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Abstract. Essential tremor (ET) is one of the most prevalent movement disorders, affecting
up to 4-5% of the elderly population. Pharmacological therapy remains first-line treatment;
however, a substantial proportion of patients develop medically refractory tremor requiring surgical
intervention. Magnetic resonance—guided focused ultrasound (MRgFUS) thalamotomy has emerged
as a minimally invasive ablative technique targeting the ventral intermediate nucleus of the thalamus
without craniotomy or general anesthesia.

This prospective cohort study conducted at the Neurosurgery Department of Samarkand State
Medical University between 2022 and 2025 evaluated the safety and efficacy of MRgFUS
thalamotomy in 42 patients with severe medication-refractory ET. Clinical outcomes were assessed
using the Clinical Rating Scale for Tremor (CRST) preoperatively and during follow-up up to 24
months.

Significant contralateral tremor reduction was observed, with a mean improvement of
approximately 65-70% in limb tremor severity and nearly 40% reduction in total CRST scores (p <
0.001). Adverse events were generally transient and mild, including paresthesia and gait imbalance.
No permanent neurological deficits or intracranial hemorrhage were recorded.

MRgFUS thalamotomy demonstrated high clinical efficacy and favorable safety profile, supporting
its integration into functional neurosurgical practice in tertiary academic centers.

Keywords: Essential tremor; MRgFUS; focused ultrasound; thalamotomy; ventral
intermediate nucleus; functional neurosurgery; CRST; minimally invasive neurosurgery.
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Crenuanu3upoBaHHbIM HAYYHO-ITPAKTHYECKUH [IEHTP HEUPOXUPYPIUU U
Helpopeabunurtanuu npu CamapkaHICKOM IOCYJapCTBEHHOM MEIUIIMHCKOM YHHUBEPCUTETE

AHHoTanus. OcceHnuanpHeii  Tpemop (OT) sBusercs ogHuM U3 Haubousee
pacnpoCTpaHEHHBIX ABUTATENIbHBIX PACCTPOMCTB, focTuras 4—5% cpeau JuLl MoXKUIOro Bo3pacra.
MenukaMeHTO3Hasi Tepanus OCTaéTcs METOAOM MEepBOH JIMHUM, OJHAKO 3HAYMTENIbHAas 4acTb
NAIMEeHTOB (OPMUPYET pePaKTEPHOCTh K JICUCHUIO M HYXIACTCSI B XUPYPrHUECKONW KOPPEKIINH.



MarsuTHO-pe30HaHCHO-KOHTPOJIUPYEMBIN c(OKYCHUpPOBaHHBII YJIBTPa3BYyK (MRgFUS)
MpeCTaBiIsieT CcoOOM MaJOMHBA3UBHYIO AaOJSIMOHHYIO TEXHOJIOTHIO, HANpaBlIEHHYIO Ha
BEHTpAJIbHOE MPOMEKYTOUHOE SAPO Tajamyca 0e3 TpemaHaluu yepemna u ooOmieil aHecresuu. B
MIPOCIEKTUBHOE KOTOPTHOE HCCIEAOBAHHUE, BBINOJHEHHOE B HEUPOXUPYPTHUUECKOM OTICICHUHU
CamapkaHCKOTO roCyIapCTBEHHOT'0 MEAUIIMHCKOT0 yHUBepcuTeTa B 2022—2025 rr., BKIItIOUEHO 42
ManueHTa ¢ TsHKEIbIM MeaukaMeHTo3HO-pedpakTepHbiM OT. DddekTuBHOCTH OlEHMBANACH 110
mikane kiauHuueckoil oueHku Ttpemopa (CRST) B nunHamuke 1o 24 wmecsueB. OTmeueHO
CTaTUCTUYECKU 3HAUMMOE CHUKEHHE KOHTpajaTepaibHoro Tpemopa Ha 65—-70% u obero 6amia
CRST npumepno Ha 40% (p < 0,001). OcnoxHeHUs: HOCWIJIM TPAH3UTOPHBIA XapaKTep U BKIHOYAIH
napecTe3ud W HapylleHHe paBHOBecHs. [IepCHUCTHPYIOUIMX HEBPOJIOTMYECKUX ICPHUIUTOB HE
3apETUCTPUPOBAHO. Meron ~ MRgFUS-taaMmoToMuy ~ HMPOJEMOHCTPUPOBANL  BBICOKYIO
3¢ (}eKTUBHOCT, M 0€30MacCHOCTb, YTO MOATBEPXKIACT IEIeCO00Pa3HOCTh €ro BHEIPEHHS B
MPAKTUKY (PYHKIMOHATBHON HEHPOXUPYPTHUH.

KiroueBrblie ciioBa: scceHimanpabiii TpemMop; MRgFUS; cdokycupoBanHbIi yiIbTpa3BYK;
TaJaMOTOMMSI; BEHTPAJIbHOE IMPOMEXYTOUHOE sA1p0; (QyHKIMOHaibHas Helpoxupyprusi; CRST;
MaJIOMHBA3UBHAsl XUPYPIHUsl.
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Samargand davlat tibbiyot universiteti huzuridagi

Ixtisoslashtirilgan ilmiy-amaliy neyroxirurgiya va neyroreabilitatsiya markazi

Annotatsiya. Essensial tremor (ET) eng keng tarqalgan harakat buzilishlaridan biri bo‘lib,
keksa yoshdagi aholida 4-5% gacha uchraydi. Farmakologik davolash birinchi bosgich hisoblanadi,
biroq bemorlarning sezilarli qismida dori vositalariga rezistentlik rivojlanadi va jarrohlik muolajasi
talab etiladi. MRT nazorati ostida fokuslangan ultratovush (MRgFUS) talamotomiyasi bosh suyak
trepanatsiyasiz va umumiy anesteziyasiz ventral oralig yadro (VIM)ni selektiv ablyatsiya gilish
imkonini beradi. 2022-2025 vyillarda Samargand davlat tibbiyot universiteti neyroxirurgiya
bo‘limida o‘tkazilgan prospektiv kohort tadqiqotiga og‘ir, dori vositalariga rezistent ET bilan 42
bemor kiritildi. Klinik samaradorlik CRST shkalasi bo‘yicha 24 oygacha kuzatuvda baholandi.
Natijada garama-garshi tomondagi tremor 65-70% ga kamaydi, umumiy CRST ko‘rsatkichi esa
taxminan 40% ga pasaydi (p < 0,001). Asoratlar vaqtinchalik bo‘lib, paresteziya va muvozanat
buzilishlari bilan cheklangan. Doimiy nevrologik nugsonlar aniglanmadi. MRgFUS talamotomiyasi
yuqori samaradorlik va xavfsizlik ko‘rsatkichlarini namoyon etdi hamda funksional neyroxirurgiya
amaliyotida qo‘llash uchun istigbolli usul ekanligini tasdigladi.

Kalit so‘zlar: essensial tremor; MRgFUS; fokuslangan ultratovush; talamotomiya; ventral
oraliq yadro; funksional neyroxirurgiya; CRST; minimal invaziv jarrohlik.

Introduction. Essential tremor (ET) represents one of the most prevalent movement
disorders worldwide and constitutes a significant source of disability, particularly in the elderly
population. Epidemiological data indicate a prevalence of approximately 0.9% among individuals
younger than 65 years and up to 4.6% in older age groups [1]. The disorder is traditionally
characterized by bilateral, largely symmetric postural and Kinetic tremor of the upper extremities;
however, cranial and axial involvement—including tremor of the head, voice, mandible, and lower



extremities—occurs in a substantial subset of patients [2]. Although ET has historically been
considered a benign condition, contemporary neurobiological models increasingly conceptualize it
as a progressive cerebellothalamocortical network disorder with structural and functional alterations
involving the dentate nucleus, red nucleus, and thalamic ventral intermediate nucleus (VIM) [3].
Pharmacological therapy remains the first-line treatment for ET, with beta-adrenergic antagonists
(e.g., propranolol) and anticonvulsants (e.g., primidone) forming the mainstay of medical
management. Nevertheless, approximately 30-50% of patients exhibit insufficient response or
intolerance to medication [4]. For this cohort of medically refractory individuals, neurosurgical
interventions such as radiofrequency thalamotomy and deep brain stimulation (DBS) targeting the
VIM nucleus have historically provided symptomatic relief [5]. However, these approaches are
associated with invasiveness, surgical morbidity, hardware-related complications (in DBS), and
resource-intensive perioperative management.

Magnetic resonance—guided focused ultrasound (MRgFUS) thalamotomy has emerged over the last
decade as a non-invasive ablative alternative that combines high-intensity focused ultrasound
(HIFU) energy delivery with real-time magnetic resonance imaging (MRI) thermometry to create a
precisely localized lesion in the VIM nucleus [6]. In 2017, MRgFUS was approved by
Roszdravnadzor for the treatment of essential tremor. The kinetic energy of converging ultrasound
waves results in rapid thermal elevation at the focal point, inducing coagulative necrosis while
sparing surrounding neural structures [7]. The integration of MRI-based stereotaxy and real-time
thermometry significantly enhances targeting accuracy and safety, obviating the need for
craniotomy, scalp incision, or general anesthesia.

Since June 2022, the Neurosurgery Department of Samarkand State Medical University has
implemented MRgFUS thalamotomy for patients with severe, medication-refractory ET. This study
presents a comprehensive prospective cohort analysis conducted between 2022 and 2025, evaluating
clinical outcomes, safety profile, and quality-of-life measures following unilateral and bilateral
MRgFUS thalamotomy.

Materials and Methods. This investigation was designed as a prospective observational
cohort study conducted at the Neurosurgery Department of Samarkand State Medical University
between June 2022 and January 2025. Ethical approval was obtained from the institutional review
board, and informed consent was secured from all participants.

A total of 42 patients diagnosed with severe, medication-refractory essential tremor were
enrolled during the study period. The cohort comprised 26 males and 16 females, with a mean age
of 64.8 £ 8.9 years (range 4978 years). Inclusion criteria encompassed a confirmed diagnosis of
ET according to Movement Disorder Society criteria, inadequate response or intolerance to at least
two pharmacological agents, and significant functional impairment as assessed by the Clinical
Rating Scale for Tremor (CRST). Exclusion criteria included severe cognitive impairment, unstable
cardiovascular conditions, and contraindications to MRI.

All procedures were performed using an MRgFUS system integrated with a 3T MRI scanner.
Patients underwent stereotactic frame placement under local anesthesia. The VIM nucleus was
targeted using indirect stereotactic coordinates relative to the anterior and posterior commissures,
supplemented by tractography-based visualization of cerebellothalamic pathways when feasible.
Low-power sonications were initially administered to verify target localization and assess clinical
response. Incremental increases in acoustic energy were delivered until focal temperatures of 55—
60°C were achieved, producing a permanent lesion. Real-time MRI thermometry enabled
continuous monitoring of temperature gradients and spatial confinement of thermal effects [6].

Intervention Groups. Of the 42 patients, 34 underwent unilateral MRgFUS thalamotomy
targeting the hemisphere contralateral to the dominant tremor. Four patients underwent staged
bilateral procedures with a minimum interval of six months between interventions. Four patients
underwent same-session bilateral procedures following multidisciplinary evaluation.

Primary efficacy endpoints included changes in the Clinical Rating Scale for Tremor
(CRST), encompassing Part A (tremor severity), Part B (specific motor tasks), and Part C
(functional disability). Assessments were conducted preoperatively, intraoperatively, immediately
postoperatively, and at 1, 6, 12, and 24 months post-procedure. Secondary endpoints included
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adverse events, neurocognitive changes, and patient-reported quality-of-life metrics. Data were
analyzed using non-parametric Wilcoxon signed-rank tests due to non-normal distribution of CRST
scores. Statistical significance was established at p < 0.05.
Results
Table 1 summarizes demographic and clinical characteristics of the cohort.
Parameter Value

42

64.8 +8.9
26/16
11.2+4.7
56.4+9.3

A statistically significant reduction in contralateral tremor severity was observed
immediately following sonication. The median reduction in contralateral limb tremor, measured by
CRST, reached 68.9% (V =512, p < 0.001). Total tremor score improved by 41.7% (V = 498, p <
0.001). At 12 months, sustained improvement was maintained at 64.2% for contralateral limb tremor
and 37.8% for overall tremor burden. Patients undergoing staged bilateral procedures demonstrated
additive benefit without significant increase in adverse effects. However, transient gait imbalance
was more frequently observed in the bilateral cohort. Adverse events were generally mild and
transient. These included paresthesia (19%), transient ataxia (14%), mild dysarthria (7%), and
headache (12%). No intracranial hemorrhage, infection, or persistent neurological deficits were
observed.

Table 2 outlines complication rates.

Complication Incidence (%0

Transient paresthesia 19
Transient gait instability ¥
Mild dysarthria 7
0

Persistent deficit

Patient-reported outcomes demonstrated significant improvement in functional autonomy
and psychosocial well-being. Activities such as writing, eating, and self-care were substantially
enhanced post-treatment.

Discussion. Our findings corroborate international data indicating that MRgFUS VIM
thalamotomy provides robust tremor suppression in medication-refractory ET [6][8]. The magnitude
of tremor reduction observed in our cohort aligns with multicenter randomized controlled trials
reporting 47-68% improvement at one year [9]. The absence of hardware-related complications
distinguishes MRgFUS from DBS. Additionally, elimination of general anesthesia reduces
perioperative risk, particularly in elderly patients with comorbidities. Neurophysiologically,
ablation of the VIM nucleus interrupts pathological oscillatory circuits linking the cerebellum and
motor cortex, thereby attenuating tremor amplitude [3]. MRI thermometry enhances spatial
precision, minimizing collateral damage to adjacent thalamic nuclei and internal capsule fibers. Our
study contributes novel data from Central Asia, reflecting successful integration of advanced
functional neurosurgical technologies within the Uzbek healthcare system. Limitations include non-
randomized design and limited long-term follow-up beyond two years. Further comparative
analyses with DBS are warranted.

Conclusion. MRgFUS thalamotomy at the Neurosurgery Department of Samarkand State
Medical University between 2022 and 2025 demonstrated significant and sustained reduction in
contralateral and overall tremor severity in patients with medication-refractory essential tremor. The
procedure exhibited a favorable safety profile and contributed to marked improvements in quality
of life. MRgFUS represents an effective, minimally invasive neurosurgical modality that can be
successfully implemented in tertiary academic centers in Uzbekistan.

References.
Bond, A. E., Shah, B. B., Huss, D. S., Dallapiazza, R. F., Warren, A., Harrison, M. B.,
Sperling, S. A., Wang, X. Q., Gwinn, R., Witt, J., & Elias, W. J. (2017). Safety and efficacy of

=



focused ultrasound thalamotomy for patients with medication-refractory, tremor-dominant
Parkinson disease: A randomized clinical trial. JAMA Neurology, 74(12), 1412-1418.
https://doi.org/10.1001/jamaneurol.2017.3098

2. Deuschl, G., Bain, P., & Brin, M. (1998). Consensus statement of the Movement Disorder
Society on tremor. Movement Disorders, 13(Suppl 3), 2-23.

3. Elias, W. J., Lipsman, N., Ondo, W. G., Ghanouni, P., Kim, Y. G., Lee, W., Schwartz, M.,
Hynynen, K., Lozano, A. M., & Shah, B. B. (2016). A randomized trial of focused ultrasound
thalamotomy for essential tremor. New England Journal of Medicine, 375(8), 730-739.
https://doi.org/10.1056/NEJM0a1600159

4. Fasano, A., Helmich, R. C. (2019). Tremor habituation to focused ultrasound
thalamotomy: A network perspective. Brain, 142(3), 597-599.

5. Louis, E. D., & Ferreira, J. J. (2010). How common is the most common adult movement
disorder? Update on the worldwide prevalence of essential tremor. Movement Disorders, 25(5),
534-541. https://doi.org/10.1002/mds.22838

6. Schuurman, P. R., Bosch, D. A., Bossuyt, P. M., Bonsel, G. J., van Someren, E. J., de Bie,
R. M., Merkus, M. P., & Speelman, J. D. (2000). A comparison of continuous thalamic
stimulation and thalamotomy for suppression of severe tremor. New England Journal of Medicine,
342(7), 461-468. https://doi.org/10.1056/NEJM200002173420703

7. Zaaroor, M., Sinai, A., Goldsher, D., Eran, A., Nassar, M., & Schlesinger, I. (2018).
Magnetic resonance—guided focused ultrasound thalamotomy for tremor: A report of 30
Parkinson’s disease and essential tremor cases. Journal of Neurosurgery, 128(1), 202-210.
https://doi.org/10.3171/2016.10.JNS16758



