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Therapeutic Neuromodulation

Deep Brain Transcranial Magnetic Eocused Ultrasound
Stimulation (DBS) Stimulation (TMS) (FUS)

\

« FDA approved for » FDA approved for « FDA approved for
Parkinson’s, essential depression, OCD, tremor
tremor, epilepsy, migraine, smoking
dystonia, OCD addiction
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Targeting TMS in Depression: The 5 cmmethod

Herwig et al. 2001 BIOL PSYCHIATRY 50:58-61
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Targeting TMS in Depression: The 5 cmmethod

Only hit the “DLPFC”
~40% of the time

Herwig et al. 2001 BIOL PSYCHIATRY 50:58-61
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Subgenual Target

Fox et al. 2012 Biol Psych.
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Can subgenual connectivity guide stimulation?

Fox et al. 2012 Biological Psychiatry




Can subgenual connectivity guide stimulation?

Targets from
Herbsman et al.2009

Fox et al. 2012 Biological Psychiatry
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Can subgenual connectivity guide stimulation?

Targets from

Fitzgerald et al. 2009
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TMS Network Mapping

Stim. Site Variability

Weigand, Horn et al. 2018 Bio. Psych |
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Stim. Site Variability Important Connections
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TMS Network Mapping

Stim. Site Variability Important Connections Response Prediction

r = -0.55
P < 0.005

BDI change (%)
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TMS Network Mapping

Stim. Site Variability Important Connections Response Prediction
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“Individualized” TMS Targets

A
Subgenual Target

Subject 1 Subject 2
Day 1 Day

Fox et al. 2013 Neuroimage




“Individualized” TMS Targets

A Patient 1 Patient 2
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“Individualized” TMS Targets
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What if we're unsure of ourtarget?
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TMS Network I\/Iapping
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Sym ptom-Specific TMS Targets?
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Sym ptom-Specific TMS Targets?
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Sym ptom-Specific TMS Targets?
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Symptom-Specific TMS Targets?
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Symptom-Specific TMS Targets?

Dysphoric cluster

Anxiosomatic cluster

Siddiqi et al. 2020 Am. J. Psychiatry




Symptom-Specific TMS Targets?

Dysphoric
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Symptom-Specific TMS Targets?
| “ Target
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DBS Network Mapping

Stim. Site Variability

Horn,et. al 2017 Annals of Neurology




DBS Network Mapping

Stim. Site Variability Important Connections
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DBS Network Mapping

Stim. Site Variability Important Connections

Horn,et. al 2017 Annals of Neurology

Response Prediction
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DBS Network Mapping

Horh et al., 2017. Annals of Neurology
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DBS Network Mapping

Goede, Horn et al., 2024
Movement Disorders




DBS Network Mapping
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What if we’re (VERY) unsure-ofour
target?




Lesion Localization

Review: Fox 2018 NEJM




Lesion “Network” Localization

Review: Fox 2018 NEJM




> 40 symptoms
> 50 papers
> 8 groups

Lesion Network Mappinc
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Remission Not quitting VLESM results

Jotitsa, Moussawi, Siddiqi et al. 2022 Nature Medicine
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Remission Not quitting VLESM results

LNM results
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Addiction Remission Targets

TMS Target
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Addiction Remission Targets
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Neuropathic Pain
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Neuropathic Pain

Targeting Pain Network Targeting motor hotspot
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Neuropathic Pain

Targeting Pain Network

Pain intensity (NRS)
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PTSD: Lesion Network Mapping

Siddiqi et al. 2024 Nature Neuros.
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PTSD: TMS Targets

Anxiosomatic SymptorirBenefit W Dysphoric Symptom Benefit
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PTSD: TMS Targets

Siddiqi et al. 2024 Nature Neuros.



PTSD: TMS Targets

Proposed

HF/iTBS

Target 5 cm’ or EEG F3 target

Proposed

roposed LF/cTBS
LF/cTBS Target

Target
Kozel 2019: LF = HF

Proposed ideal
target

— . |
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Lesion mapping of depression (n =464)
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Convergent Depression Ciroult
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Convergent Depression Ciroult
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Convergent Depression Ciroult
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Convergent Depression Ciroult
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Convergent Depression Ciroult
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Conclusions

 TMS propagates beyond the stimulation
site to modulate brain circtits

* The human connectome'ean be used to
map lesion and stinaulation effects to brain

circuits

 These brain acircuits can be used as
therapeutictargets for different forms of

neuromodulation







Acknowledgements

Collaborators

Lab / Center

Current

Alex Cohen
Michael Ferguson
Lan Luo

Fred Schaper
Shan Siddiqi

Joe Taylor

Isaiah Kletenik
Sheena Baratano
Stephan Palm
Sanaz Khosravani
David Lawson
Joseph Turner
Menguyan Ding
Grace Burt
Lauren Sanderson
Mae Morton-Dunn
Ross Mcfadyen
Arun Garimella

Former

Aaron Boes

Matt Burke

Ruth Caballero
Danielle Cooke
Daniel Corp
Ryan Darby
David Fischer
Andreas Horn
Joey Hsu

Juho Joutsa
Tyler Ketchebaw
Na Young Kim
Simon Laganiere
Jaya Padmanabhan
Martin Reich
Lois Soussand
Daniel Talmasow
Anne Weigand
Rimena Weil
Molly Schineller
Sandrine Jabbour
Ali Jannati

Jing Jiang
Christopher Lin
William Drew
Max Friedrich

Local

Alvaro Pascual-Leone

Ron Alterman
Ludy Shih

Dan Press
Adam Stern
Hesheng Liu
Randy Buekner
Verne Caviness
Sashank Prasad
Darin Daugherty
Ellen Bubrick
Lipeng Ning
Tracy Barbour
Joan Camprodan
AND MORE

Non-local

Andrea Kuhn (Charite)
Helen'Mayberg (Mt. Sinai)

Ki Sueng Choi (Mt. Sinai)

Jens Volkmann (Wurzburg)
Alfonso Fasano (Toronto Western)
Andreas Lozano (Toronto Western)
Maurizio Corbetta (Wash U)
Jordan Grafman (Northwestern)
Mark George (MUSC)

Linda Carpenter (Butler)

Paul Fitzgerald (Monash)
Stephan Taylor (Michigan)
Goncalo Cotovio (Champalimaud)
Albino J. Oliveira Maia (Champalimaud)
Joel Voss (Northwestern)

Andrew Naidech (Northwestern)
Robin Cash (Monash)

Kevin Johnson (Neuronetics)
Natalia Egorova (Melborne)
Sophia Gozzi (Monash)

Fredrike Irmen (Charite)

Rob Rouhl (Maastricht)

AND SOOO MANY OTHERS




Questions?

Contact: foxmdphd@gmaihcom

Twitter: foxmdphd

https://www.brichamahdwomens.org/neurosciences-

center/center<for-brain-circuit-therapeutics

108y £3; £






