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Orcknit TocyAapCTBeHHbIN YHIBepCuTeT, MeauimHckuit gpaxyapret, Omr, Keipreisckas Pecrrybanka

fny6okaa ctumynaumsa mosra (TCM) sasnsetca ogHUM M3 Hanbonee 3bGEKTUBHBIX METOAOB /leYeHUs HelpodereHepaTUBHbIX 3abonesaHuii (HO3),
TaKMX Kak 6ose3Hb MapkuHcoHa (BM). MeToguka 6bina paspabortaHa B 1950-x 1 1960-x rofax 418 €YEHWUA XPOHUYECKON 60U U NCUXMYECKUX pac-
cTpoiicTB. COBpEMEHHbIE TEXHONOTMM, BKAIOYALOLLME CTUMYAALMIO CyBTanammyeckoro aapa u 61eAHoro wapa, foKasany ot 3GpdeKTUBHOCTb B CHU-
YKEHWUW aKMHE3UM, Tpemopa 1 Apyrvx cumnTomoB BlN. HecMoTps Ha MUHUMabHYIO MHBA3UBHOCTb, NPOLIEAYPA MOXKET Bbi3blBaTb OC/OKHEHUA, TakMe
KaK KPOBOM3NAHMA, UHCYNLTbI U MHOEKLMOHHbIE OCNOKHEHMA. [JONTOCPOUHbIe HabNoAeHMA BbIABUAM U MO6OYHbIe 3dEKTbI, BKAIOYANA yBeAUYeHUe
Macchbl Tefla, aKCUaNbHYI CUMMTOMATUKY, PeYeBble HapPYLUEHWUA U NCUXUYECKME PACcCTPOMCTBA. ITU AaHHbIe NOAYEPKMBAOT HEOOXOAMMOCTb MY/IbTU-
AUCUMNAMHAPHOTO NOAX0AA, TILATENbHOTO MOHUTOPUHIA M UHAMBMAYANLHOTO Nogbopa Tepanuu AN MUHUMU3ALMM PUCKOB U MOBbILLEHUS KayecTBa
KM3HU NaLMeHTOB.

[laHHbI 0630p OXBATbIBAET K/KOYEBbIE ACMEKTbl UCTOPUM, PA3BUTUA U COBPEMEHHbIX MPUMEHEHUI T1YBOKON CTUMYAALMM Mo3ra. oMcK ocyLecT-
B/ANCA No 6aszam AaHHbIx Google Scholar, Scopus, PubMed 1 Web of Science ¢ ucnonbaosaHnem Kato4eBbIx 3aNpocoB U UX CUHOHUMOB, BK/OYan
«rnyboKas CTUMyNALUUA Mo3ra», «HelpogereHepaTnBHble 3aboseBaHna», «601e3Hb MapKUHCOHa», «CTUMYNALMA cybTaiammuyeckoro aapa», «bnea-
HbI Wap», KOCNOKHEHUA» U «NOBOYHbIE 3PdeKTbI». [N BKAOYEHUA B 0630p PaccMaTpUBasCh OPUTMHANbHbIE UCCNE0BaHUA, 0630PHbIe CTaTby U
MeTa-aHanu3bl, noceaLéHHble F[CM npu HA3, ocobeHHo npu BIM. MpoaHann3vMpoBaHa AnTepaTypa, NpenmyLLecTBeHHo 3a 2015-2025 rr.

KnioueBble cnoBa: 6os1e3Hb MapKUHCOHA, HelipodeaeHepayus, 2y6oKas cmumynayua mo3ed, cybmanamuyeckoe A0po, mpemop, 6aedHbil wap,
uépHas cybcmaHyus.
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Deep brain stimulation (DBS) is one of the most effective surgical interventions for neurodegenerative diseases (NDDs), particularly Parkinson's disease
(PD). Although the technique originated in the 1950s and 1960s to treat chronic pain and psychiatric disorders, modern advancements targeting the
subthalamic nucleus (STN) and globus pallidus internus (GPi) regions have proven highly successful in mitigating akinesia, tremor, and other debilitating
motor symptoms of PD. Despite being minimally invasive, the surgical procedure carries risks of acute complications, including hemorrhages, strokes, and
infections. Furthermore, long-term follow-up studies have revealed potential adverse effects, such as weight gain, axial symptoms, speech impairment,
and neuropsychiatric changes. These outcomes underscore the imperative for a multidisciplinary approach, rigorous patient screening, and personalized
treatment selection to minimize risks and improve patients' quality of life.

This comprehensive review synthesizes the historical development, technical evolution, and current clinical applications of DBS. A literature search
of Google Scholar, Scopus, PubMed, and Web of Science was conducted using relevant keywords and synonyms, including "deep brain stimulation",
"neurodegenerative diseases", "Parkinson's disease", "subthalamic nucleus stimulation”, "globus pallidus", "complications", and "side effects". We
evaluated original research, review articles, and meta-analyses on DBS in NDDs, specifically PD, published primarily between 2015 and 2025.
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BBEAEHMUE

BonesHb MapkuHcoHa (M) npeacrasnseT coboi oaHy U3 Hanbo-
JIee aKTya/bHbIX NPobiem COBpeMEHHOM MeANLMHBI, BBUAY €8 COXK-
HOro natoreHesa. ny6okas ctumynauma mosra (TCM) aBnseTca ogHUM
13 3GPEKTUBHBIX METOLOB IeYeHNs, HanpaBAeHHbIX Ha YMeHbLUEeHKe
BbIPaXKEHHOCTU CMMNTOMOB 3aboneBaHuA. MeToavka bbina paspabo-
TaHa B 1950-x 1 1960-x rogax A/1a eveHuns XpoHU4eckoi 6o u neu-
XMYECKUX PACCTPOMCTB, YTO NMO3BO/IAET NPOC/AEAUTb €€ 3BONOLMIO A0
ceroAHAWHMX aHen. CoBpemMeHHble MOAXOAbI, BKAKYAA CTUMYAALMIO
cybTanamuyeckoro agpa u 6aesHoro wapa, 3GpHeKTMBHO yMeHbLLAOT
TaKMe CUMNTOMbI, KaK akMHEe3UA U TPemop, OAHAKO NpoLieaypa mo-
JKET CONPOBOXKAATLCA OC/IOKHEHUAMM U MOBOYHbIMK 3 deKrTamu. ITo
NOAYEPKMBAET HEOOXOAMMOCTb UHAMBUAYANBHOTO M MYNBTUANCLM-
N/IMHAPHOTO NOAXO0AA K IeYEHUIO NaLMEHTOB.

LLENb UCCNEQOBAHMUA

M3yueHne adpdektnaHocTM TCM B neyveHmnu BI, a TakKe oLeHKa
CBA3aHHbIX C Hel PUCKOB 1 NoboYHbIX apdekToB. O630p TaKKe 3aTpa-
TMBAeT WCTOPUYECKME acneKTbl MeTofa, AEeMOHCTPUPYA 3BONIOLMIO
NOAXOA0B OT ero NepsbIX MPUMEHEHMI 40 COBPEMEHHbBIX TEXHOOTU,
YTO MO3BO/IAET BbIABUTb HAMpPaBAeHWA ANA ONTUMU3ALMK Tepanun u
NOBbILWEHNA KAYecTBa KM3HU NALMUEHTOB.

MATEPUAN U METOAbI

Monck ocywecTBaanca no 6asam paHHbix Google Scholar,
Scopus, PubMed n Web of Science ¢ ncnonb3oBaHnem Kno4eBbIX
3anpocoB U UX CUHOHUMOB, BK/IOYas «IyboKas CTUMYNALMA MO3-
ra», «HelpogereHepaTuBHble 3abonesaHuA», «bonesHb MapKuH-
COHa», «CTUMyNAUMA cybTanamuyeckoro agpa», «bneaHblvi Wwapy,
«OC/IOXKHEeHUA» U «nobouHble addekTbI». [Ana BKAOYEHUA B 0630p
PaccMaTpMBanMCb OPUrMHaNbHbIE UCCAefoBaHWA, 0630pHble CTaTbu
1 MeTa-aHanM3bl, NocBALWEHHbIE TCM npu HelipoaereHepaTUBHBbIX 3a-
6onesannsax (HA3), ocobeHHo npw BI1. MpoaHann3nposaHa autepa-
Typa, npeumyllecTseHHo 3a 2015-2025 rr., ogHako B 0630pe TaKKe
npeacTasneHbl UCTOPUYECKME AaHHbIE, OTPaXKaloLLMe pa3BuUTMe METO-
fa ¢ 1950-x 1 1960-x rogos. B aHanu3 BK/OUEHbI PaboTbl, paccmaTpu-
BalOLLME MEXAHU3M AENCTBUA, LiesIeBble 30HbI CTUMYAALMK (cybTana-
MUYecKoe a4po, 61eaHbIi Wap), a TakKe TepanesTuyeckne adPeKTbl
1 BO3MOXHbIE OCNOXHEHUA. [loNONHUTENbHBIM KpUTEpUEM ABAANOCH
HasMuMe YETKO OMUCAHHOW METOZLOMIOMM, AOCTATOYHOM BbIGOPKM U
CTaTUCTUYECKOW 3HAYMMOCTN Pe3yNbTaToB.

McKntoYeHbl HepeleHsupyemble NyBavKaumm, Tesucbl KoHde-
PEHUMI 1N KOPOTKME COObLLEHNA BE3 METOAO0N0MMYECKON Npo3pay-
HOCTW. He paccmaTpuBasucb MCCNeA0BaHWA, MOCBALEHHbIE ajb-
TepHaTUBHbIM MeToAaM neveHus 6e3 ceasu ¢ ICM, a Takxke paboTbl
C HU3KMM KauyecTBOM [aHHbIX, Hanpumep, HeAO0CTaToOYHOW BbIGOp-
KON MAN COMHUTENbHOW CTAaTUCTUYECKOW 06paboTkoi. B 0630p He
BK/IOYA/IUCb CTaTbW, aHANIM3UPYIOLLME UCK/THOUUTENIBHO TEXHUYECKUE
acnekTbl TCM 6e3 KNMHUYECKUX AaHHbIX.

AKTYANNbHOCTb

AKTyanbHocTb Bl 0bycnosneHa eé WMPOKOW pacnpoCTpaHEH-
HOCTbIO M BO3pacTaloWyM rMobanbHbIM BpemeHem: Mo AaHHbIM Ha
2020 rop, naTtonorus 3atpoHyna 6onee 10 MUNMOHOB YeN0OBEK BO
BCEM mupe, a K 2030 rogy NporHo3mpyeTca pocT YMCAa Cayyaes Ha
56% [1]. Bl 3aHMMaeT BTOpoe mecTo cpean HA3, ycTynas Tonbko 60-
NnesHu Anbureiimepa, nopaxaet okono 0,3% Hacenenus, npuyém eé
pacnpocTpaHEHHOCTb yBeMYMBaeTcs 40 3% y AL, cTapuie 65 net [2].
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INTRODUCTION

Parkinson's disease (PD) remains one of the most pressing
challenges in modern medicine due to its complex and multifac-
eted pathogenesis. Among advanced therapeutic strategies, deep
brain stimulation (DBS) has emerged as a highly effective inter-
vention that significantly reduces motor and non-motor symp-
tom severity. Although the foundational principles of this neuro-
modulatory technique were developed in the 1950s and 1960s
to manage chronic pain and psychiatric disorders, its application
has evolved dramatically over the decades. Modern clinical pro-
tocols, particularly those targeting the subthalamic nucleus (STN)
and globus pallidus internus (GPi) regions, successfully mitigate
cardinal symptoms such as akinesia, rigidity, and tremor. Howev-
er, because the procedure carries inherent risks of surgical com-
plications and long-term adverse effects, implementing a highly
personalized, multidisciplinary approach to patient selection and
postoperative management is essential.

PURPOSE OF THE STUDY

This review aims to evaluate the clinical effectiveness of DBS
in managing PD and systematically assess its associated surgical
risks and long-term side effects. By examining the method's his-
torical trajectory, from early exploratory applications to modern
technologies, this study seeks to identify strategic avenues to op-
timize stimulation therapy, minimize complications, and ultimate-
ly improve patients' long-term quality of life.

METHODS

We conducted a comprehensive literature search across
Google Scholar, Scopus, PubMed, and Web of Science. The search
strategy utilized relevant keywords and their synonyms, including:
"deep brain stimulation", "neurodegenerative diseases", "Parkin-
son's disease", "subthalamic nucleus stimulation", "globus palli-
dus", "complications", and "side effects". We evaluated original
research articles, literature reviews, and meta-analyses on DBS
in neurodegenerative diseases (NDDs), primarily focusing on PD,
for inclusion. While the reviewed literature predominantly spans
2015-2025, we also included key historical data tracing the meth-
od's development since the 1950s and 1960s to provide context.
The analysis specifically focused on studies examining the under-
lying mechanisms of action, anatomical targets for stimulation
(the subthalamic nucleus and globus pallidus), therapeutic effica-
cy, and potential complications. To ensure data integrity, we re-
quired a clearly defined methodology, an adequate sample size,
and statistically significant findings for inclusion.

Conversely, we excluded non-peer-reviewed publications,
conference abstracts, and short communications lacking meth-
odological transparency. This review also excluded studies eval-
uating alternative treatments unrelated to DBS, papers with
low-quality data (such as insufficient sample sizes or inadequate
statistical analysis), and articles limited to the technical or engi-
neering aspects of DBS devices without clinical data.

RELEVANCE

The profound clinical and societal relevance of PD stems
from its high prevalence and escalating global burden. Data from
2020 indicate that the pathology affected more than 10 million
people worldwide, with the total number of cases projected to in-
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Mopdonoruuyeckn Bl conposoaaeTca nporpeccupytoweit yTpaTon
[0daMUHEPTUYECKMX HEVPOHOB B KOMMAKTHOMN 30HE YEpHOW Cyb-
CTaHUMM 1 obpasoBaHuem Tenel, JleBu, 6oraTbiX o-CUHYKNEnHOM [3,
4]. ipuratesibHble CUMNTOMbI NPOABAAOTCA KNAMHUYECKM NULLb NOCEe
rnbenm 50-80% yKazaHHbIX HEMPOHOB [5].

KnnHuyeckme nposasneHua BT 0XBaTbIBAlOT LUMPOKMUIA CNEKTP
CMMMNTOMOB, BK/TOUAIOLLMX KaK KNacCUUYecKue MOTOPHbIe NPOABAEHMA
—Tpemop nokos, 6PaaMKMHE3NIO U PUTMAHOCTb [6] — Tak M 0BLWMPHbINA
nepeyeHb HEMOTOPHbIX HAPYLLEHWH, TaKMX KaK 6onb, Aenpeccus, Tpe-
BOXHbI€ PACCTPOICTBA, anatva, ANCOYHKLUMA 0BOHAHMA, HapyLLeHnA
OYHKLMU KeNy[ouHO-KMLWEYHOro TPaKTa, PacCTPOMCTBA KOHTPOAs
No6YKAEHWI, HAPYLLEHWUA CHA, KOTHUTUBHbIE AUCOYHKLUM U NCUXO-
TUYeckue pacctpoiictea [7-10]. COBOKYNHOCTb 3TUX pa3HOOBpPa3HbIX
CMMNTOMOB CYLLECTBEHHO YXYALUAeT KauyecTBO KM3HU MaLMEHTOB,
Tpebya MyNbTUANCLMNANHAPHOMO NOAX0AA K IEYEHUIO U MOCTOAHHOM
NOAAEPKKM.

HecmoTpa Ha Hanuume NeKapCTBEHHbIX CPEeACTB, CMOCOOHbIX
BPEMEHHO KynupoBaTb OTAe/bHble NPOABNEHUA, B HACTOALLEe Bpema
He CyLLecTByeT Tepanuu, CnocobHOW OCTaHOBUTbL MPOrpeccupoBaHue
Bl nan 0becneynTb NONHOE U3NIEYEHWME, YTO NMOAYEPKUBAET aKTyaslb-
HOCTb Pa3paboTKM HOBbIX MATOreHeTUYECKM 060CHOBAHHbIX CTPATErnit
NeyeHns. M3HavanbHO paccMaTpuBaeMas Kak pacCTpOWCTBO, OFrpaHu-
YEHHOE NOBpeXAeHUeM YEPHOM cybCcTaHLMM 1 6a3anbHbIX FaHINEB,
coBpeMeHHas HayKa onucbiBaeT bl Kak MybTUCUCTEMHOE U MY/IbTU-
HelipoTpaHCMUTTepHOe 3abonesaHue [11, 12], BanstoLLEE HE TONBKO
Ha MOTOPHbIe, HO U Ha HEMOTOPHble GyHKUMK. CTaHAapTHaA dpapma-
KOTepanusa Ha paHHWX 3Tanax, OCHOBAHHasA Ha NPUMEHEHWUMN NeBOO-
nbl U APYrMX AoGaMuHepruyeckmx NpenapaTos, AEMOHCTPUPYET Bbl-
COKYH0 3G DEKTUBHOCTb B KOHTPO/IE CUMMTOMOB, OZLHAKO CO BPEMEHEM
NPVBOANT K OCNOXKHEHUAM, TaKUM KaK AMCKMHE3nA, GayKTyauum un
(hEHOMEH «UCTOLLEHMAY, YTO OrpaHUYMBAET e€ A0NrOCPOYHYIO Npu-
MEHMMOCTb.

3T1 orpaHMyeHns 060CHOBbLIBAOT NOTPEOHOCTD B LOMNONHUTENb-
HbIX UM aNbTEPHATUBHBIX NOAXOAAX, BK/IOYAA HEMeAMKAaMEHTO3Hble
METOAbI ¥ HEMPOMNPOTEKTUBHbIE CTPATErMK, HaNpPaBAEHHbIE Ha MOAM-
dvKaumto TeyeHus 3abonesaHus. B atom KoHTekcTe [CM npuenekaet
0coboe BHMMaHWe: M3HaYalbHO HaLeNeHHan Ha KOPPEKLMIo ABUra-
TeNbHbIX HAPYLIEHW, OHa TaKKe [AeMOHCTPUPYET MOTeHLManbHoe
BAUAHME HA HEMOTOPHbIE CUMMNTOMbI, YTO TPebyeT AanbHeNLWero us-
yyeHus.

UCTOPUYECKUIA NYTb U METOAONOTUYECKASA
3Bonoyua NICMm

3a nmocnesfHve rofibl TEXHOMOTUM HeWpoMOZyNALMKM, Hanpas-
NeHHble Ha BO3[eNCTBME HAa MO3rOBble CXeMbl U NOBEAEHNe Yenose-
Ka, 3HauUUTENIbHO NpoABUHYAMCH [13]. UX UCTOpUA yXOAWUT KOPHAMM
8 1950-e 1 1960-e roapbl, Korga nepsble SKCNEPUMEHTbI MO 3NEKTPO-
CTUMYAIALMUK TYBOKUX CTPYKTYP NPOBOAWAUCH AN NEYEHUA XPOHU-
yeckoi 6onu [14]. HaunHas ¢ 1980-x rogos, [CM opobpeHa paa Te-
panuu pPasaIMYHbIX NCUXMATPUYECKUX U HEBPOIOTUYECKMX COCTOAHUIA,
BKAtoYad BI1, acceHUManbHbIVi TPEMop, AUCTOHUIO U 06CeCCUBHO-KOM-
nyNbCMBHOE paccTpoicTso. LUMpokoe npuvmeHeHwe 3Toro metoaa
NoAYEPKMBAET ero NoTeHLManN, Kak yHUBEPCabHOrO CpesicTBa HeMpo-
MOZYNALMM, @ ycneLwHoe 1ucnonb3osaHue npu bl noateepaaet ero
K/IIOYEBYIO PONb B IeyeHnn gaHHoro HA3.

OnbIT, HAKOM/IEHHBIV NpY Ucnonb3oBaHuKM ITCM npu apyrvx na-
TONOTUAX, CAYXKUT OCHOBOW ANA AaNbHelllero coBepLIeHCTBOBaHNA
3TOW Tepanuu. B oTiMume oT MeTOZ0B, OCHOBAHHbIX Ha Pa3pyLUEHWUM
TKaHel nyTém HarpeBaHua, [CM npesnonaraeT cTUMynAUMIO Lene-
BbIX Y4aCTKOB MO3ra C MOMOLLbI MMMAAHTUPOBAHHbIX N1EKTPOLOB.

crease by 56% by 2030 [1]. PD ranks as the second most common
NDD globally, surpassed only by Alzheimer's disease. It affects ap-
proximately 0.3% of the general population, with its prevalence
rising sharply to 3% among individuals over 65 years of age [2].
Histopathologically, PD is characterized by progressive degener-
ation and loss of dopaminergic neurons in the substantia nigra
pars compacta and intracellular accumulation of Lewy bodies rich
in alpha -synuclein [3, 4]. Crucially, classic motor symptoms man-
ifest clinically only after 50% to 80% of these dopaminergic neu-
rons have already degenerated [5].

The clinical phenotype of PD encompasses an extensive
spectrum of manifestations. These include the classic triad of
motor symptoms: resting tremor, bradykinesia, and rigidity [6],
alongside a wide array of non-motor disorders. The latter group
includes pain, depression, anxiety, apathy, olfactory dysfunction,
gastrointestinal motility disorders, impulse control disorders,
sleep disturbances, cognitive decline, and psychotic symptoms
[7-10]. The complex interplay of these diverse symptoms severe-
ly impairs patients' quality of life, necessitating a comprehensive,
multidisciplinary therapeutic approach and continuous long-term
clinical support.

While current pharmacological interventions can tempo-
rarily alleviate specific symptoms, no available disease-modify-
ing therapy can halt the underlying progression of PD or offer a
definitive cure. This gap underscores the urgent need to develop
novel, pathogenetically targeted treatment strategies. Although
historically classified as a localized disorder restricted to the sub-
stantia nigra and basal ganglia, contemporary research defines PD
as a multisystem and multineurotransmitter disease [11, 12] that
disrupts both motor and non-motor pathways. Standard first-line
pharmacotherapy utilizing levodopa and other dopaminergic ag-
onists is highly effective during the early stages of the disease.
However, long-term administration invariably precipitates severe
motor complications, such as dyskinesias, motor fluctuations,
and the "wearing-off" phenomenon, which severely limit its long-
term utility.

These therapeutic limitations underscore the necessity for
adjunctive or alternative interventions, including non-pharmaco-
logical modalities and neuroprotective regimens designed to alter
the disease trajectory. In this context, DBS attracts significant at-
tention. While primarily established for refractory motor dysfunc-
tion, emerging evidence suggests it may modulate non-motor
symptoms, an avenue that warrants rigorous, ongoing investiga-
tion.

HISTORICAL PATH AND METHODOLOGICAL
EVOLUTION OF DBS

Neuromodulation technologies designed to modulate neu-
ral circuits and alter pathological behaviors have advanced sig-
nificantly in recent years [13]. The historical foundations of these
interventions date back to the 1950s and 1960s, when pioneering
experiments with deep electrical stimulation were first conduct-
ed to manage intractable chronic pain [14]. Since the 1980s, DBS
has achieved regulatory approval for an expanding spectrum of
psychiatric and neurological conditions, including PD, essential
tremor, dystonia, and obsessive-compulsive disorder. The wide-
spread clinical adoption of this modality underscores its utility as
a versatile neuromodulation toolkit. In contrast, its clinical suc-
cess in PD cements its position as a cornerstone therapy for this
NDD.
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3TM MMNNaHTaTbl NO3BONAIOT TOYHO HANPaBAATb NEKTPUYECKME UM-
NyNbCbl B ONpefenéHHble 30Hbl MO3ra, YTO MOMOraeT KOHTPOAMPO-
BaTb CMMMTOMbI U YNy4LLIATb Ka4eCTBO KU3HM NauMeHTOB. AHaNormy-
HbIM 06Pa30M, B PaHHWE rofibl CTEPEOTAKCUMYECKOW XMpypruv npw BN
npeanpuHUManncb NonbITKM ncnonsbsosatb ICM BMecTo co3aaHuA
nopaxeHuit [15]. O4HaKo Ha TOT MOMEHT TEXHONOTUM ObINN HeJOCTa-
TOYHO Pa3BMUTbl, @ 06OPYLOBAHME OKA3aA0Ch CAULLIKOM C/OXKHBIM U
TPOMO3AKMM A5 LWMPOKOTO MPUMEHEHMA.

CuTyauma KapaMHaNbHO M3MeHMNach C NOABAEHUEM UMMAAH-
TUPYEMBIX KapAVOCTUMYIATOPOB, YTO A0 TOMYOK K pa3paboTke Um-
NAAHTUPYEMbIX YCTPOWCTB /1A CTUMYAALMM MO3Ta, TaK Ha3blBaeMbiX
«KapAMOCTUMYNATOPOB Mo3ra» [16]. 3T HOBLUECTBA CYLLECTBEHHO
obnerynan npUMeHeHWe MeToAa XPOHWYECKOM CTUMYNALMM MoA-
KOPKOBbIX 06/1acTell rONOBHOTO MO3ra, YTO U MPUBE/IO K Ha3BaHMIO
«rNybOKas CTUMYNALMS MO3ra» B OT/IMUME OT NOBEPXHOCTHOM CTUMY-
NALUMKN KOPbl TONOBHOMO MO3ra. BHeapeHMe 3TUX TeXHONOTMI NO3BO-
JIUNO0 3HAYUTENIbHO PACLUMPUTb BO3MOXKHOCTU SleueHns 3aboneBaHui
LIeHTpaNbHON HEPBHOM CUCTEMbI, TaKMX Kak B, npesocTaBnas HoBble
noaxoabl K Tepanuu. TCM 6blna 3aperMcTprpoBaHa Kak Toprosas
MapKa Komnanum Medtronic, Inc. (Minneapolis, Minnesota, USA) ans
NepBbIX KOMMEPYECKU LOCTYMHbIX YCTPOMCTB, KOTOPbIE NOABUAUCH HA
pbiHKe B cepeanHe 1970-x rogos [16]. 3T ycTpoiicTBa B OCHOBHOM WC-
No/b30BAIUCh A1 IeYEHUA XPOHUYECKOM 6onM NYTEM UMNAAHTALMK
3NEKTPOLOB B LIEHTPaNbHble 6oneBble MyTW, TaKMe Kak TEMHUCKOBbIN
My4YOK B CTBO/IE MO3ra U CEHCOPHbIe AApa Tanamyca.

KNIOYEBBIE 3TAMbI U UAEHTUGUKALIUA
OCHOBHbIX AAEP-MULLEHEW (TANAMYC, GPI,
STN)

B 1987 rosy ofiHO U3 UCCef0BaHUIA MONOXKMAO Havano coBpe-
MEHHOI 3pe ncnonb3oBaHua MCM ansa neyeHns ABUraTeslbHbIX pac-
ctpoiicts [17]. Bo Bpems CTaHAAPTHOM npouesypbl TaiaMoOTOMUK
ONA NeYEHNsa TPemopa, NPUMEHUAN BbICOKOYACTOTHYH (100-130 lu)
CTUMYNALMIO K BEHTPAsbHOMY MNPOMENKYTOUHOMY AApY Tanamyca
(Ventral intermediate nucleus, VIN). Pe3synbtathl 6bi1M Bnevatnsto-
LWMMW: TPEMOP PE3KO NPeKpaLLanca Npu NPUMEHEHUN TOKa, He OKa-
3bIBas HEraTUBHOTO BAMAHMA HA CUAY MU JIOBKOCTb PYKM MaLMEHTa.
BAOXHOBNEHHbIE 3TUMM pe3y/nbTaTamy, Y4éHble NPUHANN pelleHue
BMECTO TPaAMLMOHHOM TaNaMOTOMMU UMMNIAHTUPOBATL NOCTOAHHbIV
3NEKTPOS, U NOAKNOUNTL €r0 K HeMPOKAPAMOCTUMYNATOPY, KOTOPbIN
obecrneunsan HenpepbIBHYH 3M1EKTPUYECKYHO CTUMY/IALMIO C YacTOTOM
130 I, apdekTMBHO 6AOKMpPYA Tpemop [17]. BbIACHUAOCH, YTO BbICO-
KoyacToTHas TCM MMeeT aHaNorMyHbIN 3OPEKT, Kak 1 co3gaHue no-
paxeHuit, Ho 6e3 nospexaeHna Mo3roBol TkaHW. bonee Toro, [CM
ABNIAETCA HEepaspyLlaloWmm, obpaTMbIM M adanTUpyemMbiM METO-
[lOM, KOTOPbI MOXHO 6€30MacHO NPUMEHATb Ha 0B0MX NoYLAPUAX
MO3ra, YTO 3HAUNUTENbHO PACLIMPAET BO3MOXKHOCTU Tepanmu.

Takum 0b6pasom, 3apoannacb HOBaAA Tepanua, NOAYYMBLIAA MU-
poBoe npusHaHue. Tanamuyecknin FTCM nocTeneHHo BbITECHUA Tana-
MOTOMMIO B IEYEHWUMN HE TONbKO MAaPKUHCOHWUYECKOrO, HO U 3CCEHLM-
anbHoro Tpemopos [18]. CoBpemeHHas MeauLMHa BbICOKO OLeHMa
npeumylectea FCM, Bkatoyaa eé H6e3onacHocTb, 3GPEKTUBHOCTL U
BO3MOXXHOCTb MHAMBWAYANbHOW HACTPOWMKU /1A KaXKA0r0 MaLueHTa.
B 70 e Bpems, OAHOCTOPOHHAA 3a4HEBEHTPaIbHaA NaNAUa0TOMUA
NPOZOMKaNa UCMONb30BaATLCA A1 JIEYEHWUA PA3/IUYHbIX CUMNTOMOB
nporpeccupytowlein B, Takux Kak akuHesus, GayKTyaLuu BKIOYe-
HUA-BbIK/NIOYEHUA U AUCKMHE3WM, BbI3BaHHbIE Tepanueli IeBOAOMOMN.
Bavanune ITCM Ha Tpemop uMmutUpyeT 3ddeKT, 4oCTUraemblii Tanamo-
TOMWEN, YTO NOAHMMAET BOMPOC O BO3MOXKHOCTU NpumeHeHus TCM
K 6negHomy wapy (globus pallidus internus, GPi) BmecTo naanngoro-
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Clinical experience from using DBS across various neurolog-
ical pathologies continues to underpin refinement of the therapy.
Unlike ablative neurosurgical procedures that rely on tissue de-
struction via thermal lesions, DBS exerts its effects by delivering
controlled electrical currents to target deep brain structures via
surgically implanted leads. These microelectrodes enable precise,
adjustable delivery of electrical impulses to highly localized net-
works, mitigating clinical symptoms and substantially improving
quality of life. Historically, during the nascent years of stereotactic
surgery for PD, early attempts were made to utilize high-frequen-
cy electrical stimulation as an alternative to permanent lesioning
[15]. However, the technology of that era was primitive; the nec-
essary hardware was excessively complex, bulky, and clinically im-
practical for widespread, long-term therapeutic application.

This technological paradigm shifted dramatically with the
advent of implantable cardiac pacemakers, which spurred the
engineering of fully implantable neurostimulation systems, collo-
quially termed "brain pacemakers". These biomedical engineer-
ing innovations streamlined the clinical application of chronic,
long-term subcortical stimulation. This shift solidified the termi-
nology "deep brain stimulation" to deliberately distinguish it from
superficial cortical stimulation techniques. The clinical translation
of these advanced hardware systems fundamentally expanded
the therapeutic arsenal for central nervous system disorders like
PD. Medtronic, Inc. (Minneapolis, Minnesota, USA) subsequently
registered the term DBS as a trademark for the first commercial-
ly manufactured systems, which entered the market in the mid-
1970s [16]. These early iterations were primarily indicated for
managing chronic pain, with electrodes surgically targeted to cen-
tral pain pathways, including the medial lemniscus in the brain-
stem and the sensory relay nuclei of the thalamus.

KEY STAGES AND IDENTIFICATION OF THE MAIN
TARGET NUCLEI

In 1987, a landmark study marked the dawn of the mod-
ern era of DBS for treating movement disorders [17]. During a
standard thalamotomy procedure aimed at mitigating refracto-
ry tremor, high-frequency (100-130 Hz) stimulation was applied
to the ventral intermediate nucleus of the thalamus. The intra-
operative results were profound: tremors ceased abruptly upon
application of the electrical current without compromising the
patient's motor strength or manual dexterity. Inspired by these
outcomes, investigators replaced traditional destructive thala-
motomy with a permanently implanted electrode connected to
an implantable pulse generator. This system delivered continu-
ous electrical stimulation at 130 Hz, effectively suppressing the
tremor [17]. High-frequency DBS was found to mimic the clinical
efficacy of a surgical lesion without inflicting permanent tissue
damage. Furthermore, because DBS is non-destructive, revers-
ible, and adjustable, it can be safely applied bilaterally, vastly ex-
panding the therapeutic potential.

Through these breakthroughs, a novel neuromodulato-
ry paradigm achieved worldwide clinical recognition. Thalam-
ic VIM-DBS gradually replaced destructive thalamotomy as the
gold-standard surgical intervention for both Parkinsonian and
essential tremors [18]. Modern clinical neurology has heavily
embraced the distinct advantages of DBS, particularly its safety
profile, efficacy, and possibilities for patient-specific adjustments.
Concurrently, unilateral posteroventral pallidotomy remained a
mainstay for managing advanced symptoms of progressive PD,
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MWW N8 IeYEHNA STUX CUMMTOMOB Y MALMEHTOB NporpeccupyoLLei
BM. Mockonbky ICM npofeMoHcTpupoBana 3GPeKTUBHOCTL B 6NOKK-
poBaHWKM Tpemopa 6e3 NoBpeKAeHNA MO3roBOW TKaHU, aHaNOTUYHOe
npumeHeHve metoaa B GPi Mmor/io 6bl NpeAnoXuTb HepaspyLLAoLLYto
1 0bpaTMMytO anbTepHaTVUBY NaNIMAOTOMMUK. TakoM noaxog Mor Obl
obecneuntb bonee 6e3omMacHoe M afanTMBHOE /IEYEHWE, COXPaHAA
Npv 3TOM NONOKUTENbHbIE TepaneBTUYEcKUe 3GGEKTbI, aHaNO0rMYHble
nanaMaoTOMUK, AN1A YNPABAEHUA aKUHEe3WeN, JUCKUHE3NAMM U MO-
TOPHbIMK GNYKTYaLMUAMM y NaumueHToB ¢ BI.

B 1994 roay y4éHble B Litoprxe nepBbIMY BbIMONHWUAW BbICOKO-
yactoTHyto TCM B GPi Bmecto nanangotomuun. OHM MOKasanu, 4To
FCM npuBOAWT K 3KBMBANEHTHOMY YNYYLLEHUIO aKMHe3nn, GaykTya-
LM BKIHOYEHUA-BBIKNOYEHNA U AUCKUMHE3MI [19]. Tak Xe, Kak u TCM
8 Tanamyce npu Tpemope, NICM B GPi moKHO 6e30MacHO BbINOAHATb
[BYCTOPOHHMM METOAOM Y MaLMEHTOB C nporpeccupytoweit b [20].
B 1990 roay Helipobuonoru n3 YHusepcuteTa [xkoHa XonkuHca B ban-
Tmope, CLLA, onybanKkoBanu B xKypHane Science cTaTbto, B KOTOPO#
MoKasasnu, YTo nospexaeHne cybtanamuyeckoro agpa (STN) B moze-
n BIM 'y NpuMaToB OKa3sblBaeT 3HaYUTE/IbHOE BAMAHME HA aKMHE3NIO
n Tpemop [21]. 3T0 OTKpbITUE ObIIO NOATBEPKAEHO B CNEAYHOLLEM
rofly aHasorMyHbIM KCNEePUMEHTOM, NpoBeaéHHbIM B MaHyecTepe,
Besmkobputanua [22]. B 1993 rogy y4éHble NpoAeMOHCTPMPOBAN,
4To BblcoKoyacToTHasa ICM B o6nacTu STN OKa3bIBaeT 3HauUTENIbHOE
B/IMAHWE Ha CMMMNTOMbI B aHANIOTMYHOW XMBOTHOW mogenum Bl [23].
ITn UccneoBaHMA 3a10XKUAM OCHOBY AN1a npumeHeHna TCM B STN y
naLyMeHToB ¢ nporpeccupytoLein br.

lpynna y4éHbix 13 MpeHobns nepBoi NPoBena KAMHUYECKME UC-
nbitaHma ICM 8 STN Ha ntogax: B8 1993 roay npoueaypy cHavana npo-
BE/IM Y OAHOTO NaLMeHTa O4HOCTOPOHHe [24], a B 1995 rogy — AgycTo-
POHHe y TPEX NaLMeHTOB, Pe3ynbTaTbl KOTOPbIX OblN OMyBANKOBAHbI
B KypHane Lancet [25]. TCM B STN oka3anacb 3GGpEeKTUBHOM He TO/IbKO
npv akKUHE3NK, PUTUAHOCTU U MOTOPHBIX KonebaHuax, HO U Npu Tpe-
Mope. M3BecTHbI HeBposior B 061acTU ABUraTe/IbHbIX PAcCcTPOMCTB
npodeccop [asug MapcaeH Ha3gan [CM B STN «cambim BaKHbIM OT-
KPbITUEM CO BPeMeH NeBOAOMbI».

Ha 0CHOBaHWM JaHHbIX KOrOPTbl MALMEHTOB, OMy6ANKOBAHHbIX
B 1998 roay, BbIACHWAMAOCH, YTO 3Ta MpoLeaypa No3BonseT 60/b-
LWUMHCTBY 6ONbHBIX 3HAYUTENBHO CHU3WUTb A03bl AHTUMAPKUHCOHM-
UECKUX NPEenapaToB, YTO ABAAETCA YHUKA/NbHOW OCOBEHHOCTbIO MO
CPaBHEHUIO C APYTMMM Onepaumamm npu nporpeccupytoulert bI [26,
27]. TCM STN npuBOAUT K YCTOMYMBOMY CHUNKEHUIO SKBUBANEHTHOM
CYTOYHOW [103bl 1€BOAOMbI, YTO 03HAYAET YMEHbLUEHWE 3aBUCMMOCTH
OT AOPaMMHEPTUYECKMX CPEACTB, COKpaLleHMe NoboUHbIX 3dpdeKToB
MeAVMKaMEHTO3HOW Tepanun v NOTEHLMaNbHOE CHUMKEHWE PacXopoB
Ha 34paBooxpaHeHue [28].

KNMHWYECKAA 3®PEKTUBHOCTb ICM MNMPU BN

MeTog, oka3blBaeTca Hambonee 3PpHEKTUBHBIM LA KOHTPOAA
CMMMNTOMOB, KOTOPbIE XOPOLLIO PearnpytoT Ha IEBOAOMNY B COCTOAHUM
«BbIK/IOYEHMAY, A TaKXKe 419 YMEHbLUEHUA JUCKMHE3NN, BbI3BaHHbIX
NeBogonon, u Tpemopa [29]; YyBCTBUTENBHOCTb K IEBOAOMNE YacTo
MCMONb3YETCA KaK NpeanKTop yenexa Tepanumn. MHOroYMcaeHHble me-
TaaHa/M3bl PaHAOMM3INPOBAHHBIX KOHTPONMPYEMbIX WMCCNEA0BAHMM
[LEMOHCTPUPYIOT, YTO NpumeHeHne TCM B COYETAHMM C aHTUMAPKUH-
COHMYECKMMM NpenapaTaMm NPUBOAUT K 3HAUMTENIbHOMY YIYYLLEHMIO
[ABuUraTesibHon GyHKLMK, OLEHEHHOW NO YHUOULUMPOBAHHOW LUKane
oueHku BM (UPDRS), no cpaBHEHMIO C MeAMKaMEHTO3HOW Tepanueit
[30, 31]. B yacTHOCTH, MCCNEA0BaHMA NMOKA3bIBALOT, YTO MPUMEPHO Ye-
pes rog, nocne NpoBeAeHUs onepauun HabagaeTca cpeaHee yiyy-
LeHWe KacaTesbHO NPOABAEHUIA Tpemopa Ha 74%, pUrMaHOCTM Ha

including akinesia, motor fluctuations ("on-off" phenomena), and
levodopa-induced dyskinesias. Because DBS in the thalamus ef-
fectively replicated the anti-tremor effects of a thalamotomy, it
raised a pivotal clinical question: could high-frequency stimula-
tion be targeted to the GPi to substitute for pallidotomy in ad-
vanced PD? Because DBS offered a non-destructive, reversible
alternative, applying it to the GPi promised a safer, more adaptive
treatment strategy while maintaining the therapeutic benefits of
pallidotomy for akinesia, dyskinesia, and motor fluctuations.

In 1994, investigators in Zurich pioneered high-frequency
DBS within the GPi as an alternative to pallidotomy. Their work
demonstrated that GPi-DBS yielded equivalent, robust improve-
ments in akinesia, motor fluctuations, and LIDs [19]. Crucially,
much like thalamic stimulation, GPi-DBS could be performed safe-
ly as a bilateral procedure in patients with progressive PD [20]. In
1990, neurobiologists at Johns Hopkins University demonstrated
in a seminal Science paper that lesioning the STN in a non-human
primate model of PD profoundly alleviated akinesia and tremor
[21]. Independent investigators in Manchester, UK, validated this
finding the following year [22]. By 1993, researchers showed that
high-frequency electrical stimulation of the STN produced a sim-
ilar therapeutic effect in these animal models [23], firmly estab-
lishing the preclinical rationale for human translation.

A pioneering neurosurgical team in Grenoble conducted
the first clinical trials of human subthalamic nucleus deep brain
stimulation (STN-DBS). The procedure was initially performed
unilaterally in a single patient in 1993 [24], followed by bilater-
al implantations in three patients in 1995, with the landmark
outcomes published in The Lancet [25]. Human STN-DBS proved
extraordinarily effective, reversing not only akinesia, rigidity, and
motor fluctuations, but also tremor. This prompted the renowned
movement disorder neurologist Professor David Marsden to hail
STN-DBS as "the most important discovery since levodopa".

Long-term cohort data published in 1998 confirmed a
unique clinical benefit of this target: STN-DBS allowed most pa-
tients to achieve a dramatic reduction in their daily antiparkinso-
nian medication dosages, a feature unmatched by other surgical
target interventions for progressive PD [26, 27]. This sustained re-
duction in levodopa equivalent daily dose translates directly into
decreased reliance on dopaminergic agents, marked reductions
in drug-induced side effects, and meaningful reductions in long-
term healthcare costs [28].

CLINICAL EFFICACY OF DBS IN PD

The clinical efficacy of DBS is most pronounced in controlling
motor symptoms that respond robustly to levodopa during the
"off" state, as well as in suppressing medication-refractory trem-
or and levodopa-induced dyskinesias [29]. Consequently, preop-
erative levodopa responsiveness is widely utilized as a key clinical
predictor of long-term surgical success. Numerous meta-analyses
of randomized controlled trials show that combining DBS with op-
timal medical therapy vyields significantly greater improvements
in motor function, as quantified by the Unified Parkinson's Dis-
ease Rating Scale (UPDRS), than pharmacological therapy alone
[30, 31]. Specifically, clinical data reveal that at approximately
one-year post-surgery, patients experience substantial, quantifi-
able relief across cardinal motor symptoms and dyskinesia met-
rics:

e  Tremor severity decreases by an average of 74%.

e  Rigidity improves by an average of 57%.
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57% v bpagnkMHesnn Ha 49%, a TaKKe 3HAUMTE/IbHOE COKpaLLEHMe
[AVNCKMHE3UI — YMEHDBLLEHWE WX NPOACMKUTENBHOCTU HA 80% U CHU-
YKEeHMe MHBANMAHOCTM Ha 94% [30].

UcCcNnEQOBAHUE HOBbIX AAHHBIX O B/IMAHUMU
rCM HA HEMOTOPHbIE CUMNTOMbI

Xota [CM, B nepByto o4epesb, HaNPaB/AEHa Ha yayYlUeHWe ABU-
raTeNbHbIX Lenem, NpoLeaypa TaKKe CrocobCTBYeT yyULEHUIO He-
KOTOPbIX HEMOTOPHbIX CMMNTOMOB BI1, TakMX Kak 60/b, HapyLweHns
CHa ¥ noBefeHYeckne KonebaHus. ITo CBUAETENLCTBYET O TOM, YTO
adpdekTnBHOCTb CM BbLIXOAMT 33 PaMKM KOHTPONA [ABUraTebHbIX
acnekToB 3abon1eBaHUA, XOTA BAUAHME HA HEMOTOPHbIE MPOSABIEHNS
6blBaeT MeHee CTabWbHbIM. YNyyLleHNs B 3TUX 06NACTAX MOTyT 3Ha-
YUTENIbHO NOBbICUTL 0BLLLEE KAYECTBO KM3HM NaLMEHTa.

B YyacTHOCTM, 0AHO MCCaefoBaHME, NOCBALLEHHOE A0MrOCPOY-
Homy BAnAHUIO TCM STN Ha COH, BbISBUNIO YCTOWYMBOE NOBbILLEHWE
CYOBEKTMBHOMO KAyecTBa CHA M CHUMKEHME HOYHbIX ABWraTeNbHbIX
cumnTomoB [32]. MonyyeHHble AaHHblE NOATBEPKAAIOT, UTO yAyylle-
HME CHA OKAa3blBAET KaCKaAHbIN NOMOKMUTENbHbIN 3PDEKT HA HAcTpO-
€HWe, IHEBHYIO aKTUBHOCTb U 0bLiee camodyBcTame. [oNrocpoyHble
MCCNeL0BaHUA TaKKe CBUAETENbCTBYIOT O TOM, YTO MaumeHTbl ¢ BI,
npoweawue NCM, Kak NpaBuo, coxpaHatoT bonee cTabuabHoe Kaye-
CTBO KM3HW 1 ABUTaTE/IbHYIO GYHKLMIO MO CPAaBHEHMIO C NALMEHTAMM,
NONYYaOLWMMM TONbKO MEAMKaMEHTO3HOE IeYeHMeE.

Tak, uccneposaHue ¢ 15-1€THUM neprogom HabatogeHusa no-
Kaszano, yto ICM STN obecneunBaeT ycToiumMBoe obaeryeHune ABu-
raTe/IbHbIX OC/IOKHEHUM U CYLLECTBEHHOE CHUMKEHME NoTpebHOCTU B
NIeKapCTBaX, COXPaHAA NPY 3TOM y/yULLIEeHNEe OBLLLErO KaYecTBa KU3HMK,
HEeCMOTPA Ha ecTecTBEHHOe MporpeccuposaHune 3abonesanunsa [33].
3T pesynbTaTbl NO3BONAKT KOHKPETHO BbIAE/NUTL HaNpaBieHWs, B
KoTopbix [CM MMeeT ABHOE MPEUMYLLECTBO: Y/y4lleHNe ABUraTENb-
HbIX CUMNTOMOB, OBLLEr0 CaMOYYBCTBUA 1 CHUMKEHUE NOTPeBHOCTH B
MeAMKAMEHTaX.

MPOBNEMbI U HEXXENIATE/IbHbBIE UCXOAbl,
CBA3AHHBLIE CICM

HecmoTpsa Ha 1o, uto CM, ocobeHHo ¢ Bo3geicTenem Ha STN
WK BNesHbIN Wap, OCTAETCA OAHMM M3 CaMbIX PACNPOCTPAHEHHbIX U
3QEKTMBHbBIX METOLOB XMPYypPruyeckoro nevyenna HA3, Takmx Kak b,
MCCAeL0BaHUI AONTOCPOYHOTO HAbBAOAEHNA 33 NALMEHTAMMN HEMHO-
ro [34]. B o4HOM 13 TaKMX MCCNEA0BAHMI M3Y4YaNNCh BbIXKMBAEMOCTb U
ncxoabl (Hanpumep, ranalouMHaLMK U AeMeHUMs) y naumeHTos ¢ b,
nonyyasLumx FCM 1 HaXOAMBLUMXCA Ha HAbNOAEHUM HE MeHee AecaTu
net. B 310 KoropTe AeMeHLMA BbIABAANACh Y 46%, a ranntoupHaLmMm
—vy 58% 13 79 naumeHToB [35]. pyr1e ucxombl — yA0BAETBOPEHHOCTb
NaLMEHTOB, KOHTPONb ABWraTe/IbHbIX CMMMTOMOB M BO3MOXHOCTb
BbIMO/IHATL NOBCEAHEBHbIE 3a4a4M — U3y4annUCh YYEHBIMK, KOTOPbIE
OTMETUIM 0bLLee YNyYLLIEHWNE COCTOAHMA NaLmeHToB [34].

OfHaKo npwv HabnoaeHuu, npesbiwatowem 20 net nocne MCM,
BO3HMKAIOT AONOAHUTE/IbHbIE 3TUYECKME BONPOCHI, PACCMOTPEHHbIE B
TEMaTUYECKOM MccneaoBaHun [36]: yuéHble NpoaHaIM3MPOBaNM, Kak
YBE/IMYEHME MPOLOMMKUTENBHOCTU KU3HU 6E3 CYLLECTBEHHOMO YAyy-
LeHNA eé Ka4yecTBa MOXKET CTaTb MCMbITAHUEM AN1A MALMEHTOB U UX
cemeil. Kpome Toro, HECMOTPS Ha MMHUMAbHYO MHBA3MBHOCTb [CM,
MOTYT BO3HUMKaTb PasHO0bpasHble OCN0KHEHUA U NOb6OoYHble 3ddek-
Tbl KaK B paHHeM NocneonepaLMoHHOM Nepuoae, Tak U Npu AAnTeNb-
HOW HeWipocTumynsaumu [37].

MocneonepaLMoOHHbIE OCNOMKHEHMA 0ObIYHO AENAT Ha MHEK-
LIMOHHO-BOCMANUTENbHbIE U TexHUYeckue [38]. Xota TCM cuuTaetcs,
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e Bradykinesia is reduced by an average of 49%.
e Dyskinesia duration decreases by 80%.
e Dyskinesia-related disability falls by 94% [30].

NEW DATA ON THE THERAPEUTIC IMPACT OF
DBS ON NON-MOTOR SYMPTOMS

Although dbs primarily targets basal ganglia motor loops, it
frequently yields secondary improvements in key non-motor di-
mensions of PD, including chronic pain, sleep disturbances, and
behavioral fluctuations. These findings indicate that DBS's clinical
utility extends well beyond classic motor control, even if its mod-
ulatory effects on non-motor pathways show greater individual
variability. Crucially, improvements in these non-motor domains
contribute substantially to enhancing the patient's global quality
of life (QolL).

Specifically, a long-term cohort study evaluating the effects
of STN-DBS on sleep architecture demonstrated a sustained im-
provement in subjective sleep quality alongside a marked re-
duction in nocturnal motor symptoms [32]. This stabilization of
sleep patterns triggers a cascading positive effect, subsequently
optimizing daytime alertness, mood regulation, and overall func-
tional well-being. Furthermore, longitudinal data indicate that PD
patients treated with DBS maintain more stable motor function
and a better health-related quality of life over extended periods
than those managed with optimal medical therapy alone.

Reflecting these long-term benefits, a landmark 15-year
follow-up study demonstrated that STN-DBS provides durable,
lifelong relief from motor complications and a sustained, signifi-
cant reduction in daily dopaminergic requirements. Remarkably,
this therapeutic efficacy and preservation of overall QoL persisted
despite the natural, inevitable progression of underlying neuro-
degeneration [33]. Collectively, these longitudinal outcomes de-
lineate the primary clinical advantages of DBS: robust, long-term
mitigation of motor symptoms, improved global well-being, and a
permanent reduction in pharmacological interventions.

PROBLEMS AND ADVERSE OUTCOMES
ASSOCIATED WITH DBS

Although dbs targeting the STN or GPi regions remains one
of the most widely utilized and effective surgical interventions for
NDDs like PD, long-term, multi-decade follow-up studies remain
relatively scarce [34]. One such longitudinal study evaluated sur-
vival and chronic neuropsychiatric outcomes (e.g., hallucinations
and dementia) in a cohort of 79 PD patients treated with DBS and
monitored for at least ten years. Within this cohort, dementia
was detected in 46% and hallucinations in 58% of the patients
[35]. Conversely, other long-term outcomes, including overall pa-
tient satisfaction, sustained motor symptom control, and auton-
omy in activities of daily living, showed a net positive impact on
global patient well-being [34].

However, extending follow-up timelines beyond 20 years
post-implantation introduces profound clinical and ethical chal-
lenges, as recent case analyses illustrate [36]. Investigators have
increasingly highlighted the dilemma in which neurostimulation
can extend life expectancy without preserving high health-relat-
ed quality of life, creating significant psychological and caregiv-
ing burdens for patients and their families. Furthermore, despite
the minimally invasive classification of DBS, a broad spectrum of
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B LLe/IOM, HU3KOPUCKOBAHHOM, Cama onepaLms ABASETCA MHBA3UBHOM
HeMpOXMPYPI1YECKO NPOLLEAYPOI U COMPANKEHA C TUMUYHBIMK pU-
CKamu onepaLmii Ha ronoBHOM Mo3re. K HUM OTHOCATCA KPOBOW3/IU-
fiHWE B MO3T (BHYTPUYEPENHOE KPOBOU3IUAHWE), MHCY/IBT, UHDEKLUS,
a TaKxe cygoporu [39].

B ofiHO W3 ccneoBaHMiA 6bIN BK/IKOYEHbI AaHHble 69 nauueH-
T0B € B (40 *KeHLWMH 1 29 MYy}KYMH), KOTOPbIM NPOBOAMNOCH ONepa-
TUBHOE /leYEHNE METOAOM [BYCTOPOHHeN umnaaHtaummn STN-DBS B
nepuos ¢ sHeapa 2019 no aekabpb 2022 roaa. Mpu 3Tom, BHYTPUMO3-
roBOe KPOBOM3NMAHME BblN0 0BHAPYKEHO Y ABYX MaLMEHTOB (2,7%).
Y 0iHOrO 3 HUX BbiiBNEHO HEOONBLLIOE KPOBOU3NUSAHME, KOTOPOE He
Tpeb0oBano XMpypriyeckoro BmellaTenscTsa. Y apyroro — KT ronos-
HOro MO3ra CHayana He BblABMAA MATONOIMU, OAHAKO Yepes 72 Yaca
NOBTOPHOE MCCNefi0BaHWE OOHApPYKWUAO KPOBOW3IUAHME B 0bracTv
NeBbIx 633asbHbIX AAEP C NPOPLIBOM B KeNyao4KoBYyto cuctemy. Kpo-
Me TOro, MHOEKLMOHHbIE OCNIOXKHEHUA B 30HE XMPYPrUYECcKoro Bme-
LIaTeNbCTBA M 3p03UM Bblnn 3admKCUpoBaHbI y TPEX NauueHTos (4,1%)
[30].

OnucaHbl 1 apyrve nobouyHble 3pdEKTbI B rpynne naumeHToB ¢
B, nonyyaswux HeripocTmynaumio. Cpesm HAX OTMEYEeHbI yBennye-
HME MacCbl TeNa, a TaKKe HaPyLUEHMA OCEBO CUMNTOMATUKM, BKIIKO-
yatoLLMe MOCTOAHHOE YXYALIEHWE PaBHOBECUA, aKUHE3UID XOAbObI,
y4aLLEHHbIe NPUCTYTbI 3aCTbIBAHUA U TRYAHOCTU NPU UHULMUPOBAHUM
[BUXKeHuA. Kpome TOro, y HEKOTOPbIX NALMEHTOB Pa3BUBAUCL peye-
Bble HapyLLeHUs, KOTOPble YacTo acCoLMMPOBA/IUCH C PacrnpocTpaHe-
HUeM BO3DYXAEHWUA Ha BHYTPEHHIOK Kancyny v AMCOYHKLMeN Hefo-
bamuHepruyeckux nyTei Ha NO3AHUX CTaauax 3aboneBaHus. Takxke
HaboAaCh TMNEPKUHESDI, NPUHMUMatoLWMe dopmy xopeu, banau-
CTUYECKMX UK AUCTOHUYECKUX ABUMKEHWM, HANOMUHAIOLLMX AUCKU-
He3uu, MHAYLMPOBaHHble 1eBOA0NO0N. AGEKTVBHbIE U KOTHUTUBHbIE
M3MEHEHMA BK/IIOYANN MOBbIWEHWE aKTUBHOCTM, paboTocnocobHo-
CTW, TBOPYECKOW MHULMATKBbI, OBLLMTENBHOCTU U UMMYSIbCUBHOCTY.
3T CUMNTOMbI MOIIM NPOABAATLCA KaK B AHEBHOE, TaK U B HOUHOE
BPeMs, Bbi3blBas DECMOKOMCTBO Y MALMEHTOB U UX POLCTBEHHUKOB.
JononHutenbHo GUKCMPOBANUCH TPAH3WUTOPHbIE MCUXMYECKWe pac-
CTPOWCTBA, BK/IKOYAA OPraHNYeCKUiA rasIloLMHO3, @ TaKKe HapyLeHWA
CHa, CONPOBOMXAAtOLLMECA KOLWMAPHbIMU CHOBUAEHUAMM [38].

3AK/NOYEHUE

[CM — 370 3¢ PEKTUBHBIN MUHUMANBHO MHBA3WUBHBIV XMPYpPri-
yeckuin metog, ana neveHns bM. OH 3HaUUTENbHO CHUMKAET He TObKO
MOTOPHbIE CUMMTOMBbI, HO U HEMOTOPHbIE, YTO NO3BO/AET YMEHBLUNTD
[103bl NEKAPCTB M X NOB6OYHbIe 3ddeKTbl. OfHAKO, HECMOTPSA Ha CBOM
npevmyLyectsa, I[CM cBAzaHa ¢ onpeAenéHHbIMU pUCKaMU. Y Heko-
TOPbIX NALMEHTOB HABNOAAOTCA AEMEHLMA, Fa/IIOLMHALUM, @ TaKKe
BO3MOXHbI TEXHUYECKME OCNOXKHEHUA — MOBPEXAEHUE WAN MUrpa-
LMA 371EeKTPOAOB, A TaKXKe OTKa3 HeMpoCTUMYNATOpa. BaxHO noHwu-
MaTb, 4to F[CM 0b1eryaeT cMMNTOMbI, HO He U3neunBaeT 3abonesaHne
W He 3amej/IfeT ero nporpeccuposaHue. MauueHTbl 4OMKHbI UMETb
peannCTUYHbIE OXMAAHUA OTHOCUTENIbHO PE3y/bTAaTOB IEYEHMA.

He Bcem 60nbHbIM ¢ Bl nogxoaut aToT MeToa. OH 3pdeKTMBEH,
eCcnu ABuUratesibHble CUMNTOMbI M3HaYa/NbHO XOPOLLUO pearMpoBasu
Ha NIeBOAOMY, @ 3aTEM BO3HUK/M OC/IOKHEHMA. Y NaLMEHTOB C paHee
CYLLECTBYIOLLMMM Npobaemammn peyw, MMOTaHUA, MbILLNEHUA UAK NOo-
xo4KM 3adpdeKT oT TCM MOKET bbITb OrpaHUYEH UK Aaxe oTpuLaTe-
NeH. MoaTomy HeobxoauM TLIATENbHbIV OTOOP NALMEHTOB Ha OCHOBE
BCECTOPOHHEW OLLEHKM UX COCTOAHMA U PeaKkLMK Ha Npeablayluee ne-
yeHue. Kpome Toro, FTCM moKeT ycununTb npobaembl ¢ KOrHUTUBHBIMM
obyHKUMAamK. ObsasaTenbHOe Helponcuxonormyeckoe obcnenosaHue
MOMOTaEeT BbIABUTb TeX, KTO MOXET OblTb NOABEPKEH MOBbILEHHOMY

adverse events can manifest during both the acute postoperative
phase and over the course of chronic, long-term neurostimula-
tion [37].

Postoperative complications are conventionally categorized
as hardware-related/technical or infectious-inflammatory [38].
While DBS possesses a generally favorable safety profile, it re-
mains an invasive stereotactic neurosurgical procedure subject
to typical intracranial risks. These include acute cerebral hemor-
rhage (intracranial hemorrhage), ischemic stroke, surgical site in-
fections, and perioperative seizures [39].

Reflecting these risks, a recent study analyzed data from
69 PD patients (40 women and 29 men) who underwent bilat-
eral STN-DBS implantation between January 2019 and Decem-
ber 2022. Within this group intracerebral hemorrhage occurred
in two patients (2.7%). In one case, the hemorrhage was micro-
structural and resolved without surgical intervention. In the sec-
ond case, an initial immediate postoperative computed tomog-
raphy scan revealed no acute pathology; however, a repeat scan
performed 72 hours later revealed an evolving hemorrhage with-
in the left basal ganglia with intraventricular extension. Infectious
complications and skin erosions at the surgical or hardware site
were documented in three patients (4.1%) [30].

Patients undergoing long-term neurostimulation exhibited
various stimulation-induced and disease-progression side effects.
Notable somatic and motor sequelae included marked weight
gain and worsening axial symptoms, such as persistent postural
instability, gait akinesia, increased frequency of freezing of gait
episodes, and hesitation during movement initiation. Several pa-
tients also developed speech impairments, often attributable to
spread into the adjacent internal capsule or progressive degener-
ation of non-dopaminergic pathways characteristic of advanced
disease stages. Hyperkinesias, manifesting as choreic, ballistic,
or dystonic movements reminiscent of severe levodopa-induced
dyskinesias, were also observed. Neuropsychiatric and cognitive
shifts included marked behavioral changes, such as hypoma-
nia-like states characterized by hyperactivity, increased output,
heightened creativity, uncharacteristic sociability, and impulsivity.
These behavioral symptoms fluctuated across both daytime and
nighttime hours, frequently causing severe anxiety for patients
and their caregivers. Finally, transient psychiatric disturbances
were recorded, including organic hallucinosis and severe sleep
disruptions accompanied by nightmares [38].

CONCLUSION

DBS is a highly effective, minimally invasive surgical inter-
vention for the management of advanced PD. It provides pro-
found therapeutic relief for both classic motor features and select
non-motor symptoms, enabling a significant reduction in total
dopaminergic medication dosages and their associated adverse
effects. However, despite these clear advantages, DBS is associ-
ated with distinct long-term risks. A subset of patients may ex-
perience cognitive decline, dementia, or hallucinations, alongside
hardware-related technical complications such as electrode lead
damage, lead migration, or implantable pulse generator failure.
Crucially, clinicians and patients must recognize that while DBS is
efficient at symptom mitigation, it is purely a symptomatic thera-
py; it does not cure the disease or halt the underlying progression
of neurodegeneration. Managing patient and caregiver expec-
tations to align with realistic therapeutic outcomes is therefore
paramount.
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PUCKY TaKMX NOBOYHbIX 3PHEKTOB, BEAb COXPAHEHME NAMATU U MblLL-
NEeHUA ABNAETCA BAXKHOW YacTblo neveHnsa HA3.

This advanced surgical modality is not universally suitable
for all individuals with PD. Its primary therapeutic window is opti-
mized for patients whose motor symptoms initially demonstrated
a robust response to levodopa, but who subsequently developed
severe, quality-of-life-limiting motor complications. Converse-
ly, in patients presenting with pre-existing, medically refractory
dysarthria, dysphagia, severe cognitive impairment, or non-do-
paminergic gait disturbances, the therapeutic impact of DBS
may be limited, negligible, or even detrimental. Consequently,
meticulous patient selection, guided by a comprehensive, multi-
disciplinary assessment, is mandatory to ensure surgical success.
Because DBS can potentially exacerbate baseline cognitive vul-
nerabilities, particularly when targeting the STN, a rigorous pre-
operative neuropsychological evaluation is vital. This assessment
is an indispensable tool for identifying high-risk candidates and
ensuring that preserving memory, executive function, and overall
cognitive architecture remains a core priority in the holistic treat-
ment of this NDD.
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