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[vcToHnA — pBUratenbHoe HapyLUeHWe, NpY KOTOPOM HabnioJaeTcA HENPOM3BO/IbHOE COKPALLEHME MbILLL, NPUBOAALLEE
K HEECTECTBEHHBIM N03aM, B OTAEMbHBIX CITy4asX CONPOBOXAAILLEECA ANCTOHUYECKUM TPeMOPOM. OOHUM U3 XapaKTepHbIX
AVICTOHWYECKMX N03 ABMIAETCA HENPOWU3BOJIbHbINA TOHUYECKMIA HAKMOH UM MOBOPOT rooBbl. Ha AaHHbIM MOMEHT 3T1onorua
1 naToreHe3 3ab0feBaHWA OCTAIOTCA Ha YPOBHE r1noTe3. B HacTosLLee BpeMs eAMHCTBEHHLIM MOTEHLMANbHBIM BoMapKe-
POM MaTo0rMYeCcKOM aKTUBHOCTM MPY UCTOHUM CYMTAIOTCA HA3KOYACTOTHbIe (TeTa-anbda) ocumnnAumm B bnefHOM Lwape.
BarKHO 0TMETMTb, YTO Y MHOTUX MALMEHTOB C AUCTOHMEN B Ba3anbHbIX FaHMIMAX He HabNloAaeTcA pUTMMYECKan HEMPOHHaS
aKTUBHOCTb, YTO [eNaeT HEBO3MOXKHBIM UCMONIb30BaHMEe 3TOro broMapKepa [NIA XMpYPruveckoro feveHusa 3abonesaHus.
OcTaéTcA TaKMKe HEACHBIM, 3@ CYET KaKMX MEXaHWM3MOB MPOMCXOLAT NEPECTPOMKM BO BPEMEHHOW OpraH13aLMy NaTTepHoB
HEMPOHHOM aKTUBHOCTM, NPUBOJALLME K BOHUKHOBEHWMIO MATONIOMMYECKOM CUMMTOMATHKM.

Mbl npegnonaraeM, YTo BO3HUKHOBEHWE MOLOGHBIX NaTONOMMYECKMX PUTMOB CBA3aHO C MOTEPEN AMHAMMUECKOM CIIOMK-
HOCTM NaTTepHa HEMPOHHOM aKTUBHOCTM bneaHoro Wwapa. B HacToALeM NpoeKTe Mbl NpeasiaraeM UCMonb30BaTh MyNbTUG-
PaKTaNbHbIA aHanu3 [N1A OLEHKM CBA3WM U3MEHEHWUI UHAMUYECKOW CIIOMHOCTM NaTTepHa HEMPOHHOW aKTUBHOCTM bnep-
HOrO LWapa C KNMHUYECKMMM NPOABIEHUAMMW OUCTOHWM.

Hamu 6bina npoaHanusupoBaHa HEMpOHHaA aKTMBHOCTb 6GnefHOro Lapa y 23 NauMeHTOB, MPOXOAALLMX CTAHAAPTHYH
ornepaumio Mo BXMBMEHWUIO 3NEKTPoAA No rnybuHHOM cTumynAumm Mo3ra (DBS). [InA yTOYHEHUA NOKanM3aumm BHeLUHe-
ro (GPe) n BHyTpeHHero (GPi) cerMeHTOB bneaHoro Lwapa NpoM3BOAMAach UHTPAoNepaLMoHHan PerncTpaLma akTUBHOCTH
OZVHOYHBIX HEMPOHOB C MOMOLLbI0 TEXHUKU MUKPO3/IEKTPOAHON PErucTpaumy U perncTpauma noKanbHbIX NOTEHLMaNoB
(LFP). Y 4 naumeHToB Mpou3BoamMaach OONONHUTENbHAA NocTonepaumMorHas 3anuck LFP, Bo BpeMA KoTopoi bbina npo-
BefeHa ctumynauma DBS 1 Bo3aeicTBue Ha MbllLpl Wen Bubpaumen. Kawablid naumueHT npoxogui 0CMOTP HEBPOJIOroM
ANA onpeaeneHns TAXeCTU 3aboneBaHua no wkane Burke-Fahn-Mardsen Dystonia Rating Scale (BFMDRS). Mbl Bblumc-
NANN MyNbTUPaKTaNbHbIA CMEKTP NIOKaNbHbIX NOTEHLUMANoB 6neJHOro Lwapa ¢ NOMOLLbI0 MeToAa MaKCMMyMOB Mofynen
BeMBeT-Npeobpa3oBaHMA 1 OLEHUBANM CBA3b €ro NapamMeTpoB (LUIMPUHBI U CUMMETPUYHOCTH) C KIIMHUYECKUMM NPOABIEe-
HWUAMM AUCTOHUM U 3ddeKToM oT DBS cTuMynAaumMm n BUGpaLMM LLEMHBIX MbILLIL.

Mol ucnonb3oBany nporpamMmHbliid naket LEAD DBS anA noctonepaumoHHOM PEKOHCTPYKUMM MOSIOMKEHNA CTUMYNIUPYIOLLMX
DBS 3neKTpofioB 1 MoLEeN1pOBaHMA 30HbI CTUMYNALMK, BblbpaHHOW HEBPONIOroM B KayecTBe onTuManbHoi (volume of tissue
activated — VTA). 3aTeM Mbl TIoKanu13oBanu 06nacTb ¢ HaUHONBLLIMM U3MEHEHUEM NapaMeTPOB MyNbTUdPAKTANLHOMO CNIEKTPa
B OTBET Ha TectoBylo DBS cTuMynaAuumio, 4tobbl NOCMOTPETL, KaK 3Ta 06MacTb COOTHOCUTCA C onTUManbHow VTA.

Bcero 6bino npoaHanM3upoBaHo 745 3anumcen NoKanbHbIX noteHumanos (433 B GPe n 312 B GPi). Mbl 06Hapyunu, yto na-
paMeTpbl My/bTU(PaKTaNbHOO CMEKTPa KOPPenMpoBanm ¢ TaxecTbio auctormu (rho: —0,5180609, p=0,01133 gna GPi u rho:
-0,5630882, p=0,005149 ona GPe), npu 3TOM C HapacTaHWeM TAMECTU AUCTOHMM no wKane BFMDRS mynbTugpaKTansHbIin
CMEKTP CTAHOBMICA YKE M aCUMMETpUYHee. TaKKe B NOCTONEPaLMOHHbIX 3anMCcAX Mbl 06HapYHKUIKU M3MEHEHUE GOpMbI MyJib-
TU(PaKTanbHOro cnexTpa Bo BpeMaA DBS ctumynAaumm unv Bubpauyy — B 0TBET Ha BO3AENCTBUA MyNbTU(PAKTaNbHbIN CMEKTP
CTaHoBM/ICA bonee WMPOKUM, U ero CUMMETPUA BOCCTaHaBnMBanach. Mbl noKkanu3oBanu 061acTb ¢ HaMbOMbLLIMM U3MEHEHU-
€M LUIMPUHBI MyNbTU(PaKTaNbHOMO CriekTpa B oTBeT Ha DBS u obHapyrwmnw, yto ata 0bnacTb 3HaUMTENbHO NepeKpbiBaeTcA
WNY NOSTHOCTbIO COBMAAAET C 30HOM, BbIOpaHHOM HEBPONOroM B KayecTse onTuManbHon ana DBS ctumynaumu.

MbI nokasanu, 4To MOMKHO MCMOMb30BaTb MyNbTUPPAKTANbHBINA aHaNM3 Kak JOMNONHUTENbHBIN METOR OLIEHKM CTeneHmn Ha-
pyLLEHMA 06paTHOM NpPONPUOLLENTUBHOM CBA3M U Kak broMapKep AMCTOHMM. BricoKas 1 [ocTOBEpHanA KoppenaLma ¢ TAMKe-
CTbl0 AMCTOHMM YKa3bIBaeT Ha BbICOKMI NOTEHLMAN XapaKTEPUCTUK MyNbTUdPaKTaNbHOr0 CeKTpa B Ka4ecTBe NoTeHUManb-
Horo 6uoMapKkepa OMCTOHWK. Take nepeceyeHne obnacten ¢ Haunyywum sdextoM DBS 1 HanbonblwimM n3MeHeHnem
LIMPUHBI MynbTU(PaKTanbHoro cnektpa npu DBS no3sonAT ncnonb3oBath AaHHbIA NapamMeTp B KauecTBe YTOUHAIOLLEro
ANA BblIBNEHMA onTUManbHoin obnact DBS ctumynaumm.
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ABSTRACT

Dystonia is a movement disorder characterized by involuntary muscle contractions resulting in anomalous postures, often
accompanied by dystonic tremors. Among the indicative dystonic postures is an involuntary tonic tilt or rotation of the
head. Currently, the etiology and pathogenesis of the disease remain theories. Currently, only low-frequency (theta-alpha)
oscillations in the globus pallidus are regarded as the possible biomarker of pathological activity in dystonia. In many
patients with dystonia, the absence of rhythmic neuronal activity in the basal ganglia renders this biomarker unusable
for surgical treatment of the disease. Additionally, the mechanisms underlying the rearrangement of temporary patterns
of neural activity that result in pathological symptoms remain unclear.

We propose that the appearance of these pathological rhythms is associated with the reduction of dynamic complexity in
the pattern of neural activity within the globus pallidus. We aim to use multifractal analysis in this study to evaluate changes in
the globus pallidus neural activity pattern’s dynamic complexity and their correlation with the clinical manifestations of dystonia.
The study examined the electrical activity of the globus pallidus in 23 patients receiving deep brain stimulation (DBS)
treatment. We used the microelectrode registration technique and local field potential (LFP) registration during intraoperative
neuron monitoring to precisely identify the specific locations of the external and internal segments of the globus pallidus
(GPe and GPi). In four patients, an additional postoperative recording of local field potentials (LFP) was conducted while
performing DBS and vibrational impact on the neck muscles. A neurologist evaluated the patients to determine the severity
of the disease using the Burke-Fahn-Mardsen Dystonia Rating Scale (BFMDRS).

The LEAD DBS software package was employed for postoperative reconstruction of the DBS stimulating electrode positions
and for simulating the optimal stimulation zone, selected by the neurologist (i.e., volume of tissue activated, VTA).
Subsequently, we identified the region that presented the most significant variation in multifractal spectrum parameters
following DBS to understand its correlation with the optimal VTA.

A total of 745 local potential records were analyzed, with 433 in GPe and 312 in GPi. The severity of dystonia was found to
be correlated with the parameters of the multifractal spectrum (rho: —0.5630882, p=0.005149 for GPe and rho: —0.5180609,
p=0.01133 for GPi). Moreover, as the dystonia severity increased along the BFMDRS scale, the multifractal spectrum became
narrower and more asymmetric. In post-surgery recordings, we observed changes in the shape of the multifractal spectrum
during DBS stimulation or vibration. In particular, when exposed, the multifractal spectrum significantly widened, and its symmetry
was restored. We identified the region with the greatest alteration in the width of the multifractal spectrum following DBS and
discovered that this region considerably intersected or fully matched the neurologist’s chosen zone for optimal DBS stimulation.
We demonstrated that multifractal analysis can serve as an ancillary approach to evaluate the extent of proprioceptive
feedback impairment and as a biomarker of dystonia. The noteworthy and substantial correlation with dystonia severity
underscores the considerable potential of multifractal spectrum features as a biomarker of dystonia. Additionally,
the overlapping areas with the most significant DBS impact and the widest variation in the multifractal spectrum in DBS can
be used as a tool for identifying the most favorable region for DBS stimulation.
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