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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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.

Key words. Uterine fibroids, FUS-MRI, MRgFUS, HIFU, 
non-perfused volume, NPVR, magnetic resonance imaging, 
organ-preserving treatment, safety, efficacy.
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 

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.
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Figure 1. Distribution of NPVR (%) based on contrast-enhanced MRI performed immediately after FUS-MRI.

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 

Figure 2. Cumulative achievement of clinically significant thresholds for the percentage of the coagulation ablation area in the study cohort.
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Figure 3. Median percentage of the coagulation ablation zone as a function of the T2 characteristics of the index node.

Figure 4. Distribution of the percentage change in the volume of the index node after 3 months of observation (n=120).

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 

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 
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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 cm³, the mean was 194.1 ± 269.1 cm³, and the range of 
variation was from 4.4 to 1189.0 cm³. 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. 

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.

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

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 2. Clinical complaints among female patients.

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 3. Number of myomatous nodules per patient.

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.	 Distribution according to the FIGO classification.

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

A.	 T2 characteristic of the index node.

Table 4. Morphological characteristics of the index node (A,B).
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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, cm³ 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 5. Initial instrument parameters for the index node and anatomical constraints.

Group Volume criterion n %
Group 1 < 50 cm³ 38 31,7
Group 2 50–80 cm³ 29 24,2
Group 3 > 80 cm³ 53 44,2
Total — 120 100,0

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

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), cm³ 84,0 (53,1–186,0; 4,2–650,0) 140,7 ± 133,9

Table 7. Technical parameters of FUS-MRI therapy.

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

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

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

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

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

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

* 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).

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

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

Table 12. Key safety indicators for FUS-MRI in the study cohort.
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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 
cm³, 50–80 cm³, and >80 cm³.

The study sample was dominated by tumors larger than 80 cm³, 
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 cm³ (44.2%), while 
the groups with volumes <50 cm³ and 50–80 cm³ 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 

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 
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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 

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. 



182

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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