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E-field modeling pipeline

Head imaging

MRI data

Optimal coil placement
for neuronavigation

= =
Tissue segmentation

Axonal white
matter fiber

i E-field optimization ]

=3 DT| = ’
processing |

Conducti\;ity tensori

E-field metric

No. gray matter voxels

0 20 40 60 80 100
E-field [V/m]

- B
E-field distribution

Tissue meshing

Surface triangles

Volumetric elements
J

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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§ 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...



individual MRI tissue segmentation
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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
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individual MR tissue segmentation

electrode geometry finite element solver electric field analysis
& placement






Why accurate E-field modeling matters in ECT

Dose is variable, not the dial you set

D -

Despite fixed 100 mA difference between A
groups, hippocampal E-field strength

varied widely within each arm, enough to

mask group differences (Deng et al,, A A
2022).

Field — neuroplasticity -
antidepressant response
Hippocampal E-field is linearly related to
its volumetric change, this neuroplasticity

iNn turn mediates antidepressant response
(Argyelan et al,, 2019).

Ehippocampus (V/m)
ADKEFS-LF score
>
>
-
>
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Same field also drives cognitive side
effects 10 .

Higher E-field is directly linked to 50 75 1OIO 12|5 15|O
phonemic-fluency decline. ~112.5 V/m E (V/m)
marks the ceiling for cognitive safety. R-hippocampus
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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
oo [ A (R distribution with

T

0
0051152

Median Y
5 2
electric I'
0 05 1 field (vim) 0

| | A was primary factor
cos1152 ¢ %051 152 %05 1152 influencing an individual’s E-field,
thereby explaining 50% of inter-
individual variability




THE TRADE-OFF

Lower magnetic fields yield

3 e fundamentally lower
@. ~ Signal-to-Noise Ratios (SNR)

and resolution. Can they
provide reliable
quantitative data?

THE GOLD STANDARD

e 1.5-3.0 Tesla

e High spatial resolution (1mm isotropic)

e Massive infrastructure (cooling, Faraday cages)
* High capital and operational costs

* Severe siting constraints

THE CHALLENGER

e <0.1 Tesla (e.g., 64mT)

e Portable (plugs into standard wall outlets)
* Negligible operational costs

* Deployed at bedside and remote locations



Dataset: OpenNeuro ds006557 (Vasa et al., 2025)

23 healthy adults, paired 64 mTand 3 T, T1w + T2w,
= de-faced.
¢
(o

Segmentation E-field

SynthSR (Freesurfer/SimNIBS)  (SimNIBS)




Simulated modalities

ECT-BL

tDCS-M1SO
(FT7/FT8,
800 MA) (C3/AF4, 2 mA)
ECT-RUL tDCS-4x1
(C2/FTS, (C3/T7, F3, Cz,
800 mA) P3, 2 mA)




How to compare E-field?
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Number of gray matter voxels
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95th or 99th percentile more robust than 99.9

A C
17.5 1 17.5 - 17.5 -
15.0 ~ 15.0 ~ 15.0 ~
3 1257 31257 3 1257
= = =
9.5%
E 10.0 A 2 10.0 4 \.g.cz.' . ’ 2 10.0 4
[+
E 8.0% 8.0% E B E
< 7.5 < 7.5 y ' < 7.5
= 5.7% 5.9% = s
5.0 1 \:‘VL 2.0 7 5.0 -
237 @@= TMS F3 251 @)= Bilateral ECT 2.5 =@= tDCS M1-SO
== TMS C3 =@= RUL ECT =@~ tDCS 4x1
0.0 T T - 00 T T T 00 T T T
99.9th 99th 99.9th 99th 95th 99.9th 99th 95th
dose metric (percent dose metric (percentile of |E|) dose metric (percentile of |E|)




E-field correspondence between ULF and 3T: TMS

A B
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E-field correspondence between ULF and 3T: ECT
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E-field correspondence between ULF and 3T: tDCS
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Source of error for TES: CSF oversegmentation

E-field error (ULF—3T)/3T, %

E-field error (ULF—=3T)/3T, %
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Doesn’t affect TMS

A B
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E-field modeling using ULF scans is feasible
ULF MRI + super-resolution reconstruction + standard E-field modeling

Moderate-to-strong agreement with 3T
Within 10% error across TMS, ECT, tDCS

CSF segmentation is a systematic source of error for TES
Over-segmentation in all subjects, correctable to some degree

Report a robust dose percentile
The 99.9%-tile peak is too unstable



Improve CSF segmentation
Correction U-Net / SynthSR fine-tuning

What about tMRI?
At 64 mT, BOLD effects are vanishingly small

Clinical translation
Integrate ULF into bedside dose planning
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