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BACKGROUND
❖ mTBI is associated with increased rates of depression in U.S. military 

service members.1

❖ rTMS is FDA cleared for adult treatment-resistant depression and has 
been used therapeutically in a number of other neurological and 
psychiatric conditions for over 20 years.2

❖ Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive 
brain stimulation technique that modulates cortical activity and 
network connectivity.3

❖ There are several parameters that influence the efficacy of rTMS 
including: targeting strategy, laterality of stimulation, and protocol.

❖ The main objective of the study is to determine the efficacy, safety, 
and tolerability of a variety of rTMS protocols for the treatment of 
depressive symptoms in a large sample of current and former US 
military service members with a history of concussion.

METHODS
Outcome Measures:
❖ Primary efficacy outcome: Montgomery-Asberg Depression Rating 

Scale (MADRS)

❖ Secondary efficacy outcomes: The Inventory of Depressive 

Symptomatology-Self Report (IDS-SR), Symptoms of Major Depressive 

Disorder Scale (SMDDS), Traumatic Brain Injury-Qualify of Life (TBI-QoL) 

questionnaire, PTSD Checklist for DSM-5 (PCL-5), and Automated 

Neuropsychological Assessment Metric (ANAM)

Participants:
❖ U.S. military service members with symptoms of depression and a 

history of concussion (n=440)

Statistical design and groups:  
❖ Multisite randomized controlled trial (RCT) with 25% of the sample 

randomized to sham rTMS

❖ A 3 (Targeting) x2 (Laterality) x2 (Protocol) Bayesian adaptive factorial 

design

o Targeting variable

1. Structural MRI: based on reverse co-registration from the 

MNI152 stereotaxic coordinate (x= -/+38, y=+44, z=+26)

2. Individual connectome targeted (ICT): based on resting state 

functional network topology

3. Scalp: based on the "Beam F3 method”

o Laterality variable 

1. Unilateral left hemisphere stimulation

2. Bilateral left followed by right hemisphere stimulation

o rTMS Protocol variable

1. Standard (10 Hz, 1Hz)

2. Theta burst stimulation (iTBS, cTBS)
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One example of a computer simulation where ICT unilateral TBS is determined to be superior (Group allocation determined using
Bayesian principles). 

CONCLUSIONS
❖ The Bayesian adaptive design represents a novel alternative to less efficient standard 

randomized controlled designs enabling efficient comparison of multiple parameters 

in a single trial.

❖ If successful, this study will inform treatment decisions regarding the utility of rTMS 

for the treatment of depression in military service members with a history of 

concussion.

HYPOTHESES
1. ICT-rTMS will lead to a statistically significant and clinically meaningful depressive 

symptom reduction at the Post-rTMS Evaluation as compared to sham stimulation.

2. Bilateral stimulation may be more effective than unilateral stimulation in the 
treatment of co-occurring suicidal ideation and PTSD, however, a recent meta-
analysis indicates comparable efficacy between unilateral and bilateral stimulation 
on depressive symptoms.

3. TBS may be equally as effective as the standard protocol, however, it is 
approximately 10 times more efficient, impacting the tolerability of the 
treatment.4

Protocol variable comparing theta burst stimulation to standard high and low 
frequency rTMS

Variability in topology of resting state functional networks. a) Former NFL defense 
tackle with repetitive TBI. b) Mean of 10 matched controls5

Protocol variable comparing theta burst stimulation to standard high and low frequency rTMS. Note: 
TBS will be applied in an accelerated manner (Two blocks of TBS is applied with a 50-minute break 
between each block. Each block of intermittent TBS (iTBS) will consist of 1,800 pulses applied in 
three pulse 50 Hz bursts, delivered in 2 second trains with 200 ms between each burst and 8 
seconds between each train. Those randomized to bilateral stimulation will additionally receive one 
40 second block of continuous (cTBS). These parameters were chosen to control for number of 
pulses and duration of the stimulation session across arms.
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RESULTS
❖ Extensive simulations indicate that our Bayesian adaptive designed trial provides 

sufficient power to detect a significant effect with the proposed sample size.


