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Introduction

Uterine leiomyomas (ULs), also known as myomas 
or fibroids, are benign smooth-muscle tumors that 
form in the myometrium and have a low risk of be-

coming malignant. They affect around 70% of women 
of reproductive age, with Afro-Caribbean women hav-
ing a 2–3 times greater prevalence, and are the most 
prevalent reason for gynecologic surgery [1].
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A b s t r a c t

Introduction: Magnetic resonance-high intensity focused ultrasound (MR-HIFU) has revolutionized the treatment of 
Uterine fibroids. Usually, they are associated with prolonged heavy bleeding during the menstrual period, sacral pain, and 
increased frequency of UTIs, secondary dysmenorrhea, constipation, and pregnancy-associated problems. It also impacts 
usual activities, which lead to diminished quality of life and rising healthcare costs. Generally, surgery is the only choice 
for uterine fibroids; however, MR-HIFU is an entirely non-invasive novel therapy, preferred in pregnancy desiring females.  
Aim: To re-evaluate the efficacy of magnetic resonance-high intensity focused ultrasound (MRHIFU) therapy for 
uterine fibroids. 
Material and methods: Randomized clinical trials (RCTs), prospective or retrospective non-randomized, and cross-
over studies that considered clinically symptomatic uterine fibroid treatment were included. Meta-analysis was per-
formed using NCSS software, and data were analyzed at a 95% confidence level with a significance level of 0.05. 
In addition, the non-perfused volume percentage (NPV%), transformed Symptom Severity Score percentage change 
(tSSS change%), and health-related quality of life (HR-QoL) were computed. 
Results: The overall effect of NPV% was 67.60%, where the 95% confidence interval ranged from 55.58% to 79.62%. The 
overall impact of tSSS% change was approximately 50% (0.54) with 95% CI of 0.41–0.66 of 3 months, 6 months, and 
12 months in the included studies. There was a significant improvement in the health-related quality of life (HR-QoL). 
Conclusions: The efficacy of MR-HIFU therapy was improved as treatment protocols aimed for total ablation. 

Key words: uterine fibroids, magnetic resonance-high intensity focused ultrasound (MR-HIFU), health-related quality 
of life (HR‑QoL), meta-analysis, uterine artery embolization (UAE).
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Many women are asymptomatic; however, uter-
ine fibroids produce clinically significant symptoms 
in around 25% of women [2]. Pelvic discomfort, dys-
menorrhea, menorrhagia, urinary frequency, dyspa-
reunia, and subfertility are the most common symp-
toms. Fibroids may affect fertility, thereby negatively 
influencing a woman who desires pregnancy. In ad-
dition, these uterine fibroids also impact the usual 
activities, leading to diminished quality of life and 
increasing healthcare costs [3]. 

In the formation and expansion of ULs, the 
amounts of steroid hormones (particularly estrogens 
and progesterone) and growth factors are critical. Early 
menstrual periods (under 10 years) have been linked 
to an increased risk of myomas. It is likely due to the in-
creased number of divisions that myometrial cells un-
dergo during reproductive age, which may predispose 
to a  higher likelihood of mutation in the genes that 
control myometrial proliferation. Even women with an-
ovulatory cycles marked by increased and extended es-
trogen production are susceptible to fibroids. ULs may 
be affected by genetic factors as well. Women with cer-
tain genetic disorders such as Alport syndrome, Prote-
us syndrome, Cowden syndrome, and Reed syndrome, 
for example, are more likely to acquire ULs [4].

ULs are benign mesenchymal tumors with 
a  spherical form ranging from a  few millimeters 
to several centimeters. Smooth muscle fibers with 
a  concentric spiral pattern and fibrous connective 
tissue create a pseudo capsule that is attached to 
the myometrium by fibromuscular bridges. Hyaline, 
fatty, and cystic fibroids are all potential variations. 
The accumulation of calcium salts determines calci-
fication. ULs are more frequent in black women than 
in white women, according to the research [4].

The hydroxylation of the steroid or carbon-2 (2-
OHE1) or carbon-16 in endogenous estrogen me-
tabolism is predominantly oxidative (16-OHE1). The 
biological activity is largely controlled by 2-OHE1 
metabolites, whereas 16-OHE1 is an estrogen re-
ceptor agonist. The CYP1A1 gene appears to be es-
sential for estradiol hydroxylation on carbon 2 since 
black women with the wild-type CYP1A1 gene had 
a higher ratio of estradiol derivatives hydroxylated 
in position 2 than those hydroxylated in position 16. 
This viewpoint might explain why black women have 
a greater rate of ULs [5].

The histological characterization of ULs is a crit-
ical element in distinguishing between leiomyoma 
and leiomyosarcomas. Microscopic inspection and 

tumor development rate can distinguish UL cells 
from those of more aggressive tumor types. Atypical 
or “bizarre” leiomyoma, hemorrhagic cellular leio-
myoma, epithelioid leiomyoma, and myxoid leiomy-
oma are some of the histological types of ULs [4].

Non-random and tumor-specific chromosomal 
aberrations define ULs, and this points to a connec-
tion between these chromosomal changes and tu-
mor physiology. The primary cytogenetic anomalies 
in ULs were identified by a comparison of many stud-
ies, including chromosomal abnormalities t (12;14) 
(q14–15; q23–24), translocations t (1;2) (p36; p24), 
and mutations on chromosome 7 (q22–31) [4].

The current understanding of the pathogenic path-
ways involved in the formation of ULs, particularly the 
role of biallelic inactivation of fumarate hydratase 
(FH), mediator complex subunit 12 (MED12), HMGA1, 
and HMGA2 mutations, was greatly aided by techno-
logical advances in high-throughput genomic analysis.

In the pathophysiology of ULs, epigenetic pro-
cesses play a  critical role. Epigenetics is the study 
of phenotypic changes caused by changes in gene 
expression. Three major epigenetic processes play 
a  critical role in regulating gene expression in the 
development of fibroids in humans: microRNAs, DNA 
methylation, and histone modifications (miRNAs). In 
tumor samples compared to the myometrium, ULs 
are linked with changes in DNA methylation at nu-
merous genomic loci and enhanced DNMT1 and DN-
MT3a mRNA expression [4, 6].

The extracellular matrix of ULs displays im-
mune-reactivity to fibroblast growth factor-1 (FGF) 
receptor-1, and expression of bFGF-mRNA is higher in 
ULs than in normal myometrium. In addition, TGF-3  
and bFGF are significantly over-expressed in ULs 
compared to normal myometrium; thus these hor-
mones can help ULs develop faster [4].

Pharmacological treatments are useful in relieving 
symptoms; however, they may not provide enough 
control or have substantial adverse effects. Overall, 
a large majority of patients will require treatment at 
some point.

Uterine fibroids are still the most common rea-
son for hysterectomy worldwide [3, 7]. For wom-
en who wish to start a  family, myomectomy is the 
treatment of choice. On the other hand, surgical 
procedures are linked with a high risk of short and 
long-term morbidity, necessitate a hospital stay, and 
take weeks to recover. Uterine artery embolization 
(UAE), hysteroscopic resection, and magnetic reso-
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nance-high intensity focused ultrasound are among 
minimally invasive uterine-sparing therapeutic 
methods (MRHIFU). MR-HIFU is the only complete-
ly non-invasive procedure that has been shown to 
have numerous benefits, including decreased mor-
bidity, fewer problems, no need for general anesthe-
sia, and a faster recovery period [8, 9].

MR-HIFU is a thermal ablation method that uses 
targeted tissue heating to treat uterine fibroids 
non-invasively [10]. The ultrasonic transducer gener-
ates high-intensity convergent ultrasound waves. The 
acoustic energy is absorbed by the targeted tissue, 
causing a temperature rise and coagulative necrosis 
and apoptotic cell death [11]. Temperature mapping 
with magnetic resonance imaging (MRI) improves 
treatment planning and real-time monitoring [12]. 
Contrast-enhanced MRI can be utilized to visualize 
the ablated tissue, also known as the non-perfused 
volume (NPV), immediately after MR-HIFU [12–14].

The NPV percent, which is the NPV divided by the 
fibroid volume, can describe the treatment outcome 
[15]. Interference of bowel loops in the beam route 
during MR-HIFU therapy might result in treatment 
failure or untreated portions of the fibroid. In order to 
relocate the bowel loop, several mitigating techniques 
have been devised. The most frequent approach is 
the BRB technique i.e. bladder and rectum filling and 
bladder emptying. There are presently three MR-HIFU 
devices in clinical use. ExAblate (InSightec, Haifa, Is-
rael) uses the traditional point-by-point ablation ap-
proach. The volumetric ablation technology is used in 
the Sonalleve system (Profound Medical Inc., Toronto, 
Canada). The Chongqing system (Chongqing Haifu 
Technology, Chongqing, China) combines shot-soni-
cation with a “point-by-point” therapy method.

The United States Food and Drug Administration 
(FDA) has authorized MR-HIFU therapy for uterine 
fibroids since 2004. Due to safety concerns, limit-
ed protocols had to be followed at first. However, it 
became evident over time that the NPV percent is 
closely connected to treatment results [11, 12]. Fi-
broids that have been partially ablated tend to re-
generate, which might explain the high re-interven-
tion rate reported in trials with a limited procedure 
[10, 11]. Furthermore, even when total ablation was 
sought, MR-HIFU therapy was found to be safe [12].

In 2009, FDA rules were changed to allow opera-
tors to strive for full ablation, which has resulted in 
better results in recent trials [15, 16]. Furthermore, 
because uncomplicated pregnancies were recorded 

after MR-HIFU treatment, the safety recommenda-
tions were amended for women with symptomatic 
uterine fibroids and a desire for future fertility. 

Based on the signal intensity of T2-weighted 
images that differentiated the fibroid composition, 
Funaki et al. [17] categorized the fibroids into three 
kinds. Type 1 was a very low-intensity image simi-
lar to skeletal muscle; type 2 was an image intensity 
lower than the myometrium but greater than skele-
tal muscle; type 3 was an image intensity equal to or 
higher than the myometrium. However, not all pa-
tients are candidates for MR-HIFU therapy. Patient 
features (BMI and MRI contraindications) or fibroid 
characteristics evaluated by MR screening might be 
used as exclusion criteria. Fibroids with a  high T2 
signal intensity are difficult to treat; therefore, Funa-
ki type 3 fibroids are often avoided [17].

Several studies on the efficacy of MRHIFU ther-
apy for uterine fibroids have been released to date. 
Overall, they found that MRHIFU successfully reduc-
es symptoms, but there was a high rate of re-inter-
vention [14–17]. However, trials that used restrictive 
treatment methods that are no longer in use in clini-
cal practice influenced the findings of these analyses.

Aim

The aim was to re-evaluate the efficacy of MR-
HIFU in reducing fibroid-related symptoms using 
treatment protocols that focused solely on total ab-
lation. We also looked at care failures and techni-
cal performance as assessed by the post-treatment 
NPV percent. We also looked at the disease-specific 
quality of life, re-intervention rates, stability, fertility, 
costs, and fibroid shrinkage.

Material and methods

We followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
normative recommendations in this study. With the 
registration number WU # RC/IRB/2020/1040, the 
study was sent to the International Prospective Reg-
istry of Systematic Reviews (PROSPERO).

Eligibility criteria

For inclusion, studies on MR-HIFU treatment of 
women with clinically symptomatic uterine fibroids 
were reviewed. Treatment procedures that did not 
target complete ablation (except for a  5-mm pro-
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tection margin from the serosal surface) or ultra-
sound-guided HIFU systems were ruled out.

RCTs, prospective or retrospective non-random-
ized, and cross-over studies that considered the 
treatment of clinically symptomatic uterine fibroids 
were included. Moreover, patients of more than 18 
years of age or at the pre-or peri-menopausal state 
were also included. Studies that did not have treat-
ment protocols regarded as complete removal of fi-
broid or used ultrasound-guided HIFU were exclud-
ed. Also, animal studies, case reports, and studies 
not reporting NPV were excluded. 

Data search 

The studies were searched in Cochrane Library, 
PubMed/MEDLINE, SCOPUS, and EMBASE databas-
es. A reference manager (RefWorks) found and delet-
ed duplicate publications, and the articles of the past 
5 years were considered, that is, from 2014 to 2019. 
The first title and abstract screening for all four da-
tabases was done independently by two writers (SZ 
and YR). When research appeared to meet our inclu-
sion criteria, full manuscripts were requested. Other 
suitable papers for full-text screening were found by 
manually searching the reference lists of all retrieved 
full-text publications.

Data extraction

Data were derived separately from all qualifying 
studies by the same two authors (SZ and YR). A de-
scription of findings table was developed [18–28], 
which included (a) research characteristics such as 
authors, year of publication, study style, MRHIFU 
method, sample size, and follow-up time; (b) treat-
ment parameters: NPV percent, patient eligibility 
percentage, number of technological errors, use of 
bowel-interference reduction methods, and sonica-
tion duration are all metrics to consider; (c) prima-
ry outcome: reduction of fibroid-related symptoms, 
preferably as measured by the validated disease-spe-
cific Uterine Fibroid Symptom and Quality of Life 
Questionnaire (UFS-QoL); (d) secondary outcomes: 
health-related quality of life (HRQL), as measured 
by the UFS-QoL questionnaire, fibroid shrinkage as 
measured by follow-up MR imaging, and the occur-
rence of any (serious) adverse events.

The outcomes analyzed were:
–– NPV%, defined by the formula: (non-perfused 

volume/fibroid volume) × 100 [25–27]. 

–– Fibroid shrinkage is defined as the reduction in the 
size of the uterine fibroids after MR-HIFU. A higher 
transformed Symptom Severity Score (TSS) indi-
cates more significant symptom severity [28]. 

–– Health-Related Quality of Life questionnaire 
concerning uterine fibroid comprises questions 
asked on a five-point Likert scale, and the score 
is transformed numerically to a scale from 0 to 
100 [29]. A patient who had to undergo a second 
intervention after MRI-HIFU treatment for uter-
ine fibroid-related problems was considered in 
the re-intervention percentage. 

–– Skin burns, menstrual bleeding or unexplained 
discharge, cystitis, urinary obstruction, constitu-
tional complications, nerve injury, or discomfort 
for more than 7 days were all considered minor 
adverse events. 

–– Patients who needed a second injection due to 
fibroid-related symptoms were included in the 
re-intervention percentage (second MR-HIFU, 
hysterectomy, myomectomy, or UAE).
Disagreements were settled by dialogue or con-

sultation with a third author (MZ). Several reports of 
a single clinical trial were available, the most recent 
publication was used as the guide, and additional in-
formation was gleaned from secondary journals. We 
tried to reach the relevant authors by submitting an 
e-mail with a submission for supplementary data if 
results were unavailable. A second e-mail was sent if 
there was no response after 7 days. 

Proof quality and the possibility of bias

Two reviewers separately measured the level of 
proof in all publications using the Oxford Centre 
for Evidence-based Medicine (OCEBM) recommen-
dations. Delphi methodology was used to build an 
18-criterion method to determine the consistency of 
the case series. A score of 14 or higher showed high 
efficiency. Dissension was used to identify and ad-
dress discrepancies. When the two authors could not 
agree, a third author was contacted, i.e., MZ.

Data synthesis

Tables and graphs were used to display the find-
ings of meta-analyses. The change from baseline (%) 
was given for continuous data on the same scale (e.g., 
the difference in fibroid volume). A  random-effects 
model (DerSimonian and Laird) was used to integrate 
data from relevant studies [26]. If the findings indicat-
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ed statistical heterogeneity (I2), we used stratification 
to explain the disparities. We regarded an I2 value of 
more than 50% as indicating significant heterogeneity.

The MR-HIFU device, the usage of bowel-inter-
ference mitigation methods, and the length of fol-
low-up were all used to stratify the outcomes.

Meta-analysis was performed using NCSS soft-
ware. The data were analyzed at a 95% confidence 
level with a level of significance of 0.05. The NPV%, 
tSSS change%, and QoL were computed. Meta-re-
gression was performed to evaluate the association 
between the different parameters. 

Results

Literature search

Six hundred eighty-four articles were searched, 
out of which 454 were excluded because they were 
either case reports or did not fulfill the research 
criteria. In addition, 230 articles were screened for 
the title, out of which 148 were removed because 
of duplicity. The number of full articles found in the 
database was 82, out of which the authors removed 
71 articles (Figure 1). The articles included in the 
meta-analysis numbered 11. The remaining articles’ 
elimination was based on whether the article used 
ultrasound-guided HIFU and whether NPV was not 
evaluated, articles without follow-up, clinical out-
come, and restricted treatment as mentioned in Ta-
ble I. In addition, articles of the past 5 years were 
considered, from 2014 to 2019, to re-evaluate the 
efficacy of MRHIFU therapy for uterine fibroids.

Characteristics of the studies and data 
extraction

Morita et al., who reported subjective alleviation 
of symptoms instead of the tSSS [30], extracted 
the tSSS from all of the studies included. As a  re-
sult, this study was omitted from this section of the 
meta-analysis. Furthermore, because Funaki type 3 
patients’ tSSS scores could not be assessed as de-
scribed by Funaki et al., these patients were exclud-
ed from our data extraction [18–20, 25]. In addition, 
uterine fibroids larger than 10 to 12 cm were also 
excluded from the analysis [18–20, 23]. Also, Jeong 
et al. [21] included the effectiveness of MR-HIFU in 
patients with concomitant adenomyosis. For further 
information, two writers were contacted. Regretta-
bly, we did not get a response.

The characteristics of the included studies are 
tabulated in Table II which describes the type of 
study or author’s name with year of publication, 
follow-up period considered, outcome measuring 
NPV, fibroid shrinkage, transformed symptom se-
verity score (tSSS) and health-related quality of life 
(HR-QoL).

Evidence quality

Except for one cross-over study, where only the 
first step was included in our review, all included 

Figure 1. Flow diagram for recruitment and se-
lection of the studies
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Table I. Number of articles excluded

Reason for excluding the article Number of articles 
removed

Review articles 22

Ultrasound guided HIFU used 5

NPV not reported 12

No follow-up done 10

Restricted treatment protocol 15

No clinical outcome 9
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trials were case series. According to the OCEBM 
standards of data, all of the included studies had 
a degree of proof of IV. Using the 18-criteria tool, the 
consistency of the proof varied from 9 to 16 points, 
suggesting significant variation in quality between 
the included studies. The articles included in me-
ta-synthesis numbered 11. Furthermore, the includ-
ed studies did not adequately disclose the various 
statistical parameters, necessitating the estimation 
of standard deviations. However, where experiments 
with imputed standard deviations for all result pa-
rameters were excluded, predictions for standard 
deviation imputation were found to be sufficiently 
robust.

Technical parameters 

Time spent in treatment

Eleven studies recorded a mean sonication time of 
146.2 min. The sonication that took the least amount 
of time was the method used by Chongqing [18]. The 
latest findings have shown that extended patient co-
horts have shorter waiting periods and that the total 
treatment period has decreased [22–25].

Overall, the point estimate for overall NPV% 
was 67.60% with a 95% confidence interval (CI) of 
55.58–79.62%, I2 of 99%, and a p-value of 0.00001, 
showing statistical significance. The I2 indicates the 
amount of variability due to heterogeneity, which 

could not be explained by stratification or meta-re-
gression. The statistically significant p-value indi-
cates that the use of bowel interference mitigation 
strategies resulted in higher NPV% (Figure 2).

Symptom evaluation 

Figure 3 shows the overall effect of tSSS% 
change as 0.54 with 95% CI of 0.41–0.66 after a fol-
low-up of 3 months, 6 months, and 12 months. An 
I2 of 93% showed a significant heterogeneity p-val-
ue of 0.00001, showing high statistical significance. 
The forest plot shows that the diamond shape does 
not touch the line of no effect, and this means that 
the symptoms gradually improved after MR-HIFU 
treatment. The combined estimate of the change 
percentage for symptoms improvement was 54%, 
showing symptom reduction following MR-HIFU 
treatment. The meta-regression showed no associ-
ation between NPV%, fibroid shrinkage, and tSSS% 
change (Figure 3). 

Health-Related Quality of Life (HR-QoL)

There were only three studies that evaluated 
the health-related quality of life. The increase in the 
tSSS% indicates a better quality of life following MR-
HIFU treatment. The quality of life improved after the 
follow-up, and the combined effect showed an odds 
ratio of 39.27 with 95% CI of 9.67–87.8. The studies 

Table II. Characteristics of the studies included

Study bame Year Type of study Follow-up Outcome measured

Keserci [18] 2018 Retrospective 6 months NPV = 97.7 ±3.2, FS = 54%, tSSS% = 86%, n = 72

Chen [19] 2016 Prospective 6 months NPV = 54.8 ±21.2, FS = 50.2%, tSSS% = 30.2%, 
HR-QoL = 12.9%, n = 107

Tung [20] 2016 Retrospective 6 months NPV = 64.5 ±11.4, FS = 31.7%, tSSS% = 43.7%, 
HR-QoL = 33.5%, n = 40

Jeong et al. [21] 2016 Retrospective 3 months NPV = 65.6 ±22.7, FS = 35.3%, tSSS% = 55%, n = 157

Xu et al. [22] 2015 Prospective 6 months NPV = 100, FS = 59.1%, tSSS% = 33.5%, n = 10

Mindjuk [23] 2015 Retrospective 19.4 months NPV = 88.7 ±15.0, tSSS% = 67.8%, n = 221

Tan et al. [24] 2015 Prospective 12 months NPV = 65.0 ±23.0, tSSS% = 61.8%, n = 100

Jacoby [25] 2014 Prospective 3 months NPV = 43.0 ±20, FS = 18%, tSSS% = 55.4%, 
HR-QoL = 56.2%, n = 13

Park [26] 2014 Prospective 3 months NPV = 62.7 ±25.5, FS = 27%, tSSS% = 35.6%, n = 74

Himabindu [27] 2014 Prospective 6 months NPV = 70.0 ±20.0, FS = 40%, tSSS% = 59.7%, n = 32

Gorny [28] 2014 Retrospective 33.6 months NPV = 45.5 ±22.7, n = 138

FS – Fibroid Shrinkage Percentage, HR-QoL – Health Related Quality of Life.
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Figure 2. Forest plot of studies included for NPV%

Figure 3. Forest plot of studies included for tSSS change%

Figure 4. Forest plot of studies included for disease-specific quality of life

Study or subgroup 	 NPV 	 SE 	 Weight (%) 	 NPV IV, Random, 95% CI 	 NPV IV, Random, 95% CI
Chen 2016 	 54.8 	 2.05 	 9.2 	 54.80 [50.78, 58.82]�

Gorny 2014 	 45.5 	 1.93 	 9.2 	 45.50 [41.72, 49.28]�

Himabindu 2014 	 70 	 3.54 	 9.0 	 70.00 [63.06, 76.94]�

Jacoby 2016 	 43 	 5.55 	 8.6 	 43.00 [32.12, 53.88]�

Jeong 2016 	 65.6 	 1.81 	 9.2 	 65.60 [62.05, 69.15]�

Keserci 2018 	 97.7 	 0.38 	 9.2 	 97.70 [96.96, 98.44]�

Mindjuk 2014 	 88.7 	 0.91 	 9.2 	 88.70 [86.92, 90.48]�

Park 2014 	 62.7 	 2.96 	 9.1 	 62.70 [56.90, 68.50]�

Tan 2015 	 65 	 2.3 	 9.1 	 65.00 [60.49, 69.51]�

Tung 2016 	 64.5 	 1.8 	 9.2 	 64.50 [60.97, 68.03]�

Xu 2015 	 84.3 	 2.73 	 9.1 	 84.30 [78.95, 89.65]�

Total (95% CI) 			   100.0 	 67.60 [55.58, 79.62] �
Heterogeneity: t2 = 406.80; c2 = 1930.76, df = 10 (p < 0.00001); I2 = 99% 
Test for overall effect: Z = 11.02 (p < 0.00001) 

Study or subgroup	 TSSS	 SE	 Weight	 TSSS fraction	 TSSS fraction
 	 fraction 	  	  (%) 	 IV, Random, 95% CI 	 IV, Random, 95% CI 
Chen 2016 	 0.3 	 0.04 	 11.1 	 0.30 [0.22, 0.38]�

Himabindu 2014 	 0.59 	 0.09 	 9.5 	 0.59 [0.41, 0.77]�

Jacoby 2014 	 0.55 	 0.14 	 7.5 	 0.55 [0.28, 0.82]�

Jeong 2016 	 0.55 	 0.04 	 11.1 	 0.55 [0.47, 0.63]�

Keserci 2018 	 0.86 	 0.04 	 11.1 	 0.86 [0.78, 0.94]�

Mindjuk 2015 	 0.68 	 0.03 	 11.3 	 0.68 [0.62, 0.74]�

Park 2014 	 0.36 	 0.06 	 10.5 	 0.36 [0.24, 0.48]�

Tan 2015 	 0.62 	 0.05 	 10.9 	 0.62 [0.52, 0.72]�

Tung 2016 	 0.44 	 0.08 	 9.8 	 0.44 [0.28, 0.60]�

Xu 2015 	 0.34 	 0.15 	 7.1 	 0.34 [0.05, 0.63]�

Total (95% CI) 			   100.0 	 0.54 [0.41, 0.66]�
Heterogeneity: t2 = 0.04; c2 = 129.39, df = 9 (p < 0.00001); I2 = 93% 
Test for overall effect: Z = 8.34 (p < 0.00001) 

Studies	 Estimate (95% CI) 
Chen et al.	 12.9 (11.7, 14.3)�
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have used different devices such as Sonalleve and 
ExAblate for the MRI-HIFU. The studies that used the 
Sonalleve device have more adverse effects than the 
ExAblate device. However, the studies reported not 
many serious adverse events, which means a better 
quality of life (Figure 4). 

Fibroid shrinkage

Figure 5 shows fibroid shrinkage after MR-HIFU 
treatment with a point estimate of 45% along with 
95% CI of 35.50–54.50, I2 of 96% and a p-value of 
0.00001. The fibroid shrinkage showed significant 
results in the studies included for review [18, 30, 
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31]. After MR-HIFU therapy, all studies demonstrat-
ed average fibroid shrinkage. Only minor variations 
were seen when stratified by follow-up type. Three 
studies, however, found a  significant impact of 
time on fibroid shrinkage percentage. NPV percent 
was not statistically correlated with fibroid shrink-
age (p = 0.012) in an exploratory meta-regression 
study. However, at the 6-month follow-up, there was 
a slight difference/trend, indicating a favorable rela-
tionship.

Costs 

The writers did not mention any cost-related re-
sults. As a  result, conclusions about cost-effective-
ness cannot be drawn based on the studies used.

Adverse events

Just one of the studies included in this review 
did not use AE as an endpoint parameter [13]. One 
hundred and twenty-four of 1360 patients (9.1%) 
had an adverse reaction to one of the 1360 thera-
pies studied. During the follow-up period, 120 AEs 
were minor and self-limiting. Just 2 (0.3%) patients 
had a  severe adverse effect (SAE), one of which 
was a deep venous thrombosis (DVT), and the other 
was a  third-degree skin burn. Two of the most re-
cent studies listed these SAEs (patient enrollment 
between 2005 and 2009) [24, 32]. Sonalleve and 
ExAblate had a  significant gap of (S) AE stratifica-
tion, 18.4% and 6.7%, respectively. Meta-regression 
verified that the difference between Sonalleve and 
ExAblate was statistically significant (p < 0.05). None 
of the other covariates studied (NPV percent, sonica-
tion time) was linked to adverse outcomes. However, 
not many serious adverse events were reported in 
the study.  

However, a  follow-up MRI is expensive and not 
required. Similarly, re-interventions were found in 

two studies that showed reintervention needed in 
18–24% of patients. 

Discussion

The present meta-analysis aimed to evaluate the 
effectiveness of MRI-HIFU in patients with uterine 
fibroids. The results showed an overall decrease in 
NPV% and tSSS%, and fibroid shrinkage was also 
evident post-MR-HIFU therapy. The health-related 
quality of life among patients with uterine fibroids 
also improved with follow-up; however, this was 
seen only in three studies and needs to be assessed 
further. Studies involved in the meta-analysis have 
also proclaimed improved reproductive outcomes. 
It has come to light that reintervention was needed 
in 18–24% of patients. This meta-analysis included 
studies that focused on complete ablation to look at 
the overall effect of MR-HIFU. 

The overall level of data, which was low to 
moderate, affected all of the outcome criteria ex-
amined in this study. For inclusion, only non-ran-
domized, non-comparative trials were available. 
The sources of a high risk of prejudice are linked to 
the sample designs themselves: insufficient docu-
mentation of loss of follow-up and the possibility 
of selection bias.

Increased expertise improves care effectiveness 
by reducing technical errors and treatment time in 
extended patient cohorts. Xu et al. [22] registered 
the shortest sonication duration, suggesting that 
the Chongqing method could increase treatment 
effectiveness. The pooled NPV percent immediate-
ly after MR-HIFU was 67.60%, owing to the lack of 
stringent treatment protocols. The distribution of 
dispersed points into two classes showed a remark-
able asymmetry in our findings. Unfortunately, we 
were unable to provide a complete explanation. Only 
a minor disparity was discovered through bowel-in-

Figure 5. Forest plot of studies included for change in the fibroid shrinkage

Study or subgroup	 % 	 SE	 Weight	 % Change FS	 % Change FS
 	 Change FS	  	  (%) 	 IV, Random, 95% CI 	 IV, Random, 95% CI 
Chen 2016 	 50.2 	 2.04 	 25.2 	 50.20 [46.20, 54.20]�

Jeong 2016 	 35.3 	 1.8 	 25.4 	 35.30 [31.77, 38.83]�

Keserci 2018 	 54 	 1.53 	 25.7 	 54.00 [51.00, 57.00]�

Xu 2015 	 40.1 	 3.2 	 23.7 	 40.10 [33.83, 46.37] �

Total (95% CI) 			   100.0 	 45.00 [35.50, 54.50] �
Heterogeneity: t2 = 89.09; c2 = 70.03, df = 3 (p < 0.00001); I2 = 96% �
Test for overall effect: Z = 9.28 (p < 0.00001)� 	 –50	 –25	 0	 25	 50
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terference avoidance methods, meaning that this 
may lead to a higher NPV percent.

The pooled tSSS declined on average to 54% 
during the follow-up period after MR-HIFU treat-
ment. However, no data were available for more 
than a  year, and MR-HIFU was not linked to other 
therapeutic choices in any of the trials included. At 
a 3-month follow-up, Jacoby et al. compared magnet-
ic resonance imaging-guided high intensity focused 
ultrasound (MRgFUS) to placebo [25] and found 
that the MRgFUS community had a more significant 
tSSS decline, -31 vs. -13 points. We looked for other 
uterine fibroid studies that used the UFS-QoL ques-
tionnaire to compare the tSSS of MR-HIFU to other 
treatment alternatives (UAE, hysterectomy, and myo-
mectomy). Similarly, studies by Spies et al. [33, 34] 

and Manyonda et al. [35] also reported a decrease 
in tSSS% change in myomectomy and hysterectomy, 
and the present meta-analysis indicated an overall 
tSSS% change of 54%, which is comparable to hys-
terectomy and myomectomy. 

A  very few studies reported the improved 
health-related quality of life after MR-HIFU treat-
ment; however, the studies included in the present 
meta-analysis have shown improved uterine fi-
broid-related quality of life after the treatment. 

Fibroid shrinkage was observed in all the studies, 
and the percentage of shrinkage ranged over time, 
indicating that fibroids will continue to shrink in vol-
ume for at least a year. In the present meta-analysis, 
the overall fibroid shrinkage after MR-HIFU treat-
ment was around 45% over a year, showing a sta-
tistically significant result (p < 0.05). Furthermore, 
the relationship between fibroid shrinkage and NPV 
percent was marginally significant, implying that 
a  higher NPV percent could lead to more fibroid 
shrinkage. Also, it is essential to keep in mind that 
doing a follow-up MRI exam is not a cost-effective 
and primarily needless option.

The reintervention reported by Tan et al. [24], 
Mindjuk et al. [23], and Chen et al. [19] was 9%, 
12.7%, and 0.9%, respectively, while other studies 
did not report the need for reintervention in the fol-
low-up period. This particular result pointed to the 
efficacy of the procedure. The procedure of MR-HIFU 
is non-invasive and does not indicate any effect on 
the reproductive outcome of the patients after the 
treatment. None of the studies has included the 
reproductive outcome and hence raised concern. 
However, studies by Lee et al. [36] and Cheung et al. 

[37] have shown no effect on the anti-Mullerian hor-
mone, indicating that women can try for pregnancy 
after treating uterine fibroids.

Just two SAEs were identified in older studies [27, 
38], which may be clarified by a slight learning curve 
effect when MR-HIFU was first used in clinical prac-
tice [16]. As AE was stratified by method, trials us-
ing the Sonalleve system had slightly more AE than 
trials using the ExAblate device [17, 18, 20, 25]. Two 
Ex-Ablate reports, on the other hand, reported ‘no 
unforeseen or major AE,’ implying under-reporting 
[19, 38]. Furthermore, there is no agreement about 
how to define AE in the context of MR-HIFU. For ex-
ample, although irregular vaginal discharge is often 
classified as AE, fibroid expulsion was identified as 
a common finding in 21% of ExAblate patients [22]. 
Surprisingly, a  Sonalleve study classified constitu-
tional symptoms as AE, although none of the other 
studies did [25]. Although a reporting bias may clar-
ify the disparity in AE between Sonalleve and ExAb-
late, more research is needed in the future.

These treatment modalities may have proved to 
be cost effective [31, 32, 39–41] but were not includ-
ed in this analysis. Therefore, MR-HIFU can be con-
sidered a cost-effective treatment for patients who 
are ready to pay. 

Methodological flaws were to blame for the lim-
itations of the present meta-analysis. Standard de-
viations were often estimated. There was a  lack of 
follow-up in some trials, and some sub-studies had 
different sample sizes [42]. As a  consequence, the 
findings should be viewed with caution. Further-
more, since the findings are based on published 
means rather than actual patient records, the eco-
logical fallacy may have influenced the results. Final-
ly, we questioned whether we should generalize our 
findings because of the significant and often mys-
terious heterogeneity in each outcome parameter. 
However, since we used a random-effects model for 
meta-analysis [43], this approach is accurate.

Even though MR-HIFU has been used to treat 
uterine fibroids for 14 years, it is still not widely 
used or reimbursed worldwide. The gold standard 
for obtaining reimbursement is a randomized clini-
cal study, and one is currently underway to compare 
UAE and MR-HIFU [44]. However, they had difficulty 
selecting volunteers, and some patients refused to 
be randomly assigned. As a result, randomized stud-
ies are challenging to perform and face statistical 
difficulties. More extensive retrospective random-
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ized cohort trials with longer follow-up are needed 
to establish the role of MR-HIFU in the management 
of symptomatic uterine fibroids before they can be 
used in routine clinical care.

Another challenge associated with uterine  
fibroids is a  misdiagnosis of uterine sarcomas as 
uterine fibroids because both are evident as focal 
masses in the uterine myometrium. This is due to 
non-specific clinical manifestations of uterine sarco-
mas; they may resemble uterine fibroids or myomas. 
Uterine sarcomas are rare malignant tumors of the 
female reproductive system derived from uterine 
smooth muscle, endometrial stroma, and connec-
tive tissue, accounting for 2% to 6% of all malignant 
uterine tumors [45]. MR-HIFU is a new non-invasive 
thermotherapy with the advantages of high repeat-
ability, uniform thermal diffusion, and conformal 
treatment based on the actual size and shape of the 
tumor. It can also monitor temperature changes in 
the target area and surrounding tissue in real time to 
adjust ultrasonic power and energy irradiation [46]. 
Leiomyosarcomas are not sensitive to radiotherapy. 
However, tumor cells can become sensitive to high 
temperature [47], resulting in potential complica-
tions by increasing the blood flow to the target tis-
sue and enhancing the permeability of the tumor cell 
membrane via its thermal effects. As there have been 
no previously reported cases of MR-HIFU alone used 
to treat uterine leiomyosarcoma [45], it is difficult to 
identify its role in the misdiagnosis of uterine sarco-
mas as fibroids.

Conclusions

The present meta-analysis has shown that it is 
an entirely effective non-invasive treatment for uter-
ine fibroids; this is evident by reducing the overall 
NPV, tSSS% change, and decrease in the fibroid size. 
Studies focusing on the impact of HR-QoL are need-
ed in this aspect. Furthermore, the trials focusing 
on the reproductive outcomes should focus on the 
recommendation of this therapy for uterine fibroids. 
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