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Therapeutic Neuromodulation
Transcranial Magnetic 

Stimulation (TMS)
Deep Brain 

Stimulation (DBS)

• FDA approved for 
Parkinson’s, essential 
tremor, epilepsy, 
dystonia, OCD

• FDA approved for 
depression, OCD, 
migraine, smoking 
addiction

• FDA approved for 
tremor

Focused Ultrasound 
(FUS)
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How do we identify a therapeutic 
target?
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Herwig et al. 2001 BIOL PSYCHIATRY 50:58–61

Targeting TMS in Depression: The 5 cm method
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Targeting TMS in Depression: The 5 cm method

Herwig et al. 2001 BIOL PSYCHIATRY 50:58–61

Only hit the “DLPFC”
~40% of the time
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Fox et al. 2012 Biol Psych.

Subgenual Target
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Can subgenual connectivity guide stimulation?

(+)

(-)
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Can subgenual connectivity guide stimulation?

(+)

(-)

Fox et al. 2012 Biological Psychiatry

Targets from 
Herbsman et al. 2009
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Can subgenual connectivity guide stimulation?

(+)

(-)

Fox et al. 2012 Biological Psychiatry

Targets from 
Fitzgerald et al. 2009
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Weigand, Horn et al. 2018 Bio. Psych

Stim. Site Variability

TMS Network Mapping
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Important ConnectionsStim. Site Variability

TMS Network Mapping
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Weigand, Horn et al. 2018 Bio. Psych

r = -0.55
P < 0.005

Response PredictionImportant ConnectionsStim. Site Variability

TMS Network Mapping
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Response PredictionImportant ConnectionsStim. Site Variability

Cash et al. 2019, 2020 Biological Psychiatry

TMS Network Mapping
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Fox et al. 2013 Neuroimage

“Individualized” TMS Targets

Subgenual Target
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Siddiqi et al. 2021 Biological Psychiatry

“Individualized” TMS Targets
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“Individualized” TMS Targets

SAINT Neuromodulation System FDA approved 9/2022
Cole et al. 2020 AJP, Cole et al. 2021 AJP : >80% response rate
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What if we’re unsure of our target?

Subgenual Target
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Siddiqi et al. 2020 Am. J. Psychiatry

Patient 1

Patient 2

Patient 30

Decreased Interest

+-

TMS Network Mapping
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Patient 1

Patient 2

Patient 30

Decreased Interest

+-

Symptom-Specific TMS Targets?
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Siddiqi et al. 2020 Am. J. Psychiatry

Patient 1

Patient 2

Patient 30

Feelings of  Failure

+-

Symptom-Specific TMS Targets?
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Siddiqi et al. 2020 Am. J. Psychiatry

Patient 1

Patient 2

Patient 30

Sleep Problems

+-

Symptom-Specific TMS Targets?
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Symptom-Specific TMS Targets?

Anxiosomatic

Dysphoric 

Taylor, Siddiqi et al., Submitted (pre-print on researchsquare)PLE
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Symptom-Specific TMS Targets?

Taylor, Siddiqi et al., Submitted (pre-print on researchsquare)

Dysphoric
Target

Anxiosomatic
Target

PLE
ASE D

O N
OT C

OPY



What if we’re unsure of our target?

Subgenual Target
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Horn et. al 2017 Annals of Neurology

Stim. Site Variability

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

DBS Network Mapping
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Horn et al., 2017. Annals of Neurology; Sobesky et al., 2022. Brain

DBS Network Mapping
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DBS Network Mapping
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DBS Network Mapping

Goede, Horn et al., 2024 
Movement DisordersPLE
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Review: Horn and Fox 2020 Neuroimage

DBS Network Mapping
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What if we’re (VERY) unsure of our 
target?
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Lesion Localization 

Review: Fox 2018 NEJMPLE
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Lesion “Network” Localization 

Review: Fox 2018 NEJMPLE
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Lesion Network Mapping

Review: Joutsa 2022 Cur. Opin. Neuro

> 40 symptoms
> 50 papers
> 8  groups
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Freezing of Gait 
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Psychiatric Comorbidity
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Post Traumatic Stress Disorder
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Religion / Spirituality
Ferguson et al. 2022 Bio Psych, Ferguson et al. 
2024 PNAS

Stroke Severity
Bonkhoff et al. 2024 ACTN
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Roseman et al. 2024 Cerebral Cortex
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Tics
Ganos et al. 2022 Brain

Tremor Relief
Joutsa et al. 2018 Annl. of Neurology, Goede 
et al. 2025 Nature Comms.

Vergence
Friedrich et al. 2026 Brain
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Addiction Remission Targets

Joutsa, Moussawi, Siddiqi et al. 2022 Nature Medicine

Lesion / DBS 
Targets
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Smoking (H4 Coil)

Alcoholism (H7 Coil)

Electric Field Intensity

Joutsa, Moussawi, Siddiqi et al. 2022 Nature Medicine

Addiction Remission Targets

TMS Target
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Electric Field Intensity
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Soleimani.. Ekhtiari et al. 2024 
American Journal of  Psychiatry

Addiction Remission Targets
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Conclusions

• TMS propagates beyond the stimulation 
site to modulate brain circuits 

• The human connectome can be used to 
map lesion and stimulation effects to brain 
circuits

• These brain circuits can be used as 
therapeutic targets for different forms of 
neuromodulation
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