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Abstract
Objectives To investigate the efficacy and safety of a new portable ultrasound-guided high-intensity focused ultrasound system
(USgHIFU) with advanced targeting and beam steering technology for the treatment of uterine fibroids.
Methods Fifty-nine uterine fibroids from 36 participants (mean age, 44.9 ± 4.1 years) were included from November 2013 to
November 2015. All participants were treated with HIFU, with 3D electronic steering. MR imaging studies were performed
before HIFU, immediately after HIFU, and 1month and 3 (or 5) months after the HIFU treatment. The non-perfused volume ratio
(NPVR), fibroid volume shrinkage (FVS), symptom improvement, quantified life quality assessment, and safety were analyzed.
A long-term follow-up was conducted in July to December 2017 (mean, 32.2 months).
Results The volume of the treated uterine fibroids ranged from 7.5 to 274.4 cm3 (mean, 69.8 cm3; SD, 64.3 cm3). The mean
NPVR on the immediate post-HIFUMR imaging was 74.8 ± 25.2%. The mean FVS was 17.3% at 1 month, 33.3% at 3 months,
and 45.1% at 5 months after HIFU treatment. The mean treatment time was 44.6 ± 28.2 min per fibroid and 72.9 ± 31.4 min per
participant. Uterine fibroid–related symptoms and quality of life showed statistically significant improvement after the HIFU
treatment. No significant symptoms related to safety or complications occurred. In the long-term follow-up, 78.8% of those
surveyed were satisfied with their HIFU treatment.
Conclusion This clinical trial showed that a portable USgHIFU with advanced functions may safely and effectively treat uterine
fibroids.
Key Points
• A portable compact ultrasound-guided high-intensity focused ultrasound (HIFU) can effectively and safely treat uterine fibroids.
• Advanced functions, such as portability, targeted forecasting, electronic beam steering, and interleaved scanning, might be
helpful in enhancing the clinical applicability of ultrasound-guided high-intensity focused ultrasound.

• In the long-term follow-up of more than 2 years, approximately 80% of those surveyed were satisfied with their HIFU treatment.

Keywords Uterine fibroid . Leiomyoma, uterine . High-intensity focused ultrasound ablation . Treatment efficacy .
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Abbreviations
FVS Fibroid volume shrinkage
HIFU High-intensity focused ultrasound
MRgHIFU MR-guided high-intensity focused ultrasound
NPVR Non-perfused volume ratio
SF36-v2 36-Item Short-Form Health Survey, Version 2
SSS Symptom severity score
UFS-QOL The Uterine Fibroid Symptom and Quality of

Life Questionnaire
USgHIFU Ultrasound-guided high-intensity focused

ultrasound
VAS Visual analog scale

Introduction

Recently, through a 6-year collaboration between our institute
and an ultrasound company, a portable compact USgHIFU
system was developed to treat abdominal organs [1] (Fig.
A1). Such portability and compact size enhance usability.
Portable HIFU systems are currently used to treat small le-
sions in superficial organs, such as the breast and the thyroid
glands [2, 3]. However, to treat abdominal organs, pre-
existing USgHIFU systems are fixed in location and occupy
much space due to their large size and not having an all-in-one
setup. To overcome these limitations and enhance usability,

this portable compact HIFU system was developed. In addi-
tion, for safe, accurate, and rapid treatment, a targeted fore-
casting function (supplement), 3D-electronic steering, and in-
terleaved image display were installed, all of which have not
been used in preexisting USgHIFU systems (Figs. A1 and
A2).

In a preclinical study using pigs, this new HIFU system
was concluded to be safe and accurate for creating ablation
[1]. This prospectively designed study was performed to in-
vestigate the efficacy and safety of this new portable, compact,
USgHIFU with advanced targeting and beam steering tech-
nology for the treatment of uterine fibroids.

Materials and methods

This study was approved by the FDA in our country (no. 573)
and the IRB at our institute, and all participants provided
written informed consent.

Participant enrollment

The inclusion and exclusion criteria are listed in Table 1. The
checklists for screening, the procedure, and follow-up are
shown in Table A1 (supplement). Forty-five participants were
enrolled in this study. However, 59 fibroids from 36

Table 1 Inclusion and exclusion
criteria Inclusion criteria 1. ≥ 20 years old

2. Premenopausal or perimenopausal (FSH < 40 mIU/ml)

3. Uterine size < 24 weeks of uterus in single pregnancy, which was determined by
clinicians

4. Diagnosed on ultrasound or MR imaging

5. Uterine fibroid from 3 to 12 cm in diameter

6. No previous treatment for uterine fibroid

7. Volunteer who is willing to obey study protocol

Exclusion
criteria

1. Presence of other pelvic tumors, endometriosis, acute pelvic disease, or other pelvic
disease

2. Positive pregnancy test or anticipated pregnancy in the future

3. Severe systemic disease

4. Hematocrit < 25%

5. Extensive scar tissue > 50% of anterior abdominal wall

6. Presence of scar or surgical clips within beam pathway

7. Contraindication for MR imaging

8. Contraindication for MR contrast agent

9. Immeasurable number or volume of uterine fibroid

10. Glomerular filtration rate < 30 ml/min

11. Difficulty in communication

12. Inability to lie down

13. Past history to participate in other clinical study within recent 1 month

14. Hypervascular fibroid

15. Judged inappropriate to be enrolled in this study by investigators
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participants were finally included in this study from
November 2013 to November 2015 (Fig. 1).

The included uterine fibroids were classified as submuco-
sal type (n = 1), intramural type (n = 42), transmural type (n =
3), or subserosal type (n = 13), according to the International
Federation of Gynecology and Obstetrics classification sys-
tem [4]. Pedunculated submucosal or subserosal fibroids were
not included.

From November 2013 to July 2014, 28 fibroids from 19
participants were treated with HIFU (first-year treatment
group). From December 2014 to November 2015, 31 fibroids
from 17 participants were treated with HIFU (second-year
treatment group). In the second-year treatment group, MR
imaging was performed at the 5-month follow-up instead of
at the 3-month follow-up. Long-term follow-up survey was
conducted in July to December 2017.

Pretreatment screening ultrasound

Ultrasound was performed to determine whether there was an
intervening bowel or scar tissue in the HIFU beam path, and the
target lesions were well visualized on the day when the partici-
pants visited our hospital for MR image screening prior to
treatment.

MR imaging

MR imaging (Ingenia 3.0 T, Philips) was performed before treat-
ment, immediately after HIFU, and at 1 month and 3 months (or
5 months) after HIFU, which included axial T1-weighted and
axial and sagittal T2-weighted images before contrast injection
and axial and sagittal T1-weighted images after contrast agent
injection (supplement). The MR contrast agent used for this
study was Dotarem (0.1 mmol/kg of body weight; Guerbet).

HIFU treatment

Prior to the HIFU treatment, the study participants fasted from
midnight forward, their pubic hair was removed with hair
wax, and their bladders were filled appropriately for treatment.
The rectum was filled with 100 ml ultrasound gel. HIFU was
performed with one radiologist (LJY) who had 5 years’ expe-
rience with HIFU treatment.

After the treatment head was located on the abdomen with
the participant lying in a supine position, the temperature of
the degassed water surrounding the treatment head was
lowered to 4 °C using an active cooling system to prevent
burns. The field and protocol were determined using 3D plane
images, and the targeted forecasting function was applied to
explore the location where the real HIFU beam was being
focused. After the HIFU beams were confirmed to be focused
on the area at which they were aimed, treatment began. The
default parameters were as follows: an intensity of 0.6–
1.0 kW/cm2, a duty cycle of 50–60%, a pulse repetition fre-
quency (PRF) of 10 Hz, a per-point treatment time of 6 s, and
an interpoint transition time of 3 s. Because the HIFU trans-
ducer can focus ultrasound beams on approximately 20 ml
volume of tissue (2.6 cm × 2.6 cm × 5 cm × 0.523) without
moving the treatment head, moving the treatment head a few
or several times was necessary. For example, to treat a round
tumor 6 cm in diameter (volume, 113 ml), generally, treatment
head movements were needed 5–6 times.

All participants underwent HIFU treatment as outpatients.
Only fentanyl was used as an intravenous analgesic. Vital
signs were monitored during HIFU treatment. The treatment
guidelines were predefined: (1) the total treatment volume of
uterine fibroids calculated on MR imaging to intend to treat
should not exceed 250 ml, (2) the number of uterine fibroids
treated should not exceed five, and (3) only uterine fibroids
that show contrast enhancement on MR imaging should be
treated.

Efficacy and safety assessment

First, to evaluate direct efficacy, the non-perfused volume ra-
tio (NPVR) (NPV divided by original tumor volume targeted)
on MR imaging performed immediately after HIFU treatment
and the fibroid volume shrinkage (FVS) on follow-up MR
imaging were calculated (Fig. 2). FVS was calculated as 1 −
(the tumor volume after HIFU treatment/the original tumor
volume before HIFU treatment) at the 1-month, 3 (5)-month
follow-ups for MR imaging. Volume was measured in three
orthogonal directions on MR imaging and was calculated
using the following equation: length × width × height ×
0.523 [5]. The T2 signal intensity (SI) ratio of the uterine
fibroid relative to skeletal muscles was measured using a re-
gion of interest approach on MR imaging before the HIFU
treatment (Fig. 3). Abdominal wall thickness (maximal

Fig. 1 Flow chart of study population. FSH = follicle stimulating
hormone, HIFU = high-intensity focused ultrasound
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distance from the skin to the peritoneum of the abdominal wall
along the expected treatment beam path on the axial MR im-
ages) was measured.

Second, to evaluate indirect efficacy, quantified life quality
scores, such as the pain scale, the 36-Item Short-Form Health
Survey Version 2 (SF36-v2), and the Uterine Fibroid Symptom
and Quality of Life Questionnaire (UFS-QOL) were surveyed

(supplement) [6, 7]. These scores were recorded before the
HIFU treatment and immediately, 1 month, and 3 (5) months
after the HIFU treatment and then compared.

Third, to evaluate safety, the presence or absence of skin
burns, abdominal wall injury, intraabdominal organ injury, foot
drop by sciatic nerve injury, urination difficulty, infection, per-
sistent pain, and internal bleeding were recorded and evaluated.

Fig. 2 A 47-year-old womanwith
menorrhagia. a T2-weighted cor-
onal image shows a large uterine
fibroid (arrowheads) (intramural
type, 7.2 cm × 6.2 cm × 6.0 cm) at
the posterior wall of the uterine
body. This tumor shows a slightly
higher signal intensity relative to
that of the uterine wall. b
Contrast-enhanced T1-weighted
image before HIFU treatment.
The tumor (arrowheads) shows
diffuse contrast enhancement. c
Immediate post-HIFU contrast-
enhanced T1-weighted image.
Complete ablation of the treated
fibroid (arrowheads) is observed.
The non-perfused volume ratio
was calculated as 100%. d 5-
month follow-up T1-weighted
image. The volume of the ablated
uterine fibroid (arrowheads) is
further decreased. The calculated
fibroid volume shrinkage was
54.3%

Fig. 3 Measurement of the T2
signal intensity ratio of uterine
fibroids. The T2 ratio of the
uterine fibroids was measured by
the T2 signal intensity of the
uterine fibroid (arrowheads) di-
vided by the average value of the
T2 signal intensity of the bilateral
gluteus muscles on the same
plane. The region of interest was
as large as possible and was
placed to cover the entire area of
the uterine fibroid. The calculated
T2 signal intensity ratio of this
case was 0.83
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Fourth, for long-term (more than 2 years) results, surveys
were conducted about the presence or absence of alternative
treatments such as hysterectomy, myomectomy, uterine artery
embolization, or hormonal therapy during follow-up, the de-
gree of improvement of uterine fibroid symptoms, the pres-
ence of adverse symptoms, UFS-QOL and SSS, and the level
of satisfaction degree with the HIFU treatment (6 point scale)
using a questionnaire for all included 36 participants when
sufficient time had passed since the treatment.

Statistical analysis

For calculation of sample size, mean NPVR for previous MR-
guided HIFU (MRgHIFU) system was assumed as 51.8% ±
18.9% based on the results of previous study usingMRgHIFU
[8] and the noninferiority margin was chosen as − 10% [9]. A
statistical power of 80% and two-sided significance level (α)
of 5% and sample sizes of 57 were calculated. Assuming a
10% dropout rate, a minimum enrollment of 62 fibroids was
considered necessary.

T tests or paired t tests were used to test the significance of
differences in the mean value or of the interval change.
Multiple regression tests were used to test the relationship
between the NPVR and other variables. Pearson’s correlation
coefficients were calculated to test whether the FVS was cor-
related with the NPVR. Spearman’s correlation coefficients
were calculated to test if the satisfaction level reported in the
long-term survey was correlated with the treated tumor vol-
ume, residual tumor volume, or NPVR. All statistical analyses
were performed with statistical software (MedCalc version
16.2.1; MedCalc Software). A difference was considered to
be significant when the p value was less than 0.05.

Results

Demographic and baseline characteristics
of the subjects

The mean participant age was 44.9 ± 4.1 years (33–53 years).
The mean diameter and mean volume of the included 59 fi-
broids were 5.3 ± 1.5 cm (3.0–8.7 cm) and 70 ± 64 ml (8–
274 ml), respectively. All participants had at least one of the
following symptoms: menorrhagia (n = 26), dysmenorrhea

(n = 20), abdominal distention (n = 13), constipation (n = 4),
or urinary frequency (n = 17). Regarding the included fi-
broids, a single fibroid was treated in 22 participants; two
fibroids were treated in eight participants, three fibroids were
treated in four participants, four fibroids were treated in one
participant, and five fibroids were treated in one participant.

Treatment efficacy

The mean time taken to treat was 45 ± 28 min per fibroid and
73 ± 31 min per participant. The mean treatment speed calcu-
lated by immediate NPV divided by treatment time was
1.3 ml/min ± 1.1 ml/min. Immediate post-HIFU NPVR and
follow-up FVSs are noted in Table 2. In all, 66.1% (39/59)
of the treated fibroids had an immediate NPVR > 70%, and
52.5% (31/59) of the treated fibroids had an immediate NPVR
> 80%.

In the multiple regression test, the degree of NPVR was
only significantly correlated with the T2 ratio (r = − 0.54,
p < 0.001); however, the NPVR was not correlated with ab-
dominal wall thickness (rectus muscle thickness + subcutane-
ous fat thickness), original tumor volume, or treatment time
required (p > 0.05). The 1-month, 3-month, and 5-month FVS
was not significantly correlated with NPVR (p > 0.05).

Quality-of-life outcomes

The VAS score, UFS-QOL, and SSS showed significant im-
provement after the HIFU treatment, and SF-36v2 did not
show any significant change, which means that uterine
fibroid–related symptoms and quality of life improved with-
out any significant change in the participants’ general physical
conditions and general life quality (Table 3). Symptom im-
provement is listed in Table 4.

Safety

No participants presented with skin burns, intraabdominal or-
gan injury, foot drop by sciatic nerve injury, urination difficul-
ty, infection, persistent pain, or internal bleeding at any
follow-up visit or any follow-up MR imaging after HIFU
treatment. However, mild abdominal wall heat injury, defined
as increased contrast enhancement of subcutaneous fat or rec-
tus muscle, was discovered on MR imaging in three

Table 2 Non-perfused volume immediately after the HIFU treatment and fibroid volume shrinkage during the follow-up

Subject number Fibroid number Mean volume Immediate NPV ratio 1 month FVS 3 month FVS 5 month FVS

1st-year trial 19 28 87 ± 68 ml 78.6 ± 21.1% 9.8 ± 35.6% 33.3 ± 19.3%

2nd-year trial 17 31 54 ± 58 ml 70.7 ± 27.8% 24.1 ± 22.1% 45.1 ± 25.5%

Total 36 59 69 ± 64 ml 74.4 ± 25.0% 17.3 ± 30.0%

NPV = non-perfused volume, FVSR = fibroid volume shrinkage (= 1 − [treated fibroid volume at follow-up/original fibroid volume before treatment])
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participants (Fig. 4). The enhancing lesions were still present
but markedly decreased in size at the 3 (5)-month follow-up
MR imaging after the HIFU treatment. These three partici-
pants suffered from abdominal wall pain or discomfort up to
2 to 5 days after HIFU; however, these symptoms disappeared
afterward, without any functional abnormality of the abdom-
inal wall without any treatment.

Statistically, there was a significant difference in abdominal
wall thickness (subcutaneous fat thickness and rectus muscle
thickness) at the treatment beam path between 33 participants
with no abdominal wall injury and three participants with
abdominal wall injury group (3.1 cm ± 0.8 cm vs 4.6 cm ±
0.2 cm, respectively, p = 0.0075). In the multiple regression
test, abdominal wall thickness was the only independent var-
iable for the occurrence of abdominal heat injury (p = 0.0290);
however, it was unrelated to the location of the tumor, treat-
ment time, immediate NPV, or original tumor volume
(p > 0.05). When the abdominal wall thickness is ≥ 4.2 cm,
the sensitivity and specificity for the occurrence of heat injury
were 100.00% (CI, 29.2% to 100.0%) and 90.91% (CI, 75.7%
to 98.1%), respectively.

Long-term results more than 2 years

Three participants among invited 36 participants did not respond
to the questionnaire. Two of the three could not be reached be-
cause contact telephone number and address were changed. The
remaining one of the three declined to accept the questionnaire.
Mean duration from HIFU treatment and survey for the remain-
ing 33 participants is 32.2 months ± 6.7 months.

Regarding satisfaction for the HIFU treatment, 26 participants
(78.8%) were satisfied (8, mildly; 12, moderately; 6, very). The
participant satisfaction level was negatively well correlated with
the sum of the residual tumor volume (= original tumor volume ×
[1−NPVR]) per participant immediately after the HIFU treat-
ment (r =− 0.37, p = 0.0321); however, it was not correlatedwith
the NPVR per participant or the sum of treated tumor volume
(= original tumor volume × NPVR) per participant (all p > 0.05).

Five participants (15.2%) underwent myomectomy (n = 2) or
hysterectomy (n = 3) after a mean of 24.2 months (9 months to
31 months) due to the recurrence of uterine fibroid symptoms
(menorrhagia (n = 3), dysmenorrhea and urinary frequency
(n= 1), or increased size of fibroid (n = 1). All participants who

Table 3 Pain scale and life
quality measurement VAS UFS-QOL SSS SF-36v2

1st-year trial Screening 28.4 ± 31.2 88.7 ± 34.1 36.0 ± 22.0 116.0 ± 7.0

3 m F/U 9.7 ± 19.2 77.2 ± 29.7 28.5 ± 15.3 114.6 ± 11.4

p = 0.009 p = 0.0921 p > 0.05 > 0.05

2nd-year trial Screening 35.2 ± 31.3 97.9 ± 30.9 48.3 ± 21.1 114.1 ± 8.0

5 m F/U 17.9 ± 26.1 67.4 ± 22.5 27.9 ± 14.6 115.5 ± 6.6

p = 0.0221 p = 0.0001 p = 0.0001 > 0.05

Total Screening 31.6 ± 31.0 93.1 ± 32.5 41.8 ± 22.1 115.1 ± 7.5

3 m or 5 m F/U 13.6 ± 22.7 72.6 ± 26.6 28.2 ± 14.8 115.1 ± 9.4

p = 0.0001 p = 0.0001 p = 0.0001 > 0.05

VAS = visual analogue scale, UFS-QOL =Uterine Fibroid Symptom and Quality of Life Questionnaire, SSS =
symptom severity score, SF-36v2 = 36-Item Short-Form Health Survey Version 2

Table 4 Symptom improvement rate

1st-year trial 2nd-year trial

N = 19 N = 17

3 months F/U 5 months F/U

Overall Symptom improvement
of 50% or more

Overall Symptom improvement
of 50% or more

Menorrhagia 46.2% (6/13) 30.8% (4/13) 92.3% (12/13) 53.8% (7/13)

Dysmenorrhea 30.0% (3/10) 40.0% (4/10) 90.0% (9/10) 80.0% (8/10)

Urinary frequency 28.6% (2/7) 0% (0/7) 70.0% (7/10) 30.0% (3/10)

Constipation 0% (0/2) 0% (0/2) 100% (2/2) 100% (2/2)

Abdominal distention 42.9% (3/7) 28.6% (2/7) 50% (3/6) 50% (3/6)
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underwent surgery after HIFU treatment gave low satisfaction
scores. Only one participant underwent hormonal therapy:
Mirena® (levonorgestrel-releasing intrauterine system) was
inserted 6 months after the HIFU treatment due to menorrhagia.

For 27 patients who did not undergo surgery or hormonal
therapy after HIFU treatment, significant improvement in
UFS-QOL and SSS was sustained during the long-term fol-
low-up period with UFS-QOL of 63.2 ± 22.1 (p < 0.0001) and
SSS of 22.4 ± 17.6 (p < 0.0001). Improvement of uterine fi-
broid systems after HIFU treatment at the long-term follow-up
is shown in Table 5.

Discussion

Clinical trials on USgHIFU for the treatment of uterine fibroids
have been reported, with some randomized trials comparing

myomectomy, radiofrequency ablation, or laparoscopic myo-
mectomy [5, 10–15]. The mean 3-month FVSs by pre-existing
USgHIFU units were reported to range from 17.2% to 29.6%
[12, 13]. Our study showed a mean 3-month FVS of 32.8% in
the first-year treatment group and amean 5-month FVS of 45.9%
in the second-year treatment group. Therefore, although our
HIFU device is compact in size, portable, and an all-in-one unit,
it may have the ability to treat uterine fibroids as well as conven-
tional USgHIFU devices, which are usually large in size and
fixed in location and consist of several units, such as a worksta-
tion, treatment console, ultrasound machine, and degassed water
tank. One USgHIFU study reported a mean 3-month FVS of
46.7% [5]. However, the study included only submucosal uterine
fibroids and assessed FVS using contrast-enhanced US. In con-
trast, our study included mostly intramural or subserosal fibroids
and assessed them using contrast-enhanced MR imaging.
Furthermore, considering that the FVS of uterine fibroids treated

Fig. 4 Mild abdominal wall heat injury as an adverse event. a Irregular
enhancement (arrows) is observed at the left rectus muscle and between
rectus muscles on an immediate post-HIFU contrast-enhanced T1-
weighted image. The uterine fibroid (arrowhead) in the left-sided poste-
rior wall of the uterine body is completely ablated. b Irregular

enhancement is no longer observed around the left rectus muscle on a
5-month follow-up contrast-enhanced T1-weighted image. The enhanc-
ing lesion (arrow) seen between rectus muscles is also minimized. The
treated tumor (arrowhead) is also decreased in volume

Table 5 Improvement of uterine
fibroid symptoms after HIFU
treatment at the long-term follow-
up

Improvement degree Menorrhagia Dysmenorrhea Constipation Urinary
frequency

Abdominal
distension

(n = 14) (n = 12) (n = 3) (n = 12) (n = 8)

1 (completely
improved)

4 3 0 2 3

(28.57%) (25.00%) (0.00%) (16.67%) (37.50%)

2 (significantly
improved)

7 4 0 4 3

(50.00%) (33.33%) (0.00%) (33.33%) (37.50%)

3 (slightly
improved)

3 4 2 5 1

(21.43%) (33.33%) (66.67%) (41.67%) (12.50%)

4 (no change) 0 0 1 1 0

(0.00%) (0.00%) (33.33%) (8.33%) (0.00%)

5 (aggravated) 0 1 0 0 1

(0.00%) (8.33%) (0.00%) (0.00%) (12.50%)
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by MRgHIFU ranged from 31.0 to 42.6% (average 35.2%, SD
5.6%) [8], our HIFU unit might be comparable to MRgHIFU
units, in terms of FVS.

Regarding the NPVR of USgHIFU, a few studies were
reported with the mean NPVR ranging from 20 to 80% [5,
12, 16]. The NPVR of MRgHIFU ranged from 16.3 to 72.5%
(average 51.8%, SD 18.9%) in a systemic review [8] and was
88.7% in a large series study [17]. Our study showed an
NPVR of 74.4%, which might be interpreted to be an excel-
lent result, based on previous studies.

Uterine fibroid–related pain, quality of life, symptom se-
verity, and individual symptoms (menorrhagia, dysmenor-
rhea, urinary frequency, constipation, and abdominal disten-
tion) were all improved after treatment. In terms of the time
required for symptom improvement, improvement of UFS-
QOL, SSS, and individual symptoms was greater or signifi-
cant at the 5-month follow-up in the second-year treatment
group compared to the 3-month follow-up in the first-year
treatment group, although the NPVR was not different be-
tween the first-year and second-year treatment groups.
Therefore, for more accurate evaluation of symptom improve-
ment, 5-month or longer follow-up is recommended over
3 months after HIFU treatment.

The mean treatment speed in our study was 1.30 ml/min ±
1.08 ml/min. This result can be compared with the treatment
speed (1.49 ml/min) of volumetric ablation developed to en-
hance treatment speed ofMRgHIFU [18]. This result indicates
that electronic steering of the HIFU beam is helpful in
USgHIFU, as much as in MRgHIFU, to enhance treatment
speed and accuracy because volumetric ablation can be
achieved without movement of the HIFU transducer.

The T2 SI ratio of uterine fibroids relative to pelvis muscles
was the only significant factor to be related to the NPVR in
this study. It is supported by previously published references
that addressed that T2 SI or T2 SI ratio of uterine fibroids
relative to skeletal muscle SI is closely related with immediate
post-HIFU NPVR and an important imaging predictor of suc-
cess [19–21]. Typical uterine fibroids show low SI on T2-
weighted images due to extensive hyalinization [22]. The high
T2 SI of uterine fibroids is related to vascularization, fluid rich
tissues, or degeneration, which results in low absorption ca-
pability of ultrasound energy [22–24].

Regarding adverse events, there were no skin burns and
no sequelae at follow-up. No skin burns are attributed to the
active water cooling system and water temperature moni-
toring installed in order to keep as low a skin temperature as
possible. Mild abdominal wall heat injury, showing abnor-
mal enhancement in subcutaneous fat and/or the rectus
muscle in the HIFU beam path on enhanced MR imaging,
occurred in three participants. However, abdominal wall
discomfort relieved within a week in all participants, and
the enhancing lesions gradually decreased in size on
follow-up MR imaging (Fig. 4).

The thickness of the abdominal wall in the HIFU beam
path was related to the occurrence of subcutaneous fat heat
injury in this study, likely due to heat accumulation within or
between subcutaneous fat and rectus muscle. This heat injury
has also been reported in other studies, with an incidence of
7% to 12.2% [18, 25, 26], a rate that is similar to the incidence
of 8.3% (3/36) in our study. Reported cases showing signs of
mid tenderness around the injured area after HIFU treatment
disappeared within 2–3 weeks, without any treatment [18].

In the long-term follow-up, we found that uterine fibroid
symptoms were significantly improved, and approximately
80% of the treated participants were satisfied with the HIFU
treatment, with a mean follow-up period of 32.2 months ±
6.7 months after the HIFU treatment. Interestingly, satisfac-
tion degrees were negatively well correlated with the sum of
residual tumor volume per participant immediately after the
HIFU treatment, which means that the lower total residual
tumor volume remains immediately after HIFU, the better
participant satisfaction levels might be obtained. There are
few papers reporting long-term follow-up results. According
to a study reporting 3-year outcomes of MRgHIFU treatment
for uterine fibroids, significant symptom and life quality im-
provements were sustained during the follow-up period, sim-
ilar to our study [27]. Interestingly, 31.0% of the 29 partici-
pants received alternative treatments, such as hysterectomy,
myomectomy, and uterine artery embolization during the 3-
year follow-up period in that study, higher than alternative
treatment ratio of 15.2% in our study (15.2%) [27].

Although this prospective study might be successful in
demonstrating the efficacy and safety of this new compact
HIFU device for the treatment of uterine fibroids as planned,
there were some limitations to this study. The first limitation is
that the MRI assessments were not blinded to treatment date,
meaning that a bias cannot be excluded in the reporters. The
second limitation is that this study included participants re-
gardless of the T2 signal intensity of uterine fibroids (in some
studies, ablation of uterine fibroids with low T2 signal inten-
sity is associated with a better outcome [20]). Third, although
advanced functions, such as targeted forecasting and cavita-
tion monitoring, were actively used for targeting assurance,
this study did not evaluate how much it helped the treatment.

In conclusion, this study may show that a compact portable
all-in-one HIFU system with a manually controlled treatment
head and advanced functions for safe and rapid ablation can
effectively and safely treat uterine fibroids.
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