Hayka u 3apaBooxpanenue, 2025 T.27 (5) 0030p JuTepaTyphbl

Received: 24 August 2025 / Accepted: 30 November 2025 / Published online: 30 December 2025

DOI 10.34689/SH.2025.27.6.020 Thio work s foereod undora
BY International License

UDC 618.14-006.36-073.756.8

MAGNETIC RESONANCE-GUIDED FOCUSED ULTRASOUND IN
GYNECOLOGY: FUNDAMENTALS AND SAFETY, POTENTIAL IMPACT
ON FERTILITY AND PREGNANCY OUTCOMES. LITERATURE REVIEW

Malika M. Meirmanova?, https://orcid.org/0000-0002-0435-4389
Aizhan A. Abiltayevaz2, https:/lorcid.org/0000-0002-0172-9202
Askar M. Abiltayev3, https://orcid.org/0000-0003-4127-2347
Ayan O. Myssaev4, https://orcid.org/0000-0001-7332-4856;
Gaukhar M. Myssayevas, https://orcid.org/0000-0002-0839-8581;
Yernar K. Kairkhanov3, https:/lorcid.org/0000-0001-7289-3272
Rustem S. Kazangapov3, https://orcid.org/0000-0003-1513-7432
Zuhra S. Siyazbekova?2, https://orcid.org/0000-0001-9244-7085

1 East Kazakhstan Multidisciplinary Center of Oncology and Surgery, Ust-Kamenogorsk, Semey;
2NCJSC “Semey Medical University”, Semey, Republic of Kazakhstan;
3NCJSC “Semey Medical University”, Pavlodar Branch, Pavlodar, Republic of Kazakhstan;
4NCJSC “Astana Medical University”, Astana, Republic of Kazakhstan;
5LPP “MedcenterUltraline”, Astana, Republic of Kazakhstan.

Abstract

Background and Objective. Uterine fibroids are the most common benign tumor in women of reproductive age (20-
40%). Given the trend toward delayed childbearing and the high frequency of hysterectomies, organ-preserving, minimally
invasive methods such as Magnetic Resonance-Guided Focused Ultrasound (MRgFUS) ablation are becoming highly
relevant. The objective of this review is to study and systematize publications on the use of MRgFUS technology, focusing on
its impact on fertility and reproductive outcomes.

Methods. A comprehensive and systematic search of scientific literature from the last 10-20 years was conducted in
databases (PubMed, Medline, Google Scholar, etc.) using keywords including “MRgFUS,” “uterine fibroids,” “fertility,” and
“HIFU.” Out of 1247 identified studies, 46 of the most relevant publications meeting strict criteria were included in the final
review.

Results. MRgFUS ablation is a safe and effective method based on the thermal coagulative necrosis of myoma tissue.
Efficacy depends on the histological structure of the fibroid (hypointense on T2WI is preferred) and careful patient selection.
Live birth rates after MRgFUS are encouraging, ranging from 41% to over 70%. The miscarriage rate (8-28%) is comparable
to that following other conservative interventions and is lower than after Uterine Artery Embolization. MRgFUS preserves
uterine integrity and does not increase the risk of uterine rupture or placental abnormalities. However, the reintervention rate
may be higher than after myomectomy.

Conclusions. MRgFUS is a promising, minimally invasive option for fertility preservation in women with uterine fibroids.
Reproductive outcomes are comparable to other conservative methods. Treatment success critically depends on strict
patient selection and technical aspects. Large prospective randomized studies are necessary to clarify long-term
reproductive outcomes and optimize protocols, especially in combination with Assisted Reproductive Technology.

Keywords: radiological diagnostics, focused ultrasound, MRI, ablation, uterine fibroids, uterine adenomyosis, fertility,
pregnancy.
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Llenb wuccneposaHus. Mwuoma maTkn - Haubonee pacnpocTpaHeHHas A0BpoKayecTBEHHas OMYXOMb Y KEHLUMH
penpogyktuBHoro Bo3pacta (20-40%). YuuTbiBas TEHAEHUMKO K OTKNAgblBaHWIO AETOPOKOEHUS W BbICOKYID 4acToTy
MMCTEPIKTOMUIA, 0COOYH aKTyanbHOCTb MpUOBpeTaloT OpraHOCOXPaHSIOLME, MaoONHBA3MBHbIE METObI, Takne kak abnsauus
(hOKyCMPOBaHHbIM yrbTpasBykoM nog KouTponem MPT (®Y3 MPT). Lenb ob3opa - n3yuuTb W CUCTEMATW3MPOBAThH
nybnukaumm 06 ucnonb3oBanum TexHonmorum ®Y3 MPT, cokycuMpoBaBlUMCL HA €€ BAWSHWW Ha (DEPTUILHOCTL W
penpoayKTUBHbIE pe3ynbTaThl.

Metogbl. [poBeseH KOMMMEKCHBIN U CUCTEMATUYECKMIA MOMUCK Hay4HOW nuTepaTypsl 3a nocnegHue 10-20 net B Gasax
paHHbIX (PubMed, Medline, Google Scholar u gp.) ¢ ucnonb3oBaHWem kroyeBblx cnos, Bkmovas “MRgFUS”, “uterine
fibroids”, “fertility”, n «®Y3 MPT». W3 1247 npeHTUdMLMPOBaHHbIX paboT B huHanmbHbIA 0630p Obinu BkMKOYEHb 46
Hanbonee peneBaHTHbIX MyOnMKaLuil, COOTBETCTBYHOLWX CTPOTUM KPUTEPHUSIM.

Pesynbtatbl. Y3 MPT -abnsuus ssnsetcs 6esonacHbiM 1 athheKTUBHBIM METOAOM, OCHOBAHHBIM Ha TEPMUYECKOM
KOarynsU{OHHOM HEKPO3e MWOMATO3HOW TKaHW. JS((EKTUBHOCTb 3aBUCUT OT TUCTONOMMYECKON CTPYKTYPbl MMOMbI
(MpeanoyTMTENBHBI MMNOMHTEHCUBHBIE HA T2WI) v TwatensHomy oTOOpy mauueHToB. [okasaTenu XWBOPOXAEHWANOCHe
MRgFUS obHagexuBatoT, Bapbupysice oT 41% fo 6onee 70%. Yactorta Bbikuabiwen (8-28%) conoctaBuma C TakoBOW
nocne gpyrix KOHCEPBATMBHBIX BMELLATENBCTB W HUXKE, YEM Mocre ambonuaaumuy maTouHbix aptepui. ®Y3 MPT coxpansieT
LienoCTHOCTb MaTki 1 He MOBbLIWWAET PUCK paspblBa MaTku WM aHoManuii nnaueHTaumu. OpHako, YactoTa MOBTOPHbIX
BMELLATENbCTB MOXKET ObITb BbILLE, YEM MOCHE MUOMIKTOMUM.

BbiBoabl. ®Y3 MPT sBnsetcs nepcnekTMBHOW, MUHUMAMbHO WHBA3WBHOWM OMLWENR ANs COXpaHeHWs epTUIbHOCTY Y
KEHWMH C MWOMOW MaTki. PenpogyKTUBHbIE MCXOAbl COMOCTaBMMbI C APYrMMU KOHCEpPBATUBHbIMU MeTodamu. Ycnex
NEYEHNsT KPUTMYECKM 3aBMCMT OT CTPOroro OTGopa MaUMEHTOB W TEXHUYECKUX acnekToB. Heobxoaumbl KpynHble
MPOCMNEKTUBHbIE PaHLOMM3MPOBAHHbIE WCCNEdOBaHUA AN YTOMHEHWS AONTOCPOYHbIX PEMPOAYKTUBHBIX Pe3yNbTaTtoB U
ONTUMK3ALMM MPOTOKONOB, 0COBEHHO B COYETaHNUN C BCOMOraTeNbHbIMU PENPOLYKTUBHBIMU TEXHOMoruamu (BPT).

Knroyesnie criosa: nyqegas QuasHocmuka, (hokycuposaHnHbill ybmpa3ssyk, MPT, abnayus, Muoma Mamku, adeHoMuo3
Mamku, hepmurnbHOCMb, 6epeMeHHOCMb.
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©3eKTiniri MeH makcartbl. XKaTblp MMOMackl - PENPOAYKTUBTI XacTarbl aienaep apacbiHaa Xui Ke3neceTiH KaTepcia
icikTepLiH, eH, keH, TapanfaH Typi (20-40%). PenpogykTuBTi dyHKLMSIHBI KERiHTE Kanabipy YPAICIH XaHEe rMCTEPIKTOMUSIHBIH,
KOFapbl XMINiriH eckepe OTbIPbIN, ar3aHbl cakTayra OafblTTanfaH, MUHAManAbl MHBA3MBTI SAICTEPAiH, COHbIH iliHAE
MarHuTTiK-pe3oHaHCTbIK Tomorpadma (MPT) 6akbinaybiMeH dokycTenreH ynbTpagbiObiCTbik abnaunsHbid, (MPT-BOY)
KNMWHUKAIbIK, MaHbI3abIMblfbl aPThIM OTbIP.

LonyakiH, MakcaTbl - MPT-BOY TexHONOrMAChIH KOMAAHY XeHHAer 3amaHayun fbinbIMA XapusnaHbiMaapasl Tanjay
KaHe Kymerney, OHblH, (hepTUNbAIKKe XaHe PENpPOAYKTUBTI HaTUXenepre biknanblH baranay.

dpictepi. Conrbl 10-20 XbIn apanblFblHAA Xapblk KepreH fbinbiMu LepekkesgepiHoe (PubMed, Medline, Google
Scholar xaHe 1.6.) «MRgFUS», «uterine fibroidsy», «fertility» xaHe «PY3 MPT» ce3nepi GoibIHLWA Xyheni KaHe KelleH[
amebu igey kyprisingi. AHbikTanFaH 1247 MakanaHblH, iLiHEH ipiKTey KpuTepuinepiHe Calikec keneTiH 46 3eptTey
Tangayra eHrisingi.

Hatuxenepi. MPT-B®Y - muomatosgbl TiHre OGafbiTTanfaH XOfapbl KapkbiHAbl YNbTPaAblObICTbIK 3HEPrUsHbIH,
9CEpiHEH TePMOKOarynaLusbik 4eCTPYKLUMA TYbIHAATATbLIH KAYiNCi3 api TMIMAi PenpoayKTUBTI af3aHbl CakTay afici. SMICTiH,
HaTVXENIAir M1OMaHbIH, MOpdonorusanbl KypbinbiMblHa (T2WI keckiHOepiHAe TMNOMHTEHCUBTI curHangbliH, 6acsim 6onybi)
XaHe NaLMeHTTi JypbIC TaHAay TakTUKacblHa Tayerngi.

MPT-B®Y-gaH keitiH Tipi 6ocaHy xwiniri o, HaTwxenep kepceTesi - 41%-aaH 70%-+a aeliH. Tycik Tactay xuiniri (8-28%)
facka KoHcepBaTWBTI apanacynapfaH KeiiHri KepcCeTKiLUTEepMEH CanbiCTbipManbl XKaHe ’XaTblp apTEPUSCHIHbIH,
ambonu3aLmsCbIHaH KaparaHaa TOMEH.

MPT-BOY xaTbipblH, aHAaTOMUANBIK XaHE (PYHKLUMOHANIbIK TyTaCTbiFblH CakTangbl, MMOMETPUILiH, NnepdopaLmsacsl
MeH nnaLeHTapmblk UMNNaHTaLmMs akaynapbiHbiH, AaMy kayniH apTTeipmMainasl. [lereHMeH, kaTanama apanacy KkaxeTTiniri
MWOMAKTOMUSIDAH KaparaHaa Xofapbl 60Mybl MyMKiH.

KopbiTbiHAbINap. MPT-BOY - xatblp mMuomacel Gap siengepae penpomyKTvBTI (PYHKUMSHBI CakTay TypFbiCbiHAH
NepCrnekTUBTI, MUHUManbl MHBA3WBTI eMaey apici. PenpoaykTuBTi HaTwxenep TMiMainiri GoibiHwa 6acka penpoayKTUBTI
ar3aHbl CakTay TacingepiMeH canbiCTblpManbl. EMHIH - TMiMAININ nauueHTTi JQypbiCc ipikTeyre XaHe npoLeaypaHbiH,
TEXHUKanbIK, NapameTprepiHe Tikenen bannaHbICTbI.

¥3aK Mep3imMIi penponyKTUBTI HaTUXenepi HakTbinay XaHe emaey xaTramanapblH, acipece KeMekKLi penpoayKTUBTI
TexHonorusnapmeH (KPT) yinecTipyai oHTainaHgbIpy yLUiH ipi IPOCNEKTUBTI paHAOMU3aLMsANaHFaH 3epTTEYNEep Kaxer.

TyliHdi ce3dep: caynenik OuaeHocmuka, ¢hokycmeneeH ynbmpadbibbic, MPT, abnsyus, Xambip MUOMack,
adeHomuo3, hepmusbOiK, KyKmirik.
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Introduction

Uterine fibroids are the most prevalent benign tumors of
the female reproductive tract, affecting between 20% and
40% of women during their reproductive years [31,39]. The
incidence peaks in women over 35, with an overall
prevalence reaching 90% in the 25-45 age group. In recent
decades, there has been a noticeable trend toward
detecting fibroids in women nearing the end of their
childbearing potential. This phenomenon is largely
attributed to social factors, particularly the decision by many
to postpone childbearing until later in their reproductive
period. Consequently, the proportion of surgical procedures
for uterine fibroids in gynecological hospitals ranges from
41% to 74% [17].

The management of patients with uterine fibroids
necessitates a differentiated approach, which is determined
by a complex interplay of factors: the patient's age, clinical
presentation, size and characteristics of the myomatous
nodules, tumor growth rate, and the extent of the fibroid's
impact on reproductive function.

The problem of uterine fibroid treatment remains a
central focus in both national and global gynecology. While
the necessity of radical surgical intervention is undisputed in
cases involving acutely severe symptoms or giant nodules,
there are persistent concerns regarding the high rate of
hysterectomies and the optimal management strategy for
asymptomatic fibroids. Given that approximately one in four
women undergoing fibroid-related surgery is under the age
of 40, the primary goal of surgical treatment, following
myomectomy, is unequivocally the preservation of
reproductive function. This underscores the increasing
importance of organ-sparing and minimally invasive
treatment modalities for young women.

One such relatively new technique that has entered
clinical practice in recent years is Magnetic Resonance-
Guided Focused Ultrasound (MRgFUS) ablation for uterine
fibroids.

The MRgFUS technology is based on the remote
delivery of high-intensity focused ultrasound energy. Using
precise MRI navigation, the ultrasound beam is focused
onto the pathological target area inside the body. Within a
few seconds, the tissue at the focal point is heated to a
temperature sufficient for thermal necrosis (ablation), while
the surrounding healthy tissues remain unaffected (intact).
This method achieves a non-invasive, strictly localized
destruction of tumor cells, effectively meeting the criteria for
an ideal surgical tool [45].

MRgFUS represents a non-invasive, organ-sparing
treatment for uterine fibroids and adenomyosis, increasingly
considered for women desiring fertility preservation. Current
literature suggests that MRgFUS does not significantly
impair fertility and is associated with encouraging
pregnancy outcomes, including high live birth rates and a
low incidence of severe complications. A number of studies
and meta-analyses report that pregnancy and live birth

rates after MRgFUS are comparable to those following
other conservative treatments, with miscarriage rates
similar to the general population or other interventions [10,
16, 18, 25, 28, 29, 37]. However, the evidence base is
limited by a lack of large prospective trials, and some
authors point to a higher rate of repeat interventions
(reinterventions) compared to surgical options like
myomectomy or Uterine Artery Embolization (UAE)
[10,25,41]. Overall, MRgFUS appears to be a safe and
effective fertility-preserving option, yet careful patient
selection and further research are warranted to clarify long-
term reproductive outcomes and optimize protocols [10, 16,
18, 25, 28, 29].

The aim of this study is to examine and systematize
publications on the use of MRgFUS ablation technology for
the subsequent refinement of this treatment method,
specifically to investigate the impact of MRgFUS on female
fertility and reproductive outcomes.

Methods

To achieve the stated objective-investigating the impact
of MRgFUS ablation on fertility and reproductive outcomes-
a comprehensive and systematic search of the scientific
literature spanning the past 20 years was conducted. The
key search terms used across both Russian- and English-
language databases (PubMed, Medline, Cinahl, Embase, e-
library, Cochrane, Health star, Google Scholar, and
Consensus) included: “uterine fibroids”, “MRI for uterine
fibroids”, ‘radiological diagnostics of uterine fibroids”,
‘pregnancy”, “MRgFUS for uterine fibroids”, “fertility”,
“MRgFUS”, “HIFU” and “pregnancy outcomes”.

Inclusion Criteria:

The analysis included publications that met the
following criteria:

o Publications available in both Russian and English
languages.

o Articles addressing the application of MRgFUS for
uterine fibroids and its influence on reproductive function
predominantly published within the last 20 years (with the
potential inclusion of older works deemed to hold significant
scientific or historical value).

o Studies containing clearly formulated and statistically
substantiated conclusions.

o Full-text articles retrieved from the aforementioned
scientific databases.

Exclusion Criteria: The following were excluded from
the review: meeting abstracts, newspaper articles, and
personal communications.

The initial search, based on the key queries,
encompassed over 100,000 scientific articles, which led to
the identification of 1,247 potentially relevant works.
Following a preliminary screening, 196 of the most relevant
articles were selected for subsequent in-depth analysis
(Figure 1).
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Figure 1: Flow diagram of the literature search and selection process. Four unique search strategies were used,
combining terms for MRgFUS, fertility, pregnancy, and comparative treatments.

As a result of thorough screening and criterion
assessment, 46 publications-representing the most
authoritative and relevant studies-were ultimately included
in this final review and served as its foundation.

Given the substantial volume and fragmented nature of
the information available on this topic, particular emphasis
within this review will be placed on the patient selection
criteria, the technical principles of MRgFUS ablation, and its
direct impact on fertility and reproductive outcomes.

Results

Physico-Biological
MRgFUS Action

The continuous development of therapeutic options for
treating uterine fibroids remains highly relevant [21]. Among
the organ-sparing techniques, non-invasive focused
ultrasound ablation (FUS) guided by Magnetic Resonance
Imaging (MRI) holds a special place, as it often allows
patients to avoid hospitalization [3, 11, 42].

The primary physiological effect of MRgFUS is thermal
ablation. The temperature increase within the target tissue
causes protein denaturation and irreversible cell damage,
leading to coagulative necrosis, tumor growth arrest, and
subsequent regression. The extent of thermal injury is
dependent on the exposure time and the temperature
reached [3, 7, 8, 35].

An important secondary mechanism is the occlusion of
vessels supplying the tumor. This is achieved through the
thermal closure of microvessels, the collapse of vessels due
to the destruction of surrounding tissue followed by fibrosis,
and the activation of thrombotic processes resulting from
endothelial reaction or mechanical vessel damage by
acoustic waves [7, 46].

Furthermore, focused ultrasound is capable of
modulating the immune response and potentially
suppressing carcinogenesis. This occurs through the
antigenic properties of damaged tumor proteins, local
inflammatory reactions generating effector cells, the release
of heat shock proteins, and a reduction in
immunosuppressive cytokines [20, 46]. Although these

Principles and Mechanism  of

immunological effects may be insufficient for independent
tumor growth control [43, 44], they contribute to the overall
therapeutic efficacy.

The Role of MRI Guidance and Thermometry

The integration of therapeutic ultrasound with MRI
visualization has established MRgFUS as one of the
fastest-growing therapeutic technologies. MRI visualization
enables precise localization of the target tumor and its
margins, as well as clear visualization of the surrounding
anatomy. A key feature of MRI is its ability to monitor
temperature changes in real-time, thereby creating a
closed-loop control system [8, 14, 32].

MR thermometry is based on the temperature-
dependent shift in the resonance frequency of water
protons, which makes it highly suitable for thermometry [15,
24]. Crucially, this temperature sensitivity is independent of
the tissue type and the process of thermocoagulation,
rendering MRI a reliable technology for non-invasive
monitoring of FUS ablation [19, 26, 36]. The main limitations
of the method include susceptibility to patient motion and
inaccuracies in fatty tissues.

Overall Efficacy and Methodological Predictors

The treatment process, known as sonication, involves
the pulsed delivery of FUS energy, with treatment duration
varying from a few seconds up to 20 seconds, depending
on the desired coagulation temperature [1, 23]. The
software provides automatic configuration of the treatment
zone, aiming for a sub-millimeter boundary between healthy
and target tissue [5, 27, 30, 40]. MRI thermography allows
for closed-loop control of energy deposition with high spatial
and temporal resolution [6, 12, 38].

Numerous publications have confirmed the safety and
efficacy of MRgFUS [1; 2; 5; 9; 14; 15; 19; 20; 23; 24; 26;
27; 30; 32; 36; 40; 43; 44; 46]. Clinical efficacy assessment
has shown an increase in the Non-Perfused Volume (NPV)
and a significant reduction in fibroid symptoms, as
measured by the Symptom Severity Score (SSS) and
Quality of Life (UFS-QOL) scale [38]. An increase in NPV
strongly correlates with fibroid size reduction and a lower
frequency of repeat interventions [3,24].
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A meta-analysis of 10 studies reported that the overall
improvement in SSS six months post-MRgFUS averaged
31.0 (95% Cl 23.9-38.2), indicating substantial symptomatic
relief.

Influence of Location and T2WI Signal Intensity

MRgFUS efficacy can be influenced by fibroid
characteristics:

Location; Studies have shown that MRgFUS can treat
fibroids of various locations, including submucosal fibroids
and pedunculated subserosal fibroids [7,40]. For example,
treatment of submucosal fibroids showed an average NPV
of 80% and a size reduction of 90.1% at 24 months, though
its superiority over hysteroscopic myomectomy has not
been definitively proven yet [5].

T2WI Signal Intensity: MRI T2-weighted imaging is used
for planning, as signal intensity correlates with vascularity
and response to therapy. Hypointense fibroids on T2WI
have been found to yield a higher average NPV (86.3%)
and better long-term outcomes compared to hyperintense
fibroids (67.6%) [3,9,38,45]. Slightly homogeneous
hyperintense fibroids pose a particular challenge, with an
average NPV of only 55.8%, potentially making them an
exclusion criterion or requiring more meticulous selection
[3,34,45].

Impact of MRgFUS on Fertility and Pregnancy
Outcomes

Initially, MRgFUS was not offered to women planning
future pregnancies, but current data have prompted
multicenter studies in this group. Numerous studies confirm
that women can successfully conceive and give birth after
MRgFUS. Live birth rates are reported to range from 41% to
over 70% across various cohorts [16, 18, 25, 28, 29, 37].
The mean time to conception following MRgFUS is 8
months [33]. A series described 54 pregnancies in 51
patients after MRgFUS [33], with 41% (22 patients)
successfully carrying to term.

Pregnancy Complications and Comparative Efficacy

The rate of spontaneous abortions (miscarriages) after
MRgFUS is generally between 8%-28%, which is
comparable to rates in the general population or following
other conservative interventions, and notably lower than
after UAE [10,16,18,25,28,37]. Most studies show no
significant increase in adverse pregnancy outcomes, such
as preterm birth, placental abnormalities, or uterine rupture,
compared to other treatments [10, 18, 25, 28, 29].

Efficacy Comparison: Compared to myomectomy,
MRgFUS may result in a slightly lower overall pregnancy
rate, but shows comparable rates of miscarriage and
complications. Compared to UAE, MRgFUS is associated
with a lower risk of miscarriage and abnormal placentation
[10, 25, 37, 41]. MRgFUS preserves the structural integrity
and function of the uterus, making it a favorable choice for
women wishing to avoid surgery [10, 18, 25, 28, 29].

Reinterventions and Patient Selection

A controversial aspect is the rate of repeat interventions
(reinterventions): some authors note that this rate may be
higher after MRgFUS compared to surgical methods like
myomectomy or UAE [10, 25, 41]. Consequently,
meticulous patient selection and technical expertise are
crucial for optimizing reproductive outcomes [3, 9, 34, 38,
45]. Pregnancy success after MRgFUS depends on factors

such as patient age, history of infertility, and fibroid
characteristics (size, location, vascularization) [14,18].

Discussion

The discussion of MRgFUS ablation efficacy begins
with an understanding of its pathogenetic mechanism. The
crucial finding is that the connective tissue within
myomatous nodules acts as the primary absorber of
focused ultrasound energy. This active energy absorption
leads to intense heating of the stroma, while the destruction
of myocytes occurs secondarily. Consequently, the
treatment outcome is directly dependent on the histological
structure and moisture content of the connective tissue: a
drier connective tissue has higher FUS absorption, which
paradoxically minimizes the destructive volume of myocytes
and vascular elements [12].

MRgFUS induces a histological transformation of the
fibroid tissue (myocytes and stroma convert into a state of
wet coagulative necrosis), which leads to the arrest of
nodule growth and symptom regression. For maximum
efficacy, fibroids characterized by a parenchyma 1/stroma 3
structure (stroma-dominant) with minimal or no edema are
preferred. In cases of significant edema or pronounced
destructive changes (less than 30% viable tissue), the
substrate available to absorb FUS energy is insufficient,
thereby reducing procedural effectiveness [3, 22].
Inadequate connective tissue prevents the temperature (55-
85°C) from being sustained long enough to induce
coagulative necrosis in the myocytes, which inherently do
not absorb FUS well. This explains the lower efficacy
observed in the proliferative or atypical hyperplasia
parenchyma 2/stroma 1 histotype.

MRgFUS is generally considered a highly safe
procedure. However, like any medical intervention, it carries
potential side effects. Common side effects that do not
require medication include pelvic pain, nausea, vomiting,
and fatty edema of the upper abdomen [3, 4, 34, 45].

Despite the overall high safety profile, rare but serious
complications have been reported. The frequency of
adverse events ranges between 0.003% and 0.088% of all
treated cases. Severe complications include skin burns,
bone destruction (successfully managed conservatively),
and extremely rare cases of intestinal damage and acute
renal failure (due to lysis of necrotic tumor masses) [3, 4,
34, 45]. Strict adherence to established protocols and the
use of auxiliary measures are critically important to
minimize these risks.

The accumulated data unequivocally suggest that
MRgFUS is a promising, minimally invasive method for
women with uterine fibroids who seek to preserve their
fertility. Pregnancy and live birth rates after MRgFUS are
encouraging, and the risk of serious obstetric complications,
such as uterine rupture or placenta accreta, remains low
[10,16,18,25,28,29,37]. Compared to UAE, MRgFUS is
associated with a lower risk of miscarriage and abnormal
placentation [10, 25, 28, 37, 41]. While myomectomy
remains the "gold standard" for maximizing the chances of
pregnancy, MRgFUS offers a less invasive alternative.

A major issue limiting the widespread adoption of
MRgFUS in reproductive practice is the lack of large,
prospective, randomized studies and the relatively short
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follow-up periods in most published works [10, 13, 25, 28,
41].

Furthermore, several critical factors influence the
success of the procedure and reproductive outcomes:
Patient Age: The mean age of patients in earlier successful
studies was around 43 years. Conversely, younger women
(of prime reproductive age) more frequently present with
hyperintense fibroids, which are more resistant to MRgFUS,
complicating treatment in this key demographic. Technical
Aspects: Success is closely linked to meticulous patient
selection (including assessment based on T2WI signal
intensity), technical expertise, and fibroid characteristics
[10, 14, 18]. Assisted Reproductive Technology (ART): Data
on Intrauterine Insemination (IUl) or In Vitro Fertilization
(IVF) after MRgFUS remain limited. The optimal timing for
pursuing ART post-treatment has also not been
established.

Despite the encouraging current data on 35 live births
following MRgFUS, the heterogeneity of these case series
and the low enrollment levels in past clinical trials preclude
definitive conclusions regarding rare and serious outcomes.

Conclusion

MRgFUS is a safe and effective organ-sparing method
for the treatment of uterine fibroids. It provides clinical
improvement and symptom regression through thermal
ablation and coagulative necrosis, with a low risk of severe
complications when protocols are strictly followed.
Ultrasound ablation does not pose an obstacle to
subsequent pregnancy. Pregnancy and live birth rates after
MRgFUS are comparable to those of other conservative
treatments, and the risk of spontaneous abortion and
placental abnormalities is lower than after UAE. The
success of treatment critically depends on careful patient
selection, which includes evaluating age, history of
infertility, and fibroid characteristics (predominantly
hypointense fibroids on T2WI). MRgFUS represents a
promising, minimally invasive option for fertility preservation
in women with uterine fibroids. Further high-quality research
is necessary to fully define its role in reproductive medicine,
standardize treatment protocols, and refine patient selection
criteria.
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