Proceedings of the 8 World Congress on Electrical Engineering and Computer Systems and Sciences (EECSS’22)
Prague, Czech Republic - July 28- 30, 2022

Paper No. ICBES 131

DOI: 10.11159/icbes22.131

The Impact of Brain Anatomy on TMS-Induced E-Field Distribution

Marietta Tzirini!, Evangelia Chatzikyriakou?, Konstantinos Kouskouras?, Nikolaos Foroglou?®, Theodoros
Samaras®®, Vasilios K. Kimiskidis?
! Faculty of Sciences, School of Physics, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece;
mtzirini@physics.auth.gr (M.T.); theosama@auth.gr (T.S.)
215t Department of Neurology, Medical School, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece;
eva.ch.1990@gmail.com (E.C.); kimiskid@auth.gr (V.K.K.)
% Department of Radiology, Medical School, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece;
coskou@auth.gr
* 1% Department of Neurosurgery, Medical School, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece;
nforoglou@auth.gr
® Department of Physics, University of Malta, MSD 2080 Msida, Malta

Extended Abstract

Transcranial magnetic stimulation (TMS) is a non-invasive brain stimulation technique [1] that is being increasingly
employed for diagnostic and therapeutic purposes in multiple neuropsychiatric conditions [2]. In order to predict or interpret
biological outcomes of clinical TMS interventions, the method is often combined with electric field (EF) modeling [3], i.e.
the numerical calculation of the induced EF distribution in the brain, usually computed on the subject’s head model. The
main objective of the present study was to investigate the impact of anatomy on brain stimulation during TMS, on healthy
male and female adults.

The human anatomy can affect the EF distribution, and subsequently influence the outcome of TMS, in two separate
ways, i.e. due to individual morphometric characteristics, such as the shape and size of brain, or due to the tissue distribution
inside the head. To disentangle these two factors, we examined the EFs, induced by an H7 Hesed coil (Brainsway Ltd., Israel)
[4], on anatomical and homogeneous head models of nineteen volunteers (7 males, 12 females). The former were generated
through an automatic segmentation process by the headreco tool of the SimNIBS software package (SimNIBS Developers.
SImNIBS 3.2.4), using the participants’ MRI data, after obtaining informed consent. The corresponding homogeneous
models were then created from the anatomical ones, by assigning to all their tissues the electrical conductivity of saline. All
head models were stimulated by the H7 coil placed over the frontal lobes, in the Sim4Life environment (ZMT Zurich
MedTech. Sim4Life), employing the platform’s magnetic quasi-static solver, and assuming a current with an amplitude of
3.18 kA and a frequency of 3.5 kHz.

The numerically calculated EFs were compared, in terms of maximum value (Emax), considering the 99" percentile of
distribution as Emax to avoid numerical artefacts, and half-value volume (V12), i.e. the volume of brain where the EF was
greater than the half of its Emax, among different groups. Analysis showed that the maximum EF on the male sample was
around 187.3 = 7.9 V/m for the anatomical versions and around 133.2 £ 6.5 VV/m for their homogeneous duplicates, while
the corresponding half-value volumes were 56.5 + 10.0 cm® versus 102.5 + 12.4 cm®. Regarding the female sample, the EF
distributions on anatomical models showed maximum values around 192.3 £ 13.4 VV/m versus 135.9 + 9.6 VV/m for the
homogeneous ones, while the half-value volumes ranged around 57.4 + 7.2 cm?® against 104.6 + 19.2 cm? | respectively.
Results showed higher values and dispersion for the Emax metric on anatomical models of both samples, while the standard
deviation for the homogeneous female group was more than two times higher than the one for the anatomical female group.
As expected, the half-value volumes were higher for the homogeneous models. Comparisons among subjects’ distributions
in every group, even for the homogeneous versions, imply that anatomical features may affect the stimulation outcome.
Funding

This research was co-financed by Greece and the European Union (European Social Fund-ESF) through the Operational
Programme ‘Human Resources Development, Education and Lifelong Learning 2014-20200 in the context of the project
‘Mapping of the human primary motor cortex (M1) with navigated Transcranial Magnetic Stimulation (navigated TMS, n
TMS): method optimization with advanced neurophysiological and computational techniques’ (MIS 5047847).

ICBES 131-1



References

[1] A.T. Barker, R. Jalinous, and I. L. Freeston, “NON-INVASIVE MAGNETIC STIMULATION OF HUMAN MOTOR
CORTEX,” The Lancet, vol. 325, no. 8437, pp. 1106-1107, May 1985, doi: 10.1016/S0140-6736(85)92413-4.

[2] J.-P. Lefaucheur et al., “Evidence-based guidelines on the therapeutic use of repetitive transcranial magnetic stimulation
(rTMS): An update (2014-2018),” Clinical Neurophysiology, vol. 131, no. 2, pp. 474-528, Feb. 2020, doi:
10.1016/j.clinph.2019.11.002.

[3] A. Thielscher, A. Antunes, and G. B. Saturnino, “Field modeling for transcranial magnetic stimulation: A useful tool to
understand the physiological effects of TMS?,” in 2015 37th Annual International Conference of the IEEE Engineering
in Medicine and Biology Society (EMBC), Aug. 2015, pp. 222-225. doi: 10.1109/EMBC.2015.7318340.

[4] L. Carmi, A.Tendler, A. Bystritsky, E. Hollander, D. M. Blumberger, J. Daskalakis, H. Ward, K. Lapidus, W. Goodman,
L. Casuto, D. Feifel, N. Barnea-Ygael, Y. Roth, A. Zangen, J. Zohar, “Efficacy and Safety of Deep Transcranial
Magnetic Stimulation for Obsessive-Compulsive Disorder: A Prospective Multicenter Randomized Double-Blind
Placebo-Controlled Trial,” American Journal of Psychiatry, vol. 176, p. appi.ajp.2019.1, May 2019, doi:
10.1176/appi.ajp.2019.18101180.

ICBES 131-2



