
in such publications. A timeline of our planned knowledge translation activities is provided in Table 
1 of the Appendix. 
1.5 Risk management 
 TMS is a well-tolerated procedure with limited side effects and a well-established safety track 
record [71,72]. Both rTMS and dTMS systems are approved by Health Canada. For most patients, adverse 
events are minimal, the most common side effects being mild discomfort at the stimulation site and 
mild headaches/fatigue after stimulation (20-30%). Nausea, irritability, and sleep disturbance are rarely 
seen (< 5%) [71]. Seizures are the most severe potential adverse event reported with TMS but are 
extremely rare (0.01%, ten times lower than antidepressants) [71]. No difference in adverse events (types 
or frequency) has been reported between rTMS and dTMS [11], an observation supported by our pilot 
data. Standard operating procedures regarding the emergence of side effects are in place, including a 
specific procedure in the event of a seizure/loss of consciousness, which mobilizes the blue code team. 
Regarding adverse events monitoring, we will follow the same protocol as in the THREE-D study [18]. 
At each session, participants will be queried for any suicidal ideation and adverse events. All adverse 
events will be recorded for analysis. Participants will also report pain levels to the TMS procedure on a 
verbal analog scale (from 1 [no pain] to 10 [intolerable pain]). We will also record the number of serious 
adverse events and reasons for treatment discontinuation when such events occur. A psychiatrist will 
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always be available in case of adverse events, assessment of emergent/worsening suicidal ideation, or 
any other emergencies. 
2. THE PROPOSED TRIAL 
 
2.1 Recruitment 
 Potential participants will be selected among regular clinical patients referred by their medical 
doctor via the secretariat of the psychiatric neuromodulation clinic of the CHUM (email: 
neuromodulation.psychiatrie.chum@ssss.gouv.qc.ca, tel: 514-890-8000 #26489, fax: 514 412-7792), or 
by their medical doctor via the lab website (www.labo-unp.ca). As part of the clinical routine 
administrative functioning, a clinical nurse will contact all patients referred for neuromodulation 
treatments and evaluate them. The nurse will then schedule a medical appointment with one of the 
psychiatrists of the study. If the participant meets eligibility criteria, the psychiatrist will offer to the 
patient to participate in the study. If the participant is interested, the research coordinator will contact 
the participant to describe the study and the treatment (treatment schedule), side effects as well as to 
answer any question the participant might have. The research coordinator will then schedule an 
appointment with the participant to obtain informed consent.  
 
2.2 Design 

The trial will now be conducted as a randomized, single-center, two-arm, parallel-group pilot 
study, primarily aimed at assessing feasibility and preliminary outcomes involving 50 adult outpatients 
with TRD over two (2) years starting in January 2024. Using a computerized random permuted block 
method, participants will be randomly allocated (1:1) to one of the two intervention groups (rTMS or 
dTMS). Before the study initiation, we will obtain written approval from the Research Ethics Board, and 
this protocol will be registered on clinicaltrials.gov. 
2.3 Interventions 
 After consent and enrollment, patients will undergo a screening visit to obtain demographic, 
clinical, and baseline data to determine their eligibility for the trial according to inclusion and exclusion 
criteria (section 2.5 below). Participants will be randomized to receive either rTMS on a MagPro X100 
research grade stimulator (MagVenture) equipped with a B70 fluid-cooled coil or dTMS on a research 
Brainsway system equipped with an H7-Coil. Following randomization, patients will undergo baseline 
assessments and motor threshold testing to determine the appropriate site and strength of stimulation 
according to standard methods, and then begin treatment [18,30,73]. For dTMS, the MDD FDA-cleared 18 
Hz stimulation protocol will be used (2 sec ON, 20 sec OFF, 55 trains; 1980 pulses per session; 20 min 
10 s duration; 120% hand motor threshold [27]). For rTMS, the MDD FDA-approved iTBS protocol will 
be used (triplet 50 Hz bursts repeated at 5 Hz, 2 s ON and 8 s OFF; 600 pulses per session; total duration 
of 3 min 9 s, 120% hand motor threshold [18]). 
2.4 Randomization 
 Subjects will be randomized into the study and stratified by treatment failure, defined by the 
failure to two adequate trials vs. those with more than two adequate trial failures, as assessed by an 
Antidepressant Treatment History Form (ATHF) score of more than 3 in the current episode [74]. The 
degree of treatment resistance has been a significant predictor of improvement in treatment in prior TMS 
trials. It is essential to ensure that the groups are balanced for this variable [75–77]. Randomization will be 
based on a stratified permuted block design, using random block sizes to decrease the likelihood of 
predictability of group assignments. An independent statistician external to the study will manage the 
computer-generated randomization list. Research staff will not have access to the randomization 
schedule. 
2.5 Blinding 
 Given the study's design, blinding participants and TMS operators will not be possible. Still, staff 
responsible for participant assessments and data analysis will be blinded to treatment conditions and 

mailto:neuromodulation.psychiatrie.chum@ssss.gouv.qc.ca
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external to the clinic staff. Patients will be instructed not to reveal their group assignment to the raters. 
Patients will not be given the specifics of the treatment parameters and will be instructed not to talk to 
each other during the study period. Both treatments will be presented as effective to them. Lastly, the 
data management center will strictly control access to the randomization code. 
2.5 Eligibility criteria 
 Inclusion criteria: Adults aged 21–70 years with a Mini-International Neuropsychiatric Interview 
(MINI)-confirmed  diagnosis of  MDD [78], at least moderate intensity, single or recurrent episode, 
HRSD-17 score of at least 18 [18,79], no improvement to at least two adequate courses of antidepressants 
(based on the ATHF) or were unable to tolerate at least two separate trials of antidepressants of 
inadequate dose and duration, and have been on a stable antidepressant regimen for the past four weeks 
before screening. Patients with a chronic depressive episode >2 years and who have previously received 
ECT or ketamine will be eligible to participate. 
 Exclusion criteria: Having previously received TMS; substance use disorder within the last three 
months; diagnosis of bipolar or psychosis spectrum disorder; anxiety or personality disorder that is 
assessed by a study investigator to be the primary cause and causing greater impairment than MDD; 
concomitant major unstable medical or neurological illness, intracranial implant, cardiac pacemaker or 
implanted medication pump; significant laboratory abnormality; active suicidal intent; pregnancy; if 
participating in psychotherapy, must have been in stable treatment for at least three months before entry 
into the study, with no anticipation of change; currently taking more than the equivalent of 2 mg of 
lorazepam of a benzodiazepine daily or any dose of an anticonvulsant due to the potential to limit TMS 
effectiveness. If participants do take benzodiazepines, they will be instructed not to take them before 
treatment, only after and no later than at bedtime. 
 Discontinuation criteria: Participants will be withdrawn if: i) they experience worsening in 
depression, defined as an increase in HRSD-17 from baseline of more than 25% during two consecutive 
assessments, or development of active suicidal intent or attempted suicide; ii) the Principal Investigator 
believes that for safety reasons, it is in the best interest of the participant to stop participation. 
Discontinued participants will receive whichever treatment plan is optimal for their situation. Participants 
will be permitted to miss scheduled treatment days due to illness or scheduling conflicts, and sessions 
will be added to complete the scheduled 30 sessions. However, participants who miss four consecutive 
treatment days will be excluded from the study, although we will attempt to continue collecting outcome 
data. 
2.6 Treatment period duration 
 Participants will undergo one (1) daily treatment session over six (6) consecutive weeks (Monday 
to Friday) for a total of 30 sessions, which is the standard in TMS studies [31]. 
2.7 Frequency and duration of follow-up 
 Biomarkers will be acquired at baseline (W0). Clinical measures will be completed at W0, 
immediately post-treatment on the last day (W6), and at follow-ups post-treatment: 1-week (W7), 4-week 
(W10), 12-week (W18).  
2.8 Outcomes 
Primary: (1) dTMS and rTMS score changes from baseline to W6 on the HRSD-17 scale; (2) Response 
(yes/no) defined as a reduction ≥50% on the HRSD-17 scale from baseline to W6; (3) Remission (yes/no) 
defined as a score ≤ 7 on the HRSD-17 scale at W6. 
Secondary: dTMS and rTMS score changes, response, and remission at other timepoints (W7, W10, and 
W18); outcomes on other symptomatic scales (see below in section 2.9 clinical assessments), global 
measures of severity/improvement and quality of life and functionality; tolerability, self-reported adverse 
events, treatment-associated pain, numbers of all-cause dropouts. 
Exploratory: iAF, REWP, resting-stage ECG features, and NCG-TMS pupil measures at baseline. 
2.9 Assessments (see Table 2 of the Appendix) 
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 Clinical assessments: The primary outcome measure will be measured by the HRSD-17, which 
has been the standard scale in both TMS and pharmacotherapy trials in TRD for decades [18]. Other scales 
include the HRSD-28, Hamilton Anxiety Rating Scale (HAMA) [80], 16-Item Quick Inventory of 
Depressive Symptomatology Self-Report (QIDS-SR-16) [81], General Anxiety Disorder-7 (GAD-7) [82], 
Snaith–Hamilton Pleasure Scale (SHAPS) [83], Columbia-Suicide Severity Rating Scale (C-SSRS) [84], 
Rumination Response Scale (RRS), Adult ADHD Self-Report Scale [85], The McLean Screening 
Instrument for Borderline Personality Disorder (MSI-BPD) [86] and various cognitive tests (see Table 2 
of the Appendix). At each session, participants will be queried for any suicidal ideation and adverse 
events, which will be recorded for analysis. Participants will also report pain levels to the TMS procedure 
on a verbal analog scale (from 1 [no pain] to 10 [intolerable pain]). We will also record the number of 
serious adverse events and reasons for treatment discontinuation when such events occur. Medical 
history, an electrocardiogram (ECG), blood tests, BMI, vital signs, and urine analysis (including drug 
screen) will be obtained at baseline. 

Biomarker assessments: Biomarkers will be collected at baseline. Participants will also undergo 
resting state ECG and EEG recordings using standard procedures [87,88]. EEG recording will be acquired 
through a 32-channel device (Natus Trex HD with video). In line with previous investigations [53], resting 
state EEG will be recorded for 5 minutes with eyes closed followed by 5 minutes with eyes open while 
the subject fixates on a red dot on a screen. Participants will be asked to stay relaxed during the 
acquisition, and electrooculogram (EOG) electrodes will be installed to record eye movements. Skin 
impedance will be maintained below 10 kW for all electrodes. EEG recordings will be sampled at 512 
Hz. Following resting-state EEG, recording will continue during the completion of the Probabilistic 
Selection Task, a well-established reward task that elicits robust REWP and is believed to be sensitive to 
dopamine and reward functioning [46]. REWP is measured by subtracting the amplitude (in microvolts) 
of the EEG reward-related potentials from non-reward-related potentials.  

Brain Vision Analyzer 2.0 will be used to process EEG recordings. 1) Preprocessing: 
Preprocessing will be undertaken to filter EEG recordings and remove artifacts and discontinuities. Finite 
impulse response Butterworth filters will be used to bandpass EEG recordings into the frequency band 
of interest (0.3-100 Hz). A notch filter will be implemented to reject powerline interferences (60 Hz). 
The forward-backward technique will keep the signals’ phase intact [89]. By filtering the input EEG data 
in both the forward and reverse directions, this method allows to perform zero-phase digital filtering with 
no phase distortion and thus preserves features in the filtered time-series at precisely the same timepoint 
on which they occur on the unfiltered time series. The Autoreject algorithm will be used for artifact 
detection and correction. This adaptive method uses cross-validation to identify an optimal peak-to-peak 
amplitude threshold. In addition, the Gratton technique (regression-based) will be used to EOG-correct 
the data. Finally, data will be re-referenced to the average reference; 2) Segmentation: Resting state 
EEG recordings will be segmented into non-overlapping windows of 4 s epochs; 3) Feature extraction: 
In line with previous investigations within the context of TMS outcome prediction, iAF will be calculated 
for electrodes F3 and F4 during eyes closed resting states [52,53]. Power spectrum will be evaluated by 
applying a Fast Fourier Transform to 4 s EEG epochs (50% overlap, Hamming window), where iAF 
corresponds to the maximum value on the power spectrum within the alpha frequency range (7-13 Hz). 
Patients with no clear/dominant iAF will be excluded from the analysis. A dominant iAF frequency will 
be defined as a maximum value within the alpha frequency range higher than 1.5 Z-score below the 
mean. The proportion of excluded subjects (those who do not show a dominant iAF) will be compared 
to those reported in Corlier and colleagues (15.1%) and Roelofs and colleagues (12.6%) [52,53].   

Regarding pupil measure procedures, they will follow what was described in a recent study[91]. 
All recordings will be obtained through a pupillometer NeurOptics PLR-3000 (NeurOptics Inc., Irvine, 
ca, USA). Pupil data will be obtained from both eyes. No calibration is required, and data will be stored 
on the device with results uploadable to an external computer.  
2.10 Sample size 
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 In light of budget constraints, we revised our study design to accommodate a smaller sample size, 
aligning it with the scope of a pilot study. The original plan to recruit 220 participants (110 per group) 
was based on calculations that assumed a 3-point difference in change from baseline between groups on 
the HRSD-17 scale and a standard deviation of 7.5 for the change in HRSD-17 in each group. These 
calculations suggested that 198 patients (99 per group) would be necessary to determine if dTMS is 
superior to rTMS with 80% power and a 5% two-sided significance level [88], adjusted for an anticipated 
attrition rate of up to 10% [18]. However, due to a lower than expected budget, we have revised our 
sample size to a total of 50 participants, with 25 in each group. This reduction necessitates a 
reclassification of the study as a pilot study. Pilot studies are valuable for testing the feasibility of larger 
trials, refining study protocols, and providing preliminary data. While the smaller sample size may limit 
the power to detect the originally hypothesized effect size, it remains sufficient for exploring trends and 
generating hypotheses. The findings from this pilot study will be crucial for informing the design and 
sample size calculations of subsequent, larger-scale trials. 
2.11 Quality of life and health service research metrics 
 Patient functioning and quality of life is an increasingly recognized aspect of improvement with 
antidepressant treatment. The following scales will be measured at baseline and follow-ups. The Clinical 
Global Impression Severity/Improvement (CGI-S, CGI-I) scales will be used as a global measure of 
severity and improvement [93]. Quality of life will be assessed by the World Health Organization Quality 
of Life Short Version (WHOQOL-BREF) [94] and functionality by the Sheehan Disability Scale (SDS) 
[95]. 
2.12 Planned recruitment rate 
 It is anticipated that a timeline of 5 years will be necessary to complete all facets of the proposed 
trial (the study timeline is presented in Table 1 of the Appendix). Given significant outreach efforts 
in the past six months and our new partnerships with nearby hospitals, we have averaged 6.5 new referrals 
per week, which would lead to ~340 new referrals per year. On average, >75% of referrals to our clinic 
are accepted for treatment. If we expect at least 25% of those patients to be eligible and accept 
participating in the trial, we are confident that recruitment will proceed at a rate of at least ~15 participants 
per trimester, reaching the target of 220 participants over the 4-year enrollment period. 
2.13 Compliance 
 Dropout rates to TMS in the literature and at our clinic are less than 5% [18], but we used a more 
conservative 10% for sample size calculation. 
2.14 Loss to follow-up 
 Attrition rate to TMS in the literature and at our clinic for the 1-month follow-up is less than 5% 
[18]. Active strategies to reduce dropout and attrition rates will be employed, such as calls by the study 
team in case of no show and reminders for upcoming follow-ups. 
2.15 Number of centers involved 
 This will be a single-center trial. Even though a multicenter trial would accelerate recruitment 
and study completion, we are unaware of any other academic research institution with rTMS 
(MagVenture) and dTMS (Brainsway) equipment and who would be available to collaborate on this 
project. We have the necessary infrastructure to carry out the trial successfully. 
2.16 Statistical analyses 
 We sought a statistical consultation at our research center for this section, and a biostatistician 
will be responsible for the statistical plan and analyses. The primary analysis will follow the intent-
to-treat principle. To assess if dTMS is superior to rTMS, an analysis of covariance (ANCOVA) will be 
performed, with the HRSD-17 total score at W6 as the outcome. Independent variables will include the 
treatment attribution (rTMS or dTMS), the HRSD-17 score at baseline and the stratification variable 
(treatment failure to 2 trials or >2 antidepressant trials). ANCOVAs are known to have more power and 
increased precision in an RCT context over ANOVA [96]. Additionally, it is often recommended to adjust 
for the stratification variables in the primary analysis, especially for moderately sized trials [97,98]. 
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Estimates for the mean difference between groups will be produced with the corresponding 95% 
confidence interval. Also, rates of response and remission (as defined in section 2.8) between the 
intervention groups will be compared using chi-squared tests. As secondary analysis, a generalized linear 
mixed model (GLMM) will be used to analyze repeated measures of study outcomes (HRSD-17 score, 
response, and remission) for timepoints of interest (W6, W7, W10, and W18) while accounting for the 
HRSD-17 score at baseline [99]. The model will include time, treatment group and their interaction as 
fixed effects. Different structures of variance-covariance matrix will be considered, but one will be 
selected based on the Akaike Information Criterion [100]. 

Subsequently, biomarkers distribution by sex and age group will be described using mean, 
standard deviation, median and interquartile ranges. Univariate generalized linear models (GLM) will 
be used to assess whether, individually, baseline biomarkers predict changes in HRSD-17 post-TMS for 
each timepoint [101]. A multivariate GLM will also be used to evaluate the ability of all baseline 
biomarkers to accurately predict changes in HRSD-17 when used together. Potential confounders such 
as sex and age will be included in the multivariate regression model. Correlations between biomarkers 
will be assessed using a spearman correlation matrix. Stratified analysis per treatment group will be 
conducted to verify the hypothesis that baseline biomarkers are predictors of changes in HRSD-17 
regardless of the treatment received (rTMS or dTMS). Finally, we will investigate the relationship 
between the biomarkers and the response using the set of analyses described above with appropriate 
adjustments for categorical outcome. 
2.17 Frequency of analyses 
 While no interim analyses are planned, the final analyses at the conclusion of this pilot study will 
be instrumental in determining the feasibility and potential trends indicating the efficacy of the 
interventions. Should these results demonstrate promising trends, they will serve as a foundation for 
seeking additional funding and designing a larger-scale study to further investigate these findings. 
2.18 Planned subgroup analyses considering sex and gender 
 We are planning a subgroup analysis to investigate sex-based differences in outcomes between 
the two treatment groups in analyses stratified by sex [102]. In addition, we will include measures of gender 
identity, gender role identification, and sexual orientation. We will perform preliminary and exploratory 
analyses to begin addressing the knowledge gap regarding the effect of these variables in MDD. Our 
team includes a CIHR Sex and Gender Science Chair who will guide us through these analyses. 
2.19 Has any pilot study been carried out using this design? 
 We compared preliminary clinical outcomes of 63 TRD patients who received (1) rTMS-iTBS 
[N=28], (2) dTMS-H1 [N=17], (3) dTMS-H7 [N=16] using the clinician-rated MADRS scale. Our 
preliminary results suggest greater therapeutic effects for dTMS-H7 compared to the two other 
modalities. Average percent improvement for the dTMS-H7 group was 34.4% (SD 35.3), while it was 
26.1% (SD 29.9) for the dTMS-H1 group and 23.2% (SD 25.3) for the rTMS-iTBS group. There is a 
similar trend using the self-rated BDI-II. All TMS modalities were well-tolerated, with no difference 
between groups regarding adverse events or dropout rates. This preliminary data supports our hypothesis 
that larger coils can have increased therapeutic effects, with the more significant effects mediated by the 
H7, which generates the most extensive electromagnetic field. 
 Fig. 2 of the Appendix outlines biomarker pilot data gathered for this proposal. In summary, 
it was determined by one of our collaborators (MA) that patients with an iAF closer to 10 Hz experienced 
greater improvement (Fig. 2A). Our group also recently reported the potential predictive role of resting-
state baseline HR to TMS (Fig. 2B) [70]. We also determined that a higher corrected QTc interval on 
baseline ECG predicted response to TMS (Fig. 2C) [38].  
3. TRIAL MANAGEMENT 
3.1 Trial management 
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 The trial will be conducted at the Centre Hospitalier de l'Université de Montréal (CHUM), which 
has a high recruitment capacity and is configured for maximal collaboration between clinical and 
research teams. Trial management procedures will leverage existing staff and infrastructures at our brain 
stimulation clinic. Our research center (Centre de Recherche du CHUM - CRCHUM), a unique hospital-
based research center incorporating basic, preclinical, clinical, and public health research, will provide 
research support. CRCHUM’s methodological and statistical platform (CITADEL) will provide 
statistical expertise and data monitoring/management services and was involved in the methodological 
design and statistical planning of the proposed study. This capacity includes the generation of 
randomization tables and clinical outcome data collection via a RedCap server hosted at CITADEL with 
web-accessible, privacy-compliant input of patient data on-site. 
 
3.2 Ethical considerations  
 Source documents will always be kept in a locked filing cabinet to limit access, and in the case 
of electronic source documents, files will be password-protected and saved in a secure CHUM or 
CRCHUM server. However, our case report forms (CRF’s) will not contain any personal health 
information. Only the subject number will be recorded in the CRF, and if the subject name appears on 
any other document (e.g. laboratory report), it must be obliterated on the copy of the document retained 
in the Trial Master File or made available for audit. Study data will be kept for 10 years after the end of 
the study, in accordance with data protection laws. Subjects will be informed that representatives of other 
parties (including pharmaceutical companies), ethics committee (IEC)/institutional review board (IRB) 
or regulatory authorities may inspect their records to verify the information collected, and that all 
personal information made available for inspection will be handled in the strictest confidence and in 
accordance with data protection laws. The investigator will maintain an encrypted and password 
protected personal subject identification list (subject numbers with the corresponding subject names) to 
enable records to be identified and retrieved. 
3.3 Team and applicants 
 The research team is led by NPA and ECR Jean-Philippe Miron (MD, PhD; 10hrs/week), brain 
stimulation psychiatrist, and research director of the CHUM's Unité de Neuromodulation Psychiatrique 
(UNP). Paul Lespérance (MD, MSc; 10hrs/wk) is a brain stimulation psychiatrist and founder of the 
CHUM's UNP. Both will be responsible for participant recruitment and management. Daniel M. 
Blumberger (MD, MSc; 1hr/wk) is a clinician scientist at the Centre for Addiction and Mental Health in 
Toronto with solid expertise in clinical trials of TMS for MDD. All three have expertise in TRD and 
brain stimulation RCTs, have contributed to the trial design and characterization, and will ensure that 
clinical trial guidelines, regulations, and procedures are met. Didier Jutras-Aswad (MD, MSc; 1hr/wk) 
will further assist in RCT regulations and policies locally. Élie Bou Assi (PhD; 1hr/wk - EEG), Dang 
Khoa Nguyen (MD, PhD; 1hr/wk - EEG), Travis E. Baker (PhD; 1hr/wk – EEG and REWP), Martijn 
Arns (PhD; 1hr/wk – EEG and NCG-TMS), Zafiris J. Daskalakis (MD, PhD; 1hr/wk) will assist in the 
biomarker aspects of the study, quality control, and biomarker data analysis.  
3.4 Trial steering committee 
 The trial steering committee will be composed of Dr. Miron, Dr. Lespérance, and two outside 
experts with complementary knowledge of TMS/TRD/trials/methodology/statistics and will meet two 
times a year. The committee will monitor and discuss the following: recruitment, device management, 
budgets, consent procedures, consent forms, safety plans before study initiation, monitoring of the 
progress of the study, retention of subjects, adverse events, serious adverse events, reasons for participant 
withdrawal, adherence to the timeline of the study, quality of data, protocol violation and make directives 
about the continuation, modification, or termination of the study (based on the balance of adverse events 
and beneficial outcomes). Throughout the study, notification of any SAEs and proposed investigator-
initiated protocol changes will be submitted to the committee for further evaluation. A Data and Safety 
Monitoring Board will not be necessary since we use TMS equipment already approved by Health 
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Canada. Lastly, our trial management group (executive committee), composed of Dr. Miron, Dr. 
Lespérance, our research coordinator will meet every two weeks. 
 
 
3.5 Funding 
One-year grant of 100'000 CAD from the Canadian Institutes of Health Research (CIHR).  
 
  



           ReDeeMD Trial                                          

Version 6   2023-11-26 14 

References 
 
 

1. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and national 
incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries 
and territories, 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet 
2018;392(10159):1789–858. 

2. Lam RW, McIntosh D, Wang J, Enns MW, Kolivakis T, Michalak EE, et al. Canadian Network for 
Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the Management of Adults 
with Major Depressive Disorder. Can J Psychiatry 2016;61(9):510–23. 

3. Warden D, Rush AJ, Trivedi MH, Fava M, Wisniewski SR. The STAR*D project results: A 
comprehensive review of findings. Curr Psychiat Rep 2007;9(6):449–59. 

4. Fava M. Diagnosis and definition of treatment-resistant depression. Biol Psychiat 2003;53(8):649–
59. 

5. Milev RV, Giacobbe P, Kennedy SH, Blumberger DM, Daskalakis ZJ, Downar J, et al. Canadian 
Network for Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the Management 
of Adults with Major Depressive Disorder. Can J Psychiatry 2016;61(9):561–75. 

6. Olchanski N, Myers MM, Halseth M, Cyr PL, Bockstedt L, Goss TF, et al. The Economic Burden of 
Treatment-Resistant Depression. Clin Ther 2013;35(4):512–22. 

7. Miron JP, Jodoin VD, Lespérance P, Blumberger DM. Repetitive transcranial magnetic stimulation 
for major depressive disorder: basic principles and future directions. Ther Adv Psychopharmacol 
2021;11:20451253211042696. 

8. Brunoni AR, Chaimani A, Moffa AH, Razza LB, Gattaz WF, Daskalakis ZJ, et al. Repetitive 
Transcranial Magnetic Stimulation for the Acute Treatment of Major Depressive Episodes. Jama 
Psychiat [Internet] 2017;74(2):143–10. Available from: https://jamanetwork-
com.myaccess.library.utoronto.ca/journals/jamapsychiatry/fullarticle/2594387 

9. Fitzgerald PB, Gill S, Breakspear M, Kulkarni J, Chen L, Pridmore S, et al. Revisiting the 
effectiveness of repetitive transcranial magnetic stimulation treatment in depression, again. Australian 
New Zealand J Psychiatry 2021;000486742110687. 

10. Harmelech T, Roth Y, Tendler A. H7-Coil Deep TMS: Features, Applications & Future. Expert 
Rev Med Devic 2021; 

11. Filipčić I, Filipčić IŠ, Milovac Ž, Sučić S, Gajšak T, Ivezić E, et al. Efficacy of repetitive 
transcranial magnetic stimulation using a figure-8-coil or an H1-Coil in treatment of major depressive 
disorder; A randomized clinical trial. J Psychiatr Res 2019;114:113–9. 

12. Lefaucheur JP, Aleman A, Baeken C, Benninger DH, Brunelin J, Lazzaro VD, et al. Evidence-
based guidelines on the therapeutic use of repetitive transcranial magnetic stimulation (rTMS): An 
update (2014–2018). Clin Neurophysiol 2020;131(2):474–528. 

https://jamanetwork-com.myaccess.library.utoronto.ca/journals/jamapsychiatry/fullarticle/2594387
https://jamanetwork-com.myaccess.library.utoronto.ca/journals/jamapsychiatry/fullarticle/2594387


           ReDeeMD Trial                                          

Version 6   2023-11-26 15 

13. Deng ZD, Lisanby SH, Peterchev AV. Electric field depth-focality tradeoff in transcranial magnetic 
stimulation: Simulation comparison of 50 coil designs. Brain Stimul 2013;6(1):1–13. 

14. Heijnen WT, Birkenhäger TK, Wierdsma AI, Broek WW van den. Antidepressant 
Pharmacotherapy Failure and Response to Subsequent Electroconvulsive Therapy. J Clin Psychopharm 
2010;30(5):616–9. 

15. Maughan D, Molodynski A. An international perspective on the acceptability and sustainability of 
electroconvulsive therapy. Bjpsych Int 2016;13(1):10–2. 

16. Fitzgerald PB, Hoy KE, Reynolds J, Singh A, Gunewardene R, Slack C, et al. A pragmatic 
randomized controlled trial exploring the relationship between pulse number and response to repetitive 
transcranial magnetic stimulation treatment in depression. Brain Stimul 2019; 

17. Fitzgerald PB, Hoy K, Daskalakis ZJ, Kulkarni J. A randomized trial of the anti-depressant effects 
of low- and high-frequency transcranial magnetic stimulation in treatment-resistant depression. Depress 
Anxiety 2009;26(3):229–34. 

18. Blumberger D, Vila-Rodriguez F, Thorpe K, Feffer K, Noda Y, Giacobbe P, et al. Effectiveness of 
theta burst versus high-frequency repetitive transcranial magnetic stimulation in patients with 
depression (THREE-D): a randomised non-inferiority trial. Lancet 2018;391(10131):1683–92. 

19. Aaronson ST, Carpenter LL, Hutton TM, Kraus S, Mina M, Pages K, et al. Comparison of clinical 
outcomes with left unilateral and sequential bilateral Transcranial Magnetic Stimulation (TMS) 
treatment of major depressive disorder in a large patient registry. Brain Stimul 2022;15(2):326–36. 

20. Fitzgerald PB, Hoy KE, Singh A, Gunewardene R, Slack C, Ibrahim S, et al. Equivalent beneficial 
effects of unilateral and bilateral prefrontal cortex transcranial magnetic stimulation in a large 
randomized trial in treatment-resistant major depression. Int J Neuropsychoph 2013;16(9):1975–84. 

21. Fitzgerald PB, Hoy KE, Elliot D, McQueen RNS, Wambeek LE, Daskalakis ZJ. Accelerated 
repetitive transcranial magnetic stimulation in the treatment of depression. Neuropsychopharmacol 
2018;43(7):1–8. 

22. Hebel T, Göllnitz A, Schoisswohl S, Weber FC, Abdelnaim M, Wetter TC, et al. A direct 
comparison of neuronavigated and non-neuronavigated intermittent theta burst stimulation in the 
treatment of depression. Brain Stimul 2021;14(2):335–43. 

23. Cole EJ, Phillips AL, Bentzley BS, Stimpson KH, Nejad R, Barmak F, et al. Stanford 
Neuromodulation Therapy (SNT): A Double-Blind Randomized Controlled Trial. Am J Psychiat 
2021;appiajp202120101429. 

24. Weissman CR, Daskalakis ZJ. Accelerated Intermittent Theta Burst Stimulation: Expediting and 
Enhancing Treatment Outcomes in Treatment-Resistant Depression. Am J Psychiat 2022;179(2):85–7. 

25. Deng ZD, Lisanby SH, Peterchev AV. Coil design considerations for deep transcranial magnetic 
stimulation. Clin Neurophysiol 2014;125(6):1202–12. 



           ReDeeMD Trial                                          

Version 6   2023-11-26 16 

26. Fitzgerald PB. Targeting repetitive transcranial magnetic stimulation in depression: do we really 
know what we are stimulating and how best to do it? Brain Stimul 2021;14(3):730–6. 

27. Zangen A, Zibman S, Tendler A, Barnea-Ygael N, Alyagon U, Blumberger DM, et al. Pursuing 
personalized medicine for depression by targeting lateral or medial prefrontal cortex with deep TMS. 
Jci Insight 2023;8(4). 

28. Siddiqi SH, Taylor SF, Cooke D, Pascual-Leone A, George MS, Fox MD. Distinct Symptom-
Specific Treatment Targets for Circuit-Based Neuromodulation. Am J Psychiat 2020;177(5):435–46. 

29. Gellersen HM, Kedzior KK. Antidepressant outcomes of high- frequency repetitive transcranial 
magnetic stimulation (rTMS) with F8-coil and deep transcranial magnetic stimulation (DTMS) with 
H1-coil in major depression: a systematic review and meta-analysis. Bmc Psychiatry [Internet] 
2019;19(1):1–21. Available from: 
https://www.researchgate.net/publication/332928986_Antidepressant_outcomes_of_high-
frequency_repetitive_transcranial_magnetic_stimulation_rTMS_with_F8-
coil_and_deep_transcranial_magnetic_stimulation_DTMS_with_H1-
coil_in_major_depression_A_systematic_r 

30. Levkovitz Y, Isserles M, Padberg F, Lisanby SH, Bystritsky A, Xia G, et al. Efficacy and safety of 
deep transcranial magnetic stimulation for major depression: a prospective multicenter randomized 
controlled trial. World Psychiatry 2015;14(1):64–73. 

31. Kaster TS, Downar J, Vila-Rodriguez F, Thorpe KE, Feffer K, Noda Y, et al. Trajectories of 
Response to Dorsolateral Prefrontal rTMS in Major Depression: A THREE-D Study. Am J Psychiat 
2019;176(5):appi.ajp.2018.1-9. 

32. Kaster TS, Chen L, Daskalakis ZJ, Hoy KE, Blumberger DM, Fitzgerald PB. Depressive symptom 
trajectories associated with standard and accelerated rTMS. Brain Stimul 2020;13(3):850–7. 

33. Miron JP, Hyde M, Fox L, Sheen J, Voetterl H, Mansouri F, et al. Evaluation of a 5 day accelerated 
1 Hz repetitive transcranial magnetic stimulation protocol in major depression: A feasibility study. J 
Affect Disord Rep 2021;4:100077. 

34. Bulteau S, Laurin A, Pere M, Fayet G, Thomas-Ollivier V, Deschamps T, et al. Intermittent theta 
burst stimulation (iTBS) versus 10 Hz high-frequency repetitive transcranial magnetic stimulation 
(rTMS) to alleviate treatment-resistant unipolar depression: A randomized controlled trial (THETA-
DEP). Brain Stimul 2022;15(3):870–80. 

35. Drysdale AT, Grosenick L, Downar J, Dunlop K, Mansouri F, Meng Y, et al. Resting-state 
connectivity biomarkers define neurophysiological subtypes of depression. Nat Med 2016;23(1):1–16. 

36. Arns M, Dijk H van, Luykx JJ, Wingen G van, Olbrich S. Stratified psychiatry: Tomorrow’s 
precision psychiatry? Eur Neuropsychopharm 2022;55:14–9. 

37. Miron JP, Voetterl H, Mansouri F, Blumberger DM, Daskalakis ZJ, Downar J. A case series of a 
novel 1 Hz right-sided dorsolateral prefrontal cortex rTMS protocol in major depression. Brain Stimul 
2020;13(2):372–4. 

https://www.researchgate.net/publication/332928986_Antidepressant_outcomes_of_high-frequency_repetitive_transcranial_magnetic_stimulation_rTMS_with_F8-coil_and_deep_transcranial_magnetic_stimulation_DTMS_with_H1-coil_in_major_depression_A_systematic_r
https://www.researchgate.net/publication/332928986_Antidepressant_outcomes_of_high-frequency_repetitive_transcranial_magnetic_stimulation_rTMS_with_F8-coil_and_deep_transcranial_magnetic_stimulation_DTMS_with_H1-coil_in_major_depression_A_systematic_r
https://www.researchgate.net/publication/332928986_Antidepressant_outcomes_of_high-frequency_repetitive_transcranial_magnetic_stimulation_rTMS_with_F8-coil_and_deep_transcranial_magnetic_stimulation_DTMS_with_H1-coil_in_major_depression_A_systematic_r
https://www.researchgate.net/publication/332928986_Antidepressant_outcomes_of_high-frequency_repetitive_transcranial_magnetic_stimulation_rTMS_with_F8-coil_and_deep_transcranial_magnetic_stimulation_DTMS_with_H1-coil_in_major_depression_A_systematic_r


           ReDeeMD Trial                                          

Version 6   2023-11-26 17 

38. Longpré-Poirier C, Jodoin VD, Miron JP, Fournier-Gosselin MP, Lespérance P. Electrocardiogram 
Corrected Q-T Interval Predicts Response to Vagus Nerve Stimulation in Depression. J ECT 
2020;36(4):285–90. 

39. Miron JP, Voetterl H, Fox L, Hyde M, Mansouri F, Dees S, et al. Optimized repetitive transcranial 
magnetic stimulation techniques for the treatment of major depression: A proof of concept study. 
Psychiatry Res 2021;298:113790. 

40. Miron JP, Feffer K, Cash RFH, Derakhshan D, Kim JMS, Fettes P, et al. Safety, tolerability and 
effectiveness of a novel 20 Hz rTMS protocol targeting dorsomedial prefrontal cortex in major 
depression: An open-label case series. Brain Stimul 2019;12(5):1319–21. 

41. Juster RP, Sindi S, Marin MF, Perna A, Hashemi A, Pruessner JC, et al. A clinical allostatic load 
index is associated with burnout symptoms and hypocortisolemic profiles in healthy workers. 
Psychoneuroendocrino 2011;36(6):797–805. 

42. Juster RP, Marin MF, Sindi S, Nair NPV, Ng YK, Pruessner JC, et al. Allostatic load associations 
to acute, 3-year and 6-year prospective depressive symptoms in healthy older adults. Physiol Behav 
2011;104(2):360–4. 

43. Bizik G, Picard M, Nijjar R, Tourjman V, McEwen BS, Lupien SJ, et al. Allostatic Load as a Tool 
for Monitoring Physiological Dysregulations and Comorbidities in Patients with Severe Mental 
Illnesses. Harvard Rev Psychiat 2013;21(6):296–313. 

44. Juster RP, Sasseville M, Giguère CÉ, Consortium S, Lupien SJ. Elevated allostatic load in 
individuals presenting at psychiatric emergency services. J Psychosom Res 2018;115:101–9. 

45. Baker TE, Lespérance P, Tucholka A, Potvin S, Larcher K, Zhang Y, et al. Reversing the Atypical 
Valuation of Drug and Nondrug Rewards in Smokers Using Multimodal Neuroimaging. Biol Psychiat 
2017;82(11):819–27. 

46. Biernacki K, Lin MH, Baker TE. Recovery of reward function in problematic substance users using 
a combination of robotics, electrophysiology, and TMS. Int J Psychophysiol 2020;158:288–98. 

47. Baker TE, Lin MH, Gueth M, Biernacki K, Parikh S. Beyond the Motor Cortex: Theta Burst 
Stimulation of the Anterior Midcingulate Cortex. Biological Psychiatry Cognitive Neurosci 
Neuroimaging 2020;5(11):1052–60. 

48. Voetterl H, Miron JP, Mansouri F, Fox L, Hyde M, Blumberger DM, et al. Investigating EEG 
biomarkers of clinical response to low frequency rTMS in depression. J Affect Disord Rep 
2021;6:100250. 

49. Miron JP, Sheen J, Panzarella T, Hyde M, Mansouri F, Fox L, et al. The relationship between pre-
treatment heart rate variability and response to low-frequency accelerated repetitive transcranial 
magnetic stimulation in major depression. J Affect Disord Rep 2021;6:100270. 



           ReDeeMD Trial                                          

Version 6   2023-11-26 18 

50. Bruder GE, Stewart JW, Tenke CE, McGrath PJ, Leite P, Bhattacharya N, et al. 
Electroencephalographic and perceptual asymmetry differences between responders and nonresponders 
to an SSRI antidepressant. Biol Psychiat 2001;49(5):416–25. 

51. Leuchter AF, Hunter AM, Krantz DE, Cook IA. Rhythms and blues: modulation of oscillatory 
synchrony and the mechanism of action of antidepressant treatments. Ann Ny Acad Sci 
2015;1344(1):78–91. 

52. Corlier J, Carpenter LL, Wilson AC, Tirrell E, Gobin AP, Kavanaugh B, et al. The relationship 
between individual alpha peak frequency and clinical outcome with repetitive Transcranial Magnetic 
Stimulation (rTMS) treatment of Major Depressive Disorder (MDD). Brain Stimul 2019; 

53. Roelofs CL, Krepel N, Corlier J, Carpenter LL, Fitzgerald PB, Daskalakis ZJ, et al. Individual 
alpha frequency proximity associated with repetitive transcranial magnetic stimulation outcome: An 
independent replication study from the ICON-DB consortium. Clin Neurophysiol 2021;132(2):643–9. 

54. Sivakumar AV, Kalburgi-Narayana M, Kuppusamy M, Ramaswamy P, Bachali S. Computerized 
dynamic pupillometry as a screening tool for evaluation of autonomic activity. Neurophysiol Clin 
2020;50(5):321–9. 

55. Burkhouse KL, Owens M, Feurer C, Sosoo E, Kudinova A, Gibb BE. Increased neural and 
pupillary reactivity to emotional faces in adolescents with current and remitted major depressive 
disorder. Soc Cogn Affect Neurosci 2017;12(5):783–92. 

56. Bradley MM, Miccoli L, Escrig MA, Lang PJ. The pupil as a measure of emotional arousal and 
autonomic activation. Psychophysiology 2008;45(4):602–7. 

57. Kudinova AY, Burkhouse KL, Siegle G, Owens M, Woody ML, Gibb BE. Pupillary reactivity to 
negative stimuli prospectively predicts recurrence of major depressive disorder in women. 
Psychophysiology 2016;53(12):1836–42. 

58. Proudfit GH. The reward positivity: From basic research on reward to a biomarker for depression. 
Psychophysiology 2015;52(4):449–59. 

59. Holroyd CB, Umemoto A. The research domain criteria framework: The case for anterior cingulate 
cortex. Neurosci Biobehav Rev 2016;71:418–43. 

60. Holroyd CB, Yeung N. Motivation of extended behaviors by anterior cingulate cortex. Trends Cogn 
Sci 2012;16(2):122–8. 

61. Sambrook TD, Goslin J. A Neural Reward Prediction Error Revealed by a Meta-Analysis of ERPs 
Using Great Grand Averages. Psychol Bull 2015;141(1):213–35. 

62. Holroyd CB, Coles MGH. The Neural Basis of Human Error Processing: Reinforcement Learning, 
Dopamine, and the Error-Related Negativity. Psychol Rev 2002;109(4):679–709. 



           ReDeeMD Trial                                          

Version 6   2023-11-26 19 

63. Strafella AP, Paus T, Barrett J, Dagher A. Repetitive Transcranial Magnetic Stimulation of the 
Human Prefrontal Cortex Induces Dopamine Release in the Caudate Nucleus. J Neurosci 
2001;21(15):RC157–RC157. 

64. Sibon I, Strafella AP, Gravel P, Ko JH, Booij L, Soucy JP, et al. Acute prefrontal cortex TMS in 
healthy volunteers: Effects on brain 11C-αMtrp trapping. Neuroimage 2007;34(4):1658–64. 

65. Cho SS, Strafella AP. rTMS of the Left Dorsolateral Prefrontal Cortex Modulates Dopamine 
Release in the Ipsilateral Anterior Cingulate Cortex and Orbitofrontal Cortex. Plos One 
2009;4(8):e6725. 

66. Ko JH, Strafella AP. Dopaminergic Neurotransmission in the Human Brain. Neurosci 
2012;18(2):149–68. 

67. Sgoifo A, Carnevali L, Alfonso M de los AP, Amore M. Autonomic dysfunction and heart rate 
variability in depression. Ann Ny Acad Sci 2015;18(3):343–52. 

68. Drevets WC, Price JL, Furey ML. Brain structural and functional abnormalities in mood disorders: 
implications for neurocircuitry models of depression. Brain Struct Funct 2008;213(1–2):93–118. 

69. Koenigs M, Grafman J. The functional neuroanatomy of depression: Distinct roles for ventromedial 
and dorsolateral prefrontal cortex. Behav Brain Res [Internet] 2009;201(2):239–43. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2680780/pdf/nihms102921.pdf 

70. Sheen JZ, Miron JP, Mansouri F, Dunlop K, Russell T, Zhou R, et al. Cardiovascular biomarkers of 
response to accelerated low frequency repetitive transcranial magnetic stimulation in major depression. 
J Affect Disord 2022;318:167–74. 

71. Rossi S, Antal A, Bestmann S, Bikson M, Brewer C, Brockmöller J, et al. Safety and 
recommendations for TMS use in healthy subjects and patient populations, with updates on training, 
ethical and regulatory issues: Expert Guidelines. Clin Neurophysiol 2020; 

72. Rossi S, Hallett M, Rossini PM, Pascual-Leone A, Group S of TC. Safety, ethical considerations, 
and application guidelines for the use of transcranial magnetic stimulation in clinical practice and 
research. Clin Neurophysiology Official J Int Fed Clin Neurophysiology 2009;120(12):2008–39. 

73. Mir-Moghtadaei A, Caballero R, Fried P, Fox MD, Lee K, Giacobbe P, et al. Concordance Between 
BeamF3 and MRI-neuronavigated Target Sites for Repetitive Transcranial Magnetic Stimulation of the 
Left Dorsolateral Prefrontal Cortex. Brain Stimul 2015;8(5):965–73. 

74. Sackeim HA, Aaronson ST, Bunker MT, Conway CR, Demitrack MA, George MS, et al. The 
assessment of resistance to antidepressant treatment: Rationale for the Antidepressant Treatment 
History Form: Short Form (ATHF-SF). J Psychiatr Res 2019;113:125–36. 

75. George MS, Lisanby SH, Avery D, McDonald WM, Durkalski V, Pavlicova M, et al. Daily left 
prefrontal transcranial magnetic stimulation therapy for major depressive disorder: a sham-controlled 
randomized trial. Arch Gen Psychiat 2010;67(5):507–16. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2680780/pdf/nihms102921.pdf


           ReDeeMD Trial                                          

Version 6   2023-11-26 20 

76. O’Reardon JP, Solvason HB, Janicak PG, Sampson S, Isenberg KE, Nahas Z, et al. Efficacy and 
safety of transcranial magnetic stimulation in the acute treatment of major depression: a multisite 
randomized controlled trial. Biol Psychiat 2007;62(11):1208–16. 

77. Hsu JH, Downar J, Vila-Rodriguez F, Daskalakis ZJ, Blumberger DM. Impact of prior treatment on 
remission with intermittent theta burst versus high-frequency repetitive transcranial magnetic 
stimulation in treatment resistant depression. Brain Stimul 2019;1–3. 

78. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The Mini-
International Neuropsychiatric Interview (M.I.N.I.): the development and validation of a structured 
diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry 1998;59 Suppl 20:22-
33;quiz 34-57. 

79. Hamilton M. Development of a Rating Scale for Primary Depressive Illness. Brit J Soc Clin Psyc 
1967;6(4):278–96. 

80. Maier W, Buller R, Philipp M, Heuser I. The Hamilton Anxiety Scale: reliability, validity and 
sensitivity to change in anxiety and depressive disorders. J Affect Disorders 1988;14(1):61–8. 

81. Rush AJ, Trivedi MH, Ibrahim HM, Carmody TJ, Arnow B, Klein DN, et al. The 16-Item quick 
inventory of depressive symptomatology (QIDS), clinician rating (QIDS-C), and self-report (QIDS-
SR): a psychometric evaluation in patients with chronic major depression. Biol Psychiat 
2003;54(5):573–83. 

82. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A Brief Measure for Assessing Generalized 
Anxiety Disorder: The GAD-7. Arch Intern Med 2006;166(10):1092–7. 

83. Nakonezny PA, Morris DW, Greer TL, Byerly MJ, Carmody TJ, Grannemann BD, et al. Evaluation 
of anhedonia with the Snaith-Hamilton Pleasure Scale (SHAPS) in adult outpatients with major 
depressive disorder. J Psychiatr Res 2015;65(C):124–30. 

84. Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The Columbia–
Suicide Severity Rating Scale: Initial Validity and Internal Consistency Findings From Three Multisite 
Studies With Adolescents and Adults. Am J Psychiat 2011;168(12):1266–77. 

85. KESSLER RC, ADLER L, AMES M, DEMLER O, FARAONE S, HIRIPI E, et al. The World 
Health Organization adult ADHD self-report scale (ASRS): a short screening scale for use in the 
general population. Psychol Med 2005;35(2):245–56. 

86. Zanarini MC, Vujanovic AA, Parachini EA, Boulanger JL, Frankenburg FR, Hennen J. A 
Screening Measure for BPD: The McLean Screening Instrument for Borderline Personality Disorder 
(MSI-BPD). J Pers Disord 2003;17(6):568–73. 

87. Kligfield P, Gettes LS, Bailey JJ, Childers R, Deal BJ, Hancock EW, et al. Recommendations for 
the Standardization and Interpretation of the Electrocardiogram. Circulation 2007;115(10):1306–24. 

88. Tsuchida TN, Acharya JN, Halford JJ, Kuratani JD, Sinha SR, Stecker MM, et al. American 
Clinical Neurophysiology Society. J Clin Neurophysiol 2016;33(4):301–2. 



           ReDeeMD Trial                                          

Version 6   2023-11-26 21 

89. Gustafsson F. Determining the initial states in forward-backward filtering. Ieee T Signal Proces 
1996;44(4):988–92. 

90. Iseger TA, Arns M, Downar J, Blumberger DM, Daskalakis ZJ, Vila-Rodriguez F. Cardiovascular 
differences between sham and active iTBS related to treatment response in MDD. Brain Stimul 
2019;13(1):167–74. 

91. Citrenbaum C, Corlier J, Ngo D, Vince-Cruz N, Wilson A, Wilke SA, et al. Pretreatment pupillary 
reactivity is associated with differential early response to 10 Hz and intermittent theta-burst repetitive 
transcranial magnetic stimulation (rTMS) treatment of major depressive disorder (MDD). Brain Stimul 
2023; 

92. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 1988; 

93. Berk M, Ng F, Dodd S, Callaly T, Campbell S, Bernardo M, et al. The validity of the CGI severity 
and improvement scales as measures of clinical effectiveness suitable for routine clinical use. J Eval 
Clin Pract 2008;14(6):979–83. 

94. Skevington SM, Lotfy M, O’Connell KA, Group W. The World Health Organization’s WHOQOL-
BREF quality of life assessment: Psychometric properties and results of the international field trial. A 
Report from the WHOQOL Group. Qual Life Res 2004;13(2):299–310. 

95. Leon AC, Olfson M, Portera L, Farber L, Sheehan DV. Assessing Psychiatric Impairment in 
Primary Care with the Sheehan Disability Scale. Int J Psychiatry Medicine 1997;27(2):93–105. 

96. Breukelen GJPV. ANCOVA versus change from baseline had more power in randomized studies 
and more bias in nonrandomized studies. J Clin Epidemiol 2006;59(9):920–5. 

97. Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 Statement: Updated Guidelines for 
Reporting Parallel Group Randomized Trials. Ann Intern Med 2010;152(11):726. 

98. Kahan BC, Morris TP. Reporting and analysis of trials using stratified randomisation in leading 
medical journals: review and reanalysis. Bmj Br Medical J 2012;345(sep14 1):e5840. 

99. Fitzmaurice G, Laird N, Ware J. Applied longitudinal analysis. 2012. 

100. Akaike H. A new look at the statistical model identification. Ieee T Automat Contr 
1974;19(6):716–23. 

101. Nelder JA, Wedderburn RWM. Generalized Linear Models. J Royal Statistical Soc Ser Gen 
1972;135(3):370–84. 

102. Clayton JA, Tannenbaum C. Reporting Sex, Gender, or Both in Clinical Research? Jama 
2016;316(18):1863. 

  
 

 



           ReDeeMD Trial                                          

Version 6   2023-11-26 22 

 
 
 


