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Transcranial Magnetic Stimulation (TMS)

Scientific Publications FDA clearances

1300 = 2008 Major depression disorder (MDD)
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(Cohen, Samantha L., et al., 2022)



TMS in Medication-Resistant Depression
Real Clinical Impact !

e >600 systems in clinical use in the US
e 250 days/year & 5 patients/day Covered by Medicare
750,000 treatments per year & most health insurance plans in the US

i : C d by health i '
e approx. 25 sessions/Rx/patient overed by health insurance In

_  Canada
= 30,000 patients/year . Australia
e New Zealand
* 30% remission * Japan
= 9,000 patients in remission/year * UK

» 25 patients in remission/day



TMS in Medication-Resistant Depression
Real Clinical Impact !

60% + responders

After a treatment course (of up to 6 weeks) benefit lasts on average 5
months

In case of relapse, response to new treatment course is at least as
good as initial response in >90% of cases [Kelly et al. ] Neuropsych Clin

Neurosci 2017]

Maintenance is possible



Present Helping Patients
However...... 40% do NOT respond

We have yet to realize the promise of =
(noninvasive) neuromodulation
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(Noninvasive) Neuromodulation does not represent a
treatment for an illness,

e but offers tool that allows modulation of the neural
substrate of symptoms and disabilities caused by
brain illnesses or dysfunctions




Spatio-Temporal Signatures of Brain-Related Disabilities
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Symptom-specific
targeting

Volition
Barby et al. (54)

Anxiety

Siddigi et al. (36§

- Pain
Kim* Taylor*
et al. (55)

Mania
Cotovig®, Talmasov®
et al. (57)

Depression
Siddigi et al. (41)

Addiction

Joutsa*® Moussawi* Siddigi* et al. (49)

Emotion
regulation

Jiang et al. (56)

Siddigi and Fox 2024 Biol Psych



Precision Medicine Symptom-Based Approach

Imaging Service p - .
® s N 1. Define and target
imaging protocol - -
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4. Measure the physiologic impact
to assess effect

5. Adjust intervention, and
iteratively optimize algorithm
(close loop)




Spatial precision

Temporal precision

Imaging-guided targeting
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Electric field modeling
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Contextual precision

Online stimulation

Biological rhythm
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Presenter Notes
Presentation Notes
Comparison of NBS (left) and DCS (right) results


Jannati et al. Neuropsychopharmacology 2023

Spatial precision Cappon & Pascual-Leone Am J Psych 2024

Imaging-guided targeting
##KLIDFH##

" 1.Know where to target: MRI-guided TMS

W ##POHJFE##

2.Keep target consistent: Robot-assisted TMS

Electric field modeling

3.Make target smaller: Micro TMS

Focal/multifocal stimulation

%

4. Modulate entire network: Multifocal NIBS




PPC

NiBS modulates activity in brain networks &
the effects depend on connectivity

Area 17

Area 19

Splenial
Visual
Area

Cingulate
Visual
Area

Valero-Cabre et al Exp Brain Res 2005, 2006



NiBS modulates activity in brain networks &
the effects depend on connectivity
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Functional: TMS impact (%A '“C 2-DG)
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Momi et al. Neuroimage 2021

Impact on specific brain networks

Davide
Momi

Network Engagement
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Presentation Notes
tACS targets and SUVr parametric images for all participants. Axial and coronal views of the normal electric field induced by tACS in each participant are reported (yellow, En > 0.25 V/m on the structural MRI for anatomical reference), showing the tACS field affecting primarily the bilateral temporal lobes (left). Individual sagittal and coronal views of SUVr maps of [ 11 C]-PiB, [ 18 F]-FTP and [ 11 C]-PBR28 data collected at baseline for each patient are shown, displaying high levels of amyloid-β in all the participants, as well as significant p-Tau accumulation and signs of neuroinflammation (white arrows) in the bilateral temporal lobes, thalamus and parietal regions. Note: images are shown in radiological convention.

Results. A) Participants reported a trend for an increase in spectral power of gamma oscillations, with a stronger effect for activity around the stimulation frequency (i.e., stim γ at 38–42 Hz). B) Daily EEG recordings before and after each tACS session showed an incremental effect of gamma spectral power over the stimulation electrodes placed on the temporal lobes (T8, P8, T7, P7), and no apparent changes in control electrodes indexing activity in frontal (Afz, F1, F2) and centro-parietal (C3, C4, Pz) regions. C) Delta SUVr between baseline and follow up are reported for the three PET tracers and specifically for SUVr values extracted from the individual tACS stimulation maps based on biophysical modeling (yellow, stimulation higher than 0.25 V/m). A significant (>1.98%) change in p-Tau deposition was observed for 3 patients (#2, #3, #4), as well as a decrease in microglia activation after tACS for patient #2. D) Individual data for participant #2, #3, and #4 showing example regions of putative change in p-Tau and microglia SUVr after tACS.








* Target different network nodes in
specific order and timing
* Adaptive close loop system

Axilum

Robotics

FDA cleared
CE mark
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Giorgio
Bonmassar
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Multi-locus TMS

30 cm

& &
Normalized E-field
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10 100 1000
MEP amplitude (pV) Nieminen 2022 Br Stim



Portable TMS

a Stimulator

7 rTMS tiny
PRSI & o
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Presenter Notes
Presentation Notes
d Relationship between the output frequency and the maximum available stimulus intensity. The stimulus intensity can reach 100% MSO for frequencies ranging from 1 Hz to 55 Hz. For frequencies greater than 55 Hz, the available stimulus intensity decreases. For instance, at 100 Hz, it decreases to 55% MSO. rTMS-tiny’s repetitive output capability reached the level of the Magstim Super Rapid2 Plus conventional TMS device. e Coil temperature after stimulation given a starting temperature of 25 °C. Coil temperature remained within the requirements of IEC 60601-1. f Infrared thermal imaging of the coil after 3000 pulses of 10 Hz rTMS at 95% MSO. The heat diffused from the copper coil to the surroundings, with a maximum temperature of 41.8 °C. g rTMS waveform at 100% MSO. Pulse stimulation frequency is 10 Hz. No decay of stimulation intensity between pulses. h TBS waveform at 100% MSO. Pulse stimulation frequency is 50 Hz, 3 pulses form a cluster, with a repetition frequency of clusters at 5 Hz. Less than 5% decay of stimulation intensity within each cluster, and no decay of stimulation intensity between clusters.


Temporal precision

Waveform optimization

Patterned stimulation

A N S N IS
.
| 0 W 0 LI b 1

Contextual precision

Online stimulation

Response
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Jannati et al. Neuropsychopharmacology 2023
Cappon & Pascual-Leone Am J Psych 2024

. Individualize stimulation

parameters
* Measure neurophysiologic
effect

. Leverage State-dependency effects

e Combine with other
interventions / medications

. Design improved stimulators
. Optimize stimulation protocols

. Stimulate at right time

* Oscillations specific stimulation
* Closed loop stimulation



Variability of Physiologic Effects

Mark Eldaief

1 Hz 20 Hz

0.4 =

Need to Measure!
0.2}
Neurophysiologic
monitoring:
fMRI - EEG - etc

Define dose

02r Enable close-loop

A IpIPL functional connectivity
=

04 fm
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Pre Post Pre Post

Eldaief et al PNAS, 2011



Personalized parameters
(b)
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State Dependency For Specific Neural Populations
TMS-adaptation paradigm and motion direction discrimination
in visual area V5/MT

Zaira
Cattaneo
. 1
0.9
Application of
TMS 0.8 N
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Cattaneo & Silvanto Neurosci Lett 08



Brain Topogr (2008) 21:1-10
DOI 10.1007/510548-008-0067-0 FDA-Approval for OCD

Provocation task + TMS

REVIEW ARTICLE

State-Dependency of Transcranial Magnetic Stimulation

Juha Silvanto - Alvaro Pascual-Leone

Concurrent TMS stimulation with Brainsway

Cognitive Training in Dementia

a7

* How create an ‘optimal’ state ?

Patient :
;rgézlrll """"" : : \ \ Technician  When to couple brain stimulation
¥ . stand . .. .
| Computer with state modification ?
ADAS-Cog Change
_____________ MS 0.5
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Tre:atment | —— PE or PP Sham
chair -. § -3.5 - (Wk 7: n=40)
r N EU R Baseline Week 7 Week 12 (WK 12: n=39)

NTEGRATING NELU AL SOLUTIONS

Sabbagh et al Alzheimer’s & Dementia 2019

Mean Change
in ADAS-Cog




Closed-loop EEG-TMS
modulation

— Estimation

(A) Brain state-dependent TMS

1, Decide on the
parameter value from i
experiments and literature 2. Record EEG

review fr————————*
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3. 5ti
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(C) Real-time closed-loop TMS
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Intracranial EEG validated approaches and-mechanisms

a iEEG TMS Application to DLPFC
Amplifier

Blackods Implantation
(Tl Ty

Contact — {7
Tl e

Posterior

@ Stimulus Site @ TMS > Sham
O TMS = Zero @ TMS = Sham

Wang et al 2024, Molecular Psychiatry



LDLPFC Stimulation activates sgACC ... but also a

number of other regions! Ry
| PalntdG0 conact34 | Pationt 25, contct 1
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Accelerated TBS (SAINT
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Cole 2020 Am Jour Psych



Accelerated TBS (SAINT) results
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JAMA Psychiatry | Original Investigation
Efficacy of Adjunctive D-Cycloserine to Intermittent Theta-Burst

T M S + d ru gS Stimulation for Major Depressive Disorder

A Randomized Clinical Trial

Jaeden Cole, BSc; Maya N. Sohn, BSc; Ashley D. Harris, PhD; Signe L. Bray, PhD; Scott B. Patten, MD, PhD;
Alexander McGirr, MD, PhD
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One-D TMS: Accelerated TBS + drugs

e 32 patients, open-label study
* Single dose of d-cycloserine 125mg, 50-70 min prior to TMS
* Single dose lisdexamfetamine 20mg

» 20 sessions of iTBS: 5/50 Hz, 2s-on 8s-off, 600 pulses total,
120% RMT, every 30 minuts

» Target Siddigi 2021 target (MN -46, 9, 31) using scalp
heuristics

* Used Magventure R30 with Ampa L-coil
* No specific instructions to patients

Vaughn 2025 Bioarxiv




HDORS-17 Depression Score

One-D results
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