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Abstract

Original Article

Introduction

Breast fibroadenoma (FA) is the most common breast benign 
tumor in women, discovered in 67%–94% of all biopsy 
masses in women under the age of 20 and diagnosed in 10% 
of all women in their lifetime.[1] The etiology of FA is unclear, 
but certain studies have revealed that it is mainly related to 
the abnormal response of the breast lobules to estrogen.[2] 

Objectives: The aim of this study was to assess the clinical outcomes of ultrasound (US)‑guided high‑intensity focused ultrasound (HIFU) 
in patients with breast fibroadenoma (FA) of different sizes.
Materials and Methods: A total of 88 patients with 245 lesions diagnosed with FA by core needle biopsy from January 2021 to November 
2023 were included in this study. US‑guided HIFU was performed under local anesthesia. Baseline and treatment characteristics were recorded 
and analyzed. FAs were divided into three groups according to the longest diameter for further analysis. After the treatment, follow‑up with 
volume evaluation and physical examination was performed at 3, 6, and 12 months.
Results: There were 56 FAs ≤10 mm (group 1), 144 FAs with a diameter of 10–20 mm (Group 2), and 45 FAs of 20–30 mm (Group 3). The 
sonication time of the three groups was 22.5 s, 45.0 s, and 83.0 s (P < 0.05). Based on contrast‑enhanced ultrasound evaluation, the median 
nonperfused volume ratio of the three groups was 74.1%, 87.6%, and 79.2% (P > 0.05), respectively. The volume reduction rates (VRR) of 
the three groups were 47.3%, 77.0%, and 82.0% at 12 months after HIFU, showing statistical differences. All patients were tolerated well and 
there were no adverse events after HIFU.
Conclusion: The current evidence indicated HIFU was effective and safe in treating breast FA of different sizes, and the VRR of FA >1 cm 
at 12 months post‑HIFU was greater than that of FA <1 cm.

Keywords: Breast fibroadenoma, clinical outcome, different sizes, high‑intensity focused ultrasound

Access this article online

Quick Response Code:
Website:  
https://journals.lww.com/gmit

DOI:  
10.4103/gmit.GMIT-D-24-00035

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non‑commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Wu X, Yang L, Li Z, Yin H, Chen W, Zhang C. 
Clinical efficacy of ultrasound‑guided high‑intensity focused ultrasound 
ablation for treating breast fibroadenoma of different sizes: A retrospective 
study. Gynecol Minim Invasive Ther 2025;14:72-80.

Clinical Efficacy of Ultrasound‑guided High‑intensity Focused 
Ultrasound Ablation for Treating Breast Fibroadenoma of 

Different Sizes: A Retrospective Study
Xiuying Wu1#, Lei Yang2#, Zi Li1,3, Heng Yin2, Wenzhi Chen1,4*, Cai Zhang1,4,5*

1State Key Laboratory of Ultrasound in Medicine and Engineering, Chongqing Medical University, 4Department of Oncology, Chongqing Haifu Hospital, Chongqing, 
2Department of Breast Surgery, Suining Central Hospital, 3Department of Radiology, the First People’s Hospital of Suining, Suining, 5NMPA Key Laboratory for Quality 

Evaluation of Ultrasonic Surgical Equipment, Wuhan, China 
#Both authors contributed equally to this work.

Gynecology and Minimally Invasive Therapy 14 (2025) 72‑80

Article History: 
Submitted: 27‑Sep‑2024 
Revised: 21‑Nov‑2024  
Accepted: 03‑Dec‑2024  
Published: 27-Feb-2025

Address for correspondence: Dr. Cai Zhang, 
Department of Oncology, Chongqing Haifu Hospital, Qingsong Road, Yubei 

District, Chongqing, 401121,China. 
E‑mail: cai.zhang123@foxmail.com 

Prof. Wenzhi Chen, 
State Key Laboratory of Ultrasound in Medicine and Engineering, Chongqing 

Medical University, Xueyuan Road, Yuzhong District, Chongging, 400016, 
China. 

E‑mail: chenwz@cqmu.edu.cn

Supplementary material available online

Although the malignant transformation rate of FA is as rare as 
0.02%–0.13%,[3] only 25% of patients are asymptomatic and 
more than 50% can develop pain due to the superficial location 
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of the lesion.[4,5] Thus, symptomatic FA may require active 
clinical intervention.

Recently, open surgery  (OS), vacuum‑assisted breast 
biopsy (VABB), and energy‑based ablation are the most common 
treatment methods for FA. Although OS could remove the entire 
mass completely, the complications, such as scar keloids, loss of 
breast volume, and areola deformation and displacement, make 
it gradually become less preferred by young patients with breast 
cosmetic concerns.[6] VABB, with repeatedly cutting and vacuum 
suction of the lesion in strips using a biopsy system, has a small 
skin incision, but it is only applicable to lumps with a diameter 
of <3 cm.[7] The residual tumor and local hematoma have been 
reported by some studies in VABB for FA larger than 2 cm, and 
the risk of residue increases with the lesion size.[1,8] Energy‑based 
ablation, including radiofrequency ablation (RFA), microwave 
ablation  (MWA), laser ablation  (LA), cryoablation, and 
high‑intensity focused ultrasound (HIFU), could cause cellular 
destruction or coagulation necrosis of tissue in situ by delivery 
of energy into the lesion through antenna or extracorporeal 
transducer. The ablation techniques could offer several 
advantages, such as preserving breast cosmesis, low risk of 
complications, and a short hospital stay.[9] Compared with 
RFA, MWA, LA, and cryoablation, which require percutaneous 
antenna insertion, HIFU is the only noninvasive ablation method 
without skin scarring formation. After being approved by the 
FDA in 2004,[10] HIFU has been widely used for the treatment 
of a variety of benign and malignant diseases, such as breast 
cancer, uterine fibroids, and adenomyosis. Over the past 
two decades, a few studies reported that FA could be treated 
effectively and safely by ultrasound (US)‑guided HIFU, resulting 
in significant volume reduction or even complete disappearance 
of the lesions.[11‑19]

Despite the effective shrinkage of FA after HIFU, the 
volume reduction rate (VRR) reported by different studies 
has discrepancies, ranging from 62.0% to 84.8%.[20] It is 
unknown whether there are differences in the VRR of FA 
of different sizes. Therefore, this retrospective study tried 
to investigate the clinical outcomes, especially the volume 
change in follow‑up, of breast FA of different sizes after 
US‑guided HIFU treatment.

Materials and Methods

This retrospective study was conducted in accordance with 
the Declaration of Helsinki  and was approved by the ethics 
committee of Suining Central Hospital (LLSLH20210044). 
Written informed consent was received from all patients 
before treatment. The flow chart for the process of inclusion 
is shown in Supplementary Figure 1.

Patient enrollment
Inclusion criteria were as follows: (1) patients ≥16 years old; (2) 

FA visible clearly on the US and with a safe acoustic pathway; (3) 
the longest diameter of FA ≤30 mm;  (4) the breast imaging 
reporting and data system (BI-RADS) grading ≤3 by the US; 
and (5) pathological diagnosis of breast FA confirmed by core 
needle biopsy. Exclusion criteria were as follows: (1) pregnant 
or lactating women;  (2) patients with malignant tumors;  (3) 
the maximum diameter of breast lesion >30 mm; (4) patients 
with severe coagulopathy or cardiopulmonary diseases; and (5) 
patients with acute or active infection.

Pre‑HIFU evaluation
All patients underwent pre‑HIFU ultrasonography (DC‑80S, 
Mindary Medical, Shenzhen, China) to assess the location, 
size, and number of lesions using a 7.5 MHz linear array 
probe. Adler blood flow classification was performed by color 
Doppler flow imaging (CDFI). Breast FA was measured in 
three dimensions: longitudinal (a), anteroposterior (b), and 
transverse (c), and the FA volume was calculated according 
to the following formula: V =0.5233 × a × b × c. Distance 
from the superficial margin of FA to the skin and distance 
from the deep margin of FA to the chest wall in the supine 
position were also recorded. To evaluate the near‑field 
acoustic pathway, the tissue between the breast skin and the 
FA was divided into three types, including mainly mammary 
glandular type, mixed type, and mainly fat type, which had 
been described in detail in our previous study.[21]

HIFU procedure
High‑intensity Focused US Tumor Therapeutic System 
for Breast  (Model JCQ‑B, Chongqing Haifu Medical 
Technology Co. Ltd., China) was used to carry out US‑guided 
HIFU ablation. Detailed treatment procedures have been 
previously described.[21] Briefly, the patient was placed prone 
on the treatment bed with the breast immersed in a tank of 
cold‑degassed water after local anesthesia with 2% lidocaine. 
In the pretreatment scanning, the treatment plan was made 
by dividing FA into slices of 2–3  mm in software. Under 
dynamic real‑time US monitoring (L9‑3E, Mindray Medical, 
Shenzhen, China), the focus was manually moved from the 
deep side to the shallow side of each slice with US energy 
delivered in low power and adjusted according to the patient’s 
response. Once the hyperechoic‑grayscale change emerged, it 
was guided to diffuse around the FA until covering the whole 
lesion [Figure 1]. After the procedure, an ice bag was placed 
on the treated area for 0.5–2 h.

During treatment, sonication time (s), treatment time (min), 
hyperechoic change emerging time  (s), and sonication 
energy (KJ) were recorded. The energy efficiency factor (EEF), 
defined as the amount of acoustic energy required for ablating 
1 mm3 of the biological tissue and calculated as the sonication 
energy divided by the FA volume,[22] was also recorded. 
A visual analog scale (VAS) score was used to evaluate the 
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pain during HIFU ablation. Any adverse events during and 
after HIFU were recorded in detail.

Contrast‑enhanced ultrasound
To evaluate the therapeutic results, contrast‑enhanced 
US (CEUS) was performed on patients older than 18 years 
before and immediately after HIFU. SonoVue (Bracco, Milan, 
Italy), an intravenous microbubble agent for CEUS, was used 
through bolus administration of 5 ml, followed by a 5  ml 
saline flushing. Nonperfused volume (NPV) was measured 
in 3 dimensions and calculated according to the equation 
mentioned above. The NPV ratio  was defined as NPV/FA 
volume × 100%.

Follow‑up
Patients were followed up at 3, 6, and 12  months after 

HIFU. Each visit included a physical examination and US 
measurement of the ablated lesion. Any delayed adverse 
events were also recorded and followed until disappearance 
or the end of follow‑up. The VRR was calculated as follows: 
VRR =  (baseline volume  −  volume in follow‑up)/baseline 
volume × 100%.

Statistical analysis
SPSS software (SPSS 27.0, IBM, USA) was used for statistical 
analysis. According to the normality result, categorical variables 
were described as numbers and percentages and compared using 
the Chi‑squared test or Fisher’s exact test. Continuous variables 
were described as medians and interquartile range (P25 and 
P75) and compared using the Kruskal–Wallis H test. P <0.05 
was considered statistically significant.

Figure 1: Typical gray‑scale change of FA in different sizes under real‑time US monitoring during HIFU treatment.(a‑c) Typical change of FA with 
longest diameter of 9.7 mm, 17.9 mm 25.4 mm, respectively. Pre‑HIFU: Before treatment, the ultrasound image showed a hypoechoic breast FA; 
Intra‑HIFU: During treatment, a significant gray‑scale change was observed (red arrow); Post‑HIFU: After treatment, a significant gray‑scale change 
covered the whole FA. FA: Fibroadenoma. US: Ultrasound. HIFU: High‑intensity focused ultrasound
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Results

Baseline characteristics
From January 2021 to November 2023, a total of 170 patients 
with 512 FAs were screened, and finally, 88 patients with 
245 FAs were included in this study  [Supplementary 
Figure  1]. Of these, 31  patients had one single lesion, 
18  patients had two lesions, and 39  patients had more 
than two lesions  [Supplementary Table  1], among which 
one patient had up to 13 lesions. Fourteen patients had a 
history of breast OS and four had VABB due to previous 
FA  [Supplementary Table  1]. The median age and body 
mass index (BMI) of the 88 patients were 26.5 (22.0, 34.0) 
years and 20.8 (19.0, 23.4) Kg/m2 [Supplementary Table 1]. 
The median longest diameter of 245 lesions was 
14.3 (10.4, 18.1) mm, and the median volume was 653.2 (280.4, 
1389.1) mm3  [Supplementary Table  1]. For the types of 
the near‑field acoustic pathway, 13 lesions were mainly 
mammary glandular type, 99 lesions were mainly fat type, 
and 133 lesions were mixed type [Supplementary Table 1]. 
For the Adler blood flow classification, the number of FA 
with grades 0, I, II, and III was 98, 95, 19, and 5, respectively 
[Supplementary Table 1].

To estimate the clinical efficacy of HIFU in FA of different 
sizes, lesions were categorized into 3 groups based on the 
longest diameter. Group  1 was defined as the maximum 
diameter of FA  ≤10  mm, group  2 as 10  mm  <  maximum 
diameter  ≤20  mm, and group  3 as 20  mm  <  maximum 
diameter  ≤30  mm. There were 56  (22.9%), 144  (58.8%), 
and 45  (18.4%) lesions in group 1, group 2, and group 3, 
respectively. The baseline characteristics of the three 
groups are summarized in Table 1. In group 1, group 2, and 
group  3, the median distance from the superficial margin 
of FA to the skin was 7.1, 5.8, and 4.5 mm, and the median 
distance from the deep margin of FA to chest wall was 
3.8, 2.6, and 1.4  mm, respectively  (P  <  0.05)  [Table  1]. 
There was no difference in quadrant location in the three 
groups (P > 0.05) [Table 1]. For the types of the near‑field 
acoustic pathway, the number of lesions with mainly fat type, 
mixed type, and mainly mammary glandular type was 16, 36, 
and 4 in group 1, 55, 83, and 6 in group 2, and 28, 14, and 
3 in group 3 (P < 0.05) [Table 1]. For the Adler blood flow 
classification, there were 26, 20, 0, and 0 FA with grade 0, I, 
II, and III in group 1, 63, 51, 13, and 1 FA in group 2, and 9, 
24, 6, and 4 FA in group 3 (P < 0.05) [Table 1].

HIFU treatment results
For lesions in different groups, the treatment results are shown 
in Table 2. The sonication time of group 1, group 2, and group 3 
was 22.5 s, 45.0 s, and 83.0 s, and the treatment time was 4.0, 
8.0, and 15.0 min, respectively (P < 0.05) [Table 2]. There 
was no difference in the hyperechoic change emerging time, 

which was 6.0 s, 7.0 s, and 4.0 s, respectively, and neither was 
the hyperechoic change emerging rate (P > 0.05) [Table 2]. 
There was a significant difference in the sonication energy 
in three groups (P < 0.05), which was 3.2 KJ in group 1, 7.1 
KJ in group 2, and 15.7 KJ in group 3, and the EEF was 22.5, 
10.4, and 5.8 J/mm3 [Table 2]. Based on CEUS evaluation, 
the median NPV ratio of the 3 groups was 74.1%, 87.6%, and 
79.2%, showing no statistical difference [Table 2].

Overall, the safety profile appeared good. Under local 
anesthesia, all the patients tolerated the treatment well. There 
was no difference in VAS score in the three groups (P > 0.05), 
which were 2.0 (0.0, 3.0), 2.0 (1.0, 4.0), and 2.0 (1.0, 4.0) 
in group 1, group 2, and group 3, respectively [Table 2]. No 
skin burn, pectoralis injury, or fever was found during the 
HIFU procedure.

Follow‑up results
The follow‑up time was 3 months for 173 lesions, 6 months 
for 218 lesions, and 12 months for 213 lesions. The median 
VRR of all lesions was 43.8% (17.5%, 58.4%), 61.2% (34.7%, 
78.1%), and 75.9% (48.4%, 94.7%) at 3, 6, and 12 months 
after HIFU, respectively. Moreover, as shown in Table  3, 
the median VRR was 25.9%, 46.2%, and 46.8% in group 1, 
group 2, and group 3 at 3 months post‑HIFU (P < 0.01). At 
6 months after HIFU, the VRR of 3 groups was statistically 
different, which was 37.4%, 63.1%, and 65.7% [Table 3]. FA 
volume decreased by 47.3%, 77.0%, and 82.0% at 12 months 
after HIFU, respectively (P < 0.05) [Table 3]. The changes in 
volume and VRR at 3, 6, and 12 months after ablation between 
different groups are shown in Figure 2. The typical US images 
of follow‑up in 3 groups are shown in Figure 3. After treatment, 
no adverse events were reported till the end of follow‑up.

Discussion

With the improvement of health awareness and the wide use 
of US screening, more and more FA has been screened in 
the early stage, making patients anxious and ask for clinical 
intervention. Nowadays, VABB is increasingly applied to 
patients with FA for its feature of minimally‑invasiveness, 
but our previous study found that the cosmetic score and the 
patient satisfaction in breast cosmesis after HIFU were higher 
compared with those after OS and VABB.[23] What’s more, 
different from VABB, which may cause lactation duct injury, 
HIFU does not damage normal breast tissue through focusing 
low‑intensity US on the target tissue to cause coagulative 
necrosis and cavitation by an extracorporeal transducer under 
the guidance of imaging.[24,25] Therefore, HIFU might be a 
promising alternative for women with breastfeeding needs. 
Postoperative pressure bandaging is necessary for VABB, 
leading to limited mobility and even difficult breathing,[18] 
while HIFU is an outpatient procedure during which patients 
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can interact comfortably with doctors and nurses who sit close 
to them with short recovery time.[26]

When compared with other energy‑based ablation, such 
as MWA and cryoablation, HIFU has the advantage of 
noninvasiveness with no need for antenna insertion. Besides, 
with the HIFU ablation strategy of “dot–line–plane–volume”, 
conformal ablation could be achieved according to the shape 
of the lesions, which could effectively control the energy 
delivery so that coagulation necrosis and cavitation occur 
precisely inside the lesion without damaging surrounding 

normal tissue, while spherical ablation induced by MWA 
and cryoablation might damage the normal tissue close to 
the tumor of irregular shape or leave the margin of the tumor 
unablated. The safety and efficacy of HIFU for the treatment 
of breast FA have been demonstrated by several previous 
studies.[20] Coagulation necrosis was shown in FA cells under 
different staining after HIFU, and the cells were destroyed 
with chromatin deconstructed and organelles swollen, 
damaged, and even disappeared,[18] which indicated that FA 
could be deactivated effectively by HIFU.

Table 1: Baseline characteristics of fibroadenoma in different groups

Group 1 (n=56), 
n (%)

Group 2 (n=144), 
n (%)

Group 3 (n=45), 
n (%)

P

Distance between the superficial margin of FA and skin (mm) 7.1 (4.1, 9.0) 3.8 (1.5, 5.7)  4.5 (2.8, 7.0)* <0.01
Distance between the deep margin of FA and chest wall (mm) 3.8 (1.5, 5.7) 2.6 (0, 4.8) 1.4 (0, 3.5)* <0.01
Lesion location

Outer upper quadrant 30 (54.5) 50 (34.7) 18 (40.0) >0.05
Outer lower quadrant 13 (23.6) 39 (27.1) 11 (24.4)
Inner upper quadrant 4 (7.3) 31 (21.5) 11 (24.4)
Inner lower quadrant 8 (14.5) 24 (16.7) 5 (11.1)

Type of near‑field acoustic pathway
Mainly fat type 16 (28.6) 55 (38.2) 28 (62.2)*,† <0.01
Mixed type 36 (64.3) 83 (57.6) 14 (31.1)*,†

Mainly mammary glandular type 4 (7.1) 6 (4.2) 3 (6.7)*,†

CDFI pattern
Grade 0 26 (56.5) 63 (49.2) 9 (20.9)*,† <0.01
Grade I 20 (43.5) 51 (39.8) 24 (55.8)*,†

Grade II 0 13 (10.2) 6 (14.0)*,†

Grade III 0 1 (0.8) 4 (9.3)*,†

*Statistical difference between Group 3 and Group 1, †Statistical difference between Group 3 and Group 2. FA: Fibroadenoma, CDFI: Color Doppler flow 
imaging

Table 2: High‑intensity focused ultrasound treatment results for fibroadenoma in different groups

Group 1 (n=56) Group 2 (n=144) Group 3 (n=45) P
Sonication time (s) 22.5 (14.3, 37.3) 45.0 (27.0, 70.0) 83.0 (63.0, 123.0) <0.01
Treatment time (min) 4.0 (3.0, 6.8) 8.0 (5.0, 14.0) 15.0 (12.0, 28.0) <0.01
Hyperechoic change emerging time (s) 6.0 (2.0, 18.3) 7.0 (2.0, 13.0) 4.0 (1.5, 13.3) >0.05
Hyperechoic change emerging rate (%) 85.7 93.1 88.9 >0.05
Sonication energy (KJ) 3.2 (1.9, 4.9) 7.1 (4.0, 11.5) 15.7 (10.1, 19.9) <0.01
EEF (J/mm3) 22.5 (15.5, 31.7) 10.4 (5.7, 15.8) 5.8 (3.5, 8.9) <0.01
VAS score 2.0 (0, 3.0) 2.0 (1.0, 4.0) 2.0 (1.0, 4.0) >0.05
NPV ratio (%) 74.1 (62.3, 135.0) 87.6 (53.8, 109.6) 79.2 (44.6, 96.3) >0.05
EEF: Energy efficiency factor, VAS: Visual Analog Scale, NPV: Nonperfused volume

Table 3: Volume reduction rate after high‑intensity focused ultrasound ablation

Follow‑up VRR (%) P

Group 1 Group 2 Group 3
3 months 25.9 (-4.6, 45.5) 46.2 (18.6, 59.9)‡ 46.8 (36.0, 58.7)* <0.01
6 months 37.4 (-8.0, 66.9) 63.1 (40.4, 78.1)‡ 65.7 (43.4, 79.1)* <0.01
12 months 47.3 (21.1, 100.0) 77.0 (53.2, 94.9)‡ 82.0 (65.0, 91.1) <0.05
P <0.01 <0.01 <0.01 ‑
*Statistical difference between Group 3 and Group 1, ‡Statistical difference between Group 2 and Group 1. VRR: Volume reduction rate
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In this study, we reported the outcomes of 245 FAs in 
88 patients after US‑guided HIFU ablation and compared the 
characteristics of FA of different sizes before and after HIFU. 
To the best of our knowledge, it was the largest cohort study 
of patients with FA who underwent HIFU at present. For the 
baseline characteristics of FA, as the longest diameter of FA 
increased, the distance from the superficial margin of FA to 
the skin and the distance from the deep margin to pectoralis 
decreased  [Table  1]. Meanwhile, the near‑field acoustic 
pathway type of FA ≤ 2 cm was mainly mixed type, while 
that of FA > 2 cm was mainly fat type [Table 1]. This might 
be related to the physiological characteristics of FA and the 

size of Chinese women’s breasts. FA is an expansive benign 
tumor, and the breast of Chinese women is usually small 
and dense, mainly composed of breast gland tissue.[27] The 
growth of FA in a confined space leads to the compression 
of the mammary gland in the near‑field and far‑field acoustic 
pathways. The mammary gland is more compressed in the 
acoustic pathway of the large FA, thus the distance from the 
superficial margin of FA to the skin and the distance from 
the deep margin of FA to the chest wall were shorter in large 
lesions. For FA  >  2  cm, the distance from the superficial 
margin of FA to the skin was the smallest in the three groups, 
with the breast mammary gland compressed severely and fat 

Figure 2: Changes of FA volume and volume reduction rate in different follow‑up.(a) Volume change of breast FA in Groups 1‑3 at baseline, 3, 6, and 
12 months post HIFU.(b) Volume reduction rate of breast FA in Groups 1‑3 at 3, 6, and 12 months post‑HIFU. FA: Fibroadenoma. HIFU: High‑intensity 
focused ultrasound

ba

Figure  3: Typical ultrasound images of volume reduction rate in three patients with fibroadenoma  (FA) in different sizes.(a) Volume change of 
FA < 10 mm in a 33‑year‑old woman; (b) Volume change in a 34‑year‑old woman with FA of 13.5 mm; (c) Volume change in a 24‑year‑old woman 
with FA of 25.1 mm. US: Ultrasound. VRR: Volume reduction rate. HIFU: High‑intensity focused ultrasound. M: Months
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tissue not compressed in the near‑field acoustic pathway, so 
the acoustic pathway was mainly fat type. Furthermore, with 
the increase in FA size, the Adler blood flow classification 
was also accordingly increased [Table 1]. As it is all known, 
blood vessels are required to provide nutrients and remove 
metabolites to support the growth of the tumor. Therefore, 
FA with more abundant blood supply tends to grow larger.

Except for the baseline features, we also compared the 
treatment response of FA of different sizes. The sonication 
energy gradually increased with the longest diameter of FA, 
and so did the sonication time and treatment time [Table 2]. 
Baker et al. have found that each interface in the acoustic 
pathway causes absorption, reflection, and scattering of 
ultrasonic beams.[28] More energy was needed in the deeper 
lesion to achieve the same volume of coagulation necrosis 
compared with the superficial lesions.[29] In addition, as this 
study found, large lesions had abundant blood flow, and 
blood flow could carry heat away more quickly,[22] making 
it difficult for local temperatures to reach the threshold that 
leads to tumor necrosis, so more energy was required for 
large FA. Hence, the sonication time and treatment time 
were increased correspondingly. EEF was lower in the larger 
lesions than in the smaller ones. When the size of FA becomes 
large, degeneration such as infarction, calcification, and 
transparency may occur, which could promote the deposition 
of ultrasonic energy and make it easy to cause coagulation 
necrosis in focus.[21] Once the coagulation necrosis was 
induced, in the process of ultrasonic energy deposited into 
the target area, the acoustic environment of the tissue around 
the focus was dynamically affected by the expansion of 
the coagulation necrosis area and the increase of the focus 
temperature, which could facilitate further deposition of the 
ultrasonic energy.[30] It was consistent with the results of 
in vitro experiments which showed that the EEF required for 
“volume ablation” was lower than that for “slice ablation”, 
while the EEF required for “slice ablation” was lower for “dot 
ablation.”[31] Since all the patients in each group experienced 
only mild pain during HIFU and no adverse event was found, 
it indicated that FA of different sizes could be treated by HIFU 
with good patient tolerance.

To explore the VRR change of FA of different sizes after 
HIFU, the follow‑up results of FA after US‑guided HIFU 
ablation were compared. It was found that the VRR of 
FA > 1 cm was greater than that of FA < 1 cm [Table 3]. 
The reasons were complicated. First of all, the large lesions 
received longer sonication time and more energy and were 
more susceptible to coagulation necrosis. Second, the 
larger‑sized FA had a larger contact surface with surrounding 
normal breast tissue. Since the blood supply was abundant 
in the surrounding normal tissue, the necrotic tissue in the 
larger‑sized FA could be absorbed more quickly with a larger 

contact surface. Finally, EEF was found to be higher in the 
smaller FA [Table 3], and EEF in group 1 (22.5 J/mm3) was 
much higher than the other two groups  (10.4  J/mm3 and 
5.8 J/mm3). It might imply that small FA, especially with the 
size <1 cm, might be overtreated and the excessive energy 
deposition would cause tissue carbonization, which could 
affect the VRR. Therefore, the VRR was higher in larger 
FA. It was worth noting that although the VRR of large 
ones was greater than that of small lesions, the absolute 
residual volume was larger for large lesions than for small 
lesions due to the larger baseline volume. A previous study 
pointed out that 25.6% of the lesions completely disappeared 
at 12 months post‑HIFU.[19] Similar findings were found in 
this study, with a median VRR of 75.9%  (48.4%, 94.7%) 
at 12 months, suggesting that most of the FA might still be 
present but impalpable to patients at 12‑month follow‑up. 
Concerns and questions may arise about the regrowth of the 
mass and the long‑term efficacy of HIFU in the treatment of 
FA. Therefore, the long‑term clinical outcomes of HIFU for 
treating FA need to be further investigated to provide evidence 
for the efficacy of HIFU in the future.

This study preliminarily explored the efficacy of FA of 
different sizes and tried to assist doctors during the training 
of HIFU technology in selecting suitable patients and 
accumulating treatment experience. Xiao et al. found that 
the learning curve could be completed after 60–65 tumors 
were treated by doctors.[32] The skills of HIFU treatment 
for FA could be improved by treating different patients 
with different levels of difficulty according to the stage 
of the learning curve of HIFU doctors.[33] In our clinical 
experience, when treating FA with a diameter of 1–2 cm, 
the distance in the near‑field and far‑field acoustic pathway 
was moderate, the sonication time and treatment time were 
not too long, and the postoperative NPVR and the VRR 
were mostly satisfactory, so this size of FA was suitable 
for the beginners. For FA of 2–3 cm, it was too close to the 
pectoralis and rich in blood supply, which might increase 
the difficulty of HIFU treatment with longer treatment time, 
more sonication energy, and higher risk of side effects, 
while for FA  <1  cm, the positioning time might be long 
and the VRR was relatively low. Therefore, FA of 2–3 cm 
and <1 cm might be more suitable for HIFU doctors with 
some experience, and the treatment plan should be adjusted 
appropriately according to the features of FA with different 
sizes and locations.

There are some limitations to our study. First, this is a 
retrospective study. The number of lesions varied among 
the three groups, which might lead to bias in the results and 
not fully capture the discrepancy between the three groups. 
Second, FA larger than 3 cm was not included in this study. 
Thus, the efficacy of US‑guided HIFU for lesions larger than 
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3 cm needs to be further investigated. Finally, our study was 
conducted in a single center with a relatively short follow‑up 
period. In the future, a multi‑center study with a large sample 
size and long follow‑up period is needed to evaluate the 
long‑term outcome of HIFU treatment for FA.

Conclusion

This was the first study to comprehensively compare the 
baseline, treatment characteristics, and follow‑up results 
for FA of different sizes after HIFU ablation. It was found 
that HIFU was an effective and safe treatment for breast FA 
of different sizes. The VRR of FA >1 cm was significantly 
higher than that of FA ≤1 cm. The findings of our study could 
help choose suitable FA patients for HIFU doctors at different 
stages when learning this noninvasive technique.

Author contributions
Xiuying Wu drafted this manuscript and Lei Yang analyzed 
the data. Zi Li’s main contribution was data acquisition. 
Heng Yin performed the HIFU procedure for FA patients. 
Wenzhi Chen revised the manuscript critically for important 
intellectual content. Cai Zhang conceived and designed this 
study. All authors have read and agreed to the final version 
of the manuscript.

Data availability statement
All data generated or analyzed during this study are included 
in this published article and its Supplementary Information 
Files.

Financial support and sponsorship
This work was partially supported by the Foundation of State 
Key Laboratory of US in Medicine and Engineering (Grant 
No. 2021KFKT016).

Conflicts of interest
There are no conflicts of interest.

References
1.	 Lakoma A, Kim ES. Minimally invasive surgical management of benign 

breast lesions. Gland Surg 2014;3:142‑8.
2.	 Houssami N, Cheung MN, Dixon JM. Fibroadenoma of the breast. Med 

J Aust 2001;174:185‑8.
3.	 Wu YT, Chen ST, Chen CJ, Kuo YL, Tseng LM, Chen DR, et al. Breast 

cancer arising within fibroadenoma: Collective analysis of case reports 
in the literature and hints on treatment policy. World J Surg Oncol 
2014;12:335.

4.	 El‑Wakeel H, Umpleby HC. Systematic review of fibroadenoma as a 
risk factor for breast cancer. Breast 2003;12:302‑7.

5.	 Stachs A, Stubert  J, Reimer T, Hartmann S. Benign breast disease in 
women. Dtsch Arztebl Int 2019;116:565‑74.

6.	 Anderson  BO, Masetti  R, Silverstein  MJ. Oncoplastic approaches to 
partial mastectomy: An overview of volume‑displacement techniques. 
Lancet Oncol 2005;6:145‑57.

7.	 Peng Y, Xie  F, Zhao Y, Wang  S, Chinese Society of Breast Surgery. 
Clinical practice guideline for breast fibroadenoma: Chinese Society 
of Breast Surgery (CSBrS) practice guideline 2021. Chin Med J (Engl) 
2021;134:1014‑6.

8.	 Liu  S, Zou  JL, Zhou  FL, Fang  YM. Efficacy of ultrasound‑guided 
vacuum‑assisted mammotome excision for management of benign 
breast diseases: Analysis of 1267 cases. Nan Fang Yi Ke Da Xue Xue 
Bao 2017;37:1121‑5.

9.	 Peek MC, Douek M. Ablative techniques for the treatment of benign and 
malignant breast tumours. J Ther Ultrasound 2017;5:18.

10.	 Flynn  M, Jamison  M, Datta  S, Myers  E. Health care resource use 
for uterine fibroid tumors in the United States. Am J Obstet Gynecol 
2006;195:955‑64.

11.	 Kovatcheva R, Guglielmina JN, Abehsera M, Boulanger L, Laurent N, 
Poncelet  E. Ultrasound‑guided high‑intensity focused ultrasound 
treatment of breast fibroadenoma‑a multicenter experience. J  Ther 
Ultrasound 2015;3:1.

12.	 Kovatcheva R, Zaletel K, Vlahov J, Stoinov J. Long‑term efficacy of 
ultrasound‑guided high‑intensity focused ultrasound treatment of breast 
fibroadenoma. J Ther Ultrasound 2017;5:1.

13.	 Peek MC, Ahmed M, Scudder J, Baker R, Pinder SE, Douek M, et al. High 
intensity focused ultrasound in the treatment of breast fibroadenomata: 
Results of the HIFU‑F trial. Int J Hyperthermia 2016;32:881‑8.

14.	 Peek  MC, Ahmed  M, Scudder  J, Baker  R, Charalampoudis  P, 
Pinder SE, et al. High‑intensity focused ultrasound in the treatment 
of breast fibroadenomata  (HIFU‑F trial). Int J Hyperthermia 
2018;34:1002‑9.

15.	 Hahn  M, Fugunt  R, Schoenfisch  B, Oberlechner  E, Gruber  IV, 
Hoopmann U, et al. High intensity focused ultrasound (HIFU) for the 
treatment of symptomatic breast fibroadenoma. Int J Hyperthermia 
2018;35:463‑70.

16.	 Brenin  DR, Patrie  J, Nguyen  J, Rochman  CM. Treatment of breast 
fibroadenoma with ultrasound‑guided high‑intensity focused ultrasound 
ablation: A feasibility study. J Breast Imaging 2019;1:316‑23.

17.	 Kwong  A, Co  M, Chen  C, Wu  A. Prospective clinical trial on 
high‑intensity focused ultrasound for the treatment of breast 
fibroadenoma. Breast J 2021;27:294‑6.

18.	 Yue X, Li Z, Yin H, Xiao Y, Yang L, Chen M, et al. Focused ultrasound 
ablation surgery for multiple breast fibroadenomas: Pathological and 
follow‑up results. Int J Hyperthermia 2023;40:2202372.

19.	 Liang M, Zhang Z, Zhang C, Chen R, Xiao Y, Li Z, et al. Feasibility 
and efficacy of ultrasound‑guided high‑intensity focused ultrasound of 
breast fibroadenoma. Int J Hyperthermia 2023;40:2240548.

20.	 Wu X, Yue X, Liu H, Huang H, Yao D, Guo Y, et al. Clinical efficacy 
and safety of ultrasound‑guided high‑intensity focused ultrasound for 
breast fibroadenoma: A  systematic review and meta‑analysis. Int J 
Hyperthermia 2024;41:2374874.

21.	 Zhang C, Liang M, Xia T, Yin H, Yang H, Wang Z, et al. Dosimetric 
analysis of ultrasound‑guided high intensity focused ultrasound ablation 
for breast fibroadenomas: A  retrospective study. Int J Hyperthermia 
2022;39:743‑50.

22.	 Gong C, Yang B, Shi Y, Liu Z, Wan L, Zhang H, et al. Factors influencing 
the ablative efficiency of high intensity focused ultrasound  (HIFU) 
treatment for adenomyosis: A  retrospective study. Int J Hyperthermia 
2016;32:496‑503.

23.	 Li Z, Yue X, Pan F, Yang L, Xiao Y, Mu D, et al. A comparison of quality 
of life, cosmesis and cost‑utility of open surgery, vacuum‑assisted breast 
biopsy and high intensity focused ultrasound for breast fibroadenoma. 
Acad Radiol 2024;31:3900‑9.

24.	 Kennedy  JE, Ter Haar  GR, Cranston  D. High intensity focused 
ultrasound: Surgery of the future? Br J Radiol 2003;76:590‑9.

25.	 Wong WS, Lee MH, Wong PH. A journey from learning a noninvasive 
high‑intensity focused ultrasound surgical treatment for gynecological 
diseases to providing high‑intensity focused ultrasound services in 
Hong Kong. Gynecol Minim Invasive Ther 2021;10:71‑4.

26.	 Zhang L, Wong FW. A high‑intensity focused ultrasound surgery theater 
design in a private clinic. Gynecol Minim Invasive Ther 2020;9:1‑5.

27.	 Breast cancer screening guideline for Chinese women. Cancer Biol Med 
2019;16:822‑4.

28.	 Baker KG, Robertson VJ, Duck FA. A review of therapeutic ultrasound: 
Biophysical effects. Phys Ther 2001;81:1351‑8.

29.	 ter Haar G, Sinnett D, Rivens I. High intensity focused ultrasound – A 
surgical technique for the treatment of discrete liver tumours. Phys Med 
Biol 1989;34:1743‑50.



Wu, et al.: HIFU treatment for breast fibroadenoma in different sizes

80 Gynecology and Minimally Invasive Therapy  ¦  January-Macrh 2025  ¦  Volume 14  ¦  Issue 1

30.	 Chen L, ter Haar G, Hill CR. Influence of ablated tissue on the formation 
of high‑intensity focused ultrasound lesions. Ultrasound Med Biol 
1997;23:921‑31.

31.	 Li  F, Wang  Z, Du Y, Ma  P, Bai  J, Wu  F, et  al. Study on therapeutic 
dosimetry of HIFU ablation tissue. Sheng Wu Yi Xue Gong Cheng Xue 
Za Zhi 2006;23:839‑43.

32.	 Xiao Y, Liang M, Chen M, Li Z, Xia T, Yue X, et al. Evaluating the learning 
curve of high intensity focus ultrasound for breast fibroadenoma by CUSUM 
analysis: A multi‑center study. Int J Hyperthermia 2022;39:1238‑44.

33.	 Wong WS, Wong  PH, Lee  MH, Li T, Zhang  L, Lee  CL. A  proposed 
high‑intensity focused ultrasound training program in Hong Kong. 
Gynecol Minim Invasive Ther 2022;11:1‑6.



Supplementary Material

Figure S1: Flow chart for inclusion of FA lesions. FA: fibroadenoma

Table 1: Basic characteristics of all the patients with FA

Variables Data (N=88, n=245)
Age (years) 26.5 (22.0, 34.0)
BMI (Kg/m2) 20.8 (19.0, 23.4)
Type of FA

Single FA 31 (12.7%)
Multiple FAs 57 (87.3%)
History of breast surgery

Open surgery 14 (77.8%)
Vacuum‑assisted breast biopsy 4 (22.2%)

Types of near‑field acoustic pathway
Mainly fat type 99 (40.4%)
Mixed type 133 (54.3%)
Mainly mammary glandular type 13 (5.3%)

CDFI pattern
Grade 0 98 (45.2%)
Grade Ⅰ 95 (43.8%)
Grade Ⅱ 19 (8.8%)
Grade Ⅲ 5 (2.3%)

Longest diameter of FA (mm) 14.3 (10.4, 18.1)
FA volume (mm3) 653.2 (280.4, 1389.1)
FA: fibroadenoma. N: number of patients; n: number of FA lesions. 
BMI: Body mass index. CDFI: color Doppler flow imaging


