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Introduction

Leiomyoma is a monoclonal tumor that originates from 
smooth muscle cell proliferation and is the most common be-
nign tumor of the uterus. Leiomyoma is frequently identified 
in women of childbearing age and has a reported incidence 
of 40–60% in 35-year-olds, which increases to 70–80% in 
50-year-olds [1]. Leiomyoma is a hormone-responsive tu-
mor that is dependent on sex hormones, such as estrogen 
and progesterone, and it can decrease or remain the same 
size after menopause [2]. Leiomyoma treatment is primar-
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Objective
We evaluated the clinical characteristics of patients who underwent surgery after high intensity focused ultrasound 
(HIFU) to treat uterine leiomyoma.

Methods
From June 2016 to September 2017, patients at our hospital who underwent HIFU to treat uterine leiomyoma prior 
to surgery were enrolled. All patients underwent pelvic magnetic resonance imaging (MRI) before and after HIFU. If  
6 months had passed since the last pelvic MRI was performed, imaging was performed again before the operation.

Results
A total of 12 patients were analyzed. The median age was 45 (range, 28–51) years. The median body mass index was 
24.9 (range, 18.1–29.2) kg/m2. The median size of the leiomyoma was 10.1 (range, 7.8–14.0) cm before HIFU, which 
changed to 8.75 (range, 5.9–14.8) cm after HIFU. The median size increased to 9.1 (range, 5.9–18.0) cm before the 
operation. Surgery was planned for several reasons, including an increase in the leiomyoma size (n=6), persistent 
symptoms (n=4), and newly developed lesion (n=2). The median interval between HIFU and surgery was 7 (range, 
3–32) months. Ten of the 12 patients underwent laparoscopic surgery, while the others underwent laparotomy;  
6 patients also underwent laparoscopic myomectomy, and 4 underwent hysterectomy. Histopathologic findings 
showed infarction-type necrosis surrounded by granulation tissue with the infiltration of lymphocytes and 
macrophages in all patients.

Conclusion
Treatment of leiomyoma with operative procedures should be considered in selected patients with tumor size greater 
than 10 cm, multiple tumors, and persistent symptoms after HIFU treatment.
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ily based on the presence of symptoms, and regular follow-
up is important. Patients who experience severe pelvic pain, 
massive vaginal bleeding, infertility, and pressure should un-
dergo aggressive treatment. Additionally, a distinct increase 
in leiomyoma size during follow-up requires treatment [2,3]. 
Treatment approaches can vary and should take into con-
sideration patient age, childbearing plans, and the location 
and size of the leiomyoma. Surgical management, medical 
therapy, uterine artery embolization, and myolysis can all be 
considered [2,3].

High intensity focused ultrasound (HIFU) is widely used and 
advantageous as it is minimally invasive and does not cause 
injury to adjacent organs [4,5]. The mechanism of HIFU for 
tumor treatment is based on its heating effect, cavitation, 
and direct damage to tumor blood vessels, which results in 
coagulative necrosis of the targeted tissue [4,5].

HIFU was previously applied as a noninvasive technique for 
treating hepatocellular carcinoma or prostate cancer [6] and 
was approved by the FDA in 2004 for uterine leiomyoma 
[6,7]. In Korea, HIFU was recognized as a new medical tech-
nology in 2009 and was typically used in patients wanting to 
preserve their uterus.

However, issues regarding the abuse of HIFU treatment 
and consequent complications were raised, and the Korean 
Society of Obstetrics and Gynecology (KSOG) published clini-
cal practice guidelines in 2016 [8]. The guidelines state that 
patients with symptomatic uterine fibroids and premeno-
pausal women aged over 18 years are indicated to undergo 
HIFU treatment [8]. Although further specific indications vary 
according to national and center guidelines, HIFU has been 
considered a viable option for women with no plans for 
future pregnancy, those who want to preserve the uterus, 
those with severe symptoms, and those with moderately 
sized leiomyoma without malignancy [9].

Unfortunately, there is little information regarding the indi-
cations for surgery or re-intervention after HIFU failure. In a 
recent study, the re-intervention risk after 60 months was re-
ported to be 53.9% (95% confidence interval, 47.2–60.4%) 
for HIFU; however, they did not definitively clarify the indi-
cations for the re-intervention after HIFU [10]. The purpose 
of this study was to evaluate the clinical characteristics of 
patients who underwent surgery for the treatment of leio-
myoma after HIFU.

Materials and methods

We retrospectively reviewed the medical records of 291 patients 
with leiomyoma who underwent myomectomy or hysterec-
tomy at our institution between June 2016 and September 
2017. A total of 12 patients who underwent HIFU to treat 
leiomyoma prior to an operative procedure were included. 
Patients that had not undergone pelvic magnetic resonance 
imaging (MRI) or pelvic sonography were excluded owing to 
the lack of data for comparing the size of the leiomyoma.

All HIFU procedures were performed at a single local ob-
stetrics and gynecologic clinic. The procedures used the 
Chongqing Haifu JC (Haifu Technology, Chongqing, China) 
from June 2016 to May 2017, and then the Chongqing 
Haifu JC200 (Haifu Technology) was used starting in June 
2017. All patients underwent pelvic MRI before and after 
HIFU to confirm the treatment results. Patients were placed 
in the prone position, and the treatment process was con-
ducted under intravenous conscious sedation with vital sign 
monitoring. The treatment protocol utilized an ultrasound 
wave frequency of 600–700 Hz and a sonification time of 
600–700/sec/1 shot with an average 300 W of power. If the 
patients did not undergo an imaging study within 6 months 
prior to the first visit, an additional imaging study was per-
formed at the institution. Pelvic sonography was performed 
to compare the size of the leiomyoma in patients who had 
undergone MRI within 6 months prior to the procedure. Pa-
tients received counseling prior to the operation and decided 
whether to undergo myomectomy or hysterectomy.

We investigated patient age, parity, body mass index, num-
ber of leiomyomas, and International Federation of Gynecol-
ogy and Obstetrics classification. The leiomyoma size was 
measured before and after HIFU treatment and before the 
operative procedures. The weight of the mass was evaluated, 
and the histopathologic findings were assessed. This study 
was approved by the Institutional Review Board of Hanyang 
University Hospital (2018-08-005).

Results

A total of 12 patients were analyzed. The median age was 
45 (range, 28–51) years. Seven patients had children, while 
the other 5 patients had never had children. The median 
body mass index was 24.9 (range, 18.1–29.2) kg/m2 (Table 1). 
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Half of all patients had more than 2 leiomyomas. The median 
size of the leiomyoma was 10.1 (range, 7.8–14.0) cm before 
HIFU treatment, which changed to 8.75 (range, 5.9–14.8) cm 
after HIFU. Prior to the operation, the mean tumor size was 
9.1 (range, 5.9–18.0) cm (Table 2). The operations were per-
formed for several reasons. Six patients showed an increase 
in the size of the leiomyoma, 4 patients complained of per-
sistent symptoms, and 2 patients had a newly developed 
leiomyoma after HIFU. The maximal diameter of the myoma 
of the 6 patients was 12.8 (9.5–16.2) cm before HIFU and 
10.3 (6.7–18) cm before surgery. Three of the 4 patients 
complained of menorrhagia, while 1 had dysmenorrhea. The 
maximal diameter of the myoma in those 4 patients was 10.9 
(9.5–14.3) cm before HIFU and 10.1 (7.4–13.5) cm before 
surgery, which showed no statistically significant difference. 
The median time interval between HIFU and the operation 
was 7 (range, 3–32) months. Seven patients were sent to 
our institution after their first HIFU procedure, 4 patients un-
derwent the procedure twice, and 1 patient underwent the 
procedure more than 3 times (Table 2). Ten of the 12 patients  
underwent a laparoscopic operation, and 2 patients under-
went laparotomy. Four patients underwent hysterectomy, 
and 8 patients underwent myomectomy. Among the pa-
tients who underwent hysterectomy, 2 patients underwent 

laparoscopically assisted vaginal hysterectomy and 2 under-
went total laparoscopic hysterectomy (Table 3). The median 
serum hemoglobin levels before and after the operation 
were 13.4 (9.6–14.6) g/dL and 10.1 (7.4–11.9) g/dL, respec-
tively. Among the 8 patients who underwent myomectomy, 
2 underwent abdominal myomectomy and 6 underwent 

Table 1. General characteristics of all patients

Characteristics Value

Age (yr) 45 (28–51)

Parity

0 5

1 2

≥2 5

BMI (kg/m2) 24.9 (18.1–29.2)

No. of leiomyomas (median)

1 6

2 2

≥3 4

Type of leiomyomas (FIGO classification)

Submucosal (type 0–2) 1

Intramural (type 3–4) 12

Subserosal (type 5–7) 3

Data are shown as median (range).
BMI, body mass index; FIGO, International Federation of Gynecology 
and Obstetrics.

Table 2. Clinical characteristics of leiomyoma and high intensity 
focused ultrasound 

Characteristics Value

Maximal size of leiomyoma (cm)

Initial 10.1 (7.8–14.0)

Post HIFU 8.75 (5.9–9.0)

Pre-operative 9.1 (5.9–18)

Cause of operation

Growing myoma 7

Aggravation of symptoms 3

Newly developed myoma 2

Median periods between last HIFU and 
operation (mon)

7 (3–32) 

Counts of previous HIFU procedure

1 7

2 4

≥3 1

Data are shown as median (range).
HIFU, high intensity focused ultrasound.

Table 3. The results of surgery

Characteristics Value

Operative procedure

Myomectomy 2

Laparoscopic myomectomy 6

Hysterectomy

LAVH 2

TLH 2

Weight of specimen (g)

Myomectomy 190 (150–950)

Hysterectomy 890 (320–1,540)

Histopathologic report

Leiomyoma 11

Atypical leiomyoma 1

Data are shown as median (range).
LAVH, laparoscopically assisted vaginal hysterectomy; TLH, total lapa-
roscopic hysterectomy.
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laparoscopic myomectomy. The median weight of the tu-
mor was 190 (range, 150–950) g in the myomectomies 
and 890 (range, 320–1,540) g in the hysterectomies. The 
final histopathologic reports indicated that 11 tumors were 
leiomyomas and 1 was an atypical leiomyoma (Table 3). The 
most common characteristic of the histopathologic findings 
was infarction-type necrosis surrounded by granulation tissue 
with infiltration of lymphocytes and macrophages (Fig. 1). 

Discussion

In this study, although the median leiomyoma size was re-
duced from 10.1 cm to 8.75 cm after HIFU, it increased to  
9.1 cm before the operation. In addition, half of the patients 
had more than 2 fibroids, and 5 patients received at least  
2 HIFU treatments.

A previous study reported that the uterine leiomyoma vol-
ume reduction rates after HIFU were 58.08%, 66.18%, and 
77.59% at the 3-, 6-, and 12-month follow-up time points, 
respectively. In addition, the Uterine Fibroid Symptom and 
Quality of Life rates increased to 42.66%, 43.50%, and 
43.45% at the 3-, 6-, and 12-month follow-ups, respec-
tively. Among the 272 patients with uterine leiomyoma that 
underwent HIFU, 6 experienced symptom recurrence and 
1 with cervical leiomyoma underwent a second HIFU treat-

ment. Two patients underwent hysterectomy, and 3 patients 
underwent myomectomy [11]. In other studies, the uterine 
leiomyoma volume reduction rates after HIFU ranged from 
17.2% to 58.1% and symptom improvement ranged from 
48.2% to 71.1% [4,5,9,11]. These results demonstrate that 
HIFU is an effective and noninvasive modality for the treat-
ment of leiomyoma, with a short recovery period. While the 
effects of HIFU have been studied, its safety has not yet been 
confirmed [6,9]. Moreover, severe adverse events have been 
reported, including skin burns, bowel perforation, bladder in-
jury, and deep vein thrombosis, all of which required surgical 
repair [7,12]. In particular, studies on fertility and pregnancy 
outcomes after HIFU are scarce [5,11]. Therefore, KSOG has 
recommended avoiding HIFU in patients who are planning 
for future pregnancy [8].

In the present study, 6 of the total patients showed an in-
creased leiomyoma size, with an average size of more than 
12 cm, due to expansion of an untreated lesion, and 4 pa-
tients had persistent symptoms. Four patients had more than 
3 leiomyomas and half of the total patients had more than  
2 leiomyomas. In addition, 5 patients (42%) were treated 
with HIFU 2 or more times. The KSOG has indicated that 
special attention is required in patients with leiomyomas 
larger than 12 cm, multiple leiomyomas, and an insufficient 
response to previous HIFU treatment [8].

HIFU can be used with various size and intensity settings, 

A B

Fig. 1. (A) Post-operative gross appearance of leiomyoma after high intensity focused ultrasound (HIFU). (B) Histopathologic appearance 
of leiomyoma after HIFU (hematoxylin and eosin stain, ×100). Black triangle: leiomyoma with HIFU treatment, white triangle: leiomyoma 
without HIFU treatment.
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but it is generally a time-consuming treatment. Although the 
operative time differs according to the energy absorption 
rate and location of the leiomyoma, it takes an average of 
3 hours to treat an 8-cm-sized leiomyoma. Therefore, leio-
myomas larger than 10 cm require multiple HIFU treatments, 
which can lead to high rates of treatment failure and adverse 
effects [13]. In a recent study of 36 patients with uterine 
leiomyomas larger than 10 (range, 10.0–14.3) cm, the HIFU 
treatment time was reduced to less than 3 hours owing to 
technological improvements. However, there were still limita-
tions to the size of the leiomyoma that could be treated in 
that time [14].

As the number of leiomyomas increases, it is likely that at 
least 1 or more will not be suitable for treatment with HIFU, 
thereby increasing the possibility of treatment failure. For 
example, some leiomyomas cannot be treated effectively be-
cause they lie outside the transducer range [13]. Additionally, 
leiomyomas that are close to the sacrum cannot be treated 
with HIFU because bones absorb ultrasound waves more 
easily than soft tissue and low energy waves are sufficient to 
heat the bones to high enough temperatures to cause nerve 
injury [13]. Furthermore, hypervascular leiomyomas are dif-
ficult to treat because the blood vessels steal heat away from 
the treatment area, resulting in subtherapeutic temperatures 
[13,15].

There were several limitations to this study. First, it was a 
retrospective study, and a selection bias may have been in-
troduced by including patients that did not have a successful 
initial HIFU treatment. Second, the number of patients was 
too small to verify the significance of the findings. Therefore, 
an additional, large-scale study should be conducted to com-
pare the characteristics, treatment outcomes including preg-
nancy, and complications between HIFU and surgery groups.

In conclusion, the treatment of leiomyoma with opera-
tive procedures should be considered in selected patients 
with tumor size greater than 10 cm, multiple tumors, and 
persistent symptoms after HIFU treatment. HIFU should be 
recommended for patients who meet the appropriate crite-
ria. Specifically, in patients who show an increased lesion size 
after HIFU, a second HIFU may be ineffective and operative 
procedures should be prioritized.
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