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A B S T R A C T

Purpose: Reevaluation of the effectiveness of Magnetic Resonance-High Intensity Focused Ultrasound (MR-
HIFU) therapy for uterine fibroids by excluding studies with restrictive treatment protocols that are no longer
used.
Methods: The National Guideline Clearinghouse, Cochrane Library, TRIP, MEDLINE, EMBASE and WHO
International Clinical Trials Registry Platform (ICTRP) databases were searched from inception until the 22nd of
June 2018. Keywords included “MR-HIFU”, “MRgFUS”, and “Leiomyoma”. Only studies about MR-HIFU treat-
ment of uterine fibroids with at least three months of clinical follow-up were evaluated for inclusion. Treatments
with ultrasound-guided HIFU devices or protocols not aiming for complete ablation were eliminated. The pri-
mary outcome was the improvement in fibroid-related symptoms. Technical outcomes included screening and
treatment failures, treatment time, application of bowel-interference mitigation strategies and the Non-Perfused
Volume (NPV) percentage. Other secondary outcomes were the quality of life, fibroid shrinkage, safety, re-
interventions, reproductive outcomes, and costs. Meta-analysis was performed using a random-effects model
(DerSimonian and Laird).
Results: A total of 18 articles (1323 treated patients) met the inclusion criteria. All selected studies were case
series except for one cross-over trial. Overall, the quality of the evidence was poor to moderate. The mean NPV%
directly post-treatment was 68.1%. The use of bowel-interference mitigation strategies may lead to increased
NPV%. The mean symptom reduction at 12-months was 59.9% and fibroid shrinkage was 37.7%. The number of
adverse events was low (8.7%), stratification showed a difference between HIFU systems. The re-intervention
percentage at 3–33.6 months follow-up ranged from 0 to 21%. Longer follow-up was associated with a higher
risk at re-interventions. Reproductive outcomes and costs couldn’t be analyzed.
Conclusions: Treatment guidelines aiming for complete ablation enhanced the effectiveness of MR-HIFU therapy.
However, controlled trials should define the role of MR-HIFU in the management of uterine fibroids.
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1. Introduction

1.1. Background uterine fibroids

Uterine fibroids are common benign gynecological tumors which
develop from uterine smooth muscle cells. The cumulative incidence
during the reproductive period ranges from 70 to 80% depending on
the patient’s ethnicity [1]. Many women are asymptomatic, but in ap-
proximately 25% uterine fibroids cause clinically relevant symptoms
[2]. Main symptoms include pelvic pain, dysmenorrhea, menorrhagia,
urinary frequency, dyspareunia and subfertility. Pharmacological
agents are effective in alleviating symptoms, but adequate control may
not be achieved, or significant side-effects occur. Overall, a high per-
centage of patients will eventually require intervention. Uterine fibroids
are still the leading indication for a hysterectomy worldwide [3,4].
Myomectomy is the therapy of choice for women who want to conceive.
However, surgical approaches are associated with a high rate of short-
and long-term morbidity, require a hospital stay and weeks to recover.
Other minimally-invasive uterine-sparing treatment options are avail-
able including uterine artery embolization (UAE), hysteroscopic resec-
tion and Magnetic Resonance-High Intensity Focused Ultrasound (MR-
HIFU). MR-HIFU is the only entirely non-invasive intervention and has
several proven advantages such as a lower morbidity, less complica-
tions, no general anesthesia and shorter recovery time [5].

1.2. MR-HIFU technique

MR-HIFU is a thermal ablation technique and enables non-invasive
treatment of uterine fibroids by selective tissue heating [6]. The ul-
trasound transducer produces convergent high-intensity ultrasound
waves. The targeted tissue absorbs the acoustic energy leading to a
temperature rise which causes coagulative necrosis and apoptotic cell
death [6]. Magnetic Resonance Imaging (MRI) facilitates treatment
planning and real-time monitoring by temperature mapping [7]. Di-
rectly post MR-HIFU, a contrast enhanced MRI can visualize the ablated
tissue, referred to as the non-perfused volume (NPV). Treatment result
can be expressed as the NPV% which is the NPV divided by the fibroid
volume. During MR-HIFU therapy, interference of bowel loops in the
beam pathway could lead to treatment failure or untreated parts of the
fibroid. Different mitigation strategies are developed to displace bowel
loop. The BRB technique, which includes sequential applications of
urinary bladder filling, rectal filling and urinary bladder emptying, is
the most common technique. Three MR-HIFU devices are currently in
clinical use. The ExAblate system (InSightec, Haifa, Israel) employs the
conventional ‘point-by-point’ ablation technique. The Sonalleve system
(Profound Medical Inc., Toronto, Canada) uses a volumetric ablation
technology. The Chongqing system (Chongqing Haifu Technology,
Chongqing, China) combines the ‘point-by-point’ treatment strategy
with shot-sonication.

1.3. Background MR-HIFU

Since 2004, MR-HIFU treatment of uterine fibroids has been ap-
proved by the United States Food and Drug Administration (FDA).
Initially, restricted protocols had to be used for safety reasons.
However, over time it became clear that therapeutic outcomes are
closely related to the NPV% [8,9]. Partially ablated fibroids tend to
regrow, which may explain the relatively high re-intervention percen-
tage reported in studies using a restricted protocol [10,11]. Moreover,
MR-HIFU treatment proved to be safe even when complete ablation was
pursued [12]. The FDA guidelines were modified in 2009, allowing
operators to aim for complete ablation which has led improved out-
comes in more recent studies [8,13]. Although this might also be par-
tially explained by increased experience of the HIFU centers with the
technique [13]. Furthermore, the safety guidelines were modified for
women with symptomatic uterine fibroids and a desire for future

fertility since uncomplicated pregnancies were reported after MR-HIFU
therapy. Still, not all patients are eligible for MR-HIFU treatment. Ex-
clusion criteria can be based on patient characteristics (BMI and MRI
contraindications) or fibroid characteristics assessed by MR screening.
Fibroids with a high T2 signal intensity are difficult to treat and
therefore these fibroids, Funaki type 3, are generally excluded [14].

1.4. Rationale

To date, several reviews were published on the effectiveness of MR-
HIFU treatment for uterine fibroids. Overall, they showed that MR-
HIFU is effective in alleviating symptoms, but a relatively high re-in-
tervention percentage is reported [15–17]. However, these reviews
included studies using restrictive treatment protocols that are no longer
in clinical use which affected the results.

1.5. Objectives

The purpose was to reassess the effectiveness of MR-HIFU on re-
ducing fibroid-related symptoms using treatment protocols aiming for
complete ablation only. We also investigated the technical success
measured by the post-treatment NPV% and treatment failures.
Additionally, we evaluated the disease specific quality of life, the re-
intervention percentage, safety, fertility, costs and fibroid shrinkage.

2. Material and methods

In this review, we adhered to the standard guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
[18]. The review was registered at the International Prospective Reg-
ister of Systematic Reviews (PROSPERO) with registration number
CRD42018100467.

2.1. Eligibility criteria

Studies about MR-HIFU treatment of women with clinically symp-
tomatic uterine fibroids were evaluated for inclusion. Treatment pro-
tocols not aiming for complete ablation (except for a safety margin of
five mm from the serosal surface) or ultrasound guided HIFU devices
were excluded.

Randomized controlled trials (RCT), prospective or retrospective
non-randomized studies and cross-over trials with at least three months
of follow-up were evaluated for inclusion. Animal studies, case reports
and ongoing trials were eliminated as well as studies not reporting on
our primary outcome or NPV%. Gonadotropin-releasing hormone
(GnRH) analogues prior to MR-HIFU were allowed.

2.2. Data search

We searched the following databases on the 22nd of June in 2018
(Appendix): National Guideline Clearinghouse, Cochrane Library,
TRIPP, MEDLINE/PubMed, WHO International Clinical Trials Registry
Platform (ICTRP) and Embase. Duplicate publications were detected by
a reference manager (RefWorks) and removed. Two authors (IV and
KA) independently completed the initial title and abstract screening for
all six databases. Full texts were retrieved when studies possibly met
our inclusion criteria. Reference lists of all retrieved full-text articles
were manually searched to identify other relevant studies for full text
screening.

2.3. Data extraction

The same two authors independently extracted data from all eligible
studies. Data were collected in a summary of findings table containing
(a) study characteristics: authors, year of publication, study design, MR-
HIFU system, sample size, follow-up duration; (b) treatment
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parameters: NPV%, patient’s eligibility percentage, the number of
technical failures, the use of bowel-interference mitigation techniques,
sonication time; (c) primary outcome: reduction of fibroid-related
symptoms preferably assessed by the validated disease-specific Uterine
Fibroid Symptom and Quality of Life Questionnaire (UFS-QoL) [19]; (d)
secondary outcomes: Health-Related Quality of Life (HRQL) also as-
sessed by the UFS-QoL questionnaire, fibroid shrinkage based on
follow-up MR imaging, occurrence of any (serious) adverse events re-
lated to the MR-HIFU procedure, re-intervention percentage, evaluation
of reproductive outcomes (fertility, pregnancy or obstetrical outcomes)
and costs. The NPV% was calculated by the formula: (non-perfused
volume/fibroid volume) 100% [20–22]. This UFS-QoL questionnaire
includes eight questions about symptom severity and 29 HRQL ques-
tions. [19]. All items were scored on a 5-point Likert scale. Subscale
scores were transformed to a scale of 0–100 by the following formula:
transformed score= ((actual raw score – lowest possible raw score)/
possible raw score range) x 100. Higher transformed Symptom Severity
Score (tSSS) indicates greater symptom severity. Higher transformed
HRQL (tHRQL) score is indicative of a better HRQL. Adverse events
(AE) were categorized according to the Society of Interventional
Radiology clinical practice guidelines [23]. Minor adverse events were
defined as skin burns, vaginal bleeding or abnormal discharge, cystitis,
urinary retention, constitutional symptoms, nerve damage or pain
longer than seven days. The re-intervention percentage was defined as
patients undergoing an additional intervention due to fibroid-related
symptoms (second MR-HIFU, hysterectomy, myomectomy or UAE).
Any disagreements were resolved by discussion or by consulting a third
author. When multiple publications were available of one clinical trial,
the most recent publication was used as the reference and additional
details were derived from secondary papers. If outcomes were missing,
we attempted to contact the corresponding authors by sending an email
with request for additional data. If there was no response after seven
days, a second email was sent.

2.4. Quality of evidence and risk of bias

Level of evidence of all articles was assessed independently by two
authors (IV and KA) according to the Oxford Centre for Evidence-based
Medicine (OCEBM) guidelines [24]. The quality of case series was as-
sessed by an 18-criteria tool developed through a Delphi technique
[25]. A score of 14-points or more indicated good quality. Discrepancies
were identified and resolved through discussion. Where agreement
couldn’t be reached, a third author was consulted.

2.5. Data synthesis

The results of meta-analyses were presented in the form of tables
and graphs. For continuous data using the same scale (e.g. difference in
fibroid volume) the change from baseline (%) was reported. To combine
data from eligible studies a random-effects model (DerSimonian and
Laird) was used [26]. If the results showed statistical heterogeneity (I2),
we tried to explain the differences by stratification. We considered an I²
value of greater than 50% indicative of substantial heterogeneity.

Outcomes were stratified by MR-HIFU device, the use of bowel-in-
terference mitigation strategies and duration of follow-up: short-term
(3-months), mid-term (4–6 months) and long-term (12-months or
more). Explorative meta-regression was performed for all primary and
secondary outcomes.

2.6. Missing data

Missing standard deviations were imputed by the arithmetic mean
of all available standard deviations in the same category, unless re-
ported otherwise. Sensitivity analyses were performed by comparison
with point estimates when excluding studies with missing standard
deviations [27].

Regarding change scores, the correlation coefficient was imputed by
0.5, unless reported otherwise [27]. The imputed correlation coeffi-
cients were used to calculate the SD of change scores using the fol-
lowing formula: = + −SD SD SD SD SD2 * 0.5 * *c b f b f

2 2 . When the SD
of the change score was present (one study) correlation coefficient was

calculated using the following formula: =

+ −

r
SD SD SD

SD SD2
b f c

b f

2 2 2

.

2.7. Software

Meta-analyses were performed using Comprehensive Meta-Analysis
(calculations) and Open Meta-Analyst (figures and calculations) [28].

3. Results

3.1. Literature search

The search revealed 568 potentially relevant studies (appendix).
After duplicates and textbooks were excluded 387 abstracts were
screened and revealed 92 potentially relevant articles. By inspecting
reference lists of these articles, no additional articles were identified.
During full text screening, 55 studies appeared not to meet our inclu-
sion criteria and 19 reviews were excluded. A total of 18 articles were
finally selected [20–22,29–43] (Fig. 1). These 18 articles included 16
different clinical trials. One study reported results of an extended pa-
tient population and one study published their results at two different
time points.

3.2. Study characteristics

We composed a summary of findings table of all included studies
(Table 1). The studies mostly applied similar inclusion criteria: age
above 18 years old, a pre-or perimenopausal state and exclusion cri-
teria: contraindications to MRI with gadolinium or pregnant patients.
Nine studies excluded fibroids larger than 10–12 cm or uterine size
larger than 20–24 weeks of gestational age [20,30,33–35,41,42]. An-
other frequently reported exclusion criterion were Funaki type 3 fi-
broids (high T2W signal on MRI) [22,29,30,35,37,41]. Only four stu-
dies, including the two oldest studies, excluded patients with a desire
for future fertility [21,29,34,38]. Three studies demanded a minimum
tSSS at baseline of 41-points [33,34] or 21-points [38]. Smart et al.
studied the effect of GnRH agonists prior to MR-HIFU [38]. Jeong et al
evaluated the effectiveness of MR-HIFU in patients with concomitant
adenomyosis [35].

3.3. Data extraction

From all studies included, we retrieved the tSSS except from Morita
et al who reported subjective relief of symptoms instead of the tSSS
[21]. Therefore, we excluded this study from this part of the meta-
analysis. Furthermore, the tSSS scores of Funaki type 3 patients could
not be evaluated as reported by Funaki et al, thus these patients were
not included in our data extraction [20]. Jeong et al reported that pa-
tients were not followed longer than 3 months if they experienced
sufficient symptom relief, so only outcomes until 3-months were ana-
lyzed [35]. Two authors were contacted for additional data. Un-
fortunately, we received no response.

3.4. Quality of the evidence

All included studies were case series, except for one cross-over trial
[34] of which only the first phase was included in our analysis. The
level of evidence for all included studies was IV according to OCEBM
levels of evidence. The quality of the evidence ranged from 9 to 16
points using the 18-criteria tool [25], indicating substantial differences
in quality between the included studies. Only 6 of the 18 studies
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[29,34,36–38,40] were of acceptable quality. Furthermore, the in-
cluded studies poorly reported the different statistical parameters and
thus, standard deviations often had to be estimated. However, ex-
cluding studies with imputed standard deviations for all different out-
come parameters indicated that estimates were reasonably robust for
standard deviation imputation.

3.5. Technical parameters

3.5.1. Screening and treatment failures
The number of screening and treatment failures were not reported

in all studies. Eligibility percentage was reported by five studies
[29,37,39,41,43] with a mean percentage of 42.0% and a screening
failure percentage of 58.0%. Mean technical failure percentage was
3.5% based on seven studies [29,31,32,36,37,40,43]. There was a slight
decrease in the number of technical failures in the extended patient
cohorts [31,32,36,40].

3.5.2. Bowel-interference mitigation strategies
Six trials stated that they used bowel-interference mitigation stra-

tegies if necessary [22,35–37,40,42,43]. Seven trials explicitly said not
to use mitigation techniques [20,21,30–34,38]. In the other three stu-
dies it was unclear [29,39,41].

3.5.3. Treatment time
Sonication time was reported by 10 studies with a mean of

145,6 min [20,30,34–38,40,42,43]. The shortest sonication time was

reported by the study using the Chongqing system [42]. More recent
studies reported shorter treatment times and the average treatment
time decreased in the extended patient cohorts [36,40].

3.5.4. NPV%
The point estimate (95% CI) of NPV% was 68.1% (59.9%–76.0%)

with I2 of 99.5%. The I2 of 99.5% indicates substantial heterogeneity,
which could not be explained by stratification or meta-regression. One
borderline difference between no mitigation (adjusted mean 58.9) and
mitigation (adjusted mean 78.7) was found by meta-regression
(p= 0.016), suggesting that the use of bowel-interference mitigation
strategies results in a higher NPV% (Fig. 2).

3.6. Symptom improvement

Baseline scores of tSSS were 46.1 (33.7–58.4) on 3-months, 56.1
(50.0–62.2) on 6-months and 53.6 (41.8–65.5) on 12-months follow-up,
respectively. The combined estimates of the change percentages in the
3-month, 6-month and 12-month category showed symptom reduction
following MR-HIFU treatment (decreased tSSS score; Fig. 3). The I²’s
indicate substantial heterogeneity in the 3-months and 6-months cate-
gory. In the 12-months category the I2 was 75.35%. Explorative meta-
regression analysis showed no association between NPV% and tSSS
decrease. Similarly, there was no association between tSSS and fibroid
shrinkage. Only Morita et al did not report the tSSS, but asked patients
about symptom relief and reported a success percentage of 85.4% [21].

Fig. 1. Flow chart shows summary of the literature review process.
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3.7. HRQL

Only three of the included studies reported HRQL scores [29,34,41].
The baseline scores of QoL were 61.0 (36.5–84.5) on 3-months and 55.5
(21.1–89.9) on 6-months follow-up, respectively. The combined esti-
mates of the change percentages in the 3-month and 6-month category
showed improved HRQL scores (Fig. 4). The I²’s indicates substantial
heterogeneity in the 3-month and 6-month category.

3.8. Fibroid shrinkage

All studies showed overall fibroid shrinkage after MR-HIFU treat-
ment (Fig. 5). Stratification by follow-up category showed only small
differences. However, three studies reported a substantial effect of time
on fibroid shrinkage percentage [29,22,38]. The I²’s indicate substantial
heterogeneity in the 3-months and 6-months category. This could be
partly, although not significantly, explained by NPV%. In the 12-
months category the I2 was 0%. Explorative meta-regression analysis
showed that NPV% was not significantly associated with fibroid
shrinkage (p= 0.012; Fig. 6). A borderline difference/trend was seen at
6-months follow-up, suggesting a positive relationship.

3.9. Adverse events

Only one of the included studies did not report AE as outcome
parameter [20]. Of the 1330 treatments analyzed, 112 of 1330 (8.7%)
patients experienced an AE (Fig. 7). Importantly, 110 AE’s were minor
and self-limiting during follow-up. Only 2 patients (0.2%) experienced
a serious adverse event (SAE), one deep venous thrombosis (DVT) and
one third degree skin burn. These SAE’s were reported in two of the
most dated studies (patient enrollment between 2005 and 2009)

[31,38]. Stratification of (S)AE resulted in a substantial difference be-
tween Sonalleve and ExAblate, 17.6% versus 5.7%, respectively
(Fig. 6). The difference between Sonalleve and ExAblate was statisti-
cally significant as confirmed by meta-regression (p < 0.001). None of
the other investigated covariates (NPV%, sonication time) were asso-
ciated with adverse events.

3.10. Re-intervention percentage

At the end of the follow-up from 16 different trials, data of 1323
treated patients were available. The re-intervention percentage at
3–33.6 months follow-up ranged from 0 to 21% (Table 2). A total of 97
re-interventions were reported of which 23 hysterectomies, 25 myo-
mectomies, 7 surgical interventions (procedure not defined), 16 UAE,
15 repeat MR-HIFU, 1 thermal laser ablation, 1 transcervical resection
and 9 unknown interventions. Results of three studies showed a sub-
stantial effect of time on re-intervention percentage (Fig. 8)
[20,31,32,22]. Funaki et al calculated cumulative re-intervention per-
centages during follow-up [20]. The reintervention rates at 6-, 12- and
24-months follow-up were 1.4%, 2.9% and 14.0%, respectively. Ad-
ditionally, Gorny et al reported the cumulative rates re-intervention
percentages of 4% at 12-months, 13% at 24-months, 19% at 36-months
and 23% at 48-months follow-up [31]. Explorative meta-regression
analysis showed no association with NPV% or tSSS decrease.

3.11. Reproductive outcomes

A total of 27 pregnancies were reported by five of the included
studies [20,21,29,36,44]. Interestingly, a desire for future pregnancy
was an exclusion criterium in two of these studies [21,29] and four
patients voluntarily terminated their pregnancies while enrolled in the

Fig. 2. Forest plot of NPV% directly post MR-HIFU, stratified by the use of mitigation.
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Fig. 3. Forest plots of tSSS decrease percentage, stratified by follow-up category. Only Kerserci and Gorny reported the SD of the change percentage of the tSSS and
all other SD had to be imputed.
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trial [29]. Morita et al described one uncomplicated pregnancy and
birth [21]. Mindjuk et al reported 12 uncomplicated cases [36], one
spontaneous abortion occurred and two patients still pregnant at the
time of publication. Kerserci et al described three pregnant women loss
to follow-up without further notice [44]. Funaki et al reported two live
term births and two first-trimester miscarriages [20]. Kerserci et al
considered the potential impact on the ovarian reserve because ovarian
dysfunction is strongly associated with subfertility. The levels of the
anti-Mullerian Hormone (AMH) were measured at baseline and 6-
months follow-up, no significant changes were found, suggesting that
the ovary and its vessels were not involved in the treatment area [43].

3.12. Costs

The authors did not report outcomes considering costs. Therefore, it
is not possible to draw conclusions regarding cost-effectiveness on the
included studies.

4. Discussion

This systematic review reevaluated the effectiveness of MR-HIFU
therapy of uterine fibroids only including treatment protocols aiming
for complete ablation, because restrictive protocols are no longer in
clinical use. The results showed that symptom severity and fibroid
volume continued to decrease during follow-up. The number of (S)AE
was low and the re-intervention percentage at 3–33.6 months follow-up
ranged from 0 to 21%. Reproductive outcomes were encouraging. Costs
and HRQL were under-reported. Importantly, the symptom improve-
ment in this review was greater compared to other MR-HIFU reviews
and retreatment rates were lower [16,17]. So, implementing unrest-
rictive treatment protocols has led to better clinical outcome.

4.1. Quality of evidence

In general, all outcome parameters discussed in this review were
influenced by the overall level of evidence which was poor to moderate.
Only non-randomized, non-comparative trials were available for in-
clusion [24]. Sources leading to a high risk of bias were related to the
specific study designs: inadequately reporting of loss to follow-up and
potentially a selection bias. Weaknesses of the meta-analysis were

caused by methodological limitations. Standard deviations often had to
be estimated. Some studies were subject to loss of follow-up and some
sub-studies were based on different sample sizes [27]. Therefore, the
results should be interpreted with care. Moreover, results are based on
reported means instead of individual patient data, thus ecological fal-
lacy may have affected outcomes. Heterogeneity for each outcome
parameter was often substantial, and mostly unexplained, questioning
whether we should generalize our results. However, this method is
valid because we used a random-effects model for meta-analysis [26].

4.2. Technical parameters

Decreases in the number of technical failures and treatment time in
the extended patient cohorts suggests that increased experience en-
hances treatment efficacy. The shortest sonication time was reported by
Xu et al, so the Chongqing system might improve treatment efficiency.
The pooled NPV% directly post MR-HIFU was 68.1% which is higher
than reported in other reviews [16,17], probably due to the exclusion of
restrictive treatment protocols. Our results revealed a remarkable
asymmetry in the distribution of scattered points into two groups.
Unfortunately, we were unable to fully explain this. Only one border-
line difference was found with the use of bowel-interference mitigation
techniques suggesting that this may lead to higher NPV%. Interestingly,
like Peregrino et al this review failed to show a statistically significant
improvement in symptoms depending on different NPV% [16]. How-
ever, two of the included studies divided their patients into two groups
based on NPV% and showed that higher NPV% result in better clinical
outcomes [42,43]. One study showed that higher NPV% was associated
with greater efficacy [36].

4.3. UFS-QoL

On average, the pooled tSSS was decreased and continued to im-
prove during follow-up. There was no data available beyond 12 months.
None of the included studies compared MR-HIFU to other treatment
options. Jacoby et al did compare MRgFUS to placebo [34] and re-
ported a larger tSSS decrease in the MRgFUS group, -31 vs -13 points, at
3-months follow-up. To compare the tSSS of MR-HIFU to other treat-
ment options (UAE, hysterectomy and myomectomy), we searched
other uterine fibroid trials that used the UFS-QoL questionnaire. Spies

Fig. 4. Forest plots of HRQL increase in change percentage, stratified by follow-up category.
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et al reported decreased tSSS: -40,2 for UAE, -40,5 for myomectomy and
-57,3 for hysterectomy at 12-months follow-up [45]. The tSSS in the
Fume trial [46] was -37.6 for myomectomy and -30,4 for UAE after 12-
months. In this review, the tSSS at 12-months was -30.5, which is
comparable to UAE, but less improvement compared to myomectomy
and hysterectomy.

HRQL was clearly under-reported in this review which is remark-
able because the HRQL is part of the UFS-QoL questionnaire. Three
studies did show improved HRQL after MR-HIFU treatment. Jacoby
et al showed greater HRQL improvement in the MRgFUS group com-
pared to placebo, 27 vs 17-points.

4.4. Fibroid shrinkage

All studies showed fibroid shrinkage and the shrinkage percentage
varied in time demonstrating that fibroids can continue to decrease in
volume at least up to 1 year. A borderline significance was found

between fibroid shrinkage and NPV% indicating that a higher NPV%
could lead to more fibroid shrinkage. Please note that a follow-up MRI
examination is expensive and often unnecessary.

4.5. Adverse events

The only two SAE’s were reported in old studies [32,38] which
could be explained by a small learning curve effect when MR-HIFU was
implemented into clinical use [13]. Stratification of AE by system
showed significantly more AE in trials using the Sonalleve system
compared to the ExAblate device [29,35,37,43]. However, two Ex-
Ablate studies reported ‘no unexpected or significant AE’, suggesting
under-reporting [22,41]. Moreover, there is no consensus on the defi-
nition of AE related to MR-HIFU. For example, abnormal vaginal dis-
charge was often defined as AE, but one ExAblate study reported fibroid
expulsion in 21% of their patients as normal finding [36]. Interestingly,
a Sonalleve study reported constitutional symptoms as AE while none of

Fig. 5. Forest plots of fibroid shrinkage in percentage, stratified by follow-up category.
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the other studies reported this [37]. Although the difference between
Sonalleve and ExAblate in AE might be explained by a reporting bias, it
remains important to investigate this in the future.

4.6. Re-intervention percentage

The overall re-intervention percentage ranged from 0 to 21% at the
end at follow-up (3–33.6 months). Longer follow-up was associated
with a higher risk of further interventions. Unfortunately, due to the

lack of longer follow-up data, it remains unclear whether MR-HIFU
provides symptom relief until menopause without the need for addi-
tional therapy. No association was found with NPV%, tSSS or fibroid
shrinkage, this may be explained by the exclusion of patients under-
going re-interventions from further follow-up. The re-intervention
percentage in our review at 24-months ranged from 13 to 14% as re-
ported by two studies (218 patients) [20,31]. This is comparable to the
re-intervention percentage after UAE at 24-months. The EMMY trial
[47] reported 23.5% re-interventions in the UAE group [48]. A review

Fig. 6. Association between fibroid shrinkage percentage and NPV% directly post MR-HIFU, not stratified by follow-up category. Every study has a dot with a
different color and all different time-points are shown. The size of the dot represents the number of patients.

Fig. 7. Forest plots of AE during follow-up, stratified by system. Ev/trt: the reported number of AE and the number of patients treated. In the studies that reported no
AE a percentage of 0.5% had to be imputed. Therefore, all percentages shown in the figures below are higher than in reality. PLN (Natural logarithm transformed
proportion) was used.
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comparing UAE with myomectomy and hysterectomy concluded that
15–32% will require further surgery within two years of UAE [49].

4.7. Reproductive outcomes

None of the included studies intended to investigate reproductive
outcomes, but results were encouraging. Data is scarce since only one
study investigated pregnancy outcomes after MR-HIFU treatment ret-
rospectively [50]. However, the available evidence is reassuring [51],
but our results must be interpreted with caution due to the very small
number of post MR-HIFU pregnancies and the relative rarity of the
pregnancy complications one might expect because of MR-HIFU (i.e.
abnormal placentation, placental abruption and fetal growth restric-
tion). Compared to myomectomy, the noninvasive character of MR-
HIFU is advantageous for women trying to conceive because patients
can attempt pregnancy much sooner. How MR-HIFU affects one’s
ability to conceive is unknown, although the finding that AMH levels
did not change in three studies [43,52,53] suggests that ovarian

function is not compromised by MR-HIFU.

4.8. Costs

Based on the included studies, it was impossible to analyze the cost-
effectiveness of MR-HIFU therapy compared to other uterine fibroid
treatments. Five cost-effectiveness analysis are published, but not in-
cluded in this review [54–58]. They all suggested that MR-HIFU may be
a cost-effective strategy at commonly accepted willingness-to-pay
thresholds.

4.9. Future perspectives

Although MR-HIFU treatment of uterine fibroids has been per-
formed for 14 years now, there is still no wide-spread implementation
of MR-HIFU or reimbursement worldwide. A randomized controlled
trial is the gold standard to obtain reimbursement and one is currently
ongoing to compare UAE and MR-HIFU [59]. However, they experi-
enced difficulties recruiting participants and some patients declined
randomization. Thus, randomized trials are very hard to conduct and
pose methodological challenges. To implement MR-HIFU treatment in
regular clinical care, larger comparative controlled cohort studies with
longer follow-up are warranted to define the role of MR-HIFU in the
management of symptomatic uterine fibroids.

4.10. Core outcome set

Hitherto, there is no consensus on how to evaluate clinical outcome
after MR-HIFU treatment. It is important to reach consensus, for ex-
ample by developing a standardized Core Outcome Set [60], to improve
the consistency of outcome reports in future MR-HIFU trials. Based on
the outcomes identified via this systematic review we would re-
commend that clinical trials report the following outcomes: symptom
improvement, QoL, NPV%, adverse events, fibroid shrinkage, re-inter-
vention percentage, reproductive outcomes, recovery time and clinical
efficacy. Symptom improvement and QoL should be assessed by a va-
lidated questionnaire such as the UFS-QoL [19]. Clinical efficacy should
be a combination of symptom reduction and no re-intervention during
follow-up [36]. Preferably, all patients are followed until menopause.

Table 2
Number of re-interventions and re-intervention percentage at the end of the
follow-up.

Study, year, length of
follow-up in months (m)

Number of re-interventions/
number of patients

Re-intervention
percentage (%)

Smart 2006, 12 m 6/49 12.2%
Morita 2008, 12 m 2/48 4.0%
Funaki 2009, 24 m 7/57 12.3 %
Gorny 2011, 33.6 m 29/138 21.0%
Desai 2012, 6 m 0/50 0%
Dobrotwir 2012, 12 m 6/51 11.7%
Himabindu 2014, 6 m 0/32 0%
Park 2014, 3 m 0/74 0%
Jacoby 2015, 3 m 0/13 0%
Tan 2015, 12 m 9/100 9.0%
Mindjuk 2015, 19.4 m 28/221 12.7%
Xu 2015, 6 m 0/43 0%
Chen 2016, 6 m 1/107 0.9%
Jeong 2016, 6 m 9/157 5.7%
Tung 2016, 6 m 0/40 0%
Kerserci 2018, 6 m 0/120 0%
Overall 97/1323 7.6%

Fig. 8. Bubble chart of re-intervention percentage at follow-up. The size of the dot represents the number of patients.
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Moreover, data of the patients undergoing an additional treatment
should be published to identify risk factors for the need of re-inter-
ventions.

5. Conclusions

MR-HIFU therapy is a completely noninvasive safe therapy and is
effective in alleviating fibroid-related symptoms for at least 12-months.
Treatment protocols aiming for complete ablation led to better treat-
ment outcomes. The re-intervention percentage is comparable to UAE
at 24-months follow-up. Further trials should evaluate outcomes be-
yond 33.6 months and investigate reproductive outcomes. Moreover,
controlled cohort trials are necessary to define the position of MR-HIFU
compared to other treatment options for uterine fibroids.

Contribution to authorship

IV made a substantial contribution to the study design, acquisition
of data, interpretation of data and writing of the manuscript. KJ made
substantial contribution to the acquisition of data and interpretation of
data. IN was involved in acquisition of data and had a contribution in
analysing the data. JM and JR made a substantial contribution to the
interpretation of the data. LB, CM and AF were involved in inter-
pretation of data and drafting of the manuscript. ME had a major
contribution in analysing the data. MB was responsible for the con-
ception design of the study, interpretation of the data and drafting the
article. All authors revised the manuscript critically for important in-
tellectual content. All authors read and approved the final manuscript.

Disclosure

No grant or financial support was used for this research project. No
author had any financial interest in the subject matter discussed in the
submitted manuscript. No conflict of interest needs to be disclosed. All
authors state that this study complies with the Declaration of Helsinki.

Appendix A

Literature search
National Guideline Clearinghouse
Keywords contains:

1 “Leiomyoma”: 5 hits
2 “Myoma”: 2 hits
3 “Fibroid”: 13 hits
4 “Uterine fibroid”: 12 hits
5 #1 OR #2 OR #3 OR #4: 13 hits
6 “HIFU”: 6 hits
7 “FUS”: 34 hits
8 “High Intensity Focused Ultrasound”: 33 hits
9 “Magnetic Resonance-Guided Focused Ultrasound”: 50 hits

10 “Magnetic Resonance-Guided High-Intensity Focused Ultrasound”:
13 hits

11 #5 AND (#6 OR #7 OR #8 OR #9 OR #10): 12 hits

Cochrane Library
Title, abstract, keywords contains:

1 “Leiomyoma”: 796 hits
2 “Myoma”: 643 hits
3 “Fibroid”: 311 hits
4 “Uterine Fibroid”: 120 hits
5 #1 OR #2 OR #3 OR #4:1298 hits
6 “HIFU”: 133 hits
7 “FUS”: 50 hits
8 “High Intensity Focused Ultrasound”: 195 hits

9 “Magnetic Resonance-Guided Focused Ultrasound”: 38 hits
10 “Magnetic Resonance-Guided High-Intensity Focused Ultrasound”:

7 hits
11 #5 AND (#6 OR #7 OR #8 OR #9 OR #10): 43 hits

TRIP
Keywords contains:

1 “Leiomyoma”: 3671 hits
2 “Myoma”: 913 hits
3 “Fibroid”: 4746 hits
4 “Uterine Fibroid”: 1206 hits
5 #1 OR #2 OR #3 OR #4: 5514 hits
6 “HIFU”: 691 hits
7 “FUS”: 12.753 hits
8 “High Intensity Focused Ultrasound”: 618 hits
9 “Magnetic Resonance-Guided Focused Ultrasound”: 101 hits

10 “Magnetic Resonance-Guided High-Intensity Focused Ultrasound”:
34 hits

11 #5 AND (#6 OR #7 OR #8 OR #9 OR #10): 239 hits
12 #11 AND (“Magnetic resonance Imaging” OR “MRI”): 167 hits

Medline/PubMed
Keywords contains:

1 “Leiomyoma” [Mesh]: 19,655 hits
2 “Leiomyoma” [tiab]: 9994 hits
3 "Leiomyoma"[tiab]) AND "Leiomyoma"[Mesh]: 7752 hits
4 "leiomyomas"[tiab]: 4488 hits
5 "Myoma"[tiab]: 3852 hits
6 "Myomas"[tiab]: 2140 hits
7 "Fibroid"[tiab]: 3124 hits
8 "Fibroids"[tiab]: 4122 hits 9. #3 OR #4 OR #5 OR #6 OR #7 OR
#8: 19.247 hits

9 “High-Intensity Focused Ultrasound ablation” [Mesh]: 1679 hits
10 “High-Intensity Focused Ultrasound ablation”[tiab]: 242 hits
11 "High-Intensity Focused Ultrasound"[tiab]: 2542 hits
12 "focused ultrasound"[tiab]: 4552 hits
13 “Magnetic Resonance-Guided Focused Ultrasound” [tiab]:248 hits
14 “Magnetic Resonance-Guided High-Intensity Focused Ultrasound”

[tiab]: 103 hits
15 #10 OR #11 OR #12 OR #13 OR #14 OR #15: 5020 hits
16 "Sonalleve"[tiab] OR "insightec"[tiab] OR "ExAblate 2000″[tiab]: 65

hits
17 “Magnetic Resonance Imaging"[Mesh]: 393,422 hits
18 “Magnetic Resonance Imaging"[tiab]: 198,173 hits
19 #18 OR #19: 464,194 hits
20 #9 AND #16: 408 hits
21 #20 AND #21 AND (("Treatment outcome"[MeSH Terms] OR

"Follow-Up Studies"[MeSH Terms])): 87 hits.

13. #20 AND #21: 202 hits
WHO International Clinical Trials Registry Platform (ICTRP)

1 “Leiomyoma”: 123 trials
2 “Myoma”: 103 trials
3 “Fibroid”: 112 trials
4 “Uterine Fibroid”: 60 trials
5 #1 OR #2 OR #3 OR #4: 298 trials
6 “HIFU”: 128 trials
7 “FUS”: 13 trials
8 “High Intensity Focused Ultrasound”: 143 trials
9 “Magnetic Resonance-Guided Focused Ultrasound”: 28 trials

10 “Magnetic Resonance-Guided High-Intensity Focused Ultrasound”:
19 trials

11 #5 AND (#6 OR #7 OR #8 OR #9 OR #10): 440 trials
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Embase

1 'leiomyoma'/exp OR 'leiomyoma': 23.539 hits
2 'myoma': 19.060 hits
3 'fibroid': 5598 hits
4 'uterine fibroid': 1658 hits
5 'uterine myoma': 14.251 hits
6 #1 OR #2 OR #3 OR #4 or #5: 38.641 hits
7 'HIFU': 3451 hits
8 'FUS': 3948 hits
9 'High Intensity Focused Ultrasound': 5341 hits

10 'Magnetic Resonance-Guided Focused Ultrasound': 417 hits
11 'Magnetic Resonance-Guided High-Intensity Focused Ultrasound':

146 hits
12 #6 AND (#7 OR #8 OR #9 OR #10 OR #11): 580 hits
13 #12 AND [English]/lim: 514 hits
14 'leiomyoma'/exp OR 'leiomyoma' AND ('high intensity focused ul-

trasound'/exp OR 'high intensity focused ultrasound') AND
[English]/lim: 79 hits

15 ('leiomyoma'/exp OR 'leiomyoma') AND ('high intensity focused
ultrasound'/exp OR 'high intensity focused ultrasound' OR 'magnetic
resonance-guided high-intensity focused ultrasound'/exp OR 'mag-
netic resonance-guided high-intensity focused ultrasound' OR
'magnetic resonance-guided focused ultrasound'/exp OR 'magnetic
resonance-guided focused ultrasound') AND [English]/lim: 116 hits

Total screened hits: 568 hits
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