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AHHOTALMA

Ha cerogHALWHMIA OeHb 0HUM M3 Hanboree MepcneKTUBHBIX U YCMELUHbIX METOAO0B neveHuns bonesuu lapkuHcoHa ABnA-
etca rnybokana cTumynauma mMosra (deep brain stimulation, DBS). Pe3ynbTat xvpypruyeckoin uMnnantauum DBS-anekTtpona
B cybTanamuyeckoM agpe (STN) HanpAMyIo 3aBMCKT 0T NPaBUIIbHOI JIOKaNU3aLMM 30HbI CTUMYNALMK. NHTpaonepaumoHHoe
1CNO/b30BaHME MUKPO3NIEKTPOLHON perncTpaLum no3BosAeT OCTOBEPHO foKanm3osaThb rpaHuubl STN [1], a npoBegeHve
TECTOBbIX CTUMYMIALMIA C MOMOLLbI0 MaKpO3NIEKTPoAa MOBCEMECTHO WMCMOJL3YETCA AJ1A NOBbILEHWUA TOYHOCTU YCTAHOBKM
DBS-3anektpopa. [daHHbI Noaxof No3BOAET U3 HECKOBKMX 06CeyeMbix TPAaeKTOpUI BBELEHMA BbIOpaThb Ty, N0 KOTOPOM
MpY TECTOBBIX CTUMYNALMAX HAbMIOAAETCA HaUMYYLWUA KIUHWYeCKUA 3deKT. OfHaKo Ha JaHHbIA MOMEHT OTCYTCTBYET
KOMMJIEKCHOE [10CTOBEPHOE OMMCaHWe XapaKTepa OOMHOYHOW aKTUBHOCTU HEMPOHOB, acCOLMUPYEMOM C YCMEeLHOW ycTa-
HoBKoW DBS-anektpoga.

C uenbio onpepeneHnA XapakTePUCTUK aKTUBHOCTM HEMPOHOB, aCCOLMMUPYEMBIX C AOCTUMKEHWUEM HaWUITYYLLEr0 KIIMHUYECKO-
ro 3gdeKTa TECTOBLIX CTUMYNALMI, NPOBOAMTCA UCCNEN0BaHUE AaHHbIX MUKPO3NEKTPOAHBIX peructpaumni (MER) aktuB-
HOCTM eIMHWYHbIX HerMpoHoB STN 21 naumenTa ¢ 6onesHbio Mapkuxcora (UPDRS Il off/on=46.9/12.8). Ins 618 pnetektnpo-
BaHHbIX HEMPOHOB NPOBOAMNN CPaBHUTENbHOE MUCCNieoBaHWe 29 MapaMeTpoB aKTUBHOCTM (BKIOYAA 4acToTy MMyNbCaLUK,
MHTEHCMBHOCTb KonebaTenbHOM aKTMBHOCTM Ha pa3nnyHbX AuanasoHax yactot (Oscores), KoadduumeHT Bapuaumu, na-
YeuHbI, Nay3HblA UHAEKC 1 np.) [2]. MoMuMo 3Toro 6bin peanv3oBaH MeTOL pacyéTa SHTPOMMUM OTHOCUTENBHOrO U3MeHe-
HWUS MeXKcnanKoBblx MHTepBanoB (interspike intervals, ISI) nocnefoBatensHOCTU UMNYNbcaLmMi [3] v BbigeNeHWA NaTTepHoB
HEeMPOHHOMN aKTUBHOCTU METOJOM MepapXMYecKom Knactepu3auum [4].

CpaBHWTENbHBIV aHaNM3 aKTUBHOCTM OAMHOYHBIX HEMPOHOB BbIABUN CTAaTUCTMYECKM 3HaumMble (p <0,05) pasnnuma mexay
MPOMIHOPUPOBAHHBIMUA W BbIOPaHHBIMK MO pe3ynbTaTaM TeCTOBbIX CTUMYNALMIA TPAEKTOPUAMM ANA GUHANBHOW YCTaHOB-
Ku DBS-aneKTpoaa ToMbKO ANA 3HTPOMUIMHBIX NapaMeTpoB. [nA TpaeKTopuin BBEAEHUA MUKPO3/IEKTPOAO0B C HAUAYULLMMU
pe3ynbTaTaMy TECTOBbIX CTUMYNIALMIA XapaKTepPHA CHUMKEHHAA SHTPOMMA MEXCMAWKOBLIX MHTEpBanoB. [lpy 3TOM BKnag
B pPa3nMuMe 3HTPOMUKU MEHOY TPAeKTOPUAMM OKa3bIBAKOT TOMBKO TOHWMYECKWME WM Nay3Hble NaTTepHbl HEMPOHHOM aKTWB-
HOCTM, AN NaYeyYHbIX HEMPOHOB CTATUCTUYECKMUX 3HAYMMBIX OT/IMUMIA He BbIABMIEHO. 3HAUYEHME IHTPOMMM TaKHKe MoKasano
MOMNOMKUTENBHYI0 JOCTOBEPHYID KOPPENALMI0 CO CTEMEHBID YAYULLEHUI KNMHUYECKOW KapTuHbI 3abonieBaHMA 40 U mochne
MPVYMEHEHUA MeAMKaMEHTO3HOr0 JieYeHuA.

MpoBEeAEHHBIA CPABHWUTENbHbIM aHaNU3 aKTUBHOCTM OAWHOYHBIX HEMPOHOB, OO6HAPYKEHHbIX HA TPAEKTOPUAX C pas3nuny-
HbIM 3QdEKTOM TECTOBbIX CTUMYNALMIA, NOKasan Cnabylo MPUMEHUMOCTb JIMHEWHbLIX NMapaMeTpoB 1A pelleHua 3afaun
onpepeneHnsa TPaeKTopUM BBEOEHWA 3MEKTPOAA C HaUYYLIMM KIMHUYECKUM 3¢deKToM. ToKa3aHo, YTo UCMoNb30BaHWe
HEJIMHEMHbIX NapaMeTpPOB aKTUBHOCTU (3HTPOMMUM) €AMHWUYHBIX HEMPOHOB MO3BOMAET JOCTOBEPHO OT/INMYWTH TPAEKTOPUK
CO 3HA4YMMBIM U OTCYTCTBYIOLLMM/HE3HAUYUTENbHBIM PEe3y/bTaToM TeCTOBOM CTUMYNAUMK. [py 3TOM MHTepnpeTauma OaH-
HOro nmapaMeTpa Kak Mepbl HeornpefenéHHOCTU MM HenmpeacKasyeMocT MHPOPMAaLMOHHOW CUCTEMbl B COOTBETCTBUK
C pe3ynbTaTaMy Opyrux UccneaoBaHuit [5] noavépKUBaET BarKHOCTb IHTPONKUM B onpefeneHnm GyHKUMiA 6asanbHbIX Aaep
M OMUCaHUM NPOLLECCOB NepeHoca MHGOpPMaLIMK NPY KOHTPONE ABMMKEHUA.

Kniouesblie cnoBa: 60nesHb [lapkuHCoHa; cybTanamMmuyeckoe Aapo; DBS; HenuHelHble NnapamMeTpbl; SHTPONUA; 0OAMHOYHAS
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ABSTRACT

One of the most successful and promising treatments for Parkinson’s disease today is deep brain stimulation (DBS). Accurate
localization of the stimulation area is critical for the outcome of surgical DBS electrode implantation in the subthalamic nucleus
(STN). To achieve this, microelectrode recording is used during surgery to precisely locate the STN borders [1], while test
stimulations with a macroelectrode are widely employed to enhance DBS electrode placement accuracy. Thus, through testing
multiple trajectories, the most clinically effective one can be selected. However, a comprehensive and reliable description of the
specific single neuron activity associated with successful DBS electrode implantation is currently lacking.

A study was conducted using microelectrode recordings (MER) of single neuron activity in the STN of 21 Parkinson’s disease
patients (UPDRS Il off/on=46.9/12.8) to identify the neuronal activity features associated with the most favorable clinical
outcome of test stimulation. A comparative analysis of 29 activity parameters, such as firing rate, oscillatory activity intensity
in different frequency ranges (Oscores), coefficient of variation, burst, pause index, among others [2], was conducted for 618
identified neurons. In addition, the approach of computing the entropy of the change in interspike intervals (ISI) of the pulse
sequence [3] and the process of identifying patterns of neural activity using hierarchical clustering [4] were implemented.
A comparative analysis of single neuron activity indicated notable (p <0.05) variations between disregarded and selected
paths for the ultimate implantation of DBS electrode, solely relying on entropy parameters. Trajectories that delivered
optimal test stimulation outcomes demonstrated reduced entropy of interspike intervals. Only the patterns of neuronal activity
characterized by extended periods of steady firing and brief pauses, referred to as tonic and pause activity, respectively,
were found to contribute to the difference in entropy between trajectories. In contrast, there were no statistically significant
differences detected in entropy values associated with neurons demonstrating burst activity. Furthermore, we observed
a positive and significant correlation between entropy values and the degree of improvement in disease presentation before
and after administration of medication.

A comparative analysis was conducted on the activity of single neurons along different trajectories with varied test
stimulation responses. The results showed a weak effectiveness of linear parameters in determining the optimal electrode
insertion path for improved clinical outcomes. However, the use of non-linear activity parameters, specifically entropy, in
single neurons effectively differentiated trajectories with significant versus absent/insignificant test stimulation results.
Furthermore, the significance of entropy in establishing the basal ganglia functions and describing information transfer
processes in movement control is emphasized by interpreting this parameter as a measure of uncertainty or unpredictability
of the information system in relation to the findings of other studies [5].

Keywords: Parkinson's disease; subthalamic nucleus; DBS; nonlinear parameters; entropy; single neuron activity; micro-
electrode recording.
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