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Core assumption

W Frequency is low (10 kHz), such that]1 -L ,,, thatis,
displacement currents negligible; tissue behaves purely
resistive

Practical implication

W E-field W(PFI‘)) r(» 0 (0) solution can be factored into a
temporal waveform 0 (0) and a static spatial distribution
F(»

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




Dose components captured by E-field models

Neuronal activation dynamics Supra- vs subthreshold stimulation Response strategy
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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

F_ — s A 2 C) could be characterized by normal
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| | A was primary factor
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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pulse generator scalp electrodes electric field in brain generalized changes in brain
tonic-clonic seizure activity/connectivity
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Conventional ECT titration

iNncrease pulse train duration iIncrease pulse train frequency

Time



7 3

)
-

%

J/?:?’-ﬁ"-'
LY~ )' |
individual MR

tissue segmentation

l

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

electrode electrode l
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Variable tissue impedance

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 or ¢ nstant-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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Deng & Abbott, BRAIN Initiative UO1T MH111826
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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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Deng et al., Mo/ Psychiatry, 2023
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