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Background: To systematic review the safety and effectiveness between uterine artery embolization (UAE),
surgery and high intensity focused ultrasound (HIFU) in the treatment of uterine fibroids.

Methods: The PubMed, EMbase, The Cochrane Library, Web of Science, Wanfang Data, and CNKI were
electronically searched to collect relevant studies on comparing the safety and effectiveness of UAE, surgery
and HIFU in the treatment of uterine fibroids from January 2000 to August 2019. After two reviewers
independently screened the literature, extracted the data and evaluated the risk of bias of included studies,
network meta-analysis was performed by ADDIS 1.16.8 and Stata 14 software.

Results: A total of 11 studies (22 articles) involving 3,646 patients were included. Compared with surgery,
UAE and HIFU patients had higher quality of life (1-year follow-up) improvement, and UAE was higher
than HIFU. Network meta-analysis show that patients treated with HIFU had the lowest incidence of major
complications within 1 year, followed by UAE, and the highest surgery. Patients treated with HIFU and
UAE have shorter hospital stays and quicker recovery time than surgery. The rate of further intervention
after surgery treatment might be lower than that of UAE and HIFU.

Conclusions: UAE has the highest quality of life improvement (1-year follow-up) for uterine fibroids.
HIFU and UAE are safer with shorter hospital stays and quicker recovery time compared with surgery.
However, both UAE and HIFU have the risks of re-treatment. However, limited by the number and quality

of included studies, the above conclusions need to be verified through more high-quality studies.
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Introduction embolization (UAE) and the newly emerging high intensity

focused ultrasound (HIFU) (2), of which the surgical

Uterine fibroid is the most common benign tumor among
therapy can be further divided into hysterectomy (HY)

women of childbearing age, which can cause symptoms

such as severe menstrual bleeding and pelvic pain. And and myomectomy (MY) in accordance with factors such

serious cases can lead to infertility and miscarriage (1).
Currently, the treatment methods of uterine fibroid mainly
include drug therapy, conventional surgery, uterine artery
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as the location and size of fibroids and the requirements
for fertility preservation of patients. MY can control
patient symptoms and improve fertility, but it has more
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#1 Leiomyoma [Mesh]

#2 Uterine fibroids [Title/Abstract] OR Fibroid tumors [Title/
Abstract] OR Uterus, Fibroid [Title/Abstract]

#3 Uterine artery embolization [Mesh]

#4 Surgery [Title/Abstract] OR Hysterectomy [Title/Abstract]
OR Myomectomy [Title/Abstract]

#5 High-intensity Focused Ultrasound Ablation [Title/Abstract]

#6 #1 OR #2

#7 #3 OR #4 OR #5

#8 # 6 AND #7

Figure 1 PubMed search strategy.

intraoperative blood loss and a higher incidence of
abdominal adhesions (3). HY for uterine fibroids had a
slower recovery time and more complications (4). Although
UAE can significantly benefit patients, it has the risks of
X-ray exposure, puncture site hematoma, vascular wall
thrombosis, pelvic ischemic pain, and uterine necrosis
caused by excessive embolization (5,6). HIFU is a relatively
new treatment method for uterine fibroids, characterized
by well therapeutic effect, rapid recovery, and fewer adverse
effects. However, the reintervention rate of HIFU is higher
than that of UAE (7). The current number of randomized
controlled trials (RCT5s) on the comparison of UAE, surgery
and HIFU remains rather small with a limited sample size.
The purpose of this study is to conduct a network meta-
analysis comparing the safety and effectiveness of UAE,
surgery and HIFU in the treatment of uterine fibroid.

Methods
Inclusion criteria

() RCTs and prospective cohort studies regardless of
allocation concealment and blinding;

(II) Patients of childbearing age with uterine fibroids
who experience symptoms including excessive
menstrual bleeding and pelvic pain and have been
clinically diagnosed through imaging methods such
as ultrasound or magnetic resonance imaging (MRI),
regardless of region and race;

(III) Intervention measures: UAE vs. surgery (HY or MY),
surgery (HY or MY) vs. HIFU, UAE vs. HIFU, with
UAE taking polyvinyl alcohol (PVA) (any diameter) as

the embolic material.

Exclusion criteria

(I) Reviews, retrospective studies, conference abstracts
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and meta-analyses;
(II) Articles that fail to extract raw data for analysis;
(III) Articles with fewer than three outcome measures.

Outcome measures

The included articles should meet the following outcome
measures of at least 3 items (including 3 items): (I) Health-
Related Quality of Life (HR-QOL): evaluating the quality
of life of patients after treatment through instruments
including but not limited to Uterine Fibroid Symptom and
Quality of Life (UFS-QOL), SF-36 and EuroQOL-5D;
(II) major complications: level C-F complications classified
based on the criteria of Society of Interventional Radiology
(SIR) (8) within 1 year after treatment; (III) minor
complications: level A-B complications classified based
on the criteria of SIR within 1 year after treatment; (IV)
hospital stay; (V) recovery time; (VI) further intervention
rate within 1 year after treatment. In the UAE arm, it
included repeat UAE and therapeutic treatment (e.g.,
HIFU, HY, MY and endometrial ablation). In the HIFU
arm, it included repeat HIFU and therapeutic treatment
(e.g., UAE, HY, MY and endometrial ablation). In the
surgery arm, it included repeat MY or HY, removal of
cervical stump (following HY) and endometrial ablation
(following MY).

Literature search strategy

The combination of subject terms and free-text terms
was mainly used to search the database. The English
terms leiomyoma, uterine fibroid, surgery, hysterectomy,
myomectomy, high-intensity focused ultrasound ablation,
uterine artery embolization, prospective cohort study and
RCT were searched in PubMed, Embase, The Cochrane
Library (2020, Issue 8) and Web of Science. And the
same terms in Chinese were searched in China National
Knowledge Internet (CNKI) and Wanfang data with the
date range set from January 2000 to August 2020. Search
engines including Google Scholar and Baidu Wenku were
also applied for manual searching of related literature. The
reference lists of articles obtained were then retrieved and
included as supplementary. Take PubMed as an example,
Figure I indicates the specific search strategy.

Literature selection and data extraction

In accordance with the pre-determined inclusion and
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exclusion criteria, two reviewers (Dr. Tianping Li and Dr.
Dianxun Fu) read the titles and abstracts of the literature
respectively and independently, excluded articles that failed
to meet the criteria and conducted full text reading and data
extraction on the ones that meet the criteria. Discussion was
adopted in the case of disagreements and a third reviewer
was introduced when necessary. Data extraction included: (I)
general data: title, authors, published date; (II) basic features
of the included literature: study subjects, age, interventions,
number of cases, basic information of the patients (including
age, mean maximum diameter and mean volume of the
fibroids); (III) outcomes measures: HR-QOL, major
complications [level C-F complications classified based on
the criteria of SIR (8) within 1 year after treatment], minor
complications (level A-B complications classified based on
the criteria of SIR within 1 year after treatment), hospital
stay, recovery time and further intervention rate within
1 year after treatment. For some studies that only provided
medians, ranges or quartiles and could not be used and
combined directly, to no avail in the case of contacting the
authors for data, a validated method (9) was adopted to
estimate its mean and standard deviation (SD).

Risk-of-bias assessment of included studies

The Cochrane risk-of-bias tool in the Cochrane Handbook
for Systematic Reviews of Interventions 6.0 was used by
two independent researchers for the assessment of RCTs.
And the Newcastle-Ottawa Scale (NOS) was adopted for
evaluating prospective cohort studies (10).

Statistical analysis

A network meta-analysis was performed by ADDIS1.16.8
Software. Binary variables took odds ratio (OR) and 95%
CI whereas continuous variables took mean difference
(MD) and 95% CI as statistical indicators. Chi-squared tests
were applied before combining the data for heterogeneity
analysis. If P>0.01, I’<50%, the heterogeneity level was
low and a fixed-effects model was adopted for the network
meta-analysis; whereas P<0.01, I’>50% indicated high level
of heterogeneity. The sources of its heterogeneity were
discussed and a random-effects model was then applied for
the network meta-analysis when the sources could not be
explained. A node-splitting model was used for inconsistency
analysis. If there was no significant difference (P>0.05), a
consistency model was adopted for the network meta-analysis
and sequencing the results; if P<0.05, an inconsistency
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model was then applied for the analysis of the sources of its
inconsistency. The potential scale reduced factor (PSRF)
was used to measure convergence. Good convergence was
diagnosed when PSRF was close to or equaled to 1, indicating
high reliability of the conclusions of the consistency model
analysis. Lastly, the advantages and disadvantages of curative
effects of each treatment method were estimated through
sequencing the rates of outcomes (11).

Results
Process and results of literature selection

After initial search, 2,210 articles were collected and
11 studies [22 articles (12-33)] were finally included
following the process of selection. Except for one
prospective cohort study (15) and one comprehensive study
(12-14,22) covering RCTs and prospective cohort study, nine
other studies remained RCTSs, which included one doctoral
dissertation (28). Eleven studies were eligible for meta-
analysis regarding the inclusion and exclusion criteria, in
which a total of 3,646 patients were evaluated. The PRISMA
flow diagram presents the search history in Figure 2.

Buasic features of included studies and results of risk-of-bias
assessment

See Tiuble 1 for basic features of included studies and Table 2
for NOS scores of included prospective cohort studies.
Table 3 summarizes the results of risk-of-bias assessment of

RCTs.

Results of HR-QOL analysis

UAE vs. surgery

Both study Emmy [2005-2016] (16,18-20,30,31) and study
Rest [2007-2013] (17,26) adopted SF-36 and EuroQOL-5D
for the evaluation of HR-QOL of patients. And there was
no significant difference between UAE and surgery. UFS-
QOL was applied to assess the health condition of patients
at 1 year after treatment in study Manyonda [2012] (23),
suggesting that the improvement of health condition of
patients in the UAE group was significantly greater than
that of patients receiving surgical treatment based on the
changes of indicators compared with the baseline (P<0.05).
In study Jun [2012] (21), the results of SF-36 evaluation
indicated that the improvement of physical function,
social function, mental health, emotional function and
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2,210 records identified through

database* searching

Y

1,078 records after

duplicates removed

101 records excluded:

| 66 animal experiments; 8 reviews;

Y

13 case reports

5 conference abstracts; 9 protocols

977 records titles and abstracts

screened

Y

Y

922 records excluded based on
titles and abstracts

55 fu

II-text articles assessed for
eligibility

Y

Y

33 articles excluded, with reasons:
1. Fewer than three outcomes
2. Full-text was not retrieved

22 articles included in qualitative and

quantitative synthesis

Figure 2 PRISMA flow diagram. *, PubMed (n=1,490), Embase (n=441), Web of Science (n=226), The Cochrane Library (n=18), CNKI

(n=20), Wanfang data (n=15).

Table 1 Basic features of included studies

Maximum diameter

Studies Cases Age (years) of fibroids (cm) Fibroids volume (cm®) Outcomes
T1 T2 T1 T2 T T2 T1 T2
Emmy 2005-2016, 88 (U) 89(S) 44.6+4.8 454142 - - 59 87 (N INIRYAYAY
(16,18-20,30,31)
Manyonda 2012, (23) 74 (U) 73(S) 44.0£5.7 43.2+53 7.7+3.8 6.5+2.8 - - 1, 1,10 1V, VI
Mara 2006-2008, (24,25) 58(U)  63(S) 32.4 32.0 6.2+1.9 5.98+1.7 - - L1, IV, V, VI
Pinto 2003, (27) 39 (U) 19(S) 46.4+4.4 44.6+5.0 - - 72+86 113+138 (I [\YAY
Rest 2007-2011, (17,26) 104 (U) 51(S) 43.6£5.5 43.3x7.1 7.5+3.0 8.5+3.9 - - 1AL LIV, VI
Ruuskanen 2010, (29) 27 (V) 30(S) 48.5+3.6 48.3+3.9 - - 181+£158 170178 1, 1L 1L, IV, V, VI
Jun 2012, (21) 63 (U) 64 (S) 41.0+3.5 43.5+51 7.1+2.8 8.4+3.6 130+38 153+59 1, 1510, 1V, v, VI
Wang 2013, (32,33) 60 (H) 60 (S) 39.9+5.1 38.6+4.4 5.5 6 66.05 68.03 L1V, V
Qin 2012, (28) 93 (H) 95(S) 39.4+53 38.1x45 5.7+1.6 6.2+1.8 82.0+62.7 84.3+51.0 L LIV, V
IDEAL 2017, (15) 1,353 (H) 1,058 (S) 41.3+5.1 43.4+5.2 - - 104.8£81.7  115.2+96.4 I I, 1l 1V, V, VI
Firstt 2011-2019, 43(H) 40(U) 44.0£¢5.0 44.9+5.0 - - 249.2+159.9 362.5+292.3 I, I, 1Il, V, VI

(12-14,22)

T1: treatment group; T2: control group; U: uterine artery embolization; S: surgery; H: high intensity focused ultrasound. |, Health-Related
Quality of Life; Il, major complications; Ill, minor complications; IV, hospital stay; V, recovery time; VI, further intervention rate within 1year

after treatment.
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Table 2 NOS scores of included prospective cohort studies

Selection Comparability Outcome
Studies Scores
A B C D E F G H
IDEAL 2017, (15) 1 1 1 1 1 1 0 1 7
Firstt 2011-2019, (12-14,22) 1 1 1 1 1 1 1 1 8

A: representativeness of the exposed cohort; B: selection of the non-exposed cohort; C: ascertainment of exposure; D: demonstration that
outcome of interest was not present at start of study; E: comparability of cohorts on the basis of the design or analysis; F: assessment of
outcome; G: was follow-up long enough for outcomes to occur; H: adequacy of follow up of cohorts.

Table 3 Risk-of-bias assessment of RCTs

) Binding of  Incomplete outcome ) Other problems
. Random sequence  Allocation Free of suggestion "
Studies ) allocated data adequately . with high risk of
generation concealment . . selective outcome :
intervention addressed bias

Emmy 2005-2016, Low risk Unclear Unclear ITT analysis Low risk Unclear
(16,18-20,30,31)
Manyonda 2012, (23) Low risk Low risk Unclear ITT analysis Low risk Unclear
Mara 2006-2008, (24,25) Low risk Unclear Unclear ITT analysis Unclear Unclear
Pinto 20083, (27) Low risk Low risk Unclear ITT analysis Low risk Unclear
Rest 2007-2011, (17,26) Low risk Unclear Unclear ITT analysis Low risk Unclear
Ruuskanen 2010, (29) Low risk Low risk Unclear ITT analysis Low risk Unclear
Jun 2012, (21) Low risk Unclear Unclear High risk Low risk Unclear
Wang 2013, (32,33) Low risk Unclear Unclear High risk Low risk Unclear
Qin 2012, (28) Low risk Unclear Unclear Low risk Low risk Unclear
Firstt 2011-2019, Low risk Low risk Low risk ITT analysis Low risk Unclear

(12-14,22)

RCTs, randomized controlled trials; ITT, intention-to-treat.

energy levels of patients treated with UAE at 3 years after
treatment was greater than that of patients in the surgery
group, and the difference was statistically significant
(P<0.05).

Surgery vs. HIFU

UFS-QOL and SF-36 were used in study IDEAL [2017] (15)
for the assessment of HR-QOL of patients at 6 and
12 months after treatment. It was suggested in the UFS-
QOL results that the improvement of quality of life of
patients receiving HIFU was greater than that of patients
in the surgery group at 6 and 12 months after treatment,
and the difference was statistically significant (P<0.05).
And according to the results of SF-36, the improvement
of physical function of patients in the HIFU group was
significantly greater than that of patients underwent surgery

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

at 6 and 12 months after treatment (P<0.05). No other
significant difference was found between surgery and HIFU.

UAE vs. HIFU

In study Firstt [2011-2019] (12-14,22), UFS-QOL and
SF-36 were applied to evaluate the HR-QOL of patients
at 6, 12 and 24 months after treatment. The results of
UFS-QOL indicated that the improvement of quality
of life of patients in the UAE group was significantly
greater than that of patients receiving HIFU at 6, 12 and
24 months after treatment (P<0.05). And the results
of SF-36 showed that the improvement of physical
function and mental health of patients underwent UAE
was greater than that of patients in the HIFU group
at 12 months after treatment, and the difference was
statistically significant (P<0.05). No other significant
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difference was found between UAE and HIFU.

Results of a network meta-analysis

A total of 11 studies were included: 14 articles (16-21,23-
27,29-31) on UAE wvs. surgery (7 RCTs), 4 articles on
surgery vs. HIFU [2 RCTs (28,32,33) and 1 prospective
cohort study (15)] and 4 articles (12-14,22) on UAE uvs.
HIFU (1 comprehensive study including both RCTs and
prospective cohort study). The total cases for UAE, surgery
and HIFU were 498, 1,602 and 1,546 separately. Figure 3
demonstrated the direct comparison of three treatment
methods.

Major complications

Major complications within 1 year after treatment were
covered in 11 studies (12-33), and the total cases of major
complications for UAE, surgery and HIFU were 29 (5.8%),
186 (11.6%), 6 (0.4%). A low heterogeneity was revealed
through heterogeneity analysis (I'<50%). No significant
difference was found in the inconsistency analysis by the

Surgery

Figure 3 Direct comparison of three treatment methods. UAE,
uterine artery embolization; HIFU, high intensity focused

ultrasound.

Gao et al. A network meta-analysis in uterine fibroids

node-splitting model (P>0.05). It was indicated in the
network meta-analysis by the consistency model that the
incidence of major complications of patients in the UAE
group (OR =0.33, 95% CI: 0.10, 0.98, P<0.05) and the HIFU
group (OR =0.05, 95% CI: 0.01, 0.23, P<0.05) was lower
than that of patients in the surgery group within 1 year after
treatment, and the difference was statistically significant.
The incidence of major complications of patients in the
HIFU group (OR =0.17, 95% CI: 0.03, 0.95, P<0.05) was
significantly lower than that of patients in the UAE group
within 1 year after treatment (7izble 4). The sequence of
incidence rate of major complications within 1 year after
treatment was as follows: surgery > UAE > HIFU (Figure 4).

Minor complications

Minor complications within 1 year after treatment were
discussed in nine studies (12-23,26-31), and the total cases
of minor complications for UAE, surgery and HIFU were
196 (39.4%), 900 (56.2%), 435 (28.1%). The heterogeneity
was shown in the UAE group and the surgery group
through heterogeneity analysis (P=0.042, I'=56.5%). After
excluding the study with high heterogeneity, i.e., Pinto
[2003] (27), through sensitivity analysis, no heterogeneity
was found (P=0.495, I’=0%). Significant difference was
observed in the inconsistency analysis by the node-splitting
model (P<0.05). It was demonstrated in the network meta-
analysis by the consistency model that the incidence of
minor complications of patients in the surgery group and
the HIFU group could be lower than that of patients in
the UAE group within 1 year after treatment, and the
difference was not statistically significant. The incidence
of minor complications of patients receiving HIFU was
lower than that of patients underwent surgery within
1 year after treatment with no significant difference
(Table 4). The inconsistency was due to the conflicts between

Table 4 Network meta-analysis results for different methods in the treatment of uterine fibroids

UAE vs. surgery HIFU vs. surgery HIFU vs. UAE

Outcomes

OR or MD (95% Cl) P value OR or MD (95% Cl) P value OR or MD (95% Cl) P value
Major complications 0.33 (0.10, 0.98) 0.028 0.05 (0.01, 0.23) 0.001 0.17 (0.03, 0.95) 0.022
Minor complications 1.39 (0.46, 4.13) 0.721 0.40 (0.13, 2.09) 0.097 0.83 (0.12, 4.48) 0.420
Hospital stay -3.31 (-5.95, -0.85) 0.005 —-4.29 (-6.84, -1.80) 0.001 -1.70 (-4.31, 1.03) 0.106
Recovery time —-20.46 (-37.12, -3.91) 0.007 -18.48 (-31.92, -4.60) 0.004 1.86 (-15.36, 20.37) 0.581
Further intervention rate 4.51 (1.61, 13.90) 0.076 16.27 (2.91, 112.05) 0.274 3.58 (0.64, 21.53) 0.736

UAE, uterine artery embolization; OR, odds ratio; MD, mean difference; Cl, confidence interval; HIFU, high intensity focused ultrasound.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Quant Imaging Med Surg 2021;11(9):4125-4136 | http://dx.doi.org/10.21037/qims-20-1331



Quantitative Imaging in Medicine and Surgery, Vol 11, No 9 September 2021 4131

1.0 —
0.9
0.8

5071

£ 0.6-

S 051

UAE Surgery HIFU

0.9
0.8
5071
£ 0.6+
T 0.5
£ 0.4
0.3
0.2
0.1
0.0 - -
UAE

Surgery HI'FU

M Rank 1

1.0 7

0.9 1

0.8 1
> 0.7 1
= 0.6 -
8 0.5 1
DQ_ 0.4 4

0.3 4

0.2 1

0.1 4

[

0.0 - v r

UAE Surgery HIFU

1.0 1 —
0.9 1

. 0.7 1

0.0 1 mmm

UAE Surgery HIFU

Rank 2 O Rank 3

Figure 4 The sequence of treatment methods in different outcomes. (A) Major complications; (B) hospital stay; (C) recovery time; (D)

further intervention rate after treatment. UAE, uterine artery embolization; HIFU, high intensity focused ultrasound.

indirect and direct comparison of results. According to
study Firstt [2011-2019] (12-14,22), the incidence of minor
complications of patients in the HIFU group (OR =1.91,
95% CI: 0.75, 4.83, P>0.05) could be higher than that of
patients in the UAE group within 1 year after treatment,
which was in conflict with the results of the network meta-
analysis. Thus, it could not be concluded that there was
difference among the three treatment methods.

Hospital stay

The hospital stay was mentioned in 10 studies (13,16-21,
23-33), and the average hospital stay for UAE, surgery and
HIFU were 2.22+1.31, 5.77+2.13 and 1.22+1.59 days. A
high heterogeneity was observed in the UAE group and
the surgery group through heterogeneity analysis (P<0.001,
I’=86%). After excluding two studies with high heterogeneity,
i.e., Ruuskanen [2010] (29) and Mara [2006-2008] (24,25),
through sensitivity analysis, no heterogeneity was found
(P=0.46, I’=0%). It was indicated in the network meta-
analysis by the consistency model that the hospital stay
of patients in the UAE group and the HIFU group was
shorter than that of patients underwent surgical treatment
(P<0.05), of which patients receiving HIFU had the shortest
hospitalization time with no significant difference (7able 4).
The sequence of hospital stay of patients was as follows:

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

surgery > UAE > HIFU (Figure 4).

Recovery time

The recovery time of patients was discussed in nine studies
(15,16,18-21,24,25,27-33), and the average recovery time
for UAE, surgery and HIFU were 8.11+4.89, 27.42+15.43
and 10.12+6.39 days. A high heterogeneity was revealed
in the UAE group and the surgery group through
heterogeneity analysis (P<0.001, ’=86%). After excluding
three studies with high heterogeneity, i.e., Emmy [2005-
2016] (16,18-20,30,31), Mara [2006-2008] (24,25) and Jun
[2012] (21), through sensitivity analysis, no heterogeneity
was found (P>0.5, I°=0). No significant difference was
observed in the inconsistency analysis by the node-splitting
model (P>0.05). It was suggested in the network meta-
analysis by the consistency model that the recovery time of
patients in the UAE group and the HIFU group was shorter
than that of patients underwent surgical treatment (P<0.05),
of which patients receiving UAE had the shortest recovery
time with no significant difference (7able 4). The sequence
of recovery time of patients was as follows: surgery > HIFU
> UAE (Figure 4).

Further intervention rate after treatment
The further intervention rate within 1 year after treatment

Quant Imaging Med Surg 2021;11(9):4125-4136 | http://dx.doi.org/10.21037/qims-20-1331
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Figure 5 Funnel plots of objective cure rate with 11 RCTs. U:
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ultrasound. RCTs, randomized controlled trials.

was mentioned in eight studies (12-26,29-31), and the
total cases of further interventions for UAE, surgery
and HIFU were 111 (22.3%), 30 (18.7%), 27 (17.5%).
A high heterogeneity was observed in the UAE group
and the surgery group through heterogeneity analysis
(P=0.068, I'=51.2%). After excluding two studies with high
heterogeneity, i.e., Jun [2012] (21) and Mara [2006-2008]
(24,25), through sensitivity analysis, no heterogeneity was
found (P>0.5, I’=0). No significant difference was shown
in the inconsistency analysis by the node-splitting model
(P>0.05). It was indicated in the network meta-analysis by
the consistency model that the further intervention rate
after treatment of patients in the UAE group and the HIFU
group was higher than that of patients underwent surgical
treatment (P<0.05), of which patients receiving HIFU had
the highest further intervention rate after treatment with
no significant difference (Table 4). The sequence of further
intervention rate after treatment was as follows: HIFU >
UAE > surgery (Figure 4).

Publication bias analysis

Publication bias analysis was conducted on the outcome of
major complications. The funnel plot (Figure 5) appears to
be asymmetrical with the included articles mostly plotted to
the right side of the midline, indicating the possibilities of
publication bias or effects of small sample size.

Discussion

Currently, the increasing treatment methods of uterine

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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fibroid mainly include surgical treatment and non-
surgical treatment (e.g., UAE and HIFU). According to
this study, UFS-QOL was applied to evaluate the HR-
QOL of patients at 1 year after treatment in the follow-
up. It was revealed in the direct pairwise comparison that
patients receiving UAE and HIFU had higher quality
of life after treatment compared with that of patients
underwent surgery, of which patients treated with UAE
had the highest HR-QOL. The network meta-analysis
suggested that HIFU had the lowest incidence of major
complications within 1 year after treatment, followed by
UAE, whereas that of surgery remained the highest in the
treatment of uterine fibroid. No significant difference was
observed in the incidence of minor complications within
1 year after treatment among the three treatment methods.
The hospital stay and recovery time of patients treated with
HIFU and UAE remained relatively shorter, and the further
intervention rate of HIFU was higher than that of UAE and
surgical treatment.

Thus, the three treatment methods of uterine fibroid
have different characteristics. Among the common surgical
treatments, HY remains the only treatment method that
can effectively reduce the recurrence of uterine fibroid for
patients without requirements for fertility preservation (34),
of which laparoscopic HY is featured by minor invasion
and rapid recovery with proficiency requirements of the
operator and relatively high cost. Whereas MY is the
main choice for patients with requirements for fertility
preservation or of childbearing age, of which transvaginal
MY has been adopted increasingly due to its simplicity in
operation and minor invasion. Although the limited data
of HIFU and UAE do not show that they have adverse
effects on pregnancy outcomes, HIFU and UAE are not
recommended for patients with requirements for fertility
preservation due to lack of large-scale prospective clinical
trials. However, the curative effects of transvaginal MY on
relatively larger fibroids are often unsatisfactory under the
restriction of size and number of fibroids (35).

Super-selective UAE is performed based on the blood
supply of uterine fibroids to cause ischemia and necrosis
in order to achieve therapeutic purpose. Hence, UAE
is suitable for rich blood supply fibroids. Li ez /. (36)
demonstrated that the volume of fibroids with rich blood
supply begins to shrink in one week after UAE, while the
volume of fibroids with insufficient blood supply begins
to shrink in 1 month after UAE. This treatment method
is characterized by simplicity in operation, minor invasion
compared with surgery, short recovery time and no
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limitation on size and number of fibroids. It is considered
conventionally that fertility preservation remains a relative
contraindication for UAE, however, according to a study
(37), the pregnancy rate of patients underwent UAE can
reach 59.5%, suggesting that UAE is safe for patients
with requirements for fertility preservation. Another
study (38) demonstrates that the curative effects of UAE
are also satisfactory on uterine fibroids greater than 10
cm in diameter. Due to the risks of misembolization and
embolization syndrome, some patients experience ovarian
artery misembolization that damages ovarian function and
manifestation of the embolization syndrome including pain,
vomiting and fever after treatment. And there are cases
where UAE leads to severe complications or even death (39).

As a non-invasive treatment, HIFU accurately locates
target issue under the guidance of MRI or ultrasound,
generates high energy to target and penetrate body
tissues, and ablates the fibroids to achieve curative effects.
Mindjuk er al. (40) reported that the efficacy of HIFU
in the treatment of uterine fibroids was significantly
positively correlated with the percentage of non-perfused
volume (NPV%), and the recurrence rate was significantly
reduced when the NPV% was >80%. According to
Funaki classification scheme (41), Funaki type III uterine
fibroids are rich in arterial blood supply. Due to the rich
arterial blood supply, the blood flow will take away part
of the energy during treatment, which is not conducive to
ultrasound energy aggregation and affects the therapeutic
effect. Hence, Funaki type III uterine fibroids are not
suitable for HIFU treatment. The treatment method
features short recovery time, low occurrence of severe
complications (42) and relatively minor pain after treatment
compared with UAE. It is suggested in a study (43) of
3 years follow-up of 43 patients with uterine fibroid that no
recurrence occurs and HIFU proves to be a feasible, safe
and effective treatment method. A comparative study (44)
showed that the pregnancy rates in the HIFU group (68.4%)
were similar to that in the MY group (66.7%), and the
average time to pregnancy was shorter in the HIFU group.
Qu ez al. (45) indicated that HIFU in the treatment of uterine
fibroids did not influence ovarian function. However, its
further intervention rate increases affected by the size and
location of fibroids (46). Besides, minor complications
such as abdominal pain, skin ulcers of treated areas and
hematuria may develop after the treatment of HIFU, which
is still worth noticing despite its low occurrence. HIFU is a
relatively new treatment method, and still has limitations.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

It is believed that with the improvement and development
of technology, HIFU will certainly become the mainstream
modality for the treatment of uterine fibroids and result in
better treatment results in future.

Limitations of the present study are as follows: (I) the
location and number of uterine fibroids are not mentioned
in the included studies, hence their influence on the three
treatment methods remains uncertain. (II) The surgical
methods included in the surgery group vary as a subgroup
analysis of HY and MY with separate data is not conducted,
which may result in the increase of heterogeneity and cause
bias. (III) Different evaluation methods assessing the quality
of life of patients are applied in the included studies with
different follow-up time, which fails to generate appropriate
data for a network meta-analysis. As a result, only a pairwise
comparison based on one evaluation method with a 1-year
follow-up time is conducted. (IV) The inclusion and
exclusion criteria are not strictly developed for patients
of the included studies, so patient inclusion and exclusion
criteria are not similar between the included studies.
Therefore, the results and conclusion should be used with
caution.

To sum up, HIFU and UAE have the advantages
of higher quality of life, lower occurrence of major
complications, shorter hospital stay and recovery time, etc.
in the treatment of uterine fibroid compared with surgery,
of which patients underwent UAE have slightly higher
quality of life than that of HIFU patients. No difference of
minor complications is observed among the three treatment
methods. The occurrence of further intervention of surgical
treatment remains lower than that of HIFU and UAE.
Therefore, a suitable treatment method should be selected
according to the specific conditions of patients with uterine
fibroid in clinical practice. More multicenter RCTs with
higher quality and larger sample should be conducted in
the future to further benefit the comprehensive evaluation
of the safety and effectiveness of the treatment methods of
uterine fibroid.
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