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REVIEW

Adverse events and complications after magnetic resonance-guided focused
ultrasound (MRgFUS) therapy in uterine fibroids – a systematic review and
future perspectives

Jakub Kociubaa , Tomasz Łozi�nskib,c , Magdalena Zgliczy�nskad , Maciej Byrczaka ,
Salvatore Giovanni Vitalee , Maciej Skrzypczakf , Kornelia ZareRbag and Michał Ciebieraa

aSecond Department of Obstetrics and Gynecology, Center of Postgraduate Medical Education, Warsaw, Poland; bDepartment of Obstetrics
and Gynecology, Pro-Familia Hospital, Rzeszow, Poland; cDepartment of Gynecology and Obstetrics, Institute of Medical Sciences, Medical
College of Rzeszow University, Rzeszow, Poland; dDepartment of Obstetrics, Perinatology and Neonatology, Centre of Postgraduate Medical
Education, Warsaw, Poland; eObstetrics and Gynecology Unit, Department of General Surgery and Medical Surgical Specialties, University of
Catania, Italy; fSecond Department of Gynecology, Medical University of Lublin, Lublin, Poland; gObstetrics and Gynecology Department,
College of Medicine and Health Sciences, United Arab Emirates University, Al Ain, United Arab Emirates

ABSTRACT
Objectives: The aim of this review was to analyze and summarize the most common adverse events
(AEs) and complications after magnetic resonance-guided focused ultrasound (MRgFUS) therapy in
uterine fibroids (UFs) and to establish the risk factors of their occurrence.
Methods: We searched for original research studies evaluating MRgFUS therapy in UFs with outcomes
containing AEs and/or complications in different databases (PubMed/MEDLINE, SCOPUS, COCHRANE)
until March 2022. Reviews, editorials, opinions or letters, case studies, conference papers and abstracts
were excluded from the analysis. The systematic literature search identified 446 articles, 43 of which
were analyzed.
Results: According to available evidence, the overall incidence of serious complications in MRgFUS
therapy is relatively low. No AEs/complications were reported in 11 out of 43 analyzed studies. The
mean occurrence of all AEs in the analyzed material was 24.67%. The most commonly described AEs
included pain, skin burns, urinary tract infections and sciatic neuropraxia. Major AEs, such as skin ulcer-
ations or deep vein thrombosis, occurred in 0.41% of cases in the analyzed material.
Conclusion: MRgFUS seems to be safe in UF therapy. The occurrence of AEs, especially major ones, is
relatively low in comparison with other methods. The new devices and more experience of their users
seem to reduce AE rate. The lack of unification in AE reporting and missing data are the main issues
in this area. More prospective, randomized studies with unified reporting and long follow-up are
needed to determine the safety in a long-term perspective.
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Introduction

Uterine fibroids (UFs) are benign tumors of the female genital
tract originating from the uterine smooth muscle cells and
fibroblasts. Despite quite a simple structure, their pathophysi-
ology is unquestionably complicated [1]. According to currently
available data, the development of UFs is associated with a
change from a normal myometrial cell to a mutated cell with
the potential for further division. Estrogen and progesterone
seem to play an essential role in the induction of paracrine
reaction, which promotes tumor stem cell division and growth
[1,2]. Genetics was also mentioned to have an influence on the
incidence of UFs, as these tumors are much more commonly
seen in certain populations, e.g., Afro-American women [3].

UFs constitute a common social problem affecting up to
70–80% women under 50 years of age, 15–30% of whom

develop severe symptoms [1]. According to a recent epi-
demiological systematic review by Stewart et al. [3], the most
common risk factors include: African-American ethnicity,
advanced age, perimenopausal status, hypertension, family
history, time from the last delivery, food additives and soy-
bean milk in the diet. Obesity has also been recently men-
tioned to be a serious risk factor [4].

The most common clinical manifestations of UFs include
excessive uterine bleeding, anemia, pelvic discomfort, urinary
incontinence, recurrent pregnancy loss or preterm labor.
Currently available data concerning the percentage of
women with symptomatic UFs vary. According to the litera-
ture, the symptoms occurred in about 25–50% of affected
patients, which was the reason why the majority of them did
not need any therapy, but only observation [5,6]. Health care
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providers should pay particular attention to symptomatic
women, as clinical manifestations constitute the main indica-
tion for UF therapy. The criteria of selecting appropriate
treatment largely depends on the age, clinical manifestations
and patient’s expectations concerning the preservation of
fertility [7]. As UFs are benign tumors and the symptoms are
the main indication for treatment initiation, it is very import-
ant to choose the best option, which is as adjusted to the
patient’s preferences and individualized as possible.
Information about the advantages and disadvantages, effect-
iveness and possible adverse events (AEs) or complications
of a treatment should be presented to the patient in order
to allow aware patient-shared decision making, which would
positively influence patient compliance and trust [8].

Different types of UF therapy are available. They are most
often divided into conservative treatment and invasive (surgi-
cal) methods. The conservative option includes pharmaco-
therapy aims at reducing symptom severity (e.g.,
menorrhagia). It may involve the use of analgesics, oral con-
traceptives, antihemorrhagic drugs, levonorgestrel-releasing
intrauterine devices, gonadotropin-releasing hormone (GnRH)
analogs or ulipristal acetate (UPA) – a selective progesterone
receptor modulator [9]. GnRH analogs and UPA seemed to
be the most effective in symptom reduction [10,11], but the
possible adverse effects of these drugs (such as risk of osteo-
porosis and menopausal symptoms) may be unacceptable
for some women [12]. Furthermore, a recently published
randomized trial investigating relugolix therapy combined
with estradiol, and norethindrone acetate in symptomatic
UFs showed the effectiveness of the therapy and the inci-
dence of AEs similar to that of placebo [13]. These are cer-
tainly methods to be considered for patient-tailored therapy.

Hysterectomy is the most common surgical procedure per-
formed to treat UFs. However, it was proved to be connected
with significant morbidity, mortality and a great economic and
social impact on health care systems around the world [14,15].
Moreover, this therapeutic option excludes further reproductive
plans, so many women at reproductive age look for less

invasive procedures. Due to technological development, new
surgical and non-surgical modalities have been introduced that
meet patients’ expectations for less invasive treatment.
Laparoscopic or hysteroscopic myomectomy, uterine artery
embolization (UAE), ultrasound-guided or magnetic resonance-
guided focused ultrasound (USgFUS or MRgFUS) should be
considered by women who do not accept the risk of AEs con-
nected with open surgery, especially with hysterectomy.

MRgFUS is a noninvasive thermal ablation technique,
which enables the treatment of UFs through concentrated
ultrasound beam. Heating the tissue is the main mechanism
triggering the necrosis of targeted fibroid tissue area.
Magnetic resonance imaging (MRI) enables planning the
treatment and controlling the real-time temperature map.
Directly after the procedure, contrast-enhanced MRI is per-
formed to visualize the ablated area, referred to as non-per-
fused volume (NPV). The result of treatment is most often
described as NPV%, which means NPV divided by the volume
of the targeted fibroid.

The purpose of our systematic review was to reassess all
available literature and to conduct a thorough investigation
of the type and frequency of AEs and complications occur-
ring after MRgFUS therapy in UFs, basing on current data
regardless of the device used, fibroid type, inclusion and
exclusion criteria, and the protocol used. We also investi-
gated the risk factors of particular complications, discussed
potential methods to avoid them in the future and analyzed
how to plan further studies in the context of AE reporting.

Material and methods

The review was created pursuant to the Updated Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Statement (PRISMA) 2020 [16]. The following databases were
used as sources: PubMed/MEDLINE, Scopus and Cochrane
Central Register of Controlled Trials (CENTRAL) and the
detailed search strategy is presented below. The last search
was run on 4 March 2022.

Database
Number of

retrieved articles Search strategy

PubMed 202 ("Leiomyoma"[Mesh] OR myom� OR leiomyom� OR fibromyom� OR (uterine AND fibroid�) OR (uterine AND
fibrom�)) AND (mrgfus OR mrg-fus OR (magnetic AND resonance AND guided AND focused AND ultrasound�) OR (MRI
AND guided AND focused AND ultrasound�) OR (magnetic AND resonance AND guided AND high AND intensity AND
Focused AND Ultrasound) OR (magnetic AND resonance AND guided AND focus AND ultrasonograph�) OR mrhifu OR
mr-hifu OR mrghifu OR hifu OR (MRI AND guided AND focus AND ultrasonograph�) OR termoablation� OR
thermoablation�) AND (complication� OR (adverse AND event�))

Scopus 208 TITLE-ABS-KEY ( (myom� OR leiomyom� OR fibromyom� OR (uterine AND fibroid�) OR (uterine AND fibrom�)) AND
(mrgfus OR mrg-fus OR (magnetic AND resonance AND guided AND focused AND ultrasound�) OR (MRI AND guided
AND focused AND ultrasound�) OR (magnetic AND resonance AND guided AND high AND intensity AND Focused AND
Ultrasound) OR (magnetic AND resonance AND guided AND focus AND ultrasonograph�) OR mrhifu OR mr-hifu OR
mrghifu OR hifu OR (MRI AND guided AND focus AND ultrasonograph�) OR termoablation� OR thermoablation�) AND
(complication� OR (adverse AND event�))) AND ( LIMIT-TO ( LANGUAGE,"English" ))

Cochrane 36 #1 "Leiomyoma"[Mesh]
#2 myom� OR leiomyom� OR fibromyom� OR (uterine AND fibroid�) OR (uterine AND fibrom�)
#3 mrgfus OR mrg-fus OR (magnetic AND resonance AND guided AND focused AND ultrasound�) OR (MRI AND guided
AND focused AND ultrasound�) OR (magnetic AND resonance AND guided AND high AND intensity AND Focused AND
Ultrasound) OR (magnetic AND resonance AND guided AND focus AND ultrasonograph�) OR mrhifu OR mr-hifu OR
mrghifu OR hifu OR (MRI AND guided ANG focus AND ultrasonograph�) OR termoablation� OR thermoablation�
#4 complication� OR (adverse AND event�)
#5 (#1 OR #2) AND #3 AND #4
þ Trials

Total 446
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We retrieved 446 references using the above-mentioned
search strategy. The automatic search function in EndNote
X9 (Clarivate Analytics, London, UK) was used to delete 154
duplicates. Additional 39 were manually identified. The
remaining 255 manuscripts were screened by two study
authors (J.K., M.B.) using the earlier established inclusion and
exclusion criteria.

The analysis included complete English-language manu-
scripts containing randomized and nonrandomized control
trials, cohort and case-control studies with information about
AEs/complications related to MRgFUS therapy. Studies with
no data regarding AEs/complications and those concerning
ablative techniques other than MRgFUS were excluded. Non-
English and animal studies, ongoing trials, reviews, case
reports, case series, letters to editors, expert opinions and
conference papers were also eliminated.

In the next step, two other study authors reviewed the
complete manuscripts in detail (M.Z., M.C.). Disagreements at
any step were resolved through discussion with all study
authors. Ultimately, 43 papers were included in the system-
atic review. The selection process is outlined in the PRISMA
Flow Diagram (Figure 1).

We used a pilot-tested original extraction sheet for the
collection of the following information from selected manu-
scripts: authorship, year of publication, type of study, main
aim, demographics, inclusion and exclusion criteria, UF char-
acteristics, treatment parameters, outcomes, AEs and the
time of follow-up.

The risk of bias of cohort studies was assessed independ-
ently by two study authors (M.Z, J.K.) using the Newcastle–
Ottawa Quality Assessment Scale, modified by the authors
for the needs of this manuscript [18]. Each article could be
awarded one star for each star-rated feature within the
‘Selection’ category and one or two stars within the
‘Outcomes’ and ‘Comparability’ categories. Specific criteria
for star awarding are included in the first column of
Supplementary Table S3. Finally, an article was rated as hav-
ing a low risk of bias if it reached: 2/3 or 3/3 or 3/4 or 4/4
stars in ‘Selection’ AND 1 or 2 stars in ‘Comparability’ AND 3
or 4 stars in ‘Outcome’; moderate risk of bias with 2/4 or 1/3
stars in ‘Selection’ AND 1 or 2 stars in ‘Comparability’ AND 2
stars in ‘Outcome’; high risk of bias with 0 or 1 star in
‘Selection’ OR 0 stars in ‘Comparability’ OR 0 or 1 stars in
‘Outcome’.

Records identified from*: 
Databases (n = 446) 
Registers (n = 0) 

Records removed before 
screening: 

Duplicate records removed  
(n = 191) 

• by automation tools 
(n = 152) 

• manually (n = 39) 

Records screened 
(n = 258) 

Records excluded** 
(n = 173)  

Reports assessed for eligibility 
(n = 85)  

Reports excluded: 
Ultrasound-guided HIFU
(n = 26)  
Lack of any information on 
AEs (n = 5) 
Conference paper (n = 3) 
No full text available (n = 2) 
Trial under recruitment (n =2) 
Review (n = 1) 
Language other than English 
(n = 1) 
Not the subject of the review 
(n = 1) 
The same cohort (n =1) 

Studies included in the review 
(n = 43) 

Identification of studies via databases and registers 
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Figure 1. PRISMA flow diagram [17]. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only.
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The Revised Cochrane risk-of-bias tool for randomized tri-
als (RoB 2) was used for the assessment of the risk of bias in
randomized control trials [19]. The following five domains
were assessed in the studies: ‘Risk of bias arising from the
randomization process’, ‘Risk of bias due to deviations from
the intended interventions’, ‘Missing outcome data’, ‘Risk of
bias in the measurement of the outcome’ and ‘Risk of bias in
the selection of the reported result’. In each domain, the risk
of bias could be assessed as ‘low’, raising ‘some concerns’
and ‘high’. The study was evaluated to be: at a low risk of
bias for all domains for this result; to raise some concerns in
at least one domain for this result, but not to be at a high
risk of bias for any domain; to be at a high risk of bias in at
least one domain for this result OR to have some concerns
for multiple domains in a way that substantially lowers confi-
dence in the result. Similarly, any disagreements were
resolved through consensus with all study authors.

Results

The systematic literature search resulted in the retrieval of 43
articles that met the inclusion criteria [20–62]. The total num-
ber of patients treated in all analyzed manuscripts was 3102.
Prospective cohort studies were the most common type (22
out of 43), followed by retrospective cohort analyses (19 out
of 43). Only two studies were randomized control trials
[27,29]. As the MRgFUS is a relatively new method of UF
treatment, the oldest study was dated from 2003, whereas
the most recent one was from 2021. The follow-up time of
3–6months was most commonly reported. One-year or lon-
ger follow-up was found in 17 out of 43 retrieved studies.
The main characteristics of analyzed manuscripts are col-
lected in Supplementary Table S1.

The risk of bias assessment classified 23 studies as being
at a low, 8 at a moderate and 12 at a high risk of bias based
on the reported AEs. Small sample size and short follow-up
time were the most common sources of bias in the reviewed
studies. The details of the evaluation of each manuscript are
presented in Supplementary Tables S2 and S3.

We analyzed the occurrence of AEs in 39 papers. No infor-
mation concerning the number of patients with AEs out of
the whole cohort was included in four manuscripts
[34,44,58,62]. The number of patients in 39 papers equaled
2919. All kinds of AEs were reported in 720 patients, whereas
major AEs occurred in only 12 patients. The mean occurrence
of AEs in the analyzed material was 24.67% (major and minor
ones), while the major AE rate was 0.41%. Our review
showed that 10 out of 43 studies described no AEs
[20,22,25,28,29,45,49,51,56,59]. The details of AEs from 33
studies which reported at least one AE are summarized in
Table 1.

We performed additional analysis for the occurrence of
AEs in relation to the device used in the procedure.
According to available data, three types of devices were
used for UF therapy during analyzed period of time
(ExAblate, Sonalleve and Chongqing Haifu). All devices were
used in two versions (ExAblate 2000/2100, Sonalleve V1/V2
and Chongqing Haifu JM 2.5 C/JM 5100). ExAblate 2000 was

used the most commonly. It was listed in 25, mostly older,
papers [21,27–29,34,35,39,40,42,45,47–49,51–63], among
which the number of patients with AEs was missing in three
manuscripts [34,58,62]. The mean occurrence of AEs was
18.03% in 22 studies with the use of ExAblate 2000.
Sonalleve was the second most popular device. It was
described in 11 studies [22–24,30,32,36,38,41,43,44,46]. In
most cases, the authors did not publish information about
the version of the used system. Only four studies provided
information concerning the version (three papers mentioned
Sonalleve V1 and 1 – V2) [22–24,30]. The number of patients
with AEs was missing in one manuscript [44]. The mean
occurrence of AEs was 40.3% in 10 studies without distin-
guishing the version of the device. ExAblate 2100 was the
third most common system. It was mentioned in four manu-
scripts [20,21,33,37]. The mean occurrence of AEs was 5.25%
with this system. Chongqing Haifu devices were less popular.
JM 2.5 C appeared in only one study (mean occurrence of
AEs was 19.05%) [50], whereas JM 5100 was mentioned in
two papers (the mean occurrence rate of AEs was 35.45%)
[26,31]. The comparison of AEs rate in particular devices are
summarized in Table 2.

Discussion

AE reporting seems to be the most serious limitation of
almost all relevant original studies and reviews about ultra-
sound ablation in UF therapy. Discrepancy may be due to
the lack of unification in AE reporting in the majority of stud-
ies. The absence of a clear definition of AE makes it difficult
to compare the results. As an example, some authors
included post-treatment pregnancy or post-treatment fibroid
surgery into AEs [30]. This issue was also mentioned by other
authors [64].

Despite the already mentioned limitations, we tried to
compare the occurrence of AEs with reference to different
devices. The highest rate of AEs was noted in patients
treated with the Sonalleve system, followed by ExAblate
2000, Chongqing and ExAblate 2100. Similar results were
also observed by other authors [64]. One of the analyzed
studies compared two versions of the ExAblate device [21].
The occurrence of AEs was 5.5% in case of ExAblate 2100
versus 13.1% with ExAblate 2000. The introduction of new
technology and more experience of their users seem to have
influenced AE rates. However, no clear definition of AE, over-
and underreporting are serious limitations when performing
a reliable statistical analysis. In our opinion, this is a key issue
that requires experts to address the problem and come up
with appropriate conclusions and create recommendations
based on them.

Pain is one of the most common AEs connected with this
method of treatment. This complication was reported in 22
out of 43 analyzed studies [21,23,24,26,27,30,31,34–
36,38,40,43,44,46,47,52,53,57,60–63]. The majority of the stud-
ies described pelvic/abdominal pain or discomfort in the pel-
vic area. Some studies described leg, buttock, or sacral area
pain, which mostly resolved several hours following the
treatment [21,24,30,31,34,35,38,40,43,44,47,53,59,61,63]. No
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unification in reporting pain intensity after treatment was
observed in the analyzed data. The authors of only three
studies performed post-treatment pain rating with a scale as
a study outcome [27,34,43]. In order to unify reporting and
enable data comparison it would be justified to use any of
the commonly used scales of pain intensity in further studies,
e.g., the Visual Analog Scale (VAS), the Verbal Rating Scale
(VRS) or the Numerical Rating Scale (NRS) [65]. There is no
clear definition of pain used by the authors which may cause
under- or overreporting of this AE. Using a pain assessment
scale, e.g., the VAS scale, in every follow-up could improve
the interpretation and comparison of data.

Other commonly reported AEs included skin burns and
other dermatological issues such as rash or skin ulcerations.
Such AEs were reported in 22 studies [23,24,27,30–33,35–
37,40,41,43,47,48,50,52–55,58,60]. First- and second-degree
skin burns and redness in the suprapubic area constituted
the majority of the described cases. Major dermatological
AEs were reported in only two cases (skin burn requiring sur-
gical repair and skin ulceration [35,58]). Due to the fact that
almost all skin burns were described as first- and second-
degree, the lack of data regarding the size or location of a
skin burn was a limitation in reporting this AE.

Our systematic review showed that nerve damage was
another clinical problem that should be considered as a
potentially serious AE of MRgFUS treatment. Neuropraxia and
sciatic nerve palsy occurred rarely and were reported in 13
studies [23,27,30,34–36,42,46,52,54,55,58,60,63]. According to
the authors, sciatic nerve palsy (being an AE of the proced-
ure) resolved in most of cases shortly without any further
complications. One study described a possible etiology of
this AE-treated UFs were located on the posterior wall of the
uterus, which could cause heat transfer to the sacral area
causing transient neuropathy [58]. Other authors did not
report the exact location of treated UFs with reference to
particular AEs, so it is impossible to deduce which UF loca-
tion might predispose to this AE. More studies are needed to
investigate the relationship between the location of UFs and
the occurrence of AEs. Currently, due to the paucity of data,
it is only possible to infer from the anatomical location.

Other reported AEs included urinary tract infections or
hematuria. Their potential pathophysiology is unknown. The
authors of one analyzed study reported pyelonephritis that
needed antibiotic therapy [32]. Some authors suggested cyst-
itis related to Foley catheterization during the procedure, but
the opinion was not supported by evidence [24,36]. Further
investigation is needed to establish which patients are in the
risk group for this AE and should receive prophylactic anti-
biotic therapy before the procedure. Vaginal discharge and
bleeding or fibroid expulsion after the procedure were also
mentioned in several cases (Table 1). Moreover, abdominal

subcutaneous tissue and muscle edema were reported.
However, they were only an MRI finding after the procedure
without any or with minimal symptoms in almost all
cases [33].

All the reviewed studies described only 12 serious compli-
cations related to the procedure (C-F on the Society of
Interventional Radiology scale or major AEs due to the
Standard Code of Federal Regulation) [35,52,58,60,61,63,66].
They were mostly reported in older (2004–2014) studies. The
major AEs included fibroid expulsion, a major skin burn
requiring surgical repair, and one case of persistent neur-
opathy [35]. These serious AEs occurred in only 0.41% of the
total cohort. No deaths related to the procedure were
reported. Deep vein thrombosis seems to be the most ser-
ious AE reported. It occurred in only one case [21,63].
MRgFUS seemed to be associated with the lowest risk of
DVT incidence in comparison with other UF treatment meth-
ods. A meta-analysis dated from 2012 regarding the compli-
cations of a UAE procedure revealed that DVT occurred in
0.2% of cases [67]. With regard to hysterectomy, the inci-
dence of DVT varied from a clinical diagnosis rate of 1% to
events detected by more sensitive laboratory methods of up
to 12% [68]. Therefore, MRgFUS treatment might be offered
to patients with an increased risk of thromboembolic events.

Subsequently, it is worth considering AEs in comparison
with other treatment methods. Two studies (2003 and 2009)
clearly described a significantly lower incidence of AEs in
MRgFUS compared to open surgery [52,62]. AEs related to
pain or discomfort, the gastrointestinal tract, skin and ner-
vous system were reported significantly less frequently by
women from the MRgFUS cohort compared to women from
the hysterectomy group. A limited number of studies com-
pared all UF treatment methods with reference to the occur-
rence of AEs in particular patients. Further research is
needed in this area to provide patients with the best treat-
ment option, adjusted to their expectations in terms of the
safety and efficiency. In 2017, a randomized control trial was
conducted with one of the aims being the comparison of
AEs in patients treated with UAE [27]. The overall incidence
of AEs was similar and not significant in both methods
(MRgFUS, UAE) in this RCT. However, another study concern-
ing AEs in UAE and MRgFUS revealed no AEs in MRgFUS
group, whereas in the UAE group, the overall incidence of
AEs was 19% [69]. Those studies were limited by a small
sample size. Further investigation is needed.

Another limitation is the diversity in follow-up time
among investigated studies. The most common reported
observation time was 3–6months (Supplementary Table S1).
Only few studies with the follow-up of over 3 years were
identified in the analyzed material [20,21,23,25,35,42].

Conclusions

Our review suggests that MRgFUS is becoming more popular
these days and is a relatively safe choice in UF therapy. The
occurrence of AEs, especially major ones, is rather low. The
new devices and more experience of their users in MRgFUS
therapy seem to reduce AE rates. The lack of a clear

Table 2. Comparison of AEs rate in particular devices.

Device type Mean AEs rate (%)

ExAblate 2000 18.03
Sonalleve 40.3
ExAblate 2100 5.25
JM 2.5C 19.05
JM 5100 35.45
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definition of AE, poor unification and missing data in the
reporting of AEs and other complications related to MRgFUS
therapy in UFs are some of the main issues. More prospect-
ive, randomized studies on larger populations with unified
reporting and long follow-up records are necessary to accur-
ately determine the safety of the procedure.
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