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Core assumption

W Frequency is low (£ 10 kHz), such that wes < g, that is,
displacement currents negligible; tissue behaves purely
resistive

Practical implication

- E-field E(r,t) = E,(r) - w(t) solution can be factored into a
temporal waveform w(t) and a static spatial distribution
E,(r)

I The waveform modulates the amplitude of the whole
spatial map up and down uniformly




Dose components captured by E-field models
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Modeling pipeline

Head imaging

MRI data

Optimal coil placement
for neuronavigation
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Coil model

Solver

* Analytical method
 FEM/BEM
* DL method

Dannhauer et al,,

Scalp surface

C0|I scalp placement

* Specify TMS intensity
(dl/dt)

Biol Psychiatry, 2025
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Commom electrical conductivity values
used in tES and TMS modeling

. historically, measurements of
tissue conductivity has been sparse,
individual variation not accounted for,
as is tissue heterogeneity, frequency
dependence, nonlinear effects, age
effects, hormonal effects, etc.

Nevertheless, using these approximately
correct values has been shown to have
been useful for model comparisons
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A+ 24 males, age 38.6 +/-11.2

W Individual FEM models of motor tDCS
(C3 anode, Fp2 cathode)

A+ Large differences in each individual’s E-
field distribution



Opposite
hemisphere

M Variations in E-field in hand motor area
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cos1152 ¢ %051 152 %05 1152 influencing an individual’s E-field,
thereby explaining 50% of inter-
individual variability
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Contralateral

o2 FEM models

16 electrode montages including motor
cortical, frontal, and extracephalic tDCS

Group-level E-fields mapped onto a
common space

rean AE,

“Results reveal the E-fields and their
variability at the group level in the
standard brain space, providing insights
into the mechanisms of tDCS for
polasticity induction.”

Laakso et al., Neuroimage, 2016
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Conventional ECT titration

iNncrease pulse train duration iIncrease pulse train frequency

Time
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tissue segmentation
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electrode geometry
& placement

finite element solver

electric field analysis



Deng et al., J Neural Eng, 2011; Lee at al., Eur Psychiatry, 2016
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Fixed electrode current
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Variable intracranial
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Convulsive Therapy
10(2):93-123 © 1994 Raven Press, Lud, New York

Physical Properties and Quantification of the
ECT Stimulus: L. Basic Principles For constant-current stimulation, we suggest

*{Harold A. Sackeim, Ph.D., £James Tong, B.A . *Bruce Luber, Fh D). that, in general clinical practice, the range of

*tJames R. Moeller, Ph.D., §fIsak Prohovnik, Ph.D., *D. P. Devanand, M.D.,
and *tMitchell S. Nobler, M.D.

the threshold for seizure elicitation may be

*Departments of Binlogical Psychiatry and §Brain Imaging, New York State I’S\'chmn ic
Institute, New York; fDepartment of Psychiatry, College of Physicia o
University, New York; and the tJames Long Company, Bedford Hills, New York

as wide as .

Summary: The physical propertics of the electroconvulsi rapy (ECT) stimulus
markedly affcct both efficacy and side effe / /ie ic principles in charac-
terizing these physical properties and in quantifying the ECT stimulus. The topics
discussed include the application of Ohm's law, alternative composite units of ECT
dosage (energy and charge), the use of constant-current, constant-voltage, and con-
stant-energy principles in ECT devices, the nature of current shunting in ECT and the
determinants of impedance, the relations between impedance and seizure threshold, the
seizure-eliciting efficiency of alternative stimulus waveforms and of stimulus param-
eter configurations, and the role of reactive components (capacitance and inductance)
in the ECT circuit. New findings are also presented regarding several of these issues.
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ECT #1. ST titration
ECT #2-6: 6 xST

ECT #7: ST retitration
ECT #8-End: 6 x ST

RUL 600 mA RUL 600 mA

RUL 700 mA RUL 700 mA

Response?

Deng et al

., Mol Psychiatry, 2023
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E-field

Clinical effects

Optimal

trade-off

Insufficient

Balanced
Dosing

Excessive

Abbott et al., Neuropsychopharmacology, 2024



Conventional ECT titration

increase pulse train duration increase pulse train frequency

11 1

E-field informed ECT

Time

International Patent Application, WO 2024/148196 Al, filed Jul. 11, 2024
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Peterchev et al., Neuropsychopharmacology, 2015
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e(r,) = Z en(r,) = Z Sma(ry)

Swising = arg min || W'/%(eq — As)|’
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Dmochowski et al., J Neural Eng, 2011; Sadleir et al

., Front Psychiatry, 2012; Guler et al., J Neural Eng, 2016
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& Open-label study conducted underiBDE
e DA
& 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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Original Research

& frontiers | Frontiers in Psychiatry 01 August 2023
10.3389/fpsyt.2023.1215093

® creckor ot Electric field distribution predicts

efficacy of accelerated

e intermittent theta burst
stimulation for late-life depression

Jack Jiaqi Zhang,
Hong Kong Polytechnic University,

Hong Kong SAR, China Davin K. Quinn®*, Joel Upston?, Thomas R. Jones?,
Shaw-Ji Chen,

Taitung MacKay Memorial Hospital, Taiwan Benjamin C. Gibson?, Tessa A. Olmstead®, Justine Yang’,
v Allison M. Price®, Dorothy H. Bowers-Wu?, Erick Durham?,
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Farrar DC, Miller J, Lloyd MO, Garcia CA,
Ojeda CJ, Hager BW, Vakhtin AA and
Abbott CC (2023) Electric field distribution
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theta burst stimulation for late-life depression. Introduction: Repetitive transcranial magnetic stimulation (rTMS) is a proi

Front. Psychiatry 14:1215093 intervention for late-life depression (LLD) but may have lower rates of res
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More detailed And faster
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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
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Deng, EMBC 2026
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