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rforming Sonazoid-
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ablation of uterine fibroids by high-intensity
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Abstract
High-intensity focused ultrasound (HIFU) is effective for the ablation of uterine fibroids. However, no research has indicated whether
HIFU ablation of uterine fibroids might be improved by application of contrast-enhanced ultrasonography (CEUS) with Sonazoid as a
contrast agent. This study aimed to assess the clinical significance of Sonazoid-based CEUS 30minute before HIFU ablation of
uterine fibroids.
This retrospective cohort study included Asian patients with solitary uterine fibroids who were treated with HIFU at Seoul HICARE

Clinic (South Korea; n=34) and the Second Affiliated Hospital of Chongqing Medical University (China; n=30) between August 1,
2017, and October 31, 2017. The patients in Seoul underwent Sonazoid-based CEUS 30minute before HIFU. All the patients
received contrast-enhanced magnetic resonance imaging to diagnose uterine fibroids. The ablation results were evaluated 1 day
after HIFU by contrast-enhanced magnetic resonance imaging or Sonazoid-based CEUS.
All the patients were successfully treated with HIFU. The CEUS+HIFU group had lower values for sonication power, treatment time,

sonication time, total energy applied, and energy efficiency factor compared with HIFU alone group (P< .001). There were no major
adverse events after ablation therapy in either group. The incidence of post-procedure sacrococcygeal pain was lower in the CEUS
+HIFU group than that in the HIFU alone group (P= .045), while the incidences of all other intraoperative and postoperative adverse
events were similar between the 2 groups.
Our findings suggest that Sonazoid-based CEUS before HIFU may enhance the ablation of uterine fibroids.

Abbreviations: CEUS = contrast-enhanced ultrasonography, EEF = energy efficiency factor, FA = fractional ablation, HIFU =
high-intensity focused ultrasound, MGSCs =massive grayscale changes, MRI =magnetic resonance imaging, NPV = non-perfused
volume.
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1. Introduction

Uterine fibroids are benign smoothmuscle tumors of the uterus.[1]

Symptomatic uterine fibroids can seriously affect the physical
and mental health, as well as quality of life of women at child-
bearing age. Common treatments for uterine fibroids include
hysterectomy,[2] endocrine drugs,[3] myomectomy,[4] uterine
artery embolization,[5] and thermal ablation.[6,7] High-intensity
focused ultrasound (HIFU) is a thermal ablation technique that
has been used successfully in the management of patients with
uterine fibroids.[8,9] Previous studies have revealed that HIFU is
an effective and safe treatment for uterine fibroids, causing
substantially less morbidity than surgery while achieving a
comparable long-term quality of life.[10,11] Other investigations
have shown that the use of ultrasound contrast agents during the
HIFU can assist to localize the lesion, evaluate the blood supply,
and assess the ablation area.[12–14] Moreover, a recent series of
clinical studies indicated that a microbubble contrast agent could
enhance HIFU-mediated ablation through cavitation and heating
effects.[15–19]

Sonazoid consists of microbubbles of perfluorobutane gas with
phospholipid monolayer shells. Sonazoid is a microbubble
contrast agent used for contrast-enhanced ultrasonography
(CEUS) and has been widely used in CEUS examinations of
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the liver,[20,21] breast,[22,23] pancreas,[24] brain,[25,26] prostate,[27]

uterus,[28] gallbladder,[29,30] spleen,[31] blood vessels,[32] kid-
ney,[33] lymph nodes,[34,35] and gastrointestinal tract.[36] Sona-
zoid-based CEUS is speculated to be more sensitive to detect the
arterial vascularity of target nodules than dynamic computed
tomography or magnetic resonance imaging (MRI).[28] CEUS
with Sonazoid is a straightforward and safe procedure that can be
used for repeated examinations, and is currently taken as a
valuable diagnostic tool into account for management of
patients.[37] CEUS with Sonazoid has shown a high sensitivity
to the detection of intranodular blood flow. However, correct
targeting and guiding steps may benefit from the use of CEUS
with Sonazoid.[20,38] These characteristics have enabled Sona-
zoid-based CEUS to be performed before and at various time
points after HIFU to assess the response of hepatocellular
carcinoma to ablation therapy.[39,40]

To the best of our knowledge, no study has evaluated the use of
CEUS with Sonazoid during the treatment of benign uterine
diseases with HIFU. Therefore, the present research aimed
to assess the feasibility and possible clinical significance of
Sonazoid-based CEUS 30minute before the ablation of uterine
fibroids by HIFU. For this purpose, a preliminary cohort study
was carried out, in which HIFU-associated parameters and
adverse events were compared between a series of cases who
underwent Sonazoid-based CEUS 30minute before HIFU
therapy and those who only received HIFU therapy. In order
to maximize the number of participants in each group, patients
who underwent Sonazoid-based CEUS followed by HIFU
ablation were enrolled from a clinic in South Korea (where
Sonazoid was approved for use as a microbubble contrast agent),
while patients who underwent HIFU therapy without CEUS were
enrolled from a hospital in China (where Sonazoid has not been
approved yet).
2. Methods

2.1. Study subjects

This retrospective cohort study included Asian patients with
uterine fibroids who were treated with HIFU at Seoul HICARE
Clinic (Seoul, South Korea) and the Second Affiliated Hospital of
Chongqing Medical University (Chongqing, China) between
August 1, 2017, and October 31, 2017. The study was approved
by the Ethics Committee of Chongqing Medical University. All
the patients signed the written informed consent form prior to
commencing the study.
2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows:
1)
 [15–17]patients who aged ≥ 18 years old;

2)
 patients with symptomatic uterine fibroids who were

confirmed by clinical examination, ultrasonography, and
enhanced-MRI;
3)
 fibroid was > 5cm in diameter;

4)
 patients with premenopausal symptoms; and

5)
 patients who were able to communicate with clinical staff

during treatment.
1)
 The exclusion criteria were as follows:

2)
 pregnancy;

3)
 uterine or cervical malignancy or pre-malignancy;
2

4)
 multiple fibroids; and

5)
 adenomyosis.

2.3. Pre-HIFU MRI

All the patients underwent pre-HIFU MRI according to a
standardized protocol. The targeted fibroids were measured in 3
dimensions: longitudinal (D1), anteroposterior (D2), and
transverse (D3). The fibroid volume (V) was calculated using
the following equation:[41,42] V=0.5233�D1�D2�D3.
Preparation of the gastrointestinal tract involved 2 days of

liquid food only, a 12-hour fasting, and finally, an enema before
undergoing HIFU, as described previously.[15,16] Preparation of
the skin included shaving, degassing, and degreasing of the skin
of the anterior abdominal wall from the level of the umbilicus to
the level of the pubic symphysis. A urinary catheter was placed to
control bladder volume by the injection of normal saline or
collection of urine. A balloon filled with degassed water was
used to displace the bowel away from the acoustic pathway in
order to prevent intestinal toxicity and minimize interference to
the ultrasound images.
2.4. CEUS examination

All the patients who were admitted to Seoul HICARE Clinic
underwent Sonazoid-based CEUS examination 30minute before
HIFU therapy (EPIQ 7 Ultrasound System, Philips, Amsterdam,
Netherlands). Before the CEUS examination, 1 vial (16mL) of
Sonazoid (GEHealthcare, Oslo, Norway) was solubilized in 2mL
of water for injection. The 2-mL Sonazoid-water suspension was
injected intravenously into each patient, and this was followed by
the intravenous injection of 2mL of a 5% glucose solution and
subsequent infusion of 5% glucose solution at a rate of 10mL/
min.[39,40]

At the time of the study, Sonazoid had not been approved for
clinical application in China. Therefore, patients who were
admitted to the Second Affiliated Hospital of ChongqingMedical
University did not undergo Sonazoid-based CEUS, while they
received intravenous infusion of a 5% glucose solution (at a rate
of 10mL/min) 30minute before treatment with HIFU.[39,40]
2.5. HIFU therapy

HIFU ablation was performed using an ultrasound-guided JC
HIFU System (Chongqing Haifu Medical Technology Co., Ltd.,
Chongqing, China). Therapeutic ultrasound with a frequency of
0.8MHz was produced from a transducer with a diameter of 20
cm and a focal length of 15cm. Real-time imaging was performed
using an ultrasound imaging device (MyLab 70, Esaote, Genoa,
Italy) with a 1.0 to 8.0MHz imaging probe coupled to a
transducer.
The patient was placed in a prone position, and the anterior

abdominal wall was placed in contact with the degassed water. A
balloon filled with degassed water was placed between the
transducer and patient’s abdominal wall when bowel appeared in
the acoustic pathway. HIFU therapy was carried out under
intravenous conscious sedation[15,16,18] with fentanyl (50–400m
g) and midazolam hydrochloride (1–4mg). Vital signs, including
heart and respiration rates, blood pressure, and oxygen
saturation level, were monitored continuously during HIFU
ablation, and the patient was requested to report any discomfort
during the procedure.



Figure 1. Imaging data obtained from a 48-year-old patient with uterine fibroid who successfully underwent Sonazoid-based contrast-enhanced ultrasonography
(CEUS) followed by high-intensity focused ultrasound (HIFU) ablation. A: Pre-treatment CEUS image showing perfusion of a fibroid. B: Pre-treatment US image of a
fibroid (5.6cm 4.9cm 5.1 cm). C: HIFU sonication at 30minute after administration of Sonazoid. Massive grey scale changes occurred at 35second of sonication.
The total sonication time for this fibroid was 677second. D: CEUS image obtained 1-day after the completion of HIFU ablation showing no perfusion of the treated
fibroid. E: US image obtained 1-day after the completion of HIFU ablation displaying the B-mode ultrasonographic image of the treated fibroid.
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HIFU ablation was conducted using a focal point exposure of 1
to 2 second and an initial power of 100W that was increased to
400W in steps of 50W. The power was not further increased if
massive grayscale changes (MGSCs) could be achieved. The
HIFU treatment was considered to be completed when the
hyperechoic grayscale area (MGSC or total increased grayscale)
encompassed the margin of the fibroid. The patient was
discharged from the HIFU unit 24hour after the therapy. Vital
signs were monitored during hospitalization.
2.6. Evaluation of the treatment effects

Contrast-enhanced Sonazoid-based CEUS (Fig. 1) orMRI (Fig. 2)
was performed 1 day after HIFU therapy, and the images were
used to measure the non-perfused volume (NPV), which was
defined as the tumor coagulation volume. The NPV was
calculated using the same equation as that for fibroid volume
3

before treatment (i.e., V=0.5233�D1�D2�D3). The fraction-
al ablation (FA) was defined as the NPV divided by the fibroid
volume beforeHIFU therapy. All the images were evaluated by an
experienced radiologist, who measured the size of the targeted
fibroid and the non-enhanced regions.
The HIFU-associated parameters included average sonication

power (an average power during the HIFU treatment), duration
of HIFU sonication defined as the total time of HIFU treatment
(ultrasonic irradiation time), treatment time, duration of general
anesthesia, total energy, energy efficiency factor (EEF), and
occurrence rate of MGSCs describing changes in mass grayscale
before and after HIFU treatment.
2.7. Statistical analysis

Statistical analysis was performed using SPSS 22.0 software (IBM
Corp., Armonk, NY). Data were presented as the mean ±
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Figure 2. Successful treatment of a patient with uterine fibroid using Sonazoid to enhance high-intensity focused ultrasound treatment effects. A. Pre-treatment
T1- weighted contrast-enhanced MR image illustrating perfusion of the fibroid. B. Post-treatment T1-weighted contrast-enhanced MR image showing that the
fibroid was mostly ablated.
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standard deviation or n/N (%). The Student t test was used for
comparing patients’ age, tumor size, fibroid volume, NPV, FA,
total sonication time, average power, treatment time, average
total energy, and EEF between the CEUS+HIFU group and HIFU
alone group. The Chi-squared test was employed to compare
lesion site, MRI T2 signals, MGSC rate, and incidence of adverse
events/complications between the 2 groups. A P-value< .05
indicated a significant difference.
3. Results

3.1. The patients’ baseline clinical characteristics

Among 64 patients who were included in this study, 34 were
admitted to the Seoul HICARE Clinic and underwent Sonazoid-
based CEUS examination followed by HIFU, while 30 were
admitted to the Second Affiliated Hospital of ChongqingMedical
University and underwent HIFU without CEUS. The patients’
baseline clinical characteristics of the in the 2 groups are shown in
Table 1. The patients’mean age was 42.52±7.63 (range, 27–57)
years old in the CEUS+HIFU group and 39.17±6.34 (range, 23–
48) years old in the HIFU alone group. There were no significant
differences between the 2 groups in patients’ age, fibroid diameter
or fibroid volume (Table 1). However, the CEUS+HIFU group
Table 1

Baseline clinical characteristics of the study participants.

Characteristic HIFU alon

Age (yr), mean±SD 39.17±
Uterine fibroid location (anterior/posterior/lateral wall) 8/1
Long diameter of uterine fibroid (cm), mean±SD 7.32±
Volume of uterine fibroid (cm3), mean±SD 198.13±
MRI T2 signal intensity of fibroid (high/intermediate/low) 15/

CEUS = contrast-enhanced ultrasonography, HIFU = high-intensity focused ultrasound, SD = standard
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had a significantly higher proportion of fibroids located in the
lateral wall of the uterus (P< .001), in addition to a significantly
higher proportion of fibroids with a low MRI T2 signal intensity
(P< .001).
3.2. Sonazoid-based CEUS 30min before HIFU

The 34 patients in the CEUS+HIFU group were examined using
Sonazoid-based CEUS 30minute before HIFU. Sonazoid-based
CEUS detected only 1 lesion in each patient, and all the fibroids
exhibited microbubble enhancement during CEUS. Furthermore,
all the fibroids identified by CEUS were in the same locations as
those observed by MRI.
3.3. HIFU-associated parameters and the response to
ablation therapy

All the HIFU procedures were completed successfully in both
groups. Hyperechogenic grayscale changes were observed in all
the patients during HIFU therapy. In the CEUS group, MGSCs in
the fibroids were found in 34/34 patients (100%) in the CEUS
+HIFU group and 25/30 patients (83.3%) in the HIFU alone
group; the fibroids in the remaining 5 patients in the HIFU alone
group exhibited an increase in the total grayscale value (Table 2).
e (n=30) CEUS+HIFU (n=34) P

6.34 42.52±7.63 .083
4/8 3/1/30 <.001
1.67 7.03±1.66 .443
112.90 246.17±226.96 .904
6/9 4/0/30 <.001

deviatio.



Table 2

Characteristics of the high-intensity focused ultrasound ablation
therapy.

Parameter
HIFU alone
(n=30)

CEUS+HIFU
(n=34) P

Sonication power (W) 399.4±1.9 204.3±37.6 <.001a

Treatment time (min) 181.3±36.3 44.2±15.4 <.001a

Sonication time (s) 2824.1±419.8 358.4±271.3 <.001a

Total energy used (kJ) 1127.8±165.4 76.2±58.8 <.001a

Energy efficiency factor (J/mm3) 10.9±6.3 1.6±0.3 <.001a

Non-perfused volume (cm3) 136.0±73.8 161.6±129.1 .872a

Fractional ablation (%) 70.0±7.6 70.9±13.5 .788a

Massive grayscale changes n, (%) 25/30 (83.3%) 34/34 (100%) .190b

Data are presented as the mean± standard deviation or n/N (%). CEUS = contrast-enhanced
ultrasonography, HIFU = high-intensity focused ultrasound, MGSC = massive grey scale change.
a t test.
b Chi-squared test.

Table 4

Immediate postoperative adverse effects.

Adverse event HIFU alone (n=30) CEUS+HIFU (n=34) P

Fever 3/30 (10.0%) 3/34 (8.8%) .872
Lower abdominal pain 4/30 (13.3%) 2/34 (5.9%) .307
Sacrococcygeal pain 7/30 (23.3%) 2/34 (5.9%) .045
Paresthesia of lower limb 1/30 (3.3%) 0/34 (0%) .469
Vaginal discharge 3/30 (10.0%) 2/34 (5.9%) .540
Skin injury 0/30 (0%) 0/34 (0%) –

Anal distention 1/30 (3.3%) 1/34 (2.9%) .928

Data are presented as n/N (%). The following pain rating scale was used: 0=painless; 1 to 2=mild
pain; 3 to 4=moderate pain; 5 to 6= severe pain; 7 to 8= very severe pain; and 9 to 10=unbearable
pain. The pain score was <4 points in all patients.
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The average values for sonication power, treatment time,
sonication time, total energy applied, and EEF were all
significantly lower in the CEUS+HIFU group compared with
those in the HIFU alone group (P< .001; Table 2). However,
there were no significant differences between the 2 groups in the
NPV or FA after treatment (Table 2).
3.4. Adverse events

Adverse events reported during the HIFU procedure included
sacrococcygeal pain, pain in the treatment zone, rectal pain,
tenesmus, and leg pain (Table 3). However, there were no
significant differences between the 2 groups in the incidences of
adverse events during HIFU therapy.
Immediate postoperative adverse events included sacrococcy-

geal pain, lower abdominal pain, fever, vaginal discharge, lower
limb paresthesia, and anal distension (Table 4). The incidence of
sacrococcygeal pain was significantly lower in the CEUS+HIFU
group than in the HIFU alone group (P= .045), while the
incidences of the other adverse events were similar between the 2
groups (Table 4). All the patients were discharged 1 day after the
HIFU treatment. No patients reported noteworthy clinical
symptoms during the first 3 days post-HIFU.
4. Discussion

To date, utilization of Sonazoid-based CEUS during treatment of
benign uterine diseases with HIFU has never been reported.
Therefore, the current retrospective study included Asian patients
Table 3

Incidence of adverse events during treatment.

Adverse event HIFU alone (n=30) CEUS+HIFU (n=34) P

Sacrococcygeal pain 5/30 (16.7%) 4/34 (11.8%) .573
Skin burn 0/30 (0%) 0/34 (0%) –

Pain in treatment zone 6/30 (20.0%) 8/34 (23.5%) .733
Groin pain 1/30 (3.3%) 0/34 (0%) .469
Sensation of rectal tenesmus 2/30 (6.7%) 1/34 (2.9%) .482
Leg pain 1/30 (3.3%) 0/34 (0%) .469

Data are presented as n/N (%). The following pain rating scale was used: 0=painless; 1 to 2=mild
pain; 3 to 4=moderate pain; 5 to 6= severe pain; 7 to 8= very severe pain; and 9 to 10=unbearable
pain. The pain score was <4 points in all patients.
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with uterine fibroids who were treated with HIFU, and HIFU-
associated parameters and side effects were compared between a
series of cases who were only treated with HIFU and those who
underwent Sonazoid-based CEUS 30minute before HIFU. A
notable finding of the present study was that the CEUS+HIFU
group had lower values for sonication power, treatment time,
sonication time, total energy applied, and EFF than the HIFU
alone group. Furthermore, there were no major adverse events
after HIFU therapy in either group, and the incidences of
intraoperative and postoperative adverse events were similar
between the 2 groups (with the exception of sacrococcygeal pain,
which was less frequent in the CEUS+HIFU group than in the
HIFU alone group). Taken together, our findings suggest that
Sonazoid-based CEUS 30minute before HIFU may enhance the
ablation of uterine fibroids. However, the interpretation of the
results should be performed with a degree of caution due to the
limitations in the study design, particularly enrollment of the
patients from different hospitals in different countries.
The objective of HIFU is to deliver mechanical energy in form

of a penetrating ultrasound wave and to create coagulation
necrosis in a focal region. CEUS with a microbubble contrast
agent is a diagnostic tool that can be performed easily in a
preoperative or intraoperative/intraprocedural setting to diag-
nose benign and malignant diseases and to evaluate post-ablation
outcome in several organs.[20,39,40,43,44] Intraprocedural CEUS is
safe and facilitates the early detection of residual fibroid tissue
after ablation, thereby reducing the risk associated with further
treatments.[19] Previous studies have demonstrated that CEUS
can be performed whenever during HIFU. Numata et al[40]

utilized CEUS to evaluate malignant liver tumors before,
immediately after, 1 week after, and 1 month after HIFU, and
they concluded that CEUS was a significant method for
evaluating the therapeutic efficacy of HIFU in the ablation of
hepatocellular carcinoma. Moreover, Wang et al,[45] Liu et al,[3]

Orsi et al,[19] Peng et al[15] and Zhou et al[14] successfully used
CEUS to examine benign uterine diseases (uterine fibroids and
adenomyosis) before, during, and after HIFU treatment. CEUS
has been shown to enhance ultrasound guidance during HIFU
ablation of uterine fibroids[19] and has a diagnostic accuracy of
100%.[14] The patients were evaluated with CEUS during the
HIFU session and further sonication was performed in the same
setting, if needed, according to the enhanced US imaging. In the
current study, CEUS performed during HIFU treatment facilitat-
ed early detection of residual (i.e., non-enhanced) tumors in 8
fibroids that were then completely treated within the same
session. The use of CEUS duringHIFU provides amore consistent
ablative effect, and in case of treatment of uterine fibroids, it is

http://www.md-journal.com


Zhang et al. Medicine (2021) 100:2 Medicine
manifested with a faster volume shrinkage. In good agreement
with the results of other studies,[15,17] we found that the imaging
data obtained with CEUS were correlated with those achieved by
MRI, and CEUS could confirm the extent of fibroid ablation.
Therefore, our observations corroborate previous researches,
indicating that intraprocedural CEUS is a reliable method for
enhancing ultrasound guidance and assessing the efficacy of
HIFU therapy. To the best of our knowledge, no previous
research has concentrated on the use of Sonazoid-based CEUS
during HIFU ablation of uterine fibroids. Thus, our novel
findings may provide evidence supporting the clinical significance
of Sonazoid-based CEUS during HIFU therapy for uterine
fibroids.
In the current study, Sonazoid-based CEUS prior to HIFU

ablation was conducted on all the 34 patients in the CEUS group.
Furthermore, the 34 uterine fibroids detected by Sonazoid-based
CEUS were observed at a similar location to that determined by
MRI. HIFU therapy was performed successfully on all the
patients, and there were no significant differences between the
groups in the proportion of fibroids showing hyperechogenic
grayscale changes (MGSCs and increases in total grayscale) after
HIFU therapy. The extent of fibroid ablation (i.e., FA) ranged
from 40.8% to 99.1% (median, 70.5%), and it was similar
between the 2 groups. These results demonstrate the feasibility of
performing Sonazoid-based CEUS during HIFU.
Notably, significant differences between the 2 groups were

quantified for some HIFU-associated parameters. Compared
with the HIFU alone group, the CEUS+HIFU group achieved a
similar FA with a shorter sonication time, a lower average power,
a lower total energy, and a smaller EEF. The above-mentioned
findings indicated that Sonazoid-based CEUS could enhance the
ablation of uterine fibroids by HIFU, and are consistent with the
results of previous studies.[15–17,19,21] However, the enhancement
of HIFU ablation by SonoVue-based CEUS occurred at a short
interval (<10minute) between CEUS andHIFU therapy, whereas
we observed a beneficial effect of Sonazoid-based CEUS when it
was used 30minute before HIFU. This phenomenon may be
attributed to the rate of Sonazoid metabolism after injection. For
instance, the amount of Sonazoid in the portal vein blood of
healthy volunteers was 60.1±12.9%, 41.4±11.4%, 32.0±
10.3%, and 7.8±4.5% at 10, 20, 30, and 60minute after
injection.[46] Thus, up to 32% of the injected Sonazoid micro-
bubbles could remain in the circulation 30minute after Sonazoid-
based CEUS. The retainedmicrobubbles might serve as cavitation
nuclei to cause mechanical injury to the target tissue and enhance
the thermal effect during exposure to HIFU. These effects of
residual Sonazoid may enable HIFU to achieve the same level of
ablation with a lower amount of energy.[18,19,47]

Adverse reactions to Sonazoid are uncommon, and a study on
193 patients reported albuminuria in 1.6% of cases and diarrhea
in 1.6%.[21] Moreover, no side effects were found in other studies
that utilized Sonazoid-based CEUS to evaluate hepatocellular
carcinoma and its response to thermal ablation.[39,40] In
agreement with a previous research, no major complications
were observed in the current study, and the incidence of adverse
events was similar between the CEUS+HIFU group and HIFU
alone group. Our results indicated that Sonazoid-based CEUS did
not increase the risk of injury during HIFU therapy, although the
presence of residual Sonazoid microbubbles 30minute after
CEUS could pose a theoretical risk. Although residual Sonazoid
microbubbles would distribute uniformly to the various tissues of
the body (including uterine fibroids), it is likely that the
6

inhomogeneity of the energy in the HIFU acoustic field could
result in significant Sonazoid-induced cavitation and occurrence
of heating only in the focal region targeted by HIFU, since the
energy at the focal region would be significantly higher than that
at other parts of the acoustic field. Thus, minimal injury would be
expected to occur in tissues outside the focal region of ablation.
Furthermore, if Sonazoid-based CEUS could decrease the amount
of HIFU energy required for ablation, it could reduce the
potential risk of HIFU-induced complications.[19] It is notewor-
thy that in the present study, the incidence of sacrococcygeal pain
was lower in the CEUS+HIFU group than that in the HIFU alone
group. As sacrococcygeal pain could be related to tissue injury
due to the penetration of HIFU beyond the target region to the
sacrococcygeal region, it can be concluded that the use of a lower
total energy in the CEUS+HIFU groupmay reduce HIFU-induced
tissue injury in the sacrococcygeal region. In agreement with
results of the present study, Jiang et al[16] and Cheng et al[18]

reported a significantly smaller EEF and a lower incidence of
sacrococcygeal pain in SonoVue-based CEUS group compared
with control group.
An important limitation of the present study is that the 2

groups of patients were recruited from different hospitals in
different countries, and this may cause several confounding
factors, potentially influencing the results. Possible confounding
factors include patient ethnicity, operator’s work experience,
MRI T2 signal intensity of the fibroid, and uterine fibroid
location. The HIFU alone group contained a remarkably higher
proportion of fibroids with a high or intermediate MRI T2 signal
intensity, which are generally considered more difficult to ablate.
Furthermore, the HIFU alone group also contained a higher
proportion of fibroids on the posterior uterine wall, and it is well-
known that deep-seated fibroids are more challenging to ablate.
As these factors may cause bias in the results in the CEUS+HIFU
group, we urge caution in the interpretation of our data.
Nevertheless, our findings are in a satisfactory agreement with
results of previous studies that investigated SonoVue-based
CEUS. Furthermore, a similar method of patient enrollment has
been used in a previously published research.[15] Therefore,
despite the limitations of our preliminary study, our novel
findings may lay a foundation for a future prospective,
randomized controlled trial.
Another limitation of the current study was related to the

inclusion of only patients with large (> 5cm) solitary fibroids.
Our decision to concentrate on patients with large uterine
fibroids was based on a previous observation that the enhancing
effects of SonoVue microbubbles were greater on fibroids < 4cm
than those on > 4cm.[15] Another limitation of the current study
was the small sample size. Hence, further large scale, multicenter,
randomized controlled trials are warranted to confirm and
extend the findings of the present research.
5. Conclusions

The results of this preliminary clinical study suggested that
Sonazoid-based CEUS performed 30minute before HIFU might
enhance the ablation of uterine fibroids. Sonazoid-based CEUS
could decrease the sonication power, treatment time, sonication
time, total energy applied, and energy efficiency factor of the
HIFU procedure, without additional adverse events. However,
our data should be interpreted with a degree of caution due to the
limitations in the study design, which may involve confounding
factors. Further prospective, randomized controlled trials need to
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be carried out to validate our findings, and to indicate whether
the use of Sonazoid-based CEUS before HIFU ablation is
clinically significant.
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