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Comparison of ultrasound-guided high-intensity focused ultrasound ablation
and hysteroscopic myomectomy for submucosal fibroids: a retrospective study

Waixing Lia� , Zhipeng Yanga�, Bingsi Gaoa, Lingxiao Zoua, Dabao Xua, Lu Liub, Pan Gua and Xinliang Denga

aDepartment of Obstetrics and Gynecology, the Third Xiangya Hospital, Central South University, Changsha, PR China; bDepartment of
Obstetrics and Gynecology, People’s Hospital of Ningxiang, Changsha, PR China

ABSTRACT
Objective: To compare the safety, reintervention and pregnancy outcomes between ultrasound-
guided high intensity focused ultrasound (USgHIFU) and hysteroscopic myomectomy (HM) for sub-
mucosal fibroids.
Materials and methods: A total of 215 patients with a solitary submucosal fibroid treated by
USgHIFU or HM at the third Xiangya Hospital were retrospectively reviewed. Among them, 58 treated
with USgHIFU, 157 treated with HM.
Results: A significant difference was observed in size, location and type of the fibroids, effective rate,
and cumulative reintervention rate between the two groups (p< .05). The size of the fibroids was
57.9 ± 1.9mm in the USgHIFU group, while it was 32.6 ±1.2mm in the HM group. The number of the
fibroids at horn or fundus/uterine cavity was 16/42 in the USgHIFU group, while it was 21/136 in the
HM group. The number of type I/II/2–5 was 16/17/25 in the USgHIFU group, while it was 133/24/0 in
the HM group. In the USgHIFU group, the effective rate was 100% and the cumulative reintervention
rate at 50 (17–97) months was 19.0%, while in the HM group, it was 94.3% and 7.6%, respectively.
During the follow-up period, the pregnancy rate was 22.4% (13/58) and the reintervention rate due to
invalid and recurrence was 15.5% (9/58) in the USgHIFU group, while they were 18.5% (29/157) and
7.0% (11/157) in the HM group. No significant difference was observed between the two groups
(p> .05). Furthermore, the reintervention rate was positively correlated with age, treatment methods
and parity and fertility requirements. No other significant difference was observed between the
two groups.
Conclusions: Both USgHIFU and HM are safe and effective in treating submucosal fibroids. Compared
with the HM group, the USgHIFU group had lower postoperative complications, but higher reinterven-
tion rate, with similar recurrence rate, pregnancy rate and reintervention rate due to invalid and recur-
rence. Reintervention was related to age, treatment methods, parity and fertility requirements.
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Introduction

Uterine fibroids are the most common benign tumors in
gynecology with its incidence rate ranging from 20 to 40%
[1]. They are classified into three subtypes according to the
locations in the uterus including submucousal, intramural
and subserosal fibroids. Generally, nearly 2/3 of patients with
uterine fibroids are asymptomatic, and patients with symp-
tomatic fibroids are more likely to be diagnosed with submu-
cous fibroids [2]. Apart from clinical manifestation, treatment
principle of submucousal fibroids is also different. The rea-
sons why submucousal fibroid is so distinct from other sub-
types are that [3,4]: (1) partly or totally locating in the
uterine cavity makes it easy to cause symptoms even if the
diameter is very small; (2) the occupation of uterine cavity
inevitably affects fertilization; (3) the special location
unavoidably induces damage to the endometrium during the

treatment especially when the fibroid grows up. Therefore,
once submucosal fibroids are diagnosed, it is recommended
to treat it as soon as possible, even if no symptoms [5]. At
present, submucousal fibroids could be surgically removed
by laparotomy, laparoscopic myomectomy, hysteroscopic
myomectomy (HM) or noninvasively treated by ultrasound-
guided high intensity focused ultrasound (USgHIFU) [6]. In
the past, the commonly accepted operative surgery, HM, is
reported to have the occurrence of complications such as
uterine perforation, hyponatremia and intrauterine adhesion
(IUA) [7,8]. What’s more, HM is also limited by the size of the
submucosal fibroids. The large size of the submucosal fib-
roids is associated with not only the increased risk of compli-
cations, but also more operations or combination of different
surgical approaches which brings about psychological and
physiological hurts to patients [9].

CONTACT Xinliang Deng dxl0666@qq.com; Pan Gu 1125659682@qq.com Department of Obstetrics and Gynecology, The Third Xiangya Hospital,
Central South University, 138, Tongzipo Road, Changsha 410013, PR China�These authors contributed equally to this work.
� 2021 The Author(s). Published with license by Taylor & Francis Group, LLC.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTERNATIONAL JOURNAL OF HYPERTHERMIA
2021, VOL. 38, NO. 1, 1609–1616
https://doi.org/10.1080/02656736.2021.1995053

http://crossmark.crossref.org/dialog/?doi=10.1080/02656736.2021.1995053&domain=pdf&date_stamp=2021-12-07
http://orcid.org/0000-0001-6215-4193
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/02656736.2021.1995053
http://www.tandfonline.com


As a noninvasive treatment, HIFU has shown its safety,
efficiency, quick recovery in the treatment of uterine fibroids
[10]. Although many studies have supported the safety and
efficacy of HIFU for treatment of uterine fibroids, whether
USgHIFU could be applied to treat submucousal fibroids is a
debated topic, especially for patients with fertility require-
ments. As we all known, fibroids could not disappear imme-
diately after the HIFU which may consistently affect
fertilization. In previous studies, HIFU was reported to have
an overall remission rate of 95.9% at 8 years, with reinterven-
tion rate of 5.3% at 4 years without any major complications
[11–15]. While patients treated with HM showed the recur-
rence rate of 22%, with reintervention rate of 31.7% at
6 years, and the pregnancy rate of 33.8–85.8% was achieved
[16–18]. Recently, Friedman et al. [8] retrospectively studied
375 women with submucosal fibroids who received USgHIFU
treatment and surgical treatment. With the 8-year-follow up,
they found USgHIFU possessed statistically higher remission
rate, lower recurrence rate and fewer complications. To the
best of our knowledge, there remains no comparison
between USgHIFU and HM in the treatment of submucousal
fibroids in safety, effectiveness and pregnancy outcomes.

This study aims to compare the safety, effectiveness and
pregnancy outcome of patients with submucosal fibroids
treated with USgHIFU and HM.

Material and methods

This retrospective study was approved by the ethics commit-
tee at the Third Xiangya Hospital of Central South University
(NO:quick1 21073).

Patients

A total of 215 patients with submucosal fibroids diagnosed
and treated by USgHIFU or HM in the Third Xiangya hospital
from 1 January 2012 to 31 December 2018 were enrolled.
The median follow-up time was 50 (17–97) months. Among
them, 58 cases were treated by USgHIFU and 157 cases were
treated by HM.

The inclusion criteria included the following: (1) patients
who were diagnosed with single submucosal fibroid (Type I,
Type II and Types 2–5 according to FIGO classification) by
MRI or color Doppler ultrasound [19]; (2) patients who could
easily communicate and voluntarily choose the method of
treatment; (3) premenopausal women with uterine fibroids
related symptoms.

Exclusion criteria included the following: (1) malignant or
suspected malignant tumor; (2) combined with adenomyosis;
(3) Type 0 according to FIGO classification; (4) multiple uter-
ine fibroids.

The evaluation criteria of USgHIFU clinical outcome [20]:
(1) Cure: the diameter of uterine fibroid reduced by 50% or
more, and clinical symptoms disappeared; (2) Effective: the
diameter of uterine fibroid reduced by less than 50% or did
not increase, and the clinical symptoms reduced; (3) Invalid:
the diameter of uterine fibroid increased, and the clinical
symptoms did not improve; (4) Recurrence: newly developed

uterine fibroids after complete disappearance of initial uter-
ine fibroid or recurred symptoms with initial uterine fibroid
did not disappear completely. Effective rate ¼ (cure num-
berþ effective number)/total number � 100%. Evaluation cri-
teria of HM clinical outcome [21]: (1) Cure: the uterine fibroid
was totally removed, and clinical symptoms disappeared; (2)
Effective: a large part of the uterine fibroid was removed,
and clinical symptoms improved; (3) Invalid: the uterine
fibroid was partially removed, and without clinical symptoms
improved; (4) Recurrence: newly developed uterine
fibroids indicated by color Doppler ultrasound 6months
after surgery.

USgHIFU procedure

The USgHIFU procedure has been described previously [22].
In short, the treatment time was 3 d after menstruation.
Blood routine test and coagulation function test were per-
formed before operation. USgHIFU was performed under
intravenous conscious sedation. The device used was a
JC200 HIFU tumor therapeutic system (Chongqing Haifu
Medical Technology, Co., Ltd., Chongqing, China).
Therapeutic ultrasound energy was generated by a trans-
ducer with a frequency of 0.8MHz, a focal length of 15 cm,
and a diameter of 20 cm. The patient was prone on the HIFU
table, and a Mylab version 70 ultrasound imaging device
(Esaote, Genova, Italy) was used to provide real-time imaging
to localize and monitor the treatment (Figure 1). From the
deep surface to the superficial surface of the fibroid, the
point line plane body mode was used to sonicate the focus
layer by layer to cover the target area of the fibroid. Patients
should lie prone for 2 h and be given a liquid diet for 3 h
after USgHIFU. Normal diet and discharge can be conducted
1 d after the treatment.

HM procedure

The operation was performed at 3 d after menstruation.
Cervical softening preparation was performed 1–2 d before
operation. During the operation, intravenous anesthesia was
applied, and the patient took the lithotomy position of the
bladder. Olympus hysteroscope was used to enter the uter-
ine cavity through the cervix to preliminarily explored uter-
ine cavity and submucousal fibroids. Then, the cervix was
dilated to No.10 with the uterine cervix dilator. Finally, the
hysteroscopy was replaced and the fibroid was removed step
by step with ring electrode. The operation was terminated
after no bleeding was observed. The patients were dis-
charged 48 h after operation.

Followed-up observation

Through the electronic case system of the Third Xiangya
Hospital of Central South University, the basic clinical charac-
teristics data of 215 patients were collected, including age,
body mass index (BMI), hemoglobin, gravidity, parity, miscar-
riages, position of the uterus, symptoms, history of myomec-
tomy, fertility requirement, size of uterine fibroid, localization
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of uterine fibroid, type of uterine fibroid (FIGO) and intrao-
perative complications; The effectiveness and pregnancy out-
comes were investigated by telephone interview, including
curative effect, postoperative complications, size of uterine
fibroids, recurrence, reintervention, interval time of reinter-
vention, number of reintervention, modalities of reinterven-
tion, reasons for reintervention, pregnancy, interval time of
first pregnancy, conception approach, pregnancy outcome,
delivery approaches, pregnancy complications and gesta-
tional age.

Statistical analysis

SPSS version 23 (SPSS Inc., Chicago, IL) statistical software
was used for data analysis and p< .05 was considered statis-
tically significant. Normally distributed data were depicted
using mean± standard deviation (SD). Skewed data were
depicted as the median and interquartile range (IQR).
Independent samples T-test, Chi-square test, Fisher exact test
and nonparametric test (Mann–Whitney U test) were con-
ducted to analyze baseline characteristics and raw data
between the two groups. Binary logistic regression analysis
was used for multivariate analysis.

Results

Baseline characteristics

As shown in Table 1, there was no significant difference in
age, BMI, hemoglobin, gravidity, parity, miscarriages, position
of the uterus, symptoms, history of myomectomy and fertility

requirements between the two groups (p> .05). The size of
submucosal fibroids was larger in the USgHIFU group than
that in the HM group (57.9 ± 1.9 vs. 32.6 ± 1.2mm) (p< .05).
In the USgHIFU group, 27.6% (16/58) patients located at

Figure 1. Pre- and post-HIFU ultrasound images obtained from a patient with type I uterine fibroid. (A) Before ablation, the diameter of the fibroid prepared for
ablation was focused. (B) After ablation, ultrasound image of uterine fibroid with intact psuedocapsule (C) Before ablation, the contrast enhanced ultrasonography
image showed homogeneous enhancement within the fibroid. (D) After ablation, no contrast enhancement was observed in the ablation area.

Table 1. Comparison of baseline characteristics between patients with sub-
mucosal fibroids treated with ultrasound-guided HIFU and HM.

Characteristics HIFU (n¼ 58) HM (n¼ 157) p

Age (years) 38.8 ± 0.8 41.0 ± 0.7 .072
BMI (kg/cm2) 21.7 ± 0.3 22.4 ± 0.2 .086
Hemoglobin (g/L) 103.8 ± 3.3 103.3 ± 1.7 .884
Gravidity 3.3 ± 0.2 3.1 ± 0.2 .528
Parity 1.3 ± 0.1 1.4 ± 0.1 .488
Miscarriages 2.0 ± 0.2 1.7 ± 0.1 .279
Position of the uterus .197

Anteposition 50 123 –
Retroposition 8 34 –

With symptoms .630
Yes 36 103 –
No 22 54 –

History of myomectomy .197
Yes 3 3
No 55 154

Wanted to conceive .090
Yes 11 48 –
No 47 109 –

Size of uterine fibroid (mm) 57.9 ± 1.9 (26–93) 32.6 ± 1.2 (7–80) .000��
Localization of uterine fibroid .014�

Horn or fundus 16 21 –
Uterine cavity 42 136 –

Type of uterine fibroid (FIGO) .000��
I 16 133 –
II 17 24 –
2–5 25 0 –

�Indicates p< .05, ��Indicates p< .001; HM: hysteroscopic myomectomy;
HIFU: high-intensity focused ultrasound ablation; BMI: body mass index; FIGO:
International Federation of Gynecology and Obstetrics.
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horn or fundus and 72.4% (42/58) patients located at uterine
cavity; While in the HM group, 13.4% (21/157) patients
located at horn or fundus and 86.6% (136/157) patients
located at uterine cavity (p< .05). Among the 215 patients,
the number of type I, II and 2–5 in the USgHIFU group and
the HM group were, respectively, 16, 17, 25 and 133, 24,
0 (p< .05).

Comparison of safety between USgHIFU and HM

There was no serious intraoperative and postoperative com-
plication in the USgHIFU group. In the HM group, 1 patient
(0.6%, 1/157) had intraoperative complication with hypona-
tremia, 18 patients (11.4%, 18/157) suffered from IUA diag-
nosed by hysteroscopy after operation and 7 patients (4.5%,
7/157) complained decreased menstrual volume (less than
normal menstrual volume) without further diagnosis. There
was a significant difference in postoperative complications
between the two groups (p¼ .001) (Table 2).

Comparison of effectiveness between USgHIFU and HM

The remission rate of USgHIFU group was 100% (58/58); and
in the HM group, the remission rate was 94.3% (148/157),
the ineffective rate was 5.7% (9/157). The reintervention rate
in the USgHIFU group was higher than that in the HM group
(19 vs. 7.6%), and the difference was statistically significant
(p¼ .017). However, the reintervention rate due to ineffective
treatment or recurrence was 15.5% (9/58) in the USgHIFU
group and 7.0% (11/157) in the HM group, the difference
was not statistically significant (p¼ .057). Compared with the
HM group, the USgHIFU group had lower recurrence rate
and higher pregnancy rate, but the difference was not statis-
tically significant (p> .05) (Table 3).

Among patients received reintervention, 3 patients (3/12,
25%) in the HM group received treatment twice, while no
patient in the USgHIFU group received reintervention more
than once. No significant difference was observed (p¼ .082).
Compared with the HM group, the USgHIFU group had a sig-
nificant longer interval of reintervention (38.64 ± 7.4 vs.
12.8 ± 3.8months) (p< .05). The modalities of reintervention
included hysteroscopy or laparoscopy or laparotomy myo-
mectomy, USgHIFU and hysterectomy. The reasons for rein-
tervention included no improvement in symptoms,
recurrence, fertility requirements and other gynecological

surgery (like cesarean section). There was no significant dif-
ference in the modalities of reintervention and the reasons
for reintervention between the two groups (Table 4).

In addition, the influencing factors of reintervention were
analyzed. Univariate analysis showed that reintervention was
positively related to age, treatment methods, parity and fer-
tility requirements (p< .05). It was negatively related to BMI,
hemoglobin, gravidity, miscarriages, symptoms, history of
myomectomy, position of the uterus, size of uterine fibroids,
localization of uterine fibroid and type of uterine fibroid
(FIGO) (Table 5). Further binary logistic regression analysis
showed that treatment methods were an independent influ-
encing risk factor for reintervention (Table 6).

Comparison of pregnancy between USgHIFU and HM

A total of 11 patients had fertility requirements when they
received USgHIFU treatment; while 48 patients in the HM
group had fertility requirements. 7 (7/11, 63.6%) patients in
the USgHIFU group and 24 (24/48, 50%) patients in the HM
group got pregnant. There was no significant difference in
secondary infertility, pregnancy rate, number of pregnancies,
interval time of first pregnancy, conception approach, preg-
nancy outcome, complications of pregnancy, delivery
approaches and gestational age was observed between the
two groups (Table 7). Three (3/7, 42.8%) patients in the
USgHIFU group and 7 (7/24, 29.2%) patients in the HM group
conceived half a year after treatment. Among these 10
patients, one patient in USgHIFU group and 1 patient in HM
group had spontaneous miscarriage after 6months. The rest
patients achieved successful delivery without any pregnancy
complications and the babies were born healthy.

Table 2. Comparison of safety between ultrasound-guided HIFU and HM.

Variables HIFU (n¼ 58) HM (n¼ 157) p

Intraoperative complications, n (%) 0 1 (0.6%) .542
Postoperative complications, n (%) 0 25 (15.9%) .001�
Adverse reaction .001�
Water intoxication 0 1 (0.6%) –
Pain 0 0 –
Uterine perforations 0 0 –
Vaginal discharge 0 0 –
Infection 0 0 –
Oligomenorrhea 0 7 (4.5%) –
Intrauterine adhesion 0 18 (11.4%) –
Uterine rupture 0 0 –

�Indicates p< .01.

Table 3. Comparison of efficacy between ultrasound-guided HIFU and HM.

Variables HIFU (n¼ 58) HM (n¼ 157) p

Curative effect, n (%) .049�
Invalid 0 9 (5.7%) –
Effective 7 (12.1%) 32 (20.4%) –
Cure submucous fibroids 51 (87.9%) 116 (73.9%) –

Recurrence 7 (12.1%) 27 (17.2%) .360
Reintervention 11 (19.0%) 12 (7.6%) .017�
Pregnancy 13 (22.4%) 29 (18.5%) .518
�Indicates p< .05.

Table 4. Characteristics of reintervention between ultrasound-guided HIFU
and HM.

Variables HIFU (n¼ 11) HM (n¼ 12) p

Interval time of reintervention 38.64 ± 7.4 (11–98) 12.8 ± 3.8 (1–40) .005�
No. of reintervention 1.0 ± 0.0 1.3 ± 0.1 .082
Modalities of reintervention .278

Hysteroscopy 4 9 –
HIFU submucous fibroids 2 0 –

Laparoscopic or laparotomy 3 2 –
Hysteroscopy and laparoscopy 1 0 –

Hysterectomy 1 1 –
Reasons for reintervention .156

Invalid fibroids 1 6 –
Recurrence 8 5 –
Fertility requirements 1 0 –
Gynecological surgery 1 1 –

�Indicates p< .01.
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Table 5. Comparison of baseline characteristics between patients with and without reintervention during follow-up.

Variables Had reintervention (n¼ 23) Did not have reintervention (n¼ 192) p

Age (years) 35.22 ± 1.5 41.05 ± 0.6 .001��
Treatment .017�
HIFU 11 47 –
HM 12 145 –

BMI (kg/cm2) 21.8 ± 0.6 22.2 ± 0.2 .432
Hemoglobin (g/L) 103.3 ± 4.8 103.4 ± 1.7 .983
Gravidity 2.6 ± 0.5 3.2 ± 0.1 .197
Parity 0.9 ± 0.2 1.4 ± 0.1 .009��
Miscarriages 1.7 ± 0.4 1.8 ± 0.1 .880
With symptoms .149
Yes 18 121 –
No 5 71 –

History of myomectomy .069
Yes 2 4 –
No 21 188 –

Position of the uterus .163
Anteposition 16 157 –
Retroposition 7 35 –

Size of uterine fibroid (mm) 44.1 ± 4.6 38.8 ± 1.3 .203
Localization of uterine fibroid .233
horn or fundus 6 31 –
uterine cavity 17 161 –

Type of uterine fibroid (FIGO) .107
I 12 137 –
II 8 33 –
2–5 3 22 –

Wanted to conceive .005��
Yes 12 47 –
No 11 145 –

�Indicates p< .05; ��Indicates p< .01.

Table 6. The binary logistic regression analysis of variance.

Observations B SE Wald p Exp (B) 95% CI

Age 0.08 0.05 2.70 .100 1.08 (0.99, 1.18)
Parity 0.46 0.43 1.16 .282 1.59 (0.68, 3.68)
Treatment

HM – – – 1.000 – –
HIFU �1.56 0.58 7.35 .007� 0.21 (0.07, 0.65）

Wanted to conceive
No – – – 1.000 – –
Yes �0.30 0.72 0.17 .683 0.74 (0.18, 3.07)

�Indicates p< .01.

Table 7. Comparison of pregnancy in patients with pregnant requirement.

Variable Group of HIFU (n¼ 11) Group of HM (n¼ 48) p

Combined with infertility, n (%) .662
Yes 5 (45.4%) 19 (39.6%) –
No 6 (54.6%) 29 (60.4%) –

Pregnancy, n (%) 7 (63.6%) 24 (50%) .414
No. of pregnancy 1.0 ± 0.0 1.3 ± 0.1 .140
Interval time of first pregnancy (m) 15.0 ± 3.8 (3–41) 19.2 ± 3.3 (3–60) .522
Conception approach, n (%) .132
Natural 6 (85.7%) 13 (54.2%) –
Assisted (IVF-ET) 1 (14.3%) 11 (45.8%) –

Pregnancy outcomes, n (%) .639
Spontaneous abortion 1 (14.3%) 2 (8.3%) –
Induced abortion 0 0 –
Delivery 6 (85.7%) 22 (91.7%) –

Complications of pregnancy, n (%) .198
Yes 0 5 (22.7%) –
No 6 (100%) 17 (77.3%) –

Delivery approaches, n (%) .291
Spontaneous vaginal 3 (50%) 6 (27.3%) –
Cesarean delivery 3 (50%) 16 (72.7%) –

Gestational age (week), n (%) .443
�37 6 (100%) 20 (90.9%) –
<37 0 2 (9.1%) –

IVF-ET: in vitro fertilization-embryo transfer.
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Discussion

HM is a standard operation for submucosal fibroids.
Although hysteroscopy remains a relatively safe procedure,
complications, such as endometrial damage, air embolism,
fluid overload or hyponatremia, uterine perforation limited
its utility [8,23]. Meanwhile, the limitation laid in the difficulty
for operators to remove the fibroid for one time when the
diameter of the fibroid is more than 4 cm or the location of
the fibroid is excessive deep [5]. Consequently, the patients
may suffer from the increased expenses, extra surgical risks
and undue injury to endometrium. The treatment of hystero-
scopy combined with laparoscopy might also applied, which
not only increases the trauma, but also prolongs the preg-
nancy interval to one year. With the increasing demand of
minimally invasive treatment, USgHIFU emerges as a new
noninvasive, feasible, safe and cost-effective alternative in
treating uterine fibroids. In the HM, the long-term recurrence
rate was 22%, the pregnancy rate ranged 33.8–85.8%, and
the incidence of IUA ranged 7.5–21.57% [16,17,24,25].
However, the long-term recurrence rate was 11.9%, the
symptom relief rate was 95.9%, the pregnancy rate ranged
7–47% and no postoperative complications were complained
in USgHIFU group [13,26]. In our study for median follow-up
time was 50 (17–97) months, there were three patients went
second hysteroscopic remove of fibroid in HM group. What’s
more, compared with the HM group, the USgHIFU group
had less postoperative complications (0 vs. 15.9%), higher
reintervention rate (19.0 vs. 7.6%). However, no significant
difference was observed in recurrence rate (12.1 vs. 17.2%),
reintervention rate of ineffective and recurrence (15.5 vs.
7.0%), and pregnancy rate (63.6 vs. 50%).

Compared with the HM, safety seemed to be the most
obvious advantage in USgHIFU. In our study, no serious
intraoperative and postoperative complication in the
USgHIFU group was observed. In the HM group, 1 patient
(0.6%, 1/157) had intraoperative complication with hypona-
tremia, 25 patients (15.9%, 25/157) had postoperative com-
plication with IUA or decreased menstrual volume. IUA
formation after myomectomy was reported to have no asso-
ciation with the type of surgery or the type of fibroid, and
nearly 20% of the patients suffered from IUA after the treat-
ment of hysteroscopic or laparoscopic myomectomy [27].
IUA is a disease following the basal layer of the endomet-
rium damage due to factors, such as intrauterine operation
and infection, resulting in adhesions or atresia of the uterine
cavity and cervical canal [28]. The clinical manifestations are
decreased menstrual volume, amenorrhea and even infertil-
ity, which seriously affect the physical and mental health of
patients. In addition, IUA need multiple hysteroscopic sur-
geries, increasing the life burden of patients and affecting
the pregnancy outcome [29]. Furthermore, myomectomy was
also reported with safety problems like air embolism and
uterine rupture [23,30]. Different from the traditional myo-
mectomy, HIFU ablates uterine fibroids by focused ultra-
sound without damaging the endometrium and myometrium
(Figure 2). Previous studies have shown that after MR-HIFU
ablation of submucosal fibroids, endometrial enhancement
was preserved intact or minimally impaired by 95.7%. The

impaired endometrium, which is more commonly seen in
fibroid protruding into the endometrial cavity, will recover
spontaneously [31].

The previous studies have demonstrated that many fac-
tors included age, the size of uterine fibroids, distance from
fibroid ventral side to skin, position of uterus, location of
uterine fibroids, signal intensity on T2WI and enhancement
type may affect the treatment results [32–34]. We analyzed
the risk factors of reintervention, and found that the reinter-
vention rate was positive correlated with age, treatment
methods, parity and fertility requirements. Interestingly,
patients who were treated by USgHIFU had larger size of
uterine fibroids (57.9 ± 1.9 vs. 32.6 ± 1.2). Moreover, in
USgHIFU group, 27.6% of fibroids were located at the corner
or fundus of uterus, and 72.4% of fibroids were type II or
2–5. In HM group, 13.4% of fibroids were located at the cor-
ner or fundus of uterus, 15.3% of fibroids were type II, and
no fibroids were types 2–5. Types 2–5 fibroids were known
as difficult type for hysteroscopic treatment, indicating the
choice of treatment needs careful consideration. Although
USgHIFU group were in such unfavorable initial conditions,
in comparation to HM group, USgHIFU still obtained longer
interval time of reintervention (38.64 ± 7.4 vs.
12.8 ± 3.8months), higher symptomatic relief rate (100 vs.
94.3%), similar recurrence rate (12.1% vs. 17.2%) and similar
curative reintervention rate (15.5 vs. 7.0%). These results
demonstrated that USgHIFU is an effective treatment for sub-
mucosal fibroids. USgHIFU also showed higher reintervention
rate (19.0 vs. 7.6%), which may be influenced by patients’
demand for pregnancy through the analysis of reintervention
reasons. Therefore, for those who were older, or without fer-
tility requirements, or had larger fibroids size, or had fibroids
in the fundus or corner of the uterus, or had type II or 2–5
fibroids, USgHIFU might be a good choice owing to less
damage, high remission rate of symptoms and similar rein-
tervention rate with hysteroscopy. For younger patients with
fertility requirements, the choice may be more difficult. On
the one hand, the choice of USgHIFU may increase the prob-
ability of reintervention because the fibroid does not shrink
immediately. On the other hand, the choice of HM increases
the probability of IUA, which brings about multiple extra hys-
teroscopic surgery.

Pregnancy outcome is the main concern for patients with
fertility requirements. Among patients with fertility require-
ments, USgHIFU group showed similar pregnant rate and
interval time (p> .05). Considering that patients in USgHIFU
group possessed fibroids which had significantly larger diam-
eter and a great majority of Types II and 2–5, we hold the
hypothesis that USgHIFU might be more favorable for those
with fertility requirements. As we all know, fibroids with
larger diameter or classified as Types II and 2–5 were more
likely to be recommended to laparoscopy. Nevertheless, the
gestational interval must be postponed at least one year for
the risk potential of uterine rupture after laparoscopic treat-
ment performed, which aggravates the time of waiting for a
baby. In this study, three patients (3/7, 42.8%) with the mean
fibroid size of 61.4 ± 14.9 (69.0, 71.0 and 44.3mm) were preg-
nant at 3, 4 and 6months, respectively, after USgHIFU

1614 Z. YANG ET AL.



treatment, while after HM treatment, 7 patients (7/24, 29.2%)
with the mean fibroid size of 19.3 ± 8.1 (8–30mm) were preg-
nant in half a year (3–6months). Both HIFU and HM had one
patient became spontaneous abortion after 6months, with
44.3mm and 25.0mm size of fibroid, respectively. The rest of
the patients achieved successful delivery without any preg-
nancy complications and the babies were born without any
neonatal diseases.

This study is limited because it is a retrospective study
and some bias in patients selection may occur. What’s more,
the sample size of patients with fertility requirements
USgHIFU group was small and all patients did not undergo
precise endometrial assessment. Future studies are needed
in evaluating endometrial injury by postoperative hystero-
scopy. In addition, prospective study is needed in the future
to convey more convincing data in comparison of USgHIFU
and HM.

In summary, USgHIFU and HM are safe and effective way
in the treatment of submucosal fibroids. Compared with the
HM group, the USgHIFU group had lower postoperative com-
plications, higher reintervention rate, similar reintervention
rate of invalid and recurrence, recurrence rate and pregnancy
rate. The reintervention rate was positively correlated with
age, treatment methods, parity and fertility requirements.
USgHIFU is recommended to patients characterized by older

age or no fertility requirements or their fibroids featured by
larger size or located in the fundus or corner of the uterus or
Type II or 2–5.
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