N

N

Comparative analysis of statistical methods for
determining Deep Brain Stimulation sweet spots
Vittoria Bucciarelli, Dorian Vogel, Teresa Nordin, Karin Wardell, Jerome

Coste, Jean-Jacques Lemaire, Simone Hemm

» To cite this version:

Vittoria Bucciarelli, Dorian Vogel, Teresa Nordin, Karin Wardell, Jerome Coste, et al.. Comparative
analysis of statistical methods for determining Deep Brain Stimulation sweet spots. 20th Biennial
Meeting of the World Society for Stereotactic and Functional Neurosurgery, WSSFN World Society
for Stereotactic and Functional Neurosurgery, Sep 2024, Chicago, United States. page 295-296 /
EPO77 #199. hal-04680036

HAL Id: hal-04680036
https://hal.science/hal-04680036v1
Submitted on 28 Aug 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04680036v1
https://hal.archives-ouvertes.fr

20th Biennial Meeting of the World Society for Stereotactic and
Functional Neurosurgery, Chicago, USA, September 3-6, 2024

EPO77 / #199 Topic: ASO1. Movement Disorders
COMPARATIVE ANALYSIS OF STATISTICAL METHODS FOR DETERMINING
DEEP BRAIN STIMULATION SWEET SPOTS
Vittoria Bucciarelli' , Dorian Vogel! , Teresa Nordin?, Karin Wardell? , Jérédme Coste?,
Jean-Jacques Lemaire*, Simone Hemm?

1 Institute For Medical Engineering And Medical Informatics, School Of Life Sciences, University of
Applied Sciences and Arts Northwestern Switzerland, Muttenz, Switzerland,

2 Department Of Biomedical Engineering, Linképing University, Linképing, Sweden,

3 Université Clermont Auvergne, Clermont Auvergne INP, CNRS, Institut Pascal, Clermont-Ferrand,
France,

4 Université Clermont Auvergne, CNRS, CHU Clermont-Ferrand, Clermont Auvergne INP, Institut
Pascal, Clermont-Ferrand, France

Introduction: The precise location of the optimal target, or sweet spot, for Deep Brain Stimulation
(DBS) is still unknown. However, its determination plays a pivotal role in guiding algorithms for the
automatic programming of DBS parameters. Several studies have approached this problem, mainly
employing t-test and Wilcoxon test to obtain probabilistic stimulation maps. However, a thorough
assessment of the chosen statistical method’s influence on the sweet spot extracted from group
analysis is still missing. The objective of this study is to compare the outcomes of the above mentioned
statistical tests applied to DBS patients data.

Methods: The data used for the study was captured during the intra-operative stimulation tests of 6
Essential Tremor (ET) patients bilaterally implanted in the ventro-intermediate nucleus (VIM).
Stimulation settings were used to compute patient-specific electric field simulations which were then
transformed to a group-specific MRI template. A voxel-wise one-tailed one-sample t-test was
evaluated against a voxelBwise one-tailed Wilcoxon signed rank test. Voxels significantly (p-value <
0.05) associated with tremor improvement exceeding 60% were extracted. False Discovery Rate (FDR)
was then applied to correct for false positives. The resulting significant sweet spot clusters were
compared by visual analysis and by computing their total volume, intersection volume, and Dice
coefficient. Lastly, for validation, the overlap between electric field and sweet spot was correlated with
the degree of improvement.

Results: The generated stimulation maps and extracted sweet spots are shown in Figure 1. The applied
statistical methods resulted in sweet spots of sizes: 28.88 mm3 for the t-test and 58.25 mm3 for the
Wilcoxon. The Dice coefficient was 66%. The significant volume obtained with the t-test was entirely
contained in the volume extracted with the Wilcoxon test. Stimulations encompassing the sweet spot
were positively correlated to improvement with similar coefficients for both methods.

Conclusions: Users should be aware that the chosen statistical method can largely impact the
extracted significant volume in group analysis. Despite the difference in size, stimulation of both sweet
spots was correlated to improvement. The definition of robust criteria to guide the method'’s choice is
thus fundamental. This work was supported financially by the Swiss National Science Foundation
(205320_207491).
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Figure 1. (A) Location in the brain of identified sweet spots (highlighted by red rectangle), respectively with (B)
one-tailed Wilcoxon signed rank test (significant voxels with p-value<0.05 are colored in light blue) and (C) one-
tailed one-sample t-test (significant voxels with p-value<0.05 are colored in green).



