Yerezhepbayeva et al. BMC Women'’s Health
https://doi.org/10.1186/512905-022-01627-y

(2022) 22:55

BMC Women's Health

RESEARCH Open Access

Comparison of two invasive non-surgical

®

Check for
updates

treatment options for uterine myomas: uterine
artery embolization and magnetic resonance
guided high intensity focused ultrasound—

systematic review

Madina Yerezhepbayeva', Milan Terzic'*?, Gulzhanat Aimagambetova®” and Byron Crape'

Abstract

with other pelvic diseases were excluded.

due to confounding factors.

leiomyoma, Uterine fibroid

Background: Uterine Artery Embolization (UAE) and Magnetic Resonance guided High Intensity Focused Ultrasound
(MRgHIFU) are two noninvasive treatments for uterine leiomyoma.

Methods: This systematic review, following PRISMA guidelines, analyzed the effectiveness of two treatments by
comparing percent fibroid volume shrinkage immediately after the procedure and after 3, 6, 12 and 24 months of
follow-up and also assessed and compared common complications following treatment. The search utilized Science
Direct, PubMed, MEDLINE, Google Scholar and BioMed Central databases, selecting manuscripts published during the
period 2000 and 2020. Studies with premenopausal patients with previous treatments for uterine leiomyoma and/or

Results: Twenty-nine papers satisfied inclusion and exclusion criteria. Results were pooled and stratified by treatment
and follow-up time. Weighted fibroid volume percent shrinkage after UAE was statistically significantly greater than
MRgHIFU at 6, 12, and 24 months follow-up times. However, UAE had statistically significantly more complications,
such as pain, nausea and vomiting. However, this study cannot conclude that UAE is more effective than MRgHIFU

Keywords: Magnetic resonance guided high intensity focused ultrasound, Uterine artery embolization, Uterine

Introduction

Uterine leiomyoma or uterine fibroids are the most prev-
alent benign smooth-muscle tumors of the uterus. They
are present in approximately 60% of women at reproduc-
tive age [1]. However, the real prevalence is likely sub-
stantially higher, given that some women do not present
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symptoms of uterine leiomyomas and thus go undiag-
nosed. Symptomatic leiomyomas can adversely impact
women’s physical, social, and psychological function-
ing, as well as reduce income and work effectiveness [2].
Symptoms and signs of uterine leiomyoma depend on
the type, number, size and secondary changes within the
fibroid nodules. Patients with uterine leiomyoma might
present with heavy menstrual bleeding, pain, significant
intermittent uterine bleeding, iron-deficient anemia,
pelvic pain, bowel dysfunction, urinary and pressure
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symptoms [3]. Uterine leiomyoma is also causally associ-
ated with 1-3% of the infertility rate and 8% of miscar-
riages [4]. Women with uterine leiomyoma have three
times higher risk of miscarriage than women without
fibroids. An estimated 5-10% of infertile women have
uterine fibroids that have contributed to anatomic dis-
tortion of the uterine cavity and abnormal endometrial
receptivity [5]. Additionally, uterine leiomyoma might
cause complications during pregnancy, such as preterm
delivery (<37 weeks), abnormal fetal position, abnormal
placentation, placental abruption, postpartum infections
and postpartum bleeding [4]. Because of symptoms and
complications, the presence of uterine fibroids is the pri-
mary indication for conducting a hysterectomy world-
wide [6]. Thus, alternative non-invasive or minimally
invasive treatments are requisite for avoiding more inva-
sive procedures, while still effectively protecting fertil-
ity relieving clinical symptoms for women with uterine
leiomyoma.

There are medical, surgical, and minimally inva-
sive treatments for uterine leiomyoma. Asymptomatic
patients might not require treatment [2]. The aim of
uterine leiomyoma management is to relieve symptoms,
avoid or minimize invasiveness, promote rapid recovery
following treatment and preserve fertility, if necessary
and dependent on the patients’ decisions. Uterine Artery
Embolization (UAE) and Magnetic Resonance Guided by
High Intensity Focused Ultrasound (MRgHIFU) treat-
ments are minimally invasive procedures that reduce
fibroid volume while avoiding the higher risk of uterus
damage associated with more invasive procedures.
Among the currently available the conservative interven-
tional management options, UAE has the longest history
and has been shown to be effective in properly selected
patients [3]. Newer focused energy delivery methods
are promising but need more investigation on the long-
term outcomes [3]. The aim of this systematic review is
to analyze and compare fibroid shrinkage following UAE
and MRgHIFU treatments and to identify and compare
common complications associated with these two proce-
dures. A systematic review was conducted by Taheri et al.
[7] assessing fibroid volume changes following UAE and
radiofrequency ablation. However, the Taheri systematic
review did not take into consideration of either the other
treatments and pelvic diseases (except adenomyosis) that
patients were experiencing, or the patients’ menopausal
or perimenopausal status. Our systematic review evalu-
ates and compares fibroid shrinkage following UAE and
MRgHIFU treatments for premenopausal women with-
out the presence of other treatments and other gyneco-
logical diseases to avoid confounding biases, and also
evaluates and compares common complications for the
two procedures.
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Materials and methods

Our systematic review followed PRISMA guidelines uti-
lizing, with searches on Science Direct, PubMed, MED-
LINE, Google Scholar and BioMed Central databases to
identify published journal articles on related the years
2000-2020. All original research articles, including pro-
spective and historical cohort studies case—control stud-
ies, case reports and case series were reviewed. There
were no randomized clinical trials. Each individual paper
was reviewed by two out of three of the authors that con-
ducted reviews, with any disagreements between these
authors being resolved by consultation.

Published manuscripts were considered for inclusion
into the systematic review if patients were women with
symptomatic uterine leiomyoma who received either
UAE or MRgHIFU treatments. Extracted data from the
selected studies that met inclusion and exclusion criteria
for the systematic review included authors, year of pub-
lication, follow-up duration, study design, interventions,
participant population, characteristics of patients, size of
fibroids, uterine fibroids’ shrinkage after treatment and
postoperative outcomes. Outcomes of interest included
fibroid volume before and after treatments, mean fibroid
volume percent change, and complications following the
procedures. Key phrases, including “magnetic resonance
guided high intensity focused ultrasound’, “uterine artery
embolization” and “uterine fibroids’, and “leiomyoma” or
“uterine myomas” were utilized in title searches to iden-
tify related research publications.

Our exclusion criteria those studies where patients who
have undergone or were undergoing treatments other
than UAE or MRgHIFU, patients with other gyneco-
logical pathologies that were not uterine leiomyoma,
redundant publications with the same data, studies
including postmenopausal women, and research report-
ing fibroid volume changes without providing mean
values. Research papers were also excluded if they were
published before 2000. Only studies published in English
were included. Research publications that met exclusion
and inclusion criteria were eligible for inclusion into the
systematic review.

Mean fibroid volume percent changes were calculated
from baseline, before the procedure, to five different
endpoints, of five different follow-up periods including
immediately following the procedure, and after 3, 6, 12
and 24 months. A weighted mean was calculated for each
follow-up period. The percentage of reported number of
occurrences of each complication was calculated for all
selected papers for the systematic review.

Data on selected papers were downloaded using the
reference manager Mendeley, entered into Microsoft
Excel and transferred for analyzed into statistical soft-
ware STATA version 16.1 [8]. Fibroid volume percent
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change was compared utilizing a two-tailed -test, with
values of p<0.05 being considered statistically signifi-
cant. The Chi square test was performed to examine
statistical significance of the counts differences of com-
plications following the procedures.

To reduce selection bias, full texts of potentially eligi-
ble articles were retrieved and independently assessed for
eligibility by two reviewers out of three that conducted
reviews. Any disagreement between two reviewers over
the eligibility of a particular article was resolved through
discussion with the third reviewer. Data extracted from
selected articles included study design, population char-
acteristics, treatment and outcomes.

Give that this was a systematic review of existing pub-
lished journal articles and all data utilized was extracted
from these studies, the current manuscript was exempt

from human subject review, with no consent require-
ments. The study was conducted without funding.

Results

A total of 2749 papers were identified from the initial
search. Out of this number, 29 papers were found eligi-
ble for inclusion in qualitative and quantitative analy-
ses, (explained in detail in Fig. 1). Out of the 29 eligible
papers, none compared UAE treatment outcomes with
that of MRgHIFU. Fourteen case series papers reported
UAE treatment outcomes, while 15 reported MRgHIFU
treatment outcomes. The sum number of patients who
were treated with UAE or with MRgHIFU treatments
in the eligible studies was 1383 and 835, respectively.
(Table 1).
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The overall weighted mean age of patients treated with
UAE was not possible to calculate, because not all arti-
cles reported patients’ mean age. The weighted mean age
of patients who received MRgHIFU treatment was 43
(Table 2).

The number of uterine fibroids was not reported in
many studies. All papers only included patients older
than 18 years of age. The most common reasons for
exclusion of patients in both UAE and MRgHIFU studies
included pregnancy and restriction size of leiomyoma (10
or 12 c¢cm) or uterine volume measured gestational week
(20 week of gestation). Absolute fibroid volume reduction
measures were reported in all papers, but only two UAE
treatment studies and five MRgHIFU studies reported
percentage reductions, which always provided stand-
ard deviation or range of values. Some studies included
only included measures for the volume of the dominant
myoma.

Fibroid shrinkage percentages were stratified by 3, 6, 12
and 24 months follow-up times after treatment (Table 3).

Eight UAE and three MRgHIFU treatment papers
reported fibroid reductions after 3 months follow-up.
The weighted mean difference in fibroid volume reduc-
tions between the two treatments after 3 months was not
statistically significant (p=0.068). The minimum and
maximum percent fibroid volume shrinkage immediately
following treatment ranged from 9.95 to 54.04% for UAE
and 31.4-41.6% for MRgHIFU.

Twenty-two papers reported fibroid volume shrink-
age after 6 months follow-up. These papers included
eight papers following UAE treatment and 14 papers fol-
lowing MRgHIFU treatment. At the 6 month follow-up
mark, the pooled percent fibroid volume shrinkage dif-
ference between UAE (50.57£15.70%) and MRgHIFU
(30.06 +12.76%) was statistically significant (p=0.0001),
with minimum and maximum fibroid volume shrinkages
ranging from 32.18 to 78.3% for UAE, and 12.6-50.2% for
MRgHIFU.

For 12 months follow-up, three papers reported
fibroid volume changes for UAE and another three for
MRgHIFU, showing a pooled statistically significant dif-
ference (»p=0.0001) between UAE (62.78 £17.10%) and
MRgHIFU (25.91412.64%). The minimum and maxi-
mum percent fibroid volume reduction ranged from 51.7
to 91.2% for UAE and 9.3-38.0% for MRgHIFU. The min-
imum percent fibroid volume shrinkage at any followup
measurement for any treatment was 9.3% for MRgHIFU.

Only one UAE treatment paper, with 98 patients, and
two MRgHIFU treatment papers reported percent fibroid
volume shrinkage after 24 months, showing a statisti-
cally significant difference (p=0.0001) between pooled
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percent fibroid volume shrinkage between UAE (68.18%)
and MRgHIFU (34.96%).

Seven papers reported complications for UAE and
twelve papers for MRgHIFU. The most common reported
complications were fever, pain, nausea, vomiting, ano-
rexia, fatigue, abdominal distension, transient and per-
manent amenorrhea (Table 4).

Statistically significantly number of cases of complica-
tions of fever (p <0.0001), anorexia (p <0.0001), migraine
(p=1.0000), transient amenorrhea (p<0.0001), fibroid
expulsion (p=0.0003), inguinal hematoma (p =0.0040),
fatigue (p<0.0001) and pruritic rash (p<0.0010) were
only reported for UAE treatment, with no cases reported
for MRgHIFU. Statistically significant numbers of cases
of complications only reported for MRgHIFU included
numbness (p<0.0001) and skin lesions (p <0.0001, with
skin lesions defined as skin redness, edema or superficial
skin burns. During management of patients, complica-
tions, such as permanent amenorrhea (p=0.0394), and
abdominal distention (p<0.0001) were more common
with patients treated with UAE. UAE-treated patients
treated Patients following MRgHIFU treatment were
more likely to report pain than UAE treated patients
(p=0.0004).

Discussion

Our systematic review analyzed and compared fibroid
volume shrinkage and common complications follow-
ing UAE and MRgHIFU procedures, two noninvasive
options for the treatment of uterine leiomyoma. Effec-
tive fibroid volume shrinkage was reported following
both treatments for all reported follow-up periods.
Weighted mean percent fibroid reduction was higher
for UAE than MRgHIFU in 6-24 months follow-up.
Burn et al. 2000 reported the total disappearance of
fibroids in one patient 6 months after UAE treatment.
The percent fibroid volume shrinkage for UAE (68.18%)
at 24 month follow-up was double that of MRgHIFU
(34.96 £4.88%, p=0.0001). However, Nagiub et al. [16]
reported that 7 patients showed percent fibroid vol-
ume increase of 8.3% after one year of UAE treatment.
Fibroid shrinkage after MRgHIFU was found to be
higher than UAE after 3 months follow-up, but was not
statistically significant (p =0.068).

In addition, we found that for UAE the percent of
fibroid volume shrinkage increased with follow-up time,
almost doubling from 3 months follow-up (35.59%) to
24 months (68.18%). This may be explained by the grad-
ual effect of UAE treatment, associated with progres-
sive ischemia of the leiomyoma due to blockage of the
uterine artery that supplies it. However, there is also a
risk of fibroid regrowth due to collateral blood supply
with ovarian arteries [38]. For MRgHIFU percent fibroid
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Table 4 Complications following UAE and MRgHIFU treatments

Page 8 of 11

# Complications UAE (# of complications/all MRgHIFU (# of complications/all p value
patients, # of studies) patients, %)

1 Fever 19/736, 1 study 0/689 <0.0001
2 Pain 123/736, 4 studies 168/689, 7 studies 0.0004
3 Transitory sciatic neuralgia 0/736 2/689, 2 studies 0.2336
4 Numbness 0/736 15/689, 2 studies <0.0001
5 Nausea, vomiting 56/736, 3 studies 7/689, 2 studies <0.0001
6 Anorexia 35/736, 2 studies 0/689 <0.0001
7 Migraine 1/736, 1 study 0/689 1.0000
8 Fatigue 35/736, 2 studies 0/689 <0.0001
9 Discharged myoma debris 2/736, 1 study 0/689 0.5002
10 Fibroid expulsion 13/736, 4 studies 0/689 0.0003
11 Oligomenorrhea 3/736,1 study 0/689 0.2503
12 Transient amenorrhea 17/736,4 studies 0/689 <0.0001
13 Permanent amenorrhea 8/736, 3 studies 1/689, 1 study 0.0394
14 Bladder compression syndrome 3/736, 2 studies 1/689, 1 study 06253
15 Upper urine tract infection 1/736, 1 study 1/689,1 study 1.0000
16 Inguinal hematoma 9/736, 3 studies 0/689 0.0040
17 Bilateral pulmonary embolism 1/736, 1 study 0/689 1.0000
18 Abdominal distension 34/736, 2 studies 4/689, 1 study <0.0001
19 Skin lesion 0/736 61/689, 8 studies <0.0001
20 Pruritic rash related to the procedure 11/736, 2 studies 0/689 <0.0010
21 infection of the necrotic fibroid 0/736 1/689, 1 study 04835

volume shrinkage was also substantial, between 25 and
40%, possibly explained by local targeting fibroid tissue
with thermal ablation, consequently leading to cell death
and fibroid shrinkage [39]. Further studies are needed to
identify and compare the progression of fibroid shrinkage
following UAE and MRgHIFU treatments.

We found that the numbers of patients complaining
reporting nausea and vomiting, permanent amenorrhea
and abdominal distension were greater for UAE than
MRgHIFU. Whereas, the number of patients reporting
pain was larger for MRgHIFU than UAE. Toor et al. 2012
reported that common complications for UAE include
deep vein thrombosis, pulmonary embolism and per-
manent amenorrhea [40]. In our systematic review, we
only found one reported UEA-treated case with bilateral
pulmonary embolism (1 case/736 UEA treated patients)
and none for MRgHIFU (0 cases/689 MRgHIFU treated
patients). There were no reported cases with deep vein
thrombosis. Commonly reported MRgHIFU complica-
tions found in our systematic review our such as skin
lesion, numbness, were rare or non-existent among
complications reported by UEA patients Sciatic neural-
gia, and infections of the necrotic fibroid were rare or
absent in our review for either MRgHIFU or UAE treated
patients [41]. UAE patients reported more of the follow-
ing complications than MRgHIFU patients: fever, nausea/

vomiting, anorexia, fatigue, fibroid expulsion, transient
and permanent amenorrhea, inguinal hematoma,
abdominal distension, and pruritic rash; MRgHIFU
reported more pain, numbness and skin lesions.

This is the first systematic review comparing with sta-
tistical testing the uterine fibroid volume shrinkage and
procedural complications for the uterine leiomyoma
noninvasive treatments UAE and MRgHIFU. Previously,
Taheri et al. [7] conducted a systematic review analyz-
ing papers with more than 20 patients with sympto-
matic leiomyomas after UAE, radiofrequency ablation,
or ultrasound guided HIFU. They stratified the result on
different follow-up times after 3, 6, 9, 12 and 26 months.
This review found for fibroid shrinkage for UAE was
found greater than UgHIFU after all follow-up times,
but did not determine if differences found were statisti-
cally significant and did not exclude patients with prior
treatments, other pelvic diseases or postmenopausal
patients (which can contribute to confounding biases).
The effectiveness of UAE might be reduced in postmen-
opausal women due to lower estrogen levels, given the
estrogen-dependent pathogenesis of uterine fibroids [42].
Another previous systematic review and meta-analysis
conducted by Liu et al. [43] also reported that having pre-
vious myomectomies before UAE treatments potential
bias for their systematic review and meta-analysis. This
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systematic review and meta-analysis compared quality of
life, re-intervention rate and incidence of adverse events
following UAE and MRgHIFU as treatments for uterine
leiomyoma. However, this study did not compare fibroid
volume shrinkage between these treatments, and only
seven papers were included for this analysis, in contrast
to the 29 papers in our systematic review.

Our current systematic review compared, for the first
time, fibroid volume shrinkage and complications, utiliz-
ing statistical testing, for the two non-invasive UAE and
MRgHIFU treatments for uterine leiomyoma. There are
several strengths and limitations of this study. To mini-
mize bias, we excluded patients with previous treatments
for leiomyoma, other pelvic diseases and postmenopau-
sal women to reduce potential confounding bias. Fur-
thermore, we included a total of 29 papers for both the
qualitative and quantitative analyses. Fibroid volume
shrinkage results were stratified and analyzed by different
follow-up times. However, there are several limitations
in this study. First, it included only studies published in
English., Second, the study did not assess re-intervention
rates, symptomatic improvements, quality of live, preg-
nancy and ovarian reserves, and cost differences between
the two procedures. Third, all types of fibroids, including
subserosal, submucosal, intramural and pedunculated
were included in our systematic review. Further studies
are needed to stratify fibroid leiomyoma nodules based
on anatomic location to reduce confounding biases,
especially because intramural fibroids may have higher
percent fibroid volume shrinkage after UAE [42].

Conclusion

Comparing the effectiveness and safety of these two non-
invasive treatments for uterine leiomyoma are essential
for assuring best practices in clinical treatment of this
condition. Our systematic review identified significant
findings on differences between UAE and MRgHIFU by
comparing fibroid volume shrinkages and post-proce-
dural complications between treatments. The pooled
weighted percent fibroid volume shrinkage for UAE
treatment was statistically significantly greater than
MRgHIFU at the 6, 12 and 24 months follow-up times,
though both treatments showed substantial shrinkage
However, UAE was more strongly statistically associ-
ated with procedural complications like fever, nausea
and vomiting, anorexia, fatigue, fibroid expulsion, tran-
sient and permanent amenorrhea, inguinal hematoma,
abdominal distension and pruritic rash than MRgHIFU.
These findings should contribute to informing women
and their physicians on making the best choice of treat-
ment for their needs. Randomized controlled trials, are
needed to further validate these findings.
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