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Purpose: This study aimed to compare the dose and effectiveness of ultrasound-guided
high-intensity focused ultrasound (USgHIFU) ablation of uterine fibroids with different sizes
and explore the effect of uterine fibroid size on dose, which provided dose evaluation for
clinicians in accordance with the size of uterine fibroids.

Materials and Methods: A total of 1,000 patients with symptomatic uterine fibroids who
received a single-session USgHIFU treatment were enrolled in this study. The size of
fibroids was divided into seven groups: 3–4 cm, 4–5 cm, 5–6 cm, 6–7 cm, 7–8 cm, 8–9
cm, and 9–11 cm. The dose was expressed on the basis of the energy efficiency factor
(EEF) as the energy required for ablation per unit volume of tissue, and the non-perfused
volume ratio (NPVR) was used to assess the effect of HIFU ablation.

Results: The median NPVR of 88.3% (IQR: 80.3%–94.8%) was obtained, and no
significant difference was observed among the seven groups. The classification of T2-
weighted image signal intensity fibroids in the 4–5 cm group was compared with that in
the 6–7 cm and 8–9 cm groups, and the difference was significant (p < 0.05). However,
the proportion of T2WI hyperintense signal fibroids had no significant difference among the
seven groups (p > 0.05). The median EEF was 3.88 J/mm3, and a significant difference
was observed among the seven groups of EEF (p < 0.05). The EEF of groups with a fibroid
size less than 6 cm was more than double the EEF of groups with a fibroid size above
6 cm. In addition, the EEF of groups with a fibroid size of 4–5 cm and 3–4 cm was 3–4
times higher than those with a fibroid size above 7 cm (p < 0.05).
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Conclusions: A single-session HIFU ablation for uterine fibroids of 3–11 cm can obtain
an NPVR of more than 80%. The EEF decreased with the increase of the size of
uterine fibroids. A fibroid size of 6.5 cm was considered as a clinical meaningful point
affecting EEF.
Keywords: high-intensity focused ultrasound, ultrasound ablation, uterine fibroids, NPVR, EEF
INTRODUCTION

Uterine fibroids (UFs) are common benign tumors in women of
childbearing age. Many patients complain of clinical symptoms
such as menorrhagia, irregular bleeding, pelvic pain, or infertility
(1–3), which seriously affect their quality of life. At present, the
treatment for UFs includes surgery, medicine, uterine artery
embolization, ultrasound-guided high-intensity focused
ultrasound (USgHIFU), and magnetic resonance-guided high-
intensity focused ultrasound (4–8). The high-intensity focused
ultrasound (HIFU) treatment is widely used in clinical practice.
This noninvasive technique is safe and effective, and it can
preserve organs without damaging endocrine function (9, 10).
HIFU beam focuses on the tumor to induce coagulation necrosis,
thereby treating UFs (11, 12). The assessment of ultrasound
dosimetry and ablation effect is important to ensure the safe and
effective treatment of HIFU. The energy efficiency factor (EEF)
refers to the energy required for ablation per unit volume of
tissue and reflects the regularity of the energy–effect relationship
of HIFU ablation (13). The non-perfused volume ratio (NPVR)
of HIFU ablation of UFs refers to the ratio of the volume of the
non-perfusion area in the postoperative enhanced MR image to
the volume of the fibroids. In addition, NPVR is related to
symptom relief, which can be used as the imaging gold standard
for evaluating the effect of HIFU ablation (14–16).

The clinical study of HIFU ablation of UFs was approved by
the Ethics Committee of the First Affiliated Hospital of
Chongqing Medical University in 2006. The earliest clinical
results were reported in the Chinese Journal of Obstetrics and
Gynaecology (17). Meanwhile, continuous studies were
conducted in dosimetry and efficiency evaluation. From
December 2006 to January 2009, Chen JY explored the dose-
related factors affecting ultrasound ablation of UFs in 142
patients. From October 2010 to January 2013, Zhao WP
studied the feasibility of HIFU ablation of T2-weighted image
(T2WI) hyperintense UFs in 491 patients, the biological
characteristics of UFs with different T2WI signals, and the
prediction of USgHIFU ablation of T2WI hyperintense UFs by
dynamic enhanced magnetic resonance imaging (MRI) (14, 18,
19). Yin N conducted a safety study on 861 cases of UFs treated
with HIFU from January 2013 to December 2015 and reported
the effect of abdominal wall scar on HIFU ablation of UFs (20).
Based on our previous research, a total of 1,000 patients with UFs
who underwent continuous USgHIFU from January 2013 to June
2018 were included in this study to explore the factors affecting
the ablative efficiency of HIFU ablation and analyze the relative
importance of these factors to the efficiency; accurate ablative
efficiency prediction and the factors affecting ablative efficiency
2

could optimize patient screening for HIFU ablation of UFs (21).
Previous studies have focused on assessing the ablation energy
and ablation effect based on tissue in the acoustic pathways, MRI
signal intensity, structure, blood supply, and function of target
tissues (22). Previous studies have shown that the EEF is
negatively correlated with the size of UFs, and the NPVR has
no relationship with the size of UFs (23–25). However, the
difference in dose and effect of USgHIFU ablation of UFs with
different sizes remains unclear. The dosage of USgHIFU ablation
of UFs with different sizes has not been studied. Therefore, this
study compared the dose and effect of a single-session HIFU
ablation of UFs with different sizes and provided a basis for
preoperative screening of patients. Furthermore, this study
explored the effect of UF size on dose, which provided dose
evaluation for clinicians in accordance with the size of UFs.
MATERIALS AND METHODS

Patients
The study protocol was approved by the Ethics Committee of the
First Affiliated Hospital of Chongqing Medical University.
Patients with UFs who received single-session USgHIFU at the
First Affiliated Hospital of Chongqing Medical University from
January 2013 to June 2018 were enrolled in this study (IRB
number: Ethics 16, 2006; approval date: August 18, 2006). Prior
to enrollment, the fibroid status and treatment plan were
evaluated by a gynecologist, a radiologist, and a HIFU
physician. Before HIFU treatment, the details of the treatment
were discussed with all patients who signed a consent form. This
retrospective study was approved by our institutional review
board, and informed consent was waived because the data were
anonymized. All procedures used in this study were in
accordance with the ethical standards and Declaration
of Helsinki.

The inclusion criteria were as follows: (1) premenopausal
patients over 18 years old; (2) patients could communicate with
the medical staff during procedure; (3) patients agreed to
undergo pre-treatment and post-treatment enhanced MRI
scanning; and (4) the size of the UFs was between 3 and
11 cm. In this study, if the patient had multiple fibroids, then
only the largest fibroid was selected for investigation.

The exclusion criteria were as follows: (1) patients who were
contraindicated for MRI scanning or gadolinium-injection
solution; (2) patients with significant degenerative fibroids or
suspected uterine malignancy assessed by enhanced MRI;
(3) patients with special category of fibroids, such as pedunculated
subserous or submucosal fibroids; (4) patients with scar tissue in the
December 2021 | Volume 11 | Article 725193
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acoustic pathway, causing evident attenuation of the B-mode
ultrasound after the detection of tissues (sound attenuation width
≥15 mm); and (5) patients who cannot lie in a prone position
for 2 h.

MRI Evaluation
All patients received MRI scans before and within 1 week after
the treatment. A series of T1WI, T2WI, and enhanced T1WI
were performed using the 3.0-T MRI system (GE Medical
system, Milwaukee, WI, USA).

The UFs and uterus were measured on T2WI to obtain data
from three dimensions: longitudinal diameter (D1) and
anteroposterior diameter (D2) were measured in sagittal T2WI,
whereas transverse diameter (D3) was measured in axial T2WI.
The size of the fibroid was the largest in D1, D2, and D3. The
non-perfused volume (NPV) was considered as the fibroid
necrosis volume, which was evaluated on post-treatment
enhanced MRI (15). The post-treatment fibroid volume was
measured on T2WI. The fibroid volume, uterus volume, and
NPV were calculated using the following equation: V = 0.5233 ×
D1 × D2 × D3 (26). The NPVR was calculated as follows: NPV/
post-treatment fibroid volume × 100%. Funaki types were
clinically used as categories to classify the intensity of UFs
based on T2-weighted MR images: hypointense, isointense, and
hyperintense (27). Funaki III represents hyperintense signal
fibroids, which signal intensity equal to or higher than that of
myometrium. Based on the degree of enhancement of UFs
compared with that of the myometrium 60 s after gadolinium
injection (28, 29), the enhancement of T1-weighted images
(T1WI) was divided into three types: slight enhancement, regular
enhancement, and irregular enhancement. All MRI examination
data were evaluated by three experienced radiologists.

Ultrasound-Guided HIFU Ablation
HIFU ablation was performed by HIFU licensed physicians with
at least 3 years of HIFU clinical experience using the model-JC
Focused Ultrasound Tumor Therapeutic System (Chongqing
Haifu Medical Technology Co., Ltd., Chongqing, China). The
equipment was combined with an ultrasonic imaging device,
which provided real-time guiding during ablation. The
experimental parameters used in this study were as follows: the
operating frequency of the US transducer was 0.8 MHz, and
energy was adjustable in the range of 200–400 W. Circulating
degassed water was used as the coupling medium, and the focal
region was 1.5 mm × 1.5 mm × 10.0 mm. The patients lay in a
prone position on the HIFU therapy table, with the anterior
abdominal wall in contact with degassed water. A catheter was
inserted into the bladder and degassed normal saline was filled to
control the volume of bladder. A degassed water balloon was
placed between the abdominal wall and transducer to compress
and push away the bowel from the acoustic pathway
during treatment.

Fentanyl-midazolam was used to keep conscious sedation.
The ablation results were monitored on the basis of the gray
changes in the target area displayed by ultrasound imaging, and
sonication was terminated when the increased gray scale covered
the planned ablation area (18, 30). For patients with multiple
Frontiers in Oncology | www.frontiersin.org 3
fibroids, the main fibroid was treated initially, and other fibroids
were ablated within 3 h. Pre-procedure, intra-procedure, and
post-procedure ultrasound images are shown in Figure 1. All the
complications were recorded and graded in accordance with the
SIR classification standard by the Society of Interventional
Radiology. In SIR classification, grades C–F were considered as
major complications (10, 31).

Dosimetric Analysis
The dosimetric indicators were as follows: ultrasonic power (W,
average power of the ultrasonic transducer), treatment time
(min, the time from the first sonication to the last sonication),
sonication power (W, average acoustic power during ablation),
and sonication time (seconds, total time of sonication).

Dosage was expressed as EEF: EEF = h × P × t/V (J/mm3),
where h represents the focus coefficient (= 0.7); P represents the
sonication power; t represents the sonication time, and V
indicates the NPV (24).

Statistical Analysis
The data that followed normal distribution were presented as
mean with SD; otherwise, they were presented as median with
25th and 75th interquartile ranges (IQR). The categorical
variables were described by the number and proportion of
individuals. The Kolmogorov–Smirnov and Levene tests were
used to test whether the data were normally distributed and
homogenous of variance. The Spearman test was used to evaluate
the correlation between the UF size and EEF. The data following
non-normal distribution were applied to non-parametric tests
(Kruskal–Wallis and Wilcoxon tests). Piecewise regression was
used to examine the impact of UF size on EEF. Stepwise
regression was used to construct the regression equation
between EEF and UF size in different segments. The level of
significance applied for all tests was set at p < 0.05. Statistical
analyses were performed by R, version 3.6 (R Core Team,
Vienna, Austria).
RESULTS

Baseline Characteristics of Patients
A total of 1,000 patients with fibroids were enrolled for analysis,
with a median age of 40 years (IQR: 35–44 years). Surgical scars
of the lower abdomen were observed in 241 patients, including
scars from previously open myomectomy and cesarean section.
The size of the UFs was 5.7 cm (IQR: 4.8–6.9 cm), and the
volume of the uterus was 245.8 cm3 (IQR: 175.1–339.1
cm3) (Table 1).

Results of Ultrasound Ablation
All the patients completed ultrasound ablation. The pre-
procedure and post-procedure MR images within 7 days are
shown in Figure 2. The median ultrasonic power was 400 W; the
median sonication time was 852 s (IQR: 544–1,348 s); the median
total dosage was 328,440.0 J (IQR: 206,772.5–528,800.0 J);
the median NPV ratio was 88.3% (IQR: 80.3%–94.8%), and
December 2021 | Volume 11 | Article 725193
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the median EEF was 3.88 J/mm3 (IQR: 2.24–6.32 J/
mm3) (Table 2).

Comparison of NPVR and Baseline
Characteristics Among UFs
of Different Sizes
The size of UFs was divided into seven groups: 3–4 cm, 4–5 cm,
5–6 cm, 6–7 cm, 7–8 cm, 8–9 cm, and 9–11 cm. The patients in
the 3–4 cm group were younger than those in the 4–5 cm, 6–7
cm, and 8–9 cm groups (p < 0.05). The classification of T2WI
signal intensity fibroids (Funaki I, II, and III) in the 4–5 cm
group was compared with that in the 6–7 cm and 8–9 cm groups,
and the difference was significant (p < 0.05). However, the
proportion of T2WI hyperintense signal fibroids (Funaki III)
had no significant difference among the seven groups (p > 0.05).
The enhancement type of T1WI fibroids in the 4–5 cm group was
compared with that in the 6–7 cm, 7–8 cm, and 8–9 cm groups,
and the difference was significant (p < 0.05). No statistically
significant difference in BMI and NPVR was observed among the
seven groups (p > 0.05, Table 3).
Frontiers in Oncology | www.frontiersin.org 4
Comparison of Dose Among UFs of
Different Sizes
The correlation coefficient between the EEF and fibroid size was
−0.44 (p < 0.000). As the size of UFs increased from 3–4 cm to 9–
11 cm, the corresponding average EEF (J/mm3) was 9.73, 7.97,
5.47, 3.73, 3.14, 2.59, and 2.35 J/mm3. Significant differences in
EEF were observed among the seven groups (p < 0.05). The EEF
of the 3–4 cm group was significantly higher than that in the 5–6
cm, 6–7 cm, 7–8 cm, 8–9 cm, and 9–11 cm groups (p < 0.05). The
EEF of the 4–5 cm group was significantly higher than that in the
5–6 cm, 6–7 cm, 7–8 cm, 8–9 cm, and 9–11 cm groups (p < 0.05).
The EEF of the 5–6 cm group was significantly higher than that
in the 6–7 cm, 7–8 cm, 8–9 cm, and 9–11 cm groups (p < 0.05).
The EEF of groups with a fibroid size less than 6 cm was more
than double the EEF of groups with larger fibroid size. In
addition, the EEF of the 4–5 cm and 3–4 cm groups was 3–4
times higher than those with a fibroid size above 7 cm (p < 0.05,
Table 4). The EEF was lower with the increase of UFs in
significantly different groups (Figure 3). Therefore, a UF size
of 6.5 cm was considered as a clinical meaningful point based on
the segmented package of R language (Figure 4). The piecewise
regression equations were constructed using stepwise regression:
when UF size < 6.5 cm, EEF = 12.71 − 2.08XUFs + 1.45 × XT2WI +
0.73 × XT1WI; otherwise, EEF = 4.72 − 0.44 × XUFs + 0.40 ×
XT2WI + 0.47 × XT1WI (Table 5).

Complications
No major complications defined as SIR classifications C–F
were found.
DISCUSSION

Focused ultrasound ablation surgery of UFs may provide
effective management until menopause because of its rapid
recovery and low risks of complications (32). The NPVR, as a
measure of technical success, is recognized as a predictor of
clinical outcome for HIFU ablation of fibroids. The re-
intervention rates closely correlated with the mean NPVR
TABLE 1 | Baseline characteristics of patients.

Variable Data

Age (years)* 40 (35–44)
Height (cm)* 158 (155–160)
BMI (kg/m2)* 22.2 (20.7–24)
Thickness of rectus abdominis (mm)* 9 (7.5–11)
Thickness of subcutaneous fat layer (mm)* 16.1 (12.3–21.2)
Uterine volume(cm3)* 245.8 (175.1–

339.1)
Location of uterus(anteverted/median/retroverted) (n) 635/97/268
Largest diameter of uterine fibroids (cm)* 5.7 (4.8–6.9)
Type of uterine fibroids (submucous/subserous/intramural)
(n)

165/185/650

Location of uterine fibroids (anterior/posterior/lateral/fundus)
(n)

400/263/275/62

Signal intensity on T2WI (hypointense/isointense/
hyperintense) (n)

322/398/280

Distance from center of fibroid to sacrum (mm)* 47.6 (38.5–61.05)
Distance from ventral side of fibroid to skin (mm)* 39.7 (28.5–55)
*Data are median (interquartile range); BMI, body mass index.
FIGURE 1 | US images during the USgHIFU procedure. (A) Ultrasound image showed a uterine fibroid with hypoecho before treatment. (B) A gray scale change
was observed during sonication.
December 2021 | Volume 11 | Article 725193
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achieved (33, 34). A NPVR of at least 90% or even almost 100%
of the fibroid tumor volume was recommended without
compromising safety (35, 36). However, given the histological
characteristics of UFs and technical limitations, not all UFs could
obtain an NPVR of 90% to 100% (35). Park MJ reported that
during USgHIFU ablation of UFs, achieving an immediate
NPVR of at least 80% is safe, with greater tumor volume
shrinkage compared with cases with a low NPVR (36). A
number of studies have shown that the average or median
NPVR of USgHIFU ablation of UFs has reached more than
80% (7, 25, 37). Evaluating the tissue characteristics of the UFs
and technical limitations in the screening phase might reduce the
risk of an unsuccessful HIFU treatment outcome of UFs (22).

HIFU is an alternative treatment option for patients with
multiple UFs and large fibroids who want to preserve their uterus
and fertility (38). The size of UFs can reflect the histological
characteristics of UFs. With the increase of UFs, the blood supply
becomes relatively insufficient, and degeneration occurs. Given
the lack of measurement of the thermal dose, studying the dose–
effect relationship using the thermal dose during HIFU will be
impossible. This study used the EEF as a quantitative indicator to
mark the dose for the HIFU ablation of UFs. Previous studies
Frontiers in Oncology | www.frontiersin.org 5
have found that the dose of ultrasound ablation is negatively
correlated with the size of fibroids (24, 25). Therefore, the dose
and effect of ultrasound ablation of UFs with different sizes were
studied, which will be of great help in selecting appropriate
patients for HIFU ablation. Piecewise regression was used to
explore important meaningful points of UF size, which could
provide a basis for clinicians to use doses in accordance with the
UF size.

In this study, of the 1,000 patients who had either single
fibroids or multiple fibroids, only the largest fibroid per patient
was included for analysis. The median NPVR of 88.3% (IQR:
80.3%–94.8%) was obtained with no major complication. The
potential complications of HIFU treatment include peripheral
tissue injury and systemic HIFU-related adverse events (6, 30,
39). In this study, when high NPVR was obtained, no major
complications such as intestinal perforation and nerve injury
were observed, which indicated the progress and maturity of
clinical techniques and protocols.

The results showed that the proportion of T2WI hyperintense
signal fibroids (Funaki III) had no significant difference among
the seven groups (p > 0.05). In addition, the NPVR had no
statistical difference among the seven groups (p > 0.05). The
results indicated that fibroids of different sizes could obtain
satisfactory ablation outcomes with median NPVR ≥ 80%,
which were not related to the proportion of fibroids with a
T2WI hyperintense signal. These results were inconsistent with
those presented in previous studies (23, 35, 40, 41). This
difference may be due to the relatively large number of cases in
this study, and the clinicians are skilled in HIFU with at least 3
years of experience in our center. Therefore, with the
optimization of techniques, fibroids with T2WI hyperintense
signal wil l no longer be used as an indicator for
ultrasound ablation.

The EEF indicates the energy required for ablation per unit
volume of tissue, and it decreases with the increase of UF size in
FIGURE 2 | Contrast-enhanced MR images before and after HIFU treatment. (A) The fibroid was subserous, anterior, and hyperintense before treatment. (B) The
non-perfused volume was shown inside uterine fibroid after treatment.
TABLE 2 | The parameters and results of ultrasound ablation.

Parameter Data*

Ultrasonic power (W) 400 (395–400)
Sonication time (s) 852 (544–1,348)
Total dose (J) 328,440.0 (206,772.5–528,800.0)
NPV (cm3) 75.8 (36.2–96.2)
NPVR (%) 88.3 (80.3–94.8)
EEF (J/mm3) 3.88 (2.24–6.32)
NPV, non-perfused volume; NPVR, non-perfused volume ratio; EEF, energy efficiency
factor.
*Data are median (interquartile range).
December 2021 | Volume 11 | Article 725193
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significantly different groups. Previous studies found that the
EEF was negatively correlated with the size of UFs (23, 24).

This study initially analyzed the EEF of seven groups with
different fibroid sizes based on relatively large samples and found
a significant difference between the EEF of groups with a fibroid
size less than 6 cm and that of groups with a fibroid size more
than 6 cm. Based on piecewise regression, UF size of 6.5 cm was
considered as a clinical meaningful point affecting the EEF. First,
UFs had an expansive growth pattern of benign tumors, and with
the growth of fibroids, particularly above 7 cm, the internal echo
offibroids became heterogeneous during ultrasound scanning. In
addition, the inhomogeneous acoustic tissue properties would
increase the scattering and absorption of the acoustic wave.
Second, when the diameter of the fibroids increased above
5 cm, the blood supply inside the fibroids was relatively
insufficient, which was the main reason for the degeneration of
fibroids. However, enhanced MRI did not show microvascular
perfusion because of the presence of volumetric effects, and
ultrasonic energy was easily deposited in tissues with relatively
insufficient blood supply and degeneration. Third, the vascular
Frontiers in Oncology | www.frontiersin.org 6
effect of ultrasound caused vascular necrosis and blood flow
blockage, which led to a reduction in ultrasound dose for
subsequent tissue ablation. For larger tumors, the thermal
injury spread locally to untreated areas, which resulted in NPV
being larger than the planned treatment area (42–44). Therefore,
for larger fibroids, a relatively low ultrasound dose could achieve
a better ablation effect. Previous studies have shown that fibroid
with ablated T2WI hyperintense signal requires higher
energy (18).

In this study, the EEF of the 8–9 cm group, which had the
highest proportion of T2WI hyperintense signal fibroids,
remained consistent with the outcomes of the grouping of
fibroid sizes. This result may be related to the large sample size
of this study, indicating that with the increase of sample size, the
effect of T2WI signal of fibroids on dose is not significant.

This study also has some limitations. First, all the cases
received HIFU treatment in a single center. Second, HIFU
ablation was performed by HIFU licensed physicians with
many years of HIFU clinical experience. Some of the doctors
had more than 10 years of HIFU clinical experience. Therefore,
TABLE 4 | Comparison of dose among fibroids of different sizes (J/mm3).

Groups 3–4 cm 4–5 cm 5–6 cm 6–7 cm 7–8 cm 8–9 cm 9–11 cm

Mean ± SD 9.73 ± 8.51 7.97 ± 6.86 5.47 ± 4.62 3.73 ± 2.54 3.14 ± 2.15 2.59 ± 2.18 2.35 ± 1.53
Median 7.09 5.96 4.36 3.28 2.50 2.03 2.13
First quartile (Q1) 5.11 3.61 2.65 1.84 1.50 1.36 1.03
Third quartile (Q3) 10.69 9.70 6.71 4.68 4.30 3.41 2.90
Minimum 1.51 0.70 0.49 0.40 0.23 0.59 0.46
Maximum 58.58 47.78 42.95 16.80 10.90 15.13 6.04
December 20
21 | Volume 11 | Ar
SD, Standard deviation; First quartile (Q1): The number 25% after the smallest to the largest of all values in the sample; Third quartile (Q3): The number 75% after the smallest to the largest
of all values in the sample.
The statistical test of the overall data was conducted by Kruskal–Wallis test (p < 0.000).
Statistical tests of data between groups were conducted by Wilcoxon test.
Group 3–4 cm vs. Group 5–6 cm: p < 0.000; Group 3–4 cm vs. Group 6–7 cm: p < 0.000; Group 3–4 cm vs. Group 7–8 cm: p < 0.000; Group 3–4 cm vs. Group 8–9 cm: p < 0.000; Group
3–4 cm vs. Group 9–11 cm: p < 0.000.
Group 4–5 cm vs. Group 5–6 cm: p < 0.000; Group 4–5 cm vs. Group 6–7 cm: p < 0.000; Group 4–5 cm vs. Group 7–8 cm: p < 0.000; Group 4–5 cm vs. Group 8–9 cm: p < 0.000; Group
4–5 cm vs. Group 9–11 cm: p < 0.000.
Group 5–6 cm vs. Group 6–7 cm: p < 0.000; Group 5–6 cm vs. Group 7–8 cm: p < 0.000; Group 5–6 cm vs. Group 8–9 cm: p < 0.000; Group 5–6 cm vs. Group 9–11 cm: p < 0.000.
Group 6–7 cm vs. Group 8–9 cm: p < 0.000; Group 6–7 cm vs. Group 9–11 cm: p = 0.003.
TABLE 3 | Comparison of NPVR and baseline characteristics among fibroids of different sizes.

Groups 3–4 cm 4–5 cm 5–6 cm 6–7 cm 7–8 cm 8–9 cm 9–11 cm p-value

Number of cases (%) 58 (5.8) 221 (22.1) 262 (26.2) 214 (21.4) 140 (14.0) 70 (7.0) 35 (3.5)
Age 40 (34–44) 42 (37–45) 40 (34–44) 42 (37–44) 41 (37–45) 42 (37–46) 41 (38–44) 0.000***
BMI 21.6 (20.0–22.8) 22.1 (20.7–24.1) 22.4 (20.6–24.2) 22.3 (20.5–24.2) 21.8 (20.6–23.6) 22.3 (21.1–24.6) 23.0 (21.4–24.4) 0.241
Signal intensity on T2WI (n, %) <0.000***
Hypointense 22 (37.9) 91 (41.1) 91 (34.7) 56 (26.4) 41 (29.3) 13 (18.6) 8 (22.9)
Isointense 26 (44.8) 80 (36.5) 101 (38.6) 84 (39.6) 58 (41.4) 32 (45.7) 15 (42.8)
Hyperintense 10 (17.3) 50 (22.6) 70 (26.7) 74 (34.6) 41 (29.3) 25 (35.7) 12 (34.3)
Enhancement type on T1WI (n, %) 0.048*
Slight 29 (53.7) 120 (52.6) 170 (60.9) 132 (63.5) 82 (62.6) 39 (63.9) 24 (61.5)
Irregular 7 (13.0) 33 (14.5) 40 (14.3) 35 (16.8) 24 (18.3) 8 (13.1) 5 (12.8)
Regular 18 (33.3) 75 (32.9) 69 (24.8) 41 (19.7) 25 (19.1) 14 (23.0) 10 (25.7)
NPVR(%) 89.4 (80.0–94.8) 88.0 (80.2–95.3) 88.3 (80.9–95.2) 88.6 (80.0–94.3) 88.9 (82.4–95.1) 84.9 (74.1–91.7) 90.6 (81.6–97.5) 0.102
tic
*Data are median (interquartile range); BMI, body mass index; NPVR, non-perfused volume ratio. ***p<0.000; *p<0.05.
Age: Group 3–4 cm vs. Group 6–7 cm: p = 0.005; Group 3–4 cm vs. Group 7–8 cm: p = 0.036; Group 3–4 cm vs. Group 8–9 cm: p = 0.011.
T2WI: Group 4–5 cm vs. Group 6–7 cm: p = 0.014; Group 4–5 cm vs. Group 8–9 cm: p = 0.018.
T1WI: Group 4–5 cm vs. Group 6–7 cm: p = 0.039; Group 4–5 cm vs. Group 7–8 cm: p = 0.006; Group 4–5 cm vs. Group 8–9 cm: p = 0.019.
The statistical test of the overall data was conducted by Kruskal–Wallis test. Statistical tests of data between groups were conducted by Wilcoxon test.
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further multi-center studies are needed to illustrate whether the
same results can be obtained in a wide range of clinical
applications. At present, the factors affecting dose and
efficiency are selected from clinical practice, and the indicators
of symptoms and laboratory data for accurate diagnosis of UFs
will be further studied.
Frontiers in Oncology | www.frontiersin.org 7
CONCLUSION

A single-session HIFU ablation of UFs of 3–11 cm can obtain
more than 80% NPVR with no significant differences among UFs
with different sizes. The dose for ablation per unit volume of
tissue was decreased with the increase of UF size, and it was not
FIGURE 4 | A piecewise regression of UF size.
FIGURE 3 | The average EEF among fibroids of different sizes.
TABLE 5 | Piecewise regression model through stepwise regression.

Estimate Std. Error t value p

UFs size < 6.5 cm
Intercept 12.72 1.48 8.58 <0.000***
UFs size −2.08 0.27 −7.70 <0.000***
Signal intensity on T2WI 1.45 0.20 7.41 <0.000***
Enhancement type on T1WI 0.73 0.25 2.96 0.003**
UFs size ≥ 6.5 cm
Intercept 4.72 1.06 4.47 <0.000***
UFs size −0.44 0.13 −3.28 0.001**
Signal intensity on T2WI 0.40 0.11 3.62 0.000***
Enhancement type on T1WI 0.47 0.15 3.09 0.002**
Dec
ember 2021 | Volume 11 | Artic
***p<0.000; **p<0.001.
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affected by the different proportion of T2WI hyperintense signal
fibroids. The EEF of a single-session HIFU ablation of UFs with a
fibroid size of 3–6 cm was 2–4 times higher than those with a
fibroid size above 7 cm. Therefore, a UF size of 6.5 cm was
considered as the clinical meaningful point affecting EEF.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First Affiliated Hospital
of Chongqing Medical University. The patients/participants
provided their written informed consent to participate in
this study.
AUTHOR CONTRIBUTIONS

M-JY contributed to the drafting of the article or critical revision
for important intellectual content and the data analysis,
Frontiers in Oncology | www.frontiersin.org 8
statistical analysis, manuscript preparation, manuscript editing,
and manuscript review. R-QY contributed to the data
interpretation of image. J-YC agreed to be accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the article are appropriately
investigated and resolved, and approved the version to be
published. Z-BW contributed to the conception and design of
the data. All authors contributed to the article and approved the
submitted version.
FUNDING

This study was supported by the Chongqing Medical University
special cultivation project on philosophy and social science
(grant number X9612) and the Natural Science Foundation of
Chongqing (grant number cstc2021jcyj-msxmX0514).
ACKNOWLEDGMENTS

We thank the contribution of clinical staff from the clinical center
for the recruitment of patients and the delivery of clinical care.
Thanks to Professor Qiu-ling Shi from College of Public Health
and Management, Chongqing Medical University for her
guidance on statistical methods.
REFERENCES
1. Osuga Y, Nakano Y, Yamauchi Y, Takanashi M. Ulipristal Acetate Compared

With Leuprorelin Acetate for Japanese Women With Symptomatic Uterine
Fibroids: A Phase III Randomized Controlled Trial. Fertil Steril (2021) 11:1–8.
doi: 10.1016/j.fertnstert.2021.01.023

2. Ali M ARS, Al Hendy A. Elagolix in the Treatment of Heavy Menstrual
Bleeding AssociatedWith Uterine Fibroids in Premenopausal Women. Expert
Rev Clin Pharmacol (2021) 15:1–11. doi: 10.1080/17512433.2021.1900726

3. Herrmann A, Torres–de la Roche LA, Krentel H, Cezar C, de Wilde MS,
Devassy R, et al. Adhesions After Laparoscopic Myomectomy: Incidence, Risk
Factors, Complications, and Prevention. Gynecol Minim Invasive Ther (2020)
9:190–7. doi: 10.4103/GMIT.GMIT_87_20

4. Khaw SC, Anderson RA, Lui MW. Systematic Review of Pregnancy Outcomes
After Fertility–Preserving Treatment of Uterine Fibroids. Reprod BioMed
Online (2020) 40:429–44. doi: 10.1016/j.rbmo.2020.01.003

5. Laughlin–Tommaso S, Barnard EP, AbdElmagied AM, Vaughan LE, Weaver
AL, Hesley GK, et al. FIRSTT Study: Randomized Controlled Trial of Uterine
Artery Embolization vs Focused Ultrasound Surgery. Am J Obstet Gynecol
(2019) 220:174.e1–174.e13. doi: 10.1016/j.ajog.2018.10.032

6. Chen J, Li Y, Wang Z, McCulloch P, Hu L, ChenW, et al. Evaluation of High–
Intensity Focused Ultrasound Ablation for UFs: An IDEAL Prospective
Exploration Study. BJOG (2018) 125:354–64. doi: 10.1111/1471–0528.14689

7. Duc NM, Keserci B. Emerging Clinical Applications of High–Intensity
Focused Ultrasound. Diagn Interv Radiol (2019) 25:398–409. doi: 10.5152/
dir.2019.18556

8. Lee JS, Hong GY, Lee KH, Song JH, Kim TE. Safety and Efficacy of
Ultrasound–Guided High–Intensity Focused Ultrasound Treatment for
Uterine Fibroids and Adenomyosis. Ultrasound Med Biol (2019) 45:3214–
21. doi: 10.1016/j.ultrasmedbio.2019.08.022

9. Qu K, Mao S, Li J, Wang J, Ouyang G, Wang Z, et al. The Impact of Ultrasound–
Guided High–Intensity Focused Ultrasound for Uterine Fibroids on Ovarian
Reserve. Int J Hyperthermia (2020) 37:399–403. doi: 10.1080/02656736.2020.1754473
10. Duc NM, Huy HQ, Keserci B. Adverse Events of Focused Ultrasound Surgery
for Uterine Fibroids and Adenomyosis. Rep Med Imaging (2018) 11:15–26.
doi: 10.2147/RMI.S166580

11. Ahmed M, Solbiati L, Brace CL, Breen DJ, Callstrom MR, Charboneau JW,
et al. Image–guided Tumor Ablation: Standardization of Terminology and
Reporting Criteria—-a 10–Year Update. Radiology (2014) 273:241–60.
doi: 10.1148/radiol.14132958

12. Wang Z, Bai J, Li F, Du Y, Wen S, Hu K, et al. Study of a “Biological Focal
Region” of High–Intensity Focused Ultrasound. Ultrasound Med Biol (2003)
29:749–54. doi: 10.1016/s0301–5629(02)00785–8

13. Zhang X, Zou M, Zhang C, He J, Mao S, Wu Q, et al. Effects of Oxytocin on
High Intensity Focused Ultrasound (HIFU) Ablation of Adenomysis: A
Prospective Study. Eur J Radiol (2014) 83:1607–11. doi: 10.1016/
j.ejrad.2014.05.008

14. Zhao WP, Chen JY, Chen WZ. Dynamic Contrast–Enhanced MRI Serves as a
Predictor of HIFU Treatment Outcome for Uterine Fibroids With
Hyperintensity in T2–weighted Images. Exp Ther Med (2016) 11:328–34.
doi: 10.3892/etm.2015.2879

15. Okada A, Morita Y, Fukunishi H, Takeichi K, Murakami T. Non–invasive
Magnetic Resonance–Guided Focused Ultrasound Treatment of Uterine
Fibroids in a Large Japanese Population: Impact of the Learning Curve on
Patient Outcome. Ultrasound Obstet Gynecol (2009) 34:579–83. doi: 10.1002/
uog.7454

16. Xie B, Zhang C, Xiong C, He J, Huang G, Zhang L. High Intensity Focused
Ultrasound Ablation for Submucosal Fibroids: A Comparison Between Type I
and Type II. Int J Hyperthermia (2015) 31:593–9. doi: 10.3109/
02656736.2015.1046406

17. Chen WZ, Tang LD, Yang WW, Zhang Y, Li J, Xia WX, et al. Study on the
Efficacy and Safety of Ultrasound Ablation in Treatment of Uterine Fibroids.
Chin J Obstet Gynecol (2010) 45:909–12. doi: 10.3760/cma.j.issn.0529–
567x.2010.12.007

18. Zhao WP, Chen JY, Zhang L, Li Q, Qin J, Peng S, et al. Feasibility of
Ultrasound –Guided High Intensity Focused Ultrasound Ablating Uterine
December 2021 | Volume 11 | Article 725193

https://doi.org/10.1016/j.fertnstert.2021.01.023
https://doi.org/10.1080/17512433.2021.1900726
https://doi.org/10.4103/GMIT.GMIT_87_20
https://doi.org/10.1016/j.rbmo.2020.01.003
https://doi.org/10.1016/j.ajog.2018.10.032
https://doi.org/10.1111/1471&ndash;0528.14689
https://doi.org/10.5152/dir.2019.18556
https://doi.org/10.5152/dir.2019.18556
https://doi.org/10.1016/j.ultrasmedbio.2019.08.022
https://doi.org/10.1080/02656736.2020.1754473
https://doi.org/10.2147/RMI.S166580
https://doi.org/10.1148/radiol.14132958
https://doi.org/10.1016/s0301&ndash;5629(02)00785&ndash;8
https://doi.org/10.1016/j.ejrad.2014.05.008
https://doi.org/10.1016/j.ejrad.2014.05.008
https://doi.org/10.3892/etm.2015.2879
https://doi.org/10.1002/uog.7454
https://doi.org/10.1002/uog.7454
https://doi.org/10.3109/02656736.2015.1046406
https://doi.org/10.3109/02656736.2015.1046406
https://doi.org/10.3760/cma.j.issn.0529&ndash;567x.2010.12.007
https://doi.org/10.3760/cma.j.issn.0529&ndash;567x.2010.12.007
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Dose and Effectiveness USgHIFU Ablation
Fibroids With Hyperintense on T2–weighted MR Imaging. Eur J Radiol
(2013) 82:e43–49. doi: 10.1016/j.ejrad.2012.08.020

19. Zhao WP, Chen JY, Chen WZ. Effect of Biological Characteristics of Different
Types of Uterine Fibroids, as Assessed With T2–weighted Magnetic
Resonance Imaging, on Ultrasound–Guided High–Intensity Focused
Ultrasound Ablation. Ultrasound Med Biol (2015) 41:423– 431.
doi: 10.1016/j.ultrasmedbio.2014.09.022

20. Yin N, Hu L, Xiao ZB, Liu C, Chen WZ, Roberts N, et al. Factors Influencing
Thermal Injury to Skin and Abdominal Wall Structures in HIFU Ablation of
Uterine Fibroids. Int J Hyperthermia (2018) 34:1298–303. doi: 10.1080/
02656736.2018.1433880

21. Yang MJ, Yu RQ, ChenWZ, Chen JY, Wang ZB. A Prediction of NPVR ≥ 80%
of Ultrasound–Guided High–Intensity Focused Ultrasound Ablation for
Uterine Fibroids. Front Surg (2021) 8:663128. doi: 10.3389/fsurg.2021.663128

22. Duc NM, Keserci B. Review of Influential Clinical Factors in Reducing the
Risk of Unsuccessful MRI–guided HIFU Treatment Outcome of Uterine
Fibroids. Diagn Interv Radiol (2018) 24:283–91. doi: 10.5152/dir.2018.18111

23. Fan HJ, Cun JP, Zhao W, Huang JQ, Yi GF, Yao RH, et al. Factors Affecting
Effects of Ultrasound Guided High Intensity Focused Ultrasound for Single
Uterine Fibroids: A Retrospective Analysis. Int J Hyperthermia (2018) 35:534–
40. doi: 10.1080/02656736.2018.1511837

24. Peng S, Zhang L, Hu L, Chen J, Ju J, Wang X, et al. Factors Influencing the
Dosimetry for High–Intensity Focused Ultrasound Ablation of Uterine
Fibroids: A Retrospective Study. Medicine (2015) 94:1–10. doi: 10.1097/
MD.0000000000000650

25. Liu Z, Gong C, Liu Y, Zhang L. Establishment of a Scoring System for
Predicting the Difficulty Level of High–Intensity Focussed Ultrasound
Ablation of Uterine Fibroids. Int J Hyperthermia (2018) 34:77–86.
doi: 10.1080/02656736.2017.1325015

26. Orsini LF, Salardi S, Pilu G, Bovicelli L, Cacciari E. Pelvic Organs in
Premenarcheal Girls: Real–Time Ultrasonography. Radiology (1984)
153:113–6. doi: 10.1148/radiology.153.1.6473771

27. Funaki K, Fukunishi H, Funaki T, Sawada K, Kaji Y, Maruo T. Magnetic
Resonance–Guided Focused Ultrasound Surgery for UFs: Relationship
Between the Therapeutic Effects and Signal Intensity of Preexisting T2–
weighted Magnetic Resonance Images. Am J Obstet Gynecol (2007)
196:184.e1–6. doi: 10.1016/j.ajog.2006.08.030

28. Thomassin–Naggara I, Daraï E, Nassar–Slaba J, Cortez A, Marsault C, Bazot
M. Value of Dynamic Enhanced Magnetic Resonance Imaging for
Distinguishing Between Ovarian Fibroma and Subserous Uterine
Leiomyoma. J Comput Assist Tomogr (2007) 31:236–42. doi: 10.1097/
01.rct.0000237810.88251.9e

29. Keserci B, Duc NM. The Role of T1 Perfusion–Based Classification inMagnetic
Resonance–Guided High–Intensity Focused Ultrasound Ablation of Uterine
Fibroids. Eur Radiol (2017) 27:5299–308. doi: 10.1007/s00330–017–4885–x

30. Wang W, Wang Y, Wang T, Wang J, Wang L, Tang J. Safety and Efficacy of
US–guided High–Intensity Focused Ultrasound for Treatment of Submucosal
Fibroids. Eur Radiol (2012) 22:2553–8. doi: 10.1007/s00330–012–2517–z

31. Sacks D, McClenny TE, Cardella JF, Lewis CA. Society of Interventional
Radiology Clinical Practice Guidelines. J Vasc Interv Radiol (2003) 14:S199–
202. doi: 10.1097/01.rvi.0000094584.83406.3e

32. Stewart EA. Clinical Practice. Uterine Fibroids. N Engl J Med (2015)
372:1646–55. doi: 10.1056/NEJMcp1411029

33. Stewart EA, Rabinovici J, Tempany CM, Inbar Y, Regan L, Gostout B, et al.
Clinical Outcomes of Focused Ultrasound Surgery for the Treatment of Uterine
Fibroids. Fertil Steril (2006) 85:22–9. doi: 10.1016/j.fertnstert.2005.04.072

34. Keserci B, Duc NM, Nadarajan C, Huy HQ, Saizan A, Wan Ahmed WA, et al.
Volumetric MRI–guided, High–Intensity Focused Ultrasound Ablation of
Uterine Leiomyomas: ASEAN Preliminary Experience. Diagn Interv Radiol
(2020) 26:207–15. doi: 10.5152/dir.2019.19157
Frontiers in Oncology | www.frontiersin.org 9
35. Keserci B, Duc NM. Magnetic Resonance Imaging Parameters in Predicting
the Treatment Outcome of High–intensity Focused Ultrasound Ablation of
UFs With an Immediate Nonperfused Volume Ratio of at Least 90. Acad
Radiol (2018) 25:1257–69. doi: 10.1016/j.acra.2018.01.022

36. Park MJ, Kim YS, Rhim H, Lim HK. Safety and Therapeutic Efficacy of
Complete or Near–Complete Ablation of Symptomatic Uterine Fibroid
Tumors by MR Imaging–Guided High–Intensity Focused US Therapy.
J Vasc Interv Radiol (2014) 25:231–9. doi: 10.1016/j.jvir.2013.11.011

37. Jiang Z, Li Q, Li W, Zhu X, Jiang J, Chen L, et al. A Comparative Analysis of
Pregnancy Outcomes of Patients With Uterine Fibroids After High Intensity
Focused Ultrasound Ablation and Laparoscopic Myomectomy: A
Retrospective Study. Int J Hyperthermia (2021) 38:79–84. doi: 10.1080/
02656736.2021.1874547

38. Duc NM, Huy HQ, Hoa PN, Pham HD, Pham MT, Nguyen DT, et al. MRI–
guided High–intensity Focused Ultrasound As An Alternative Treatment
Option For Multiple Leiomyomas And Huge Leiomyomas. Imaging Med
(2018) 10:165–71. doi: 10.14303/Imaging–Medicine.1000124

39. Liu Y, ZhangWW, HeM, Gong C, Xie B,Wen X, et al. Adverse Effect Analysis
of High–Intensity Focused Ultrasound in the Treatment of Benign Uterine
Diseases . Int J Hyperthermia (2018) 35:56–61. doi : 10.1080/
02656736.2018.1473894

40. Lee JY, Chung HH, Kang SY, Park EJ, Park DH, Son K, et al. Portable
Ultrasound–Guided High–Intensity Focused Ultrasound With Functions for
Safe and Rapid Ablation: Prospective Clinical Trial for Uterine Fibroids–
Short–Term and Long–Term Results. Eur Radiol (2020) 30:1554–63.
doi: 10.1007/s00330–019–06468–2

41. Li C, Jin C, Liang T, Li X, Wang R, Zhang Y, et al. Magnetic Resonance–
Guided High–Intensity Focused Ultrasound of Uterine Fibroids: Whole–
Tumor Quantitative Perfusion for Prediction of Immediate Ablation
Response. Acta Radiol (2020) 61:1125–33. doi: 10.1177/0284185119891692

42. Wu F, Chen WZ, Bai J, Zou JZ, Z L, Zhu H, et al. Pathological Changes in
Human Malignant Carcinoma Treated With High–Intensity Focused
Ultrasound. Ultrasound Med Biol (2001) 27:1099–106. doi: 10.1016/s0301–
5629(01)00389–1

43. Tempany CM, Stewart EA, McDannold N, Quade BJ, Jolesz FA, Hynynen K.
MR Imaging–Guided Focused Ultrasound Surgery of Uterine Leiomyomas: A
Feasibility Study. Radiology (2003) 226:897–905. doi: 10.1148/
radiol.2271020395

44. McDannold N, Tempany CM, Fennessy FM, So MJ, Rybicki FJ, Stewart EA,
et al. Uterine Leiomyomas: MR Imaging–Based Thermometry and Thermal
Dosimetry During Focused Ultrasound Thermal Ablation. Radiology (2006)
240:263–72. doi: 10.1148/radiol.2401050717
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yang, Yu, Chen and Wang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
December 2021 | Volume 11 | Article 725193

https://doi.org/10.1016/j.ejrad.2012.08.020
https://doi.org/10.1016/j.ultrasmedbio.2014.09.022
https://doi.org/10.1080/02656736.2018.1433880
https://doi.org/10.1080/02656736.2018.1433880
https://doi.org/10.3389/fsurg.2021.663128
https://doi.org/10.5152/dir.2018.18111
https://doi.org/10.1080/02656736.2018.1511837
https://doi.org/10.1097/MD.0000000000000650
https://doi.org/10.1097/MD.0000000000000650
https://doi.org/10.1080/02656736.2017.1325015
https://doi.org/10.1148/radiology.153.1.6473771
https://doi.org/10.1016/j.ajog.2006.08.030
https://doi.org/10.1097/01.rct.0000237810.88251.9e
https://doi.org/10.1097/01.rct.0000237810.88251.9e
https://doi.org/10.1007/s00330&ndash;017&ndash;4885&ndash;x
https://doi.org/10.1007/s00330&ndash;012&ndash;2517&ndash;z
https://doi.org/10.1097/01.rvi.0000094584.83406.3e
https://doi.org/10.1056/NEJMcp1411029
https://doi.org/10.1016/j.fertnstert.2005.04.072
https://doi.org/10.5152/dir.2019.19157
https://doi.org/10.1016/j.acra.2018.01.022
https://doi.org/10.1016/j.jvir.2013.11.011
https://doi.org/10.1080/02656736.2021.1874547
https://doi.org/10.1080/02656736.2021.1874547
https://doi.org/10.14303/Imaging&ndash;Medicine.1000124
https://doi.org/10.1080/02656736.2018.1473894
https://doi.org/10.1080/02656736.2018.1473894
https://doi.org/10.1007/s00330&ndash;019&ndash;06468&ndash;2
https://doi.org/10.1177/0284185119891692
https://doi.org/10.1016/s0301&ndash;5629(01)00389&ndash;1
https://doi.org/10.1016/s0301&ndash;5629(01)00389&ndash;1
https://doi.org/10.1148/radiol.2271020395
https://doi.org/10.1148/radiol.2271020395
https://doi.org/10.1148/radiol.2401050717
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Comparison of Dose and Effectiveness of a Single-Session Ultrasound-Guided High-Intensity Focused Ultrasound Ablation of Uterine Fibroids With Different Sizes
	Introduction
	Materials and Methods
	Patients
	MRI Evaluation
	Ultrasound-Guided HIFU Ablation
	Dosimetric Analysis
	Statistical Analysis

	Results
	Baseline Characteristics of Patients
	Results of Ultrasound Ablation
	Comparison of NPVR and Baseline Characteristics Among UFs of Different Sizes
	Comparison of Dose Among UFs of Different Sizes
	Complications

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


