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Evaluate Devices
Compare focality, depth of
penetration, and field
strength across coil designs
on realistic head models

Inform New Devices
Optimize coil geometry,
winding patterns, and pulse
waveforms in silico before
committing to hardware
prototypes

Quantify Preclinical Dose
Translate animal/in vitro
parameters into human-
equivalent field strengths,
enabling cross-species
inference

Study Mechanism

Couple macroscopic field
models to neuronal
ultrastructures to predict
activation site and threshold

S
6

Human & Clinical

Benchmark Technique
Verify control conditions
deliver negligible cortical field,
ruling out unintended active
stimulation in blinded trials

Individualize Dosing

Adjust intensity and targeting
per subject based on head
anatomy, skull thickness, and
target location, moving
beyond % machine output



Helekar et al., J Neurosci Methods, 309:153-160, 2018 Leuchter et al., Brain Stimul, 8|Z&3[Z-794, RO15



s Axially magnetized cylindrical neodymium
magnets (N52 grade)

% 3/8” long and 1/4” in diameter
Br. =148 T

< manufacturer: K & J Magnetics
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» Magnet is rotated perpendicular to the scalp
Distance between the closest pole of the magnet
and the scalp is 5 mm

Speed of rotation is up to 24,000 rom
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< 7179 Gauss surface field strength at each pole, i.e.

Robins et al., Bioengineering, 2025



Conductive part of the rotor direction|of rotation

IS modeled using rotating mesh interface = \.-= Al i ol S
O0A 1
o— + V X (—VXA) =0
ot 1L

Nonconductive part of both rotor and stator
are modeled using

—V - (uVVy —B;) =0

Robins et al., Bioengineering, 2025
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Diametrically magnetized magnets
Rotating parallel to the scalp

1 Iinch in diameter and height
Surface field 0.64 T

~10 Hz (IAF) rotation

Synchronized TMS

Leuchter et al., Front Hum Neurosci, 7:37, 2013
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Rotational frequency 10.05 Hz Pulse frequency: 3448 Hz
Max |E]: 0.082 V/m Max |E|: 401.5 V/m

Robins et al., Bioengineering, 2025
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ANXIETY AND DEPRESSION
RESEARCH ARTICLE ‘ ASSOCIATION OF AMERICA

Predictors of response to synchronized transcranial magnetic
stimulat i I

Noah S. Phil

Joe Massard

lower |AF predicted poorer

1Center for Neurored

pie  rcsponse in participants who ki

Center, Providence, R m magnets to

s cceived 10 weeks of active il
T S TMS (p = 0.001)

University, Providend olled trial, we

3Neuromodulation DM .

for Neuroscience and Human Behavior, and
Department of Psychiatry and Biobehavioral
Sciences, David Geffen School of Medicine at was examined. Candidate variables included age, sex, comorbid anxiety, number of failed antide-

performed univariate and stepwise linear regression to identify predictors of response after 6

weeks of sSTMS. A subsample (n = 83) that entered a 4-week open/active continuation phase also

UCLA, Los Angeles, CA 90095, USA pressants in the current depressive episode, MDD severity (17-item Hamilton Depression Rating

“Department of Bioengineering, Henry Samueli Scale; HAMD17), anxiety symptom severity (HAMD17 anxiety/somatization factor), and IAF.
School of Engineering and Applied Science at

UCLA, Los Angeles, CA 90095, USA Results: We found that greater baseline depressive (p < 0.001) and anxiety (p < 0.001) symptom
>Mood and TMS Services, Greater Los Angeles severity were associated with better response to active sTMS, whereas fewer failed antidepres-
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| FMS: Rodent mode|
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Makowiecki et al. 2014
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Peak E-field

on the order of
Rachel Sherrard, MD/PhD

Sorbonne

Tang et al. 2016

~ Jenny Rodger, PhD
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Left pedunculotomy Biomimetic high frequency
+ sham stimulation stimulation (BHFS)

__Ieft Cbm right Com | left Cbm

Dufor et al., Sci Adv, 2019



c side close to coil side far from coil D side close to coil side far from coil
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el i BHFS nearly doubled
the number of cfos-
positive cells compared
to sham
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Dufor et al., Sc/ Adv, 2019
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BHFS no longer induces
reinnervation

Dufor et al., Sci Adv, 2019
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S Prospective, open labeled trial of active
adjunctive rTMS
§ 8 adolescents with MDD that had not

responded to 2 antidepressant trials

§ On stable dose of SSRI

§ 10-Hz rTMS, 5 days per week, over 6-8
weeks, up to 30 sessions

Wall et al,, J Clin Psychiatry, 2011




www.nature.com/npp Neuropsychopharmacology
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ARTICLE
Left prefrontal transcranial magnetic stimulation for

treatment-resistant depression in adolescents: a double-blind,
randomized, sham-controlled trial

Paul E. Croarkin(®', Ahmed Z. Elmaadawi’, Scott T. Aaronson®, G. Randolph Schrodt Jr%, Richard C. Holbert®, Sarah Verdoliva®,
Karen L. Heart’, Mark A. Demitrack® and Jeffrey R. Strawn

Treatment-resistant depression {TRD) is prevalent and associated with a substantial psychosocial burden and mortality. There are
few prior studies of interventions for TRD in adolescents. This was the largest study tc date examining the feasibility, safety, and
efficacy of 10-Hz transcranial magnetic stimulation (TMS) for adolescents with TRD. Adolescents with TRD (aged 12-21 years) were
enrolled in a randomized, sham-controlled trial of TMS across 13 sites. Treatment resistance was defined as an antidepressant
treatment record level of 1 to 4 in a current episode of depression. Intention-to-treat patients (n = 103) included those randomly
assigned to active NeuroStar TMS monotherapy (n = 48) or sham TMS (n = 55) for 30 daily treatments over 6 weeks. The primary
outcome measure was change in the Hamilton Depression Rating Scale (HAM-D-24) score. After 6 weeks of blinded treatment,
improvement in the least-squares mean (SE) HAM-D-24 scores were similar between the active (—11.1 [2.03]) and sham groups
(—10.6 [2.00]; P = 0.8; difference [95% Cl], - 0.5 [-- 4.2 to 3.3]). Response rates were 41.7% in the active group and 36.4% in the sham
group (P = 0.6). Remission rates were 29.2% in the active group and 29.0% in the sham group (P =0.95). There were no new
tolerability or safety signals in adolescents. ’
symptom severity, this did not differ from «
response and examine the optimal dosing

Baseline Week 4

Neuropsychopharmacology (2021) 46:462-4¢

HAMD24 Total Score Change from Baseline

Although TMS treatment produced a
clinically meaningful change in depressive
symptom severity, this did not differ from

sham treatment.

Croarkin et al., Neuropsychopharmacoiogy, 2021



Future studies should focus on

and examine the optimal dosing of TMS for
adolescents with TRD.

Croarkin et al., Neurcpsyvchopharmacology, 2021




Coil tilt

A) 45° 1-wing B) 45°, 2-wings C) 90°, 1-wing D) 90°, 2-wings

. .
E) Orthogonal coils F) Sandwich coils J\/L ShOU'd |OOk aﬂd SOUﬂd ||L<e aCt|\/e

W= Should reproduce the same somatic

1 sensation (coil vibration, scalp nerve
e e and muscle activation)

e S \w No active brain stimulation, i.e.,

G) Reverse current H)VSpaCFt'rr+ passiv§hielding mlﬂlmum E_.ﬁe|d

1) Passive shielding J) Quadrupole coil
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Coil tilt

A) Active 70-mm figure-8
scalp brain

C) 90° tilt, 1-wing

Soe

D) 45° tilt, 2-wings E) 90° tilt, 2-wings
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B) 45¢° tilt, 1-wing
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Two-coil configurations

A) Perpendicular coils
active




Dedicated sham systems

A) Reverse current
active scalp brain sham scalp brain

0 Ebraih/3




C) Spacer + passive shielding




Coil tilt

A) 45° 1-wing B) 45°, 2-wings C) 90°, 1-wing D) 90°, 2-wings

70
—~
3 - [ Scallp
‘ r3) Brain
& 60
E) Orthogonal coils F) Sandwich coils |_|I_|
o 50
=
O
o 40
| X
N
active ! active 30
| i,
Dedicated sham systems qq__)
G) Reverse current H) Spacer + passive shielding |_I|_| 20
E 10 I
(O
i
5 L
o T _
A =} C D) E F € H

Sham systems

1) Passive shielding J) Quadrupole coil
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Scalp

TMS at 56% MSO

210 V/m
96 V/m

E-stim at max ESI

150 V,
/m 0.78 \//m

(W/A) Plel-
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Manufacturer
specified
waveform
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Peak current (mA)

Decay constant d
Peak current
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Why pulse shape matters...
strength-duration properties of
sensory fibers

AB
6—12 pm diam.
touch, pressure, vibration

Ad
1-5 pm diam.
sharp pain

skin
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A. Sample size B. Stimulation protocol C. Intensity (% threshold)
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D. Stimulation site

Midline frontal/parietal 3%
Frontal 4%
DMPFC 2%

L-DLPFC

Bi-DLPFC 6%

17%

R-DLPFC
=

E. Targeting approach

fMRI None
4% 6%
PET-MRI

%

sMRI 5-cm rule
16% 70%
EEG

2%

F. Sham type

Sham coil + lidocaine
1%
Sham coil + e-stim
2%

Demagnetized magnets
2%

Active control site
1%

Tilt 45°

Sham coil 2%

R

Tilt 90°
B

Unpublished



G. Stimulator/Manufacturer H. Coil type |. Number of sessions

Neurosoft 1% —\ BrainsWay Permanent magnets 2%
. o% .

Neuronetics 7% Cadwell H-coil 5% Figure-8 - —

NeoSync 2% 9% Circular 5% 8% $ 301
o
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Unpublished
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Sham response
(% change from baseline)
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Future studies should focus on
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for adolescents with TRD.

Croarkin et al., Neuropsychopharmacology, 2021
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§ Open-label study conducted underiDE
from FDA
S Approved by Mayo Clinic IRB

§ 10 patients (4 females) age 13.9-17.4
(mean 15.9)

& DSM-IV-TR criteria for MDE (K-SADS-PL)

§ Children’s Depression Rating Scale-
Revised (CDRS-R) score > 40

§ At least one prior failed antidepressant

medicaiton trial



§ Individual left DLPFC target localized
using structural MRI (DLPFC Scalp
Target: DST)

§ 10-Hz rTMS delivered using NeuroStar
Therapy System, at intensity of 120%
Standard Motor Threshold

8§ 5 days per week, over 6-8 weeks,
up to 30 sessions

§ Computational electric field modeling...
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3D head model & finite element solver electric field analysis
coil model
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tiers | Frontiers in Psychiatry

‘.') Check for updates

OPEN ACCESS
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Quinn DK, Upston J, Jones TR, Gibson BC,
Olmstead TA, Yang J, Price AM,

Bowers-Wu DH, Durham E, Hazlewood S,
Farrar DC, Miller J, Lloyd MO, Garcia CA,
Ojeda CJ, Hager BW, Vakhtin AA and

Abbott CC (2023) Electric field distribi

predicts efficacy of accelerated intermittent
theta burst stimulation for late-life depression.
Front. Psychiatry 14:1215093.

doi: 10.3389/fpsyt.2023.1215093

© 2023 Quinn, Upston, Jones, Gibson,
Olmstead, Yang, Price, Bowers-Wu, Durham,

Hazlewood, Farrar, Miller, Lloyd, Garcia, Ojeda,

Original Research

Electric field distribution predicts
efficacy of accelerated
intermittent theta burst

stimulation for late-life depression

Davin K. Quinn®, Joel Upston?, Thomas R. Jones?,

Benjamin C. Gibson?, Tessa A. Olmstead?, Justine Yang',
Allison M. Price®, Dorothy H. Bowers-Wu?, Erick Durham?,
Shawn Hazlewood?, Danielle C. Farrar', Jeremy Miller?,
Megan O. Lloyd*, Crystal A. Garcia®, Cesar J. Ojeda’,

Brant W. Hager?, Andrei A. Vakhtin® and Christopher C. Abba

Introduction: Repetitive transcranial magnetic stimulation (rTMS) is a pro:
intervention for late-life depression (LLD) but may have lower rates of res
and remission owing to age-related brain changes. In particular, rTMS in
electric field strength may be attenuated by cortical atrophy in the pre!
cortex. To identify clinical characteristics and treatment parameters assc
with response, we undertook a pilot study of accelerated fMRI-guided interr

|EI(v/m)

Deng et al., Biomedicines, 2023
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Head imaging

Optimal coil placement
for neuronavigation

MRI Qata

== A =
Tissue segmentation

" E-field optimization

Axonal white Voxel
matter fiber

= DT| == ’
processing |

Conducti\:rity tensori

E-field metric

No. gray matter voxels

0 20 40 60 80100
E-field [V/m]

Tissue meshing Scalp surface

: > Surface triangles

V

(@ 2
Coil scalp placement

Volumetric elements

\/ L

Solver

=

Coil model

+ Analytical method
« FEM/BEM

» Specify TMS intensity
* DL method (di/dt)

Dannhauer et al., Biol Psychiatry, 2025
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Neuronal activation dynamics Supra- vs subthreshold stimulation Response strategy

oo .

y P : . .
€ & % o2 Task operationalisation
e I , - Stimulator intensity -

28 Synaptic plasticity Long-range functional connectivity Cognitive state
Functional Outcome measure
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— , Compensation Measurement modality
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!\ Properties
Neuronal activation i Learning & Training
Temporal phase Pulse waveform Serial subprocesses

Macrolevel W )

Numssen et al.,, Imaging Neurosci, 2024
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Coupling E-field to
Neural Activation

Input Current
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Weise et al., PLoS Comput Biol 2026



More detailed And faster
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£ ﬁ(\m

m— r -.-u——-—__—-_—




64 mT

Segmentation E-field
SynthSR (Freesurfer/SimNIBS) (SIMNIBS)
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Get ULF images, perform super-
resolution image reconstruction
Make structural connectome
from DT|

Embed neural mass models at
each parcellation node
Structural connectivity weighted
network defines inter-node
coupling

Use foundation fMRI model’s
learned latent-representations of
resting-state dynamics to infer
subject-specific parameters
Simulate resting-state FC
between DLPFC and sgACC to
identify treatment target

E-field modeling to optimize coil
placement

Empirical Data

T1-MRI
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Empirical FC

Virtual Brain Model
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