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Objectives

1. Recognize the brain is an electrochemical organ.
2. Understand the putative mechanisms of repetitive rTMS.
3. Appreciate how leveraging these mechanisms can enhance rTMS

efficacy.
4. Understand the real-world effects of medications on rTMS

effectiveness.
• Know mediator vs modulator
• Understand chronic effects (including homeostatic plasticity)
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How The Brain Works

Higgins & George, Brain Stimulation Therapies for Clinicians, 2019, slide adapted from Mark George 

The Brain is an Electrochemical Organ
Electricity is the Currency of the Brain

All of synaptic pharmacology simply serves to transmit electrical 
signals to the next neuron

rTMS
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rTMS

How does rTMS produce lasting 
therapeutic changes in the brain?
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The 

Brown, Higgins & George, Neuromodulation, 2022
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Synaptic Plasticity
critically depends on NMDA receptors

Brown et al, Neuromodulation, 2022

Vlachos, J Neuro, 2012
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Receptor Modulation

NMDA
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Brown et al., Brain Stimulation, 2020

NMDAR Activation Enhances rTMS Physiology

X Clinical TMS Protocol: 
• 3000 pulses
• 4 sec on/26 sec off
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The 

Brown, Higgins & George, Neuromodulation, 2022

Does this Translate to 
Clinical Improvements?
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Leveraging the Mechanism of TMS to Improve Clinical Efficacy

Cole et al., 
JAMA Psych, 
2022
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*Unpublished data from Alex McGirr laboratory @ University of  Calgary, shared with permissionPLE
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Transdiagnostic Augmentation?

*Unpublished data from Alex McGirr laboratory @ University of  Calgary, shared with permissionPLE
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Why d-cycloserine?
• FDA-approved for Tuberculosis
• FDA-approved for Cystitis

• NMDA receptor partial agonist (when 
<250mg) (Review: Schade et al., Int J Neuropsychopharm, 
2016)

Why the NMDA receptor? 

Tang et al., Nature, 1999
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If NMDAR makes TMS better, 
what about an antidepressant? 

Brunelin et al., Brain Stim, 2014
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NMDA?? What about (Ketamine) + rTMS?

• Systematic Review (Debowska, Front Neurosci, 2023):
– No Prospective Studies!
– 11 studies reported 

• n of 1 Case studies: 7
• 4 retrospective studies: total n of 53 

– 1-Hz x2 studies (short-term and 2-year follow up)
– 10-Hz x1 study

–All report improvement 
–Conclusion: We don’t yet know!
–*Update…

36 TMS (H-coil) +/- 6 IV ketamine treatments 

Shanok et al., Psychopharm, 2024PLE
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Recap

• NMDAR agonist, d-cycloserine, enhances TMS effectiveness
– …Through NMDA receptor activation
– …Which is central to LTP
– …suggests TMS works through LTP. 
– May be Trandiagnostic!

• Neither SNRI (venlafaxine) nor ketamine helped TMS.

• Any other augmentation candidates??
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Survey of Pharmacologic Enhancement
Sohn et al., J Psychiatry Neurosci, 2024
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RCT  Naturalistic
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All studies except those pointed out: 
Active vs. Sham TMS + Drug (No 
comparison for drug)

PLE
ASE D

O N
OT C

OPY



PLE
ASE D

O N
OT C

OPY



Antipsychotics: interfere with TMS response
Lorazepam: interferes with TMS response

*Both Retrospective
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“Concurrent antidepressant or mood stabilizer therapy was 
associated with a higher rate of response."

Psychostimulants: Enhances TMS response
*Retrospective
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TMS may be better with Meds (Depression)

Sehatzadeh et al., J Psychiatry Neurosci, 2019PLE
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“Didn’t I hear that benzo’s impair and 
stimulants help TMS? 

Hunter et al., Brain Behav, 2019

Supported by: THREE-D study sub-analysis: 123/388 patients. (Kaster, AJP, 2019)
• BDZ users more likely NON-responders
• BDZ users more likely slower trajectory

BDZ Not Supported by: Two clinical trials: 64/121 patients. (Fitzgerald, Brain Stim, 2020)
More to come on Stimulants? PLE
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Other Pharmacologic Considerations
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A Final but Critical 
Consideration:

Homeostatic 
Plasticity

Turrigiano et al., Nature Reviews Neuroscience, 2004PLE
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Summary of Rx-Pharmacologic Augmentation

• 2 RCTs: 
– 1 with SNRI
– 1 with NMDAR agonist

• 5 Retrospective comparisons: 
– Antipsychotics and Benzo’s (x2) (may) impair
– Stimulants (may) enhance (x2)

• Non-controlled and open-label: People seem to do well with 
meds + TMS (no surprise)

• What level of evidence do we need to change practice??
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Turco, Brain Sci, 2020
THC–Observational Data from Butler Hospital:
(n of  56, 28 THC users, 28 matched)

Users: 12/28 responders, 5/28 remitters
Matched: 16/28 responders, 11/28 remitters 

6 cases (Confusion, Psychosis, Sensory Changes, Panic)
-DePamphilis, Brain Stimulation, 2024 PLE
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How about our Drug of Choice?
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How Does the Most 
Common Stimulant 

(Caffeine) Effect 
TMS?

Vigne et al, Front Psych, 2023

Caffeine
Non-Caffeine

Caffeine

Caffeine-Free
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BUT…Doesn’t Caffeine Make Us Smarter?

Lin et al, Sci Reports, 2023
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So, should we tell people not to 
use caffeine during TMS??

Frick et al, Psychopharm, 2021 Weight= serving per day * frequency 
(# of days/week)

Unpublished dataPLE
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To the Future!
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Can Accelerated TMS be Augmented?

=

Cole et al., 2021PLE
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Q’s: 
-Can accelerated TMS be 
pharmacologically augmented?
- What happens to brain excitability 
and plasticity over the course of  10 
sessions (1800 pulse iTBS) in 1-day 
TMS?  

Brain 
Excitability

M1

*

(Blinded) Red group has higher MEPs at end of  day – corresponds with greater clinical improvement 

Higher MEP 
Greater symptom 
reduction
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“One-D”

Vaughn et al, Res Sq, 2024PLE
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Take Home Points – TMS & Pharmacology

• NOTHING has level of evidence to recommend widespread implementation
• NMDAR agonism (d-cycloserine) has RCT and open-label and physiology data 

suggesting benefit (Only RCT)…this is close.
• Antidepressants and mood stabilizers seem to help overall TMS response (nothing 

prospective) 
• Ketamine, SNRI = no benefit when added to TMS. 
• Stimulants (incl caffeine) could help TMS (nothing prospective)
• Benzos could impair TMS (nothing prospective)
• Marijuana could be harmful with TMS
• Augmenting Accelerated TMS (Possible!)
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Questions?

Thank You!
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