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Transcranial brain stimulation: Magnetic vs electric
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E-field modeling pipeline
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5 cm rule 
likely underdosing

F3 more accurate, but 
not necessarily more precise

MRI targeting is better
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Electroconvulsive therapy (ECT)



E-field modeling in ECT





Why accurate E -field modeling matters in ECT

Dose is variable, not the dial you set

Despite fixed 100 mA difference between 
groups, hippocampal E -field strength 
varied widely within each arm, enough to 
mask group differences (Deng et al., 
2022).

Field Ÿneuroplasticity Ÿ

antidepressant response

Hippocampal E -field is linearly related to 
its volumetric change, this neuroplasticity 
in turn mediates antidepressant response 
(Argyelan et al., 2019).

Same field also drives cognitive side 
effects
Higher E -field is directly linked to 
phonemic -fluency decline. ~112.5 V/m 
marks the ceiling for cognitive safety.



Modeling in tDCS

24 males, age 38.6 +/ - 11.2

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

Large differences in ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭΩǎE-
field distribution

Laakso et al., Brain Stimul , 2015



Inter -subject variability in tDCS

Variations in E -field in hand motor area 
could be characterized by normal 
distribution with standard deviation of 
approximately 20% of the mean

CSF thickness was primary factor 
ƛƴŦƭǳŜƴŎƛƴƎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 9-field, 
thereby explaining 50% of inter -
individual variability

Laakso et al., Brain Stimul , 2015





Dataset:  OpenNeuroŘǎллсррт ό±łǑŀ Ŝǘ ŀƭΦΣ нлнрύ  

23 healthy adults, paired 64 mT and 3 T, T1w + T2w, 

de-faced.



Simulated modalities

TMS-F3
(75 A/ µs)

ECT-BL
(FT7/FT8, 
800 mA)

ECT-RUL
(C2/FT8,
800 mA)

tDCS -M1SO
(C3/AF4, 2 mA)

tDCS -4x1
(C3/T7, F3, Cz, 

P3, 2 mA)

TMS-C3
(75 A/ µs)



How to compare E -field?


