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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Uterine fibroids remain one of the most
common benign tumors of the female reproductive system and a
significant cause of menorrhagia, pain, symptoms of pelvic organ
compression, and a reduced quality of life. Due to the limitations
of surgical methods, organ-preserving and minimally invasive
technologies are attracting increasing interest, including MRI-
guided focused ultrasound ablation (FUS-MRI).

Objective: To evaluate the immediate imaging efficacy,
early morphological response, and safety of FUS-MRI in the
treatment of uterine fibroids based on the non-perfused volume
ratio (NPVR) and 3-month changes in fibroid volume.

Materials and Methods: A prospective, single-center study
was conducted involving 120 female patients with symptomatic
uterine fibroids who underwent FUS-MRI ablation between
December 20, 2019, and October 7, 2024. We analyzed clinical
characteristics, morphological and MRI parameters of the target
lesion, technical characteristics of the procedure, immediate
post-procedural effects, and safety indicators. Efficacy was
assessed based on contrast-enhanced MRI data immediately
after the procedure, with determination of NPVR (%), as well
as by changes in the volume of the target lesion at 3 months.
Safety was assessed based on data from the registry and medical
records.

Results: The mean age of the patients was 47.3 + 6.1 years.
The most common complaints were bladder pressure (49.2%),
dysmenorrhea (24.2%), and menorrhagia (20.8%). The median
NPVR was 80% (IQR 48-90), and the mean was 68.2 =+
29.2%. An NPVR threshold of >60% was reached in 71.7%
of patients, >70% in 61.7%, >80% in 54.2%, >90% in 38.3%.
Median NPVR values were numerically higher in hypointense
and isointense nodules than in hyperintense nodules; however,
the overall between-group comparison did not reach statistical
significance (Kruskal-Wallis test, p=0.532). After 3 months, the
median reduction in the volume of the index nodule was 2.32%
(IQR 1.29-3.69), with a mean of 2.96 + 2.80%. No serious
complications requiring invasive intervention, emergency
hospitalization, or referral for surgical treatment were reported.

Conclusion: In a single-center setting, FUS-MRI
demonstrated high immediate post-procedural imaging efficacy
and a favorable safety profile. T2-weighted MRI characteristics
of the lesion showed a numerical association with NPVR in the
present cohort, although the between-group differences were
not statistically significant and should be interpreted cautiously.
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Introduction.

Uterine fibroids remain one of the most common benign
tumors of the female reproductive system and a significant cause
of abnormal uterine bleeding, pain, symptoms of pelvic organ
compression, reduced quality of life, and impaired reproductive
function. According to current data, the disease imposes a
substantial clinical, social, and economic burden, and the global
prevalence of uterine fibroids has remained high in recent
years, necessitating further refinement of organ-preserving and
minimally invasive treatment approaches [1,2].

Traditional surgical approaches, including myomectomy and
hysterectomy, remain an important part of the treatment of
symptomatic uterine fibroids; however, they are associated with
invasiveness, anesthetic burden, postoperative recovery, and
the risk of organ loss or scar formation. Consequently, organ-
preserving and minimally invasive technologies are gaining
increasing importance in modern clinical practice; the choice
of these approaches must take into account clinical symptoms,
the size and location of the fibroids, the patient’s reproductive
plans, and the balance between the expected efficacy and safety
of the procedure [3,4].

MRI-guided focused ultrasound ablation (MR-HIFU,
MRgFUS) is considered a non-invasive, organ-preserving
alternative for carefully selected patients with symptomatic
uterine fibroids. The method combines high-intensity focused
ultrasound with MRI navigation and MRI thermometry, allowing
for controlled thermal ablation of the tumor tissue without
a surgical incision. According to recent reviews, MR-HIFU
demonstrates a favorable safety profile and clinically significant
efficacy in some patients; however, treatment outcomes depend
on the anatomical characteristics of the tumor, its MR signal,
size, availability of an acoustic window, and the parameters of
the procedure itself [1,3,4].

Despite the accumulation of international experience, the
analysis of real-world treatment outcomes within the context
of a specific center—including an assessment of the immediate
therapeutic effect and the procedure’s safety profile—remains
important for clinical practice. Such data allow us to clarify
the clinical applicability of the method, compare local
results with the global literature, and identify factors that
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potentially influence the completeness of ablation and the early
morphological response.

Purpose of the study.

To evaluate the immediate imaging efficacy, early
morphological response, and safety of FUS-MRI treatment
for uterine fibroids based on immediate NPVR and changes in
fibroid volume over a 3-month follow-up period.

Materials and Methods.

This study was conducted as a prospective, single-center
study based on the treatment of patients who underwent MRI-
guided focused ultrasound ablation for symptomatic uterine
fibroids. The study reflects the results of FUS-MRI application
in clinical practice at the Multidisciplinary Center of Oncology
and Surgery in Ust-Kamenogorsk.

The results of treatment for patients who underwent FUS-
MRI ablation of uterine fibroids between December 20, 2019,
and October 7, 2024, were analyzed. The analysis included
120 patients with a complete set of clinical, procedural, and
instrumental data sufficient to evaluate the main parameters under
study. The study took into account the clinical characteristics of
the patients, the morphological features of the target myomatous
node, baseline instrumental parameters, technical characteristics
of the procedure, indicators of immediate post-procedural
effects, and parameters for retrospective safety assessment.

The study was approved by the Local Ethics Committee
(Protocol Number: No [4]; Date: 10.02.2023). Informed
consent for participation in the study and data processing was
obtained from all patients.

Inclusion and exclusion criteria:

The inclusion criteria were: voluntary informed consent to
participate in the study; the presence of symptomatic uterine
fibroids (menorrhagia, pain syndrome, infertility, pelvic organ
dysfunction); and the presence of a target fibroid considered
technically suitable for FUS-MRI based on preprocedural MRI
evaluation.

In the final cohort, treated index fibroids corresponded to
FIGO types 0-5, reflecting real-world patient selection based
primarily on technical feasibility, MRI accessibility, and the
presence of a safe acoustic window.

The criteria for excluding a patient from the study were the
presence of endometrial hyperplasia, pregnancy, the development
of severe complications from surgical treatment, the detection of
malignant or atypical changes during histological examination
of uterine fibroids and/or the endometrium, as well as refusal to
continue participating in the study at any stage.

The study analyzed the following parameters: patients’ clinical
and anamnestic characteristics; primary complaints at the time
of treatment; number of myomatous nodules; morphological
characteristics of the index nodule, including its MRI signal
intensity type on T2-weighted images;

the location of the node according to the FIGO classification;
linear and volumetric characteristics of the myoma and uterus;
anatomical parameters affecting the technical feasibility of the
procedure, including the thickness of subcutaneous fat, the
distance from the ultrasound focus to the center of the node, and
the distance from the center of the node to the sacrum; technical
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parameters of FUS-MRI, including the total number of sonication
sessions, the number of test and therapeutic sonication sessions,
the power of the treatment, energy characteristics, and the
volume of the treatment area (ROT); immediate post-procedural
efficacy indicators; data from a retrospective safety assessment.

The T2 signal intensity of the index node was classified as
hyperintense, isointense, or hypointense, and the location of the
node was assessed according to the FIGO system. Volumetric
parameters included baseline fibroid volume, uterine volume,
region of treatment (ROT) volume, non-perfused volume (NPV)
after contrast enhancement with Gadovist, and the percentage
of the coagulation ablation zone. Additionally, data on the
follow-up assessment of the nodule volume at 3 months and the
calculated percentage reduction were presented.

FUS-MRI was performed according to a standard protocol
using MR navigation and MR guidance during the procedure.
During the procedure, the total number of sonication pulses, the
number of verification pulses (Verify), the number of treatment
pulses (Treat), the Measured Power value, and the energy
parameters of the treatment—including the average, minimum,
and maximum sonication energy—were recorded. Additionally,
the volume of the treatment area (ROT) was recorded as one
of the technical parameters of the procedure. This ensured
a standardized description of the volume and intensity of the
ultrasound exposure.

The efficacy of FUS-MRI was assessed at two levels: based
on the immediate post-procedural instrumental effect and on the
early volume dynamics of the target lesion during follow-up.
The primary immediate instrumental criterion was non-perfused
volume (NPV), determined based on contrast-enhanced MRI
data after the procedure. Additionally, the percentage of the
coagulation ablation zone (NPVR (%)) was assessed, reflecting
the proportion of devitalized tissue within the treated nodule.

For follow-up, the volume of the index lesion at 3 months
and the percentage of its reduction relative to baseline were
recorded in the database. This parameter was considered an
early morphological response to treatment.

The safety of FUS-MRI was assessed based on the registry and
medical records. The primary focus was on the tolerability of
the procedure and the identification of serious adverse events,
particularly complications requiring invasive intervention,
emergency hospitalization, or referral for surgical treatment.
Additionally, the occurrence of clinically significant post-
procedural complications was taken into account. This approach
allowed for the characterization of the method’s safety profile.

Statistical analysis:

Data analysis was performed using descriptive and inferential
statistical methods. Quantitative variables were presented as
mean =+ standard deviation (M £ SD) for approximately normal
distributions and as median [interquartile range] for skewed
distributions. Categorical variables were presented as absolute
values and percentages, n (%). Differences in NPVR among
the T2-weighted MRI signal-intensity groups (hypointense,
isointense, and hyperintense) were assessed using the Kruskal—
Wallis test. This nonparametric test was chosen because NPVR
was analyzed as a non-normally distributed variable and the
hyperintense subgroup was small. A two-sided p value <0.05
was considered statistically significant.



Results.

The study included 120 female patients who underwent
FUS-MRI ablation of symptomatic uterine fibroids between
December 20, 2019, and October 7, 2024. The mean age of
the patients was 47.3 £ 6.1 years, with a median of 46.0 years
and an interquartile range of 43.0-49.5; the age range varied
from 38 to 67 years. The sample was dominated by patients of
late reproductive and perimenopausal age, which corresponds
to the typical age profile of women seeking organ-preserving
treatment for uterine fibroids.

Most common clinical complaints:

To analyze clinical symptoms, the primary complaint—
which served as the main reason for seeking treatment—was

recorded. The primary clinical symptoms in the study sample
were heterogeneous; however, most frequently, patients
reported complaints related to pelvic organ compression and
menstrual dysfunction. The most common reason for seeking
care was pressure on the bladder, reported by 59 patients
(49.2%). Dysmenorrhea was noted in 29 patients (24.2%),
menorrhagia in 25 (20.8%), while pelvic pain as the primary
complaint was observed less frequently—in 7 patients (5.8%).
The data obtained show that compression symptoms and
menstrual disorders predominated in the clinical presentation of
indications for FUS-MRI in this cohort.

Number of uterine fibroids:

According to instrumental assessment, the number of
myomatous nodules in a single patient ranged from solitary
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to multiple forms. The median number of nodules was 1 (IQR
1-2), while the mean was higher at 1.91 + 2.15. The maximum
number of nodules reached 11. Overall, the data indicate
a predominance of patients with single or few myomatous
nodules, while maintaining clinically significant heterogeneity
within the cohort.

Morphological characteristics of the index node:

To standardize the assessment of the therapeutic effect, the
primary myomatous node—selected as the target for treatment
and subsequent MRI follow-up—was included in the analysis.
The morphological characterization of the index node was
based on two key parameters: the topographic-anatomical type
according to the FIGO classification and signal intensity on T2-
weighted images.

FIGO type 2 was the most common among the index nodes,
with 62 cases (51.7%), indicating a predominance of nodes with
a predominantly intramural location and limited extension into
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the uterine cavity. FIGO type 1 was the second most common,
with 35 cases (29.2%). FIGO 0, 3, and 4 nodes were significantly
less common—=6 cases each (5.0% each), while FIGO 5 was
recorded in 5 cases (4.2%).

Based on T2-weighted imaging, the distribution was nearly
equal between hypointense and isointense nodules: 55 cases
(45.8%) and 54 cases (45.0%), respectively. Hyperintense
lesions were significantly less common, occurring in 11
cases (9.2%). This distribution was taken into account when
interpreting the direct results of FUS-MRI.

Initial instrument parameters of the index node and
anatomical constraints:

During the pre-procedural evaluation phase, the dimensional
characteristics of the target lesion and anatomical parameters
that could potentially affect the feasibility and safety of FUS-
MRI were analyzed. Key indicators included the maximum
diameter of the node, the initial volume of the myoma, the
thickness of the subcutaneous fat layer, the distance from the



Table 1. Demographic characteristics of the sample and the patients’
ages.

Indicator Meaning

Activation period 20.12.2019 - 07.10.2024
Number of female patients, n 120

Age, years (M + SD) 47,3+6,1

Age, years (Me; IQR) 46,0; 43,0-49,5

Age, years (min—max) 38-67

Table 2. Clinical complaints among female patients.

Complaints n %
Pressure on the bladder 59 49,2
Dysmenorrhea 29 24,2
Menorrhagia 25 20,8
Pelvic pain 7 5,8
Total 120 100,0

Table 3. Number of myomatous nodules per patient.

Indicator Meaning
Number of nodes (Me; IQR) 1;1-2
Number of nodes (M = SD) 1,91 £2,15
Number of nodes (max) 11

Table 4. Morphological characteristics of the index node (A,B).
A. Distribution according to the FIGO classification.

FIGO type n %
FIGO 0 6 5,0
FIGO 1 35 29,2
FIGO 2 62 51,7
FIGO 3 6 5,0
FIGO 4 6 5,0
FIGO 5 5 4,2
Total 120 100,0
A. T2 characteristic of the index node.

Signal type on T2-VI n %
Hypointense 55 45,8
Isointense 54 45,0
Hyperintense 11 9,2
Total 120 100,0

acoustic focus of the ultrasound to the center of the node, and
the distance from the center of the node to the sacrum.

Baseline instrumental parameters were characterized by
marked interindividual variability. The greatest heterogeneity
was observed for the volume of the myoma: with a median of
84.0 cm?, the mean was 194.1 £ 269.1 cm?, and the range of
variation was from 4.4 to 1189.0 cm®. The median maximum
diameter of the index node was 58.5 mm (IQR 43.0-74.0), and
the mean value was 64.3 = 28.0 mm.

From an anatomical and technical perspective, the median
thickness of the subcutaneous adipose tissue was 29.1 mm,
the median distance from the ultrasound focus to the center of
the myomatous nodule was 80.2 mm, and the median distance
from the center of the nodule to the sacrum was 35.8 mm. These
parameters characterize the depth of the target lesion and the
features of the acoustic window, which largely determine the
feasibility and technical performance of the MRgFUS procedure.
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The acoustic window is defined as a safe and energy-efficient
path for the ultrasonic beam to travel from the transducer to the
target nodule without the interposition of critically important
anatomical structures. Its quality depends on several interrelated
factors. First and foremost, the size of the uterine fibroid is of
significant importance: large nodules require a larger ablation
volume, a greater number of sonication cycles, and more precise
step-by-step coverage of the entire target, whereas with a large
lesion volume, the likelihood of uneven heating, prolonged
procedure time, and incomplete thermal ablation of peripheral
regions increases. Equally important is the location of the tumor
within the uterine structure: intramural and anterior wall fibroids
are generally more accessible to treatment, whereas posterior
wall, cervical, low-lying, subserosal, or fibroids located near
bony structures may limit the effectiveness of focusing due to
proximity to the sacrum, intestinal loops, or insufficient safety
margin.

A key limiting factor is the position of the small intestine in the
ultrasound beam’s field of view. The interposition of intestinal
loops, especially those containing gas, makes ultrasound
examination unsafe and unpredictable, since gas sharply disrupts
the propagation of ultrasound energy, causing its scattering
and reflection, and also increases the risk of off-target heating
of adjacent tissues. This is precisely why the presence of the
intestine in the beam path often requires preliminary preparation
of the patient, repositioning of the body, filling of the bladder or
rectum, as well as the use of techniques to displace the uterus
and intestinal loops to create an adequate acoustic window.

The anatomical position of the uterus itself is also of
fundamental importance. In anteversion/anteflexion, the uterus
is generally positioned more favorably for anterior ultrasound
access, whereas in retroversion/retroflexion, the angle of beam
entry changes, the depth of the target increases, and intestinal
interposition occurs more frequently, which can significantly
complicate the achievement of stable and safe focusing. In
addition, the configuration of the pelvic cavity, the height of
the uterine fundus, the degree of its rotation, as well as the
relationship of the uterus to the anterior abdominal wall and
pelvic bony landmarks all play a role.

The thickness of the subcutaneous fat layer is an additional
parameter that affects the acoustic window, since an increase
in soft tissue thickness along the beam path is accompanied by
attenuation of ultrasonic energy, a reduction in the intensity of
the effect at the focal point, and a potential increase in the risk of
overheating the tissues of the anterior abdominal wall. In turn,
the distance from the focus to the center of the lesion reflects
the depth of the therapeutic target: as this distance increases,
so do the requirements for sonication energy parameters and
the precision of temperature monitoring. The distance from the
nodule to the sacrum is also clinically significant, since with a
posterior location of the lesion and insufficient clearance from
bony structures, the risk of unwanted heating of the sacrum and
surrounding tissues increases. Thus, the size of the myoma, its
topography, the position of the uterus, its relationship to the
intestines, and the depth of the target location form the individual
characteristics of the acoustic window and, collectively,
determine the technical feasibility, safety, and potential efficacy
of MRgFUS therapy.



Table 5. Initial instrument parameters for the index node and anatomical constraints.

Parameter Me (IQR) M<£SD Min-Max
Maximum diameter of the mass (D), mm 58,5 (43,0-74,0) 64,3 + 28,0 22,0-117,0
Volume of the fibroid, cm? 84,0 (49,0-169,5) 194,1 £269,1 4,4-1189,0
Thickness of subcutaneous fat, mm 29,1 (22,9-39,2) 31,3+10,8 10,6-50,5
Distance from the ultrasound focus to the center of the mass, mm 80,2 (60,6-90,3) 74,6 20,2 40,1-114,3
Distance from the center of the mass to the sacrum, mm 35,8 (10,9-53,7) 33,6 £22,5 2,2-70,2

Table 6. Groups by initial size of the index node.

Group Volume criterion n %
Group 1 <50 cm? 38 31,7
Group 2 50-80 cm? 29 24,2
Group 3 >80 cm? 53 44,2
Total — 120 100,0

Table 7. Technical parameters of FUS-MRI therapy.

Parameter Me (IQR; range) M+=SD

Total number of sonication sessions, n 49 (34-74; 28-152) 57,1 £ 30,6
Verification sessions (Verify), n 1 (1-2; 1-6) 1,76 £ 1,30
Treatment sessions (Treat), n 48 (32-71; 25-151) 54,0 26,1
Measured Power, W 145 (130-150; 69-177) 142,0 £23,4
Sonication energy (average), J 3189 (2755-3634; 1696—4101) 3122,8 +£ 602,5
Sonication energy (maximum), J 5261 (4779-5703; 2433-7329) 5199,1 £ 974,2
Volume of the treatment area (ROT), cm? 84,0 (53,1-186,0; 4,2—650,0) 140,7 £ 133,9

Table 8. Immediate post-procedural instrumental effect based on MRI data.

Indicator Me (IQR; range) M+ SD
NPVR (%) based on post-procedural MRI data, % 80 (48-90; 10-100) 68,2 £29,2

Table 9. Achievement of clinically significant NPVR thresholds (%).

Threshold Percentage of patients, %
>60% 71,7
>70% 61,7
>80% 54,2
>90% 38,3

Table 10. NPVR (%) according to T2-weighted MRI signal intensity of the index lesion.

T2-weighted MRI signal intensity of the index lesion n NPVR, % (Me [IQR]) Min-Max
Hypointense 55 85 [48-95] 10-100
Isointense 54 80 [40-90] 10-100
Hyperintense 11 70 [60-85] 10-100

* Overall comparison: Kruskal-Wallis test, p = 0.532.
NPVR was compared across three independent groups using the Kruskal-Wallis test because the variable was analyzed as non-normally distributed
and the hyperintense subgroup was small (n = 11).

Table 11. Changes in the volume of the index lesion 3 months after FUS-MRI.

Measure Meaning, %
Change in node volume, M £+ SD 2,96 + 2,80
Change in node volume, Me (IQR) 2,32 (1,29-3,69)
Range 0,70-9,68

Table 12. Key safety indicators for FUS-MRI in the study cohort.

Indicator Meaning
Serious complications requiring invasive intervention, n (%) 0(0,0)
Referral for surgical treatment due to complications, n (%) 0(0,0)
Overall tolerability of the procedure Satisfactory
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Stratification of the index node by initial volume:

For further clinical interpretation, the index nodes were
stratified into three groups according to baseline volume: <50
cm?, 50-80 cm?, and >80 cm?.

The study sample was dominated by tumors larger than 80 cm?,
reflecting the inclusion of a significant proportion of patients
with clinically significant tumors. Smaller-volume nodules
were less common. This sample composition is important for
the subsequent interpretation of treatment technical parameters
and the immediate post-procedural effect, since nodule size
potentially influences both the ablation volume and the need for
a greater number of therapeutic sonication cycles.

According to Table 6, the largest proportion of cases was in
the group with a target lesion volume >80 cm? (44.2%), while
the groups with volumes <50 cm?® and 50-80 cm?® accounted
for 31.7% and 24.2%, respectively. This indicates that FUS-
MRI was used not only for small but also for relatively large
myomatous nodes, which increases the practical significance
of the subsequent analysis of efficacy depending on the initial
volume.

Technical parameters of the treatment:

The technical parameters of FUS-MRI were characterized
by the expected variability resulting from differences in the
size, depth, and morphological features of the target lesion.
The median total number of sonication sessions was 49, of
which 48 were therapeutic sonication sessions. The median
measured power was 145 W, the median average ablation
energy was 3,189 J, and the median maximum energy was
5,261 J. The volume of the treatment area (ROT) varied widely,
reflecting the individualized nature of the ablation protocol and
the dependence of the treatment volume on the clinical and
anatomical characteristics of the node.

Immediate post-procedural instrumental effect:

The immediate procedural efficacy of FUS-MRI was assessed
based on contrast-enhanced MRI performed immediately after
the procedure. The primary endpoint in this analysis was the
percentage of the NPVR coagulation ablation zone (%) as
determined by post-procedural MRI. The median value was
80% (IQR 48-90), indicating a significant volume of devitalized
tissue in most patients.

As shown in Table 8, the median NPVR (%) was 80% (IQR
48-90), with a mean of 68.2 + 29.2%. The upper limit of the
distribution reached 100%, reflecting the possibility of achieving
nearly complete devitalization of the node in some patients
under favorable anatomical and morphological conditions.

Achievement of clinically significant NPVR thresholds (%):

For clinical interpretation of the immediate result, the
proportion of patients who achieved predefined NPVR
thresholds (%) was additionally assessed. This approach allows
the treatment efficacy to be presented in a practical format that is
convenient for clinical interpretation and comparison with data
from published studies, where similar thresholds are often used
as benchmarks for the technical success of ablation.

As shown in Table 9, more than 70% of patients achieved a
threshold of >60%, and more than half achieved a threshold of
>80%, indicating a high rate of achieving a clinically significant
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immediate post-procedural effect. The gradual decrease in the
proportion of patients as the thresholds become stricter, up to
>90%, reflects the expected clinical and anatomical difficulty of
achieving nearly complete coagulation-induced devitalization
of the node.

Distribution of the ablation index according to the T2
characteristics of the lesion:

Median NPVR values differed numerically across T2-weighted
MRI signal-intensity groups, being highest in hypointense
fibroids, intermediate in isointense fibroids, and lowest in
hyperintense fibroids. Specifically, median NPVR values
were 85% [48-95] in the hypointense group, 80% [40-90]
in the isointense group, and 70% [60-85] in the hyperintense
group. However, the overall between-group comparison did not
reach statistical significance (Kruskal-Wallis test, p = 0.532).
Therefore, these findings should be interpreted as exploratory
rather than confirmatory.

As shown in Table 10, median NPVR values were numerically
lower in hyperintense fibroids than in hypointense and isointense
fibroids; however, these differences were not statistically
significant. Accordingly, the observed pattern should be
interpreted with caution and may be considered hypothesis-
generating rather than definitive.

3-month trend in the volume of the index node:

To assess the early morphological response following FUS-
MRI, the volume of the index lesion was analyzed after 3 months
of follow-up. According to follow-up MRI data, a trend toward
a decrease in the volume of the treated lesion was observed in
the study cohort, which is consistent with the expected early
stage of post-ablation remodeling. At the 3-month mark, the
morphological response has not yet reached its maximum extent,
as the processes of tissue resorption and structural remodeling
continue into later time points.

According to descriptive statistics, the median reduction in the
volume of the index node at 3 months was 2.32% (IQR 1.29-
3.69), and the mean was 2.96 +2.80%. The range of the indicator
varied from —0.70% to 9.68%, indicating heterogeneity in the
early morphological response within the study cohort. In most
cases, a positive trend was observed, whereas isolated minimal
negative values may reflect variability in MRI measurements,
features of post-irradiation edema, or incomplete devitalization
of the nodal tissue.

Thus, the observed 3-month reduction in fibroid volume should
be interpreted as an early imaging marker of post-ablation
remodeling rather than as a definitive estimate of long-term
therapeutic benefit. A longer follow-up period is required to
determine the full extent of fibroid shrinkage and its relationship
to symptom relief.

Safety:

According to our data, no serious complications requiring
invasive intervention, referral for surgical treatment, or
emergency hospitalization were reported in the study cohort.
Overall, the procedure was well tolerated. Thus, FUS-MRI
analysis demonstrated a favorable safety profile in the setting of
routine clinical practice at a single center.

Thus, in the study cohort, FUS-MRI demonstrated a high
immediate post-procedural instrumental effect, a high rate of



achieving clinically significant thresholds in the coagulation
ablation zone, and a favorable safety profile. Although median
NPVR values were numerically lower in T2-hyperintense
fibroids, the overall between-group comparison was not
statistically significant; therefore, this observation should be
interpreted as exploratory.

Discussion.

In this study, FUS-MRI demonstrated a high immediate post-
procedural therapeutic effect and a favorable safety profile in
a single-center routine practice setting. The median percentage
of the coagulation ablation area was 80%, with 71.7% of
patients reaching the >60% threshold and 54.2% reaching the
>80% threshold. These data allow the results to be considered
clinically significant and generally consistent with the concept
of MR-HIFU as a technically effective non-invasive treatment
method in carefully selected patients with symptomatic
uterine fibroids. Current reviews indicate that MR-HIFU ranks
among organ-preserving technologies alongside uterine artery
embolization and radiofrequency methods, and the achieved
effect largely depends on the size of the tumor, its location, the
acoustic window, and the MR characteristics of the tissue.

These findings are noteworthy in the context of expanding the
range of organ-preserving treatments for symptomatic uterine
fibroids. While myomectomy and hysterectomy remain important
options, minimally invasive and non-invasive technologies
are becoming increasingly significant, as they reduce the
invasiveness of treatment and preserve the uterus. A major 2025
review noted that MR-HIFU is one of the current alternatives
for patients with suitable clinical and anatomical characteristics;
however, the method’s efficacy cannot be considered outside
the context of proper patient selection. A similar rationale is
reflected in the 2025 JOGC clinical guidelines, where energy-
based uterus-sparing methods are considered part of the modern
therapeutic spectrum for symptomatic uterine fibroids [3,4].

Our safety data are also consistent with the published literature.
No serious complications requiring invasive intervention,
emergency hospitalization, or referral for surgical treatment
were reported in the study cohort. This is consistent with the
findings of the systematic review by Kociuba et al., in which
MRgFUS is characterized as a generally safe technology with a
relatively low incidence of major adverse events, as well as the
2024 review by Ali et al., according to which HIFU for uterine
fibroids is characterized in most cases by mild and transient side
effects, with severe complications being rare. Thus, data from
our center confirm the favorable safety profile of MRgFUS in
real-world clinical practice [5-8].

We would like to specifically highlight the relationship
between the immediate effect and the MRI type of the nodule.
In our cohort, median NPVR values were numerically higher in
hypointense and isointense nodules and lower in hyperintense
nodules. However, the overall between-group comparison did
not reach statistical significance (Kruskal-Wallis test, p=0.532).
Therefore, this pattern should be interpreted cautiously as an
exploratory observation rather than as definitive evidence of a
T2-dependent difference in ablation efficacy. At the same time,
recent studies suggest that the T2 characteristics of a myoma
may reflect features of its internal structure and perfusion and
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may therefore be associated with the efficacy of thermal ablation.
In the study by Jiang et al., hyperintense nodules were considered
a more challenging category for HIFU treatment, while the
study by Zhou et al. emphasized the significance of preoperative
prediction of NPVR based on T2-MRI features [5,6].

In practice, the numerical pattern observed in this cohort may
still be of clinical interest; however, given the lack of statistical
significance and the small size of the hyperintense subgroup, it
should not be overinterpreted. Rather, it may be regarded as a
hypothesis-generating finding that warrants validation in larger
cohorts with balanced subgroup sizes. This is consistent with the
modern approach to individualized treatment planning, which
takes into account the size, location, and tissue characteristics
of the nodule, as well as the patient’s reproductive plans [3-6].

When comparing our results with the literature, it should be
noted that direct quantitative comparisons between studies
are limited by differences in study design, inclusion criteria,
type of HIFU navigation, ablation protocols, the composition
of the included nodes, and methods for calculating endpoints.
Nevertheless, the overall trend of the data is consistent: HIFU
is considered an effective and relatively safe uterus-sparing
technology, and in meta-analyses, compared with surgical
approaches, it has been associated with faster recovery and a
lower incidence of major complications, with comparable rates
of symptom control in a subset of patients [3,9].

At the same time, the clinical significance of the method in a
broader sense is determined not only by the percentage of the
coagulation ablation zone achieved (NPVR (%)), but also by
the subsequent reduction in symptoms, changes in tumor size,
quality of life, frequency of repeat procedures, and reproductive
outcomes. According to the current literature, it is precisely the
long-term effects that are significant for the patient that remain
one of the most important areas for further research in the field
of HIFU technologies for uterine fibroids [3]. Accordingly, the
3-month volume change reported in the present study should not
be interpreted as a surrogate for final clinical benefit, particularly
with respect to compression symptoms, menstrual symptoms,
and quality-of-life improvement.

This study has several limitations. First, it was conducted at a
single center, which may limit the generalizability of the findings.
Second, the assessment of treatment outcomes was focused
primarily on immediate post-procedural imaging parameters and
early 3-month morphological changes. Therefore, the present
dataset does not permit a direct assessment of clinical efficacy
in terms of symptom relief or quality-of-life improvement.
Third, the follow-up period for fibroid volume assessment was
limited to 3 months, which reflects only the early phase of post-
ablation tissue resorption and remodeling rather than the final
therapeutic effect. Finally, the comparison of NPVR across T2-
weighted MRI signal-intensity groups should be interpreted in
light of the unequal group sizes, particularly the small number
of hyperintense fibroids. These limitations should be taken into
account when interpreting the results and comparing them with
published studies.

Conclusion.

In a single-center setting, FUS-MRI demonstrated high
immediate instrumental efficacy and a favorable safety profile.



Most patients achieved substantial immediate post-procedural
devitalization of the target lesion, and no serious complications
requiring surgical intervention were observed. Although median
NPVR values were numerically lower in hyperintense nodules
than in hypointense and isointense nodules, the between-group
differences were not statistically significant in the present cohort
and should therefore be interpreted as exploratory. Overall, the
findings confirm the technical feasibility, favorable short-term
imaging profile, and safety of FUS-MRI. Further studies with
larger cohorts and longer follow-up are needed to clarify the
role of MRI-based predictors and to assess clinical efficacy in
terms of symptom relief and quality-of-life improvement.
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