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Volume reduction for �2 cm benign breast lesions after ultrasound-guided
microwave ablation with a minimum 12-month follow-up

Rui Cuia�, Han Wua�, Jinshun Xua,b, Zhiyu Hana, Jing Zhanga, Qinying Lic, Jianping Doua, Jie Yua and
Ping Lianga

aDepartment of Interventional Ultrasound, Chinese PLA General Hospital, Beijing, China; bDepartment of Ultrasound, Laboratory of
Ultrasound Imaging Drug, West China Hospital, Sichuan University, Chengdu, China; cDepartment of Interventional Ultrasound, Henan
Province Puyang Hospital of Traditional Chinese Medicine, Puyang, China

ABSTRACT
Objective: To prospectively evaluate the efficacy of microwave ablation (MWA) for benign breast
lesions (BBLs) �2 cm and explore the possible factors associated with the volume reduction rate (VRR)
of ablated lesions.
Materials and methods: From November 2013 to December 2017, a total of 80 patients with 104
biopsy-proved BBLs larger than 2 cm in size underwent MWA. After the procedure, patients were fol-
lowed up via physical and imaging examination consisting of contrast-enhanced ultrasound (CEUS)
and magnetic resonance imaging (MRI). Possible factors associated with 12-month VRR were assessed,
including basic patient characteristics, index lesions and parameters of ablation technique.
Results: The mean tumor size was 2.6 ± 0.6 cm (ranging 2.0–6.3 cm). Of the 104 lesions, 70 were fibroa-
denomas, 27 adenosis and 7 fibrocystic changes. Post-procedure CEUS or contrast-enhanced MRI
showed that all lesions were completely ablated. No immediate or delayed complications were
observed. All patients were followed up for more than 12months (median follow-up 12.5months).
After MWA, the ablated lesion volume decreased significantly by 12months (p< 0.001), with a mean
volume reduction of 80.2 ± 13.1%. Multiple linear regression analysis showed that location adjacent to
areola (b¼ 7.5, 95%CI: 1.0–13.9, p¼ 0.025) and location adjacent to skin (b ¼ �7.4, 95%CI: �12.7 to
�13.9, p¼ 0.007) were independent factors respectively associated with the increased and decreased
12-month VRR.
Conclusion: For BBLs larger than 2 cm, US-guided MWA is a favorable treatment modality, with BBLs
adjacent to the areola being associated with more significant 12-month VRR after MWA.

ARTICLE HISTORY
Received 26 February 2020
Revised 11 October 2020
Accepted 28 October 2020

KEYWORDS
Breast neoplasms; ablation
techniques; interventional
ultrasonography; micro-
wave; treatment outcome

Introduction

Asymptomatic benign breast lesions (BBLs), consisting of
cysts, fibroadenomas and fibrocystic lesions, are often man-
aged with watchful waiting [1,2]. Despite the documented
safety of this management, in clinical practice, many BBLs
are eventually treated with surgical excision due to progres-
sive enlargement, failing to regress, breast deformity or
patient discomfort during follow-up [3,4].

Conventional excision is safe and effective for managing
BBLs. However, for large BBLs, obvious scars due to extended
incision or misshapen breasts resulting from the collapsing
cavity may impose psychological burdens on patients with
cosmetic expectations [5,6]. Aiming to achieve a balance of
therapeutic efficiency and cosmetic satisfaction, alternative
techniques are in rapid development. As one of the most
representative strategies, vacuum-assisted biopsy has been
extensively used in the minimally invasive management of
BBLs. However, current consensus recommendations state

that only <8 cm3 BBLs (approximately 2.5 cm in diameter)
should be managed with vacuum-assisted biopsy for BBLs
[7]. Moreover, a large number of studies reported that both
irregular residuals and significant complications (such as
pain, mammary duct injury, hematoma and skin subsidence)
are observed in vacuum-assisted biopsies of �2 cm BBLs,
again suggesting that it may not be suitable for treatment of
�2 cm BBLs [8–10].

Hence, minimally invasive thermal ablation techniques,
including cryoablation, radiofrequency ablation (RFA), micro-
wave ablation (MWA), high-intensity focused ultrasound
(HIFU), and laser ablation (LA), are becoming robust options
for the treatment of BBLs [11–19]. Although all these techni-
ques have been applied for BBLs, limited research has
focused on the ablation of BBLs �2 cm in size. Among these
methods, cryoablation led to a 65–99% volume reduction for
fibroadenomas of 2.1 cm in mean size at 12–30months fol-
low up [16,20], but it was accompanied by a high incidence
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of tape blisters [16,18]. RFA plays a major role in breast can-
cer therapy, but there are limited reports on BBLs, especially
for large ones [19,21–25]. The therapeutic efficacy of thermal
ablation and volume reduction for large BBLs is therefore still
unclear. Theoretically, MWA may be the best-suited tech-
nique to potentially achieve complete ablation of large BBLs,
owing to its advantages such as higher intra-tumor tempera-
tures, larger ablation volumes, and less ablation dur-
ation [24].

The volume reduction rate (VRR), an objective measure-
ment based on actual volume change of lesions, has been
recognized as a crucial indicator and investigated in almost
all studies on thermal ablation for benign breast lesions.
Therefore, we performed this study to assess the clinical out-
come of US-guided percutaneous MWA for BBLs �2cm with
no less than 12months follow-up and analyzed the possible
factors associated with 12-month VRR.

Materials and methods

Patient enrollment

This prospective study is registered in ClinicalTrials.gov under
the identifier number NCT-02860104. This study was
approved by our Institutional Ethics Committee. Written
informed consent was obtained from each patient before
the procedure.

The population eligible for this study included female
patients consulting in our interventional ultrasound depart-
ment, with symptoms of local pain, discomfort or compres-
sion probably relating to the breast lesion, from February
2013 to December 2018. The inclusion criteria were as fol-
lows: (a) diagnosis of a benign breast lesion according to
pathology confirmation from core-needle biopsy; (b) max-
imum lesion diameter �2.0 cm according to ultrasound
assessment; (c) ineligibility for surgical resection due to
comorbidities or refusal to undergo surgery because of cos-
metic concerns; (d) age from 18 to 60 years. Exclusion criteria
were: (a) patients with coagulopathy or severe cardiopulmon-
ary diseases; (b) patients with acute or active infection; (c)
ongoing pregnancy, lactation, or menstruation.

Pre-procedure evaluation

High–frequency ultrasound (US) and contrast-enhanced US
(CEUS) were performed to evaluate lesion characteristics
(including mobility, location, shape, number, maximum diam-
eter, and blood supply of index lesions), with a GE LOGIQ E9
scanner (R4; GE Medical Systems US & Primary Care
Diagnostics, Wauwatosa, USA) and 5.0–9.0MHz Convex array
multi-frequency transducer. US contrast agent was SonoVue
(Bracco Imaging, Milan, Italy).

Contrast-enhanced MRI was performed using a 3.0-T unit
(Signa Echo-Speed, GE Medical Systems, USA). The MRI scan
consisted of T2W sequences, high-resolution sequences and
fast-dynamic-contrast sequences. For contrast-enhanced MRI,
gadopentetate dimeglumine (Magnevist; Bayer Schering,
Berlin, Germany) was the contrast agent. In this study,

contrast-enhanced MRI was performed before the ablation
procedure because of the following reasons. First, contrast-
enhanced MRI has acquired a central role in the field of diag-
nosis and evaluation of breast cancer due to its high sensitiv-
ity [26]. It has been proven that breast MRI can detect
numerous incidental cancers not detected by mammography
or missed by conventional ultrasound [27,28]. Hence, for
multiple lesions in the breast, contrast-enhanced MRI was
performed to exclude the nodules with malignant potential
and select the nodules requiring biopsy. Second, because
contrast-enhanced MRI is predetermined to be used in evalu-
ating the ablation efficacy after MWA, preoperative contrast-
enhanced MRI was performed to provide an effective base-
line reference.

Three perpendicular diameters (a-left to right, b-front to
back, c-top to bottom) were measured in US imaging and
lesion volume calculated according to the following equa-
tion: V¼ 0.525�(a�b�c). For adenosis and fibrocystic changes,
despite the lack of lesion capsule, the boundary between
these lesions and the surrounding tissue is clear. Therefore,
the maximum lesion diameter was measured by the identifi-
cation of the boundary in US imaging. via sonographic
assessment, a BBL <2mm from the skin, pectoralis or areola,
was defined as a lesion adjacent to skin, pectoralis or areola.

MWA procedure

Before the ablation procedure, local anesthesia was adminis-
tered via subcutaneous injection of a mixture of 2% lidocaine
and 1% ropivacaine (1:1) around the mass. The hydro-dissec-
tion technique was applied to avoid pain in patients with
hyperalgesia and to protect the normal tissue from thermal
damage. Before MWA, a 22-gauge needle (Hakko
Corporation, Nagano, Japan) with a length of 7 cm was
inserted into the site between the index BBL’s margin and
the adjacent skin, pectoralis, or areola under US guidance.
Then, 10–30ml saline was injected through the needle to
achieve space separation (Figure 1).

Before conducting MWA, a skin incision to insert the
microwave antenna was performed. Microwave ablation was
performed with a KY-2,00,02,450-MHz microwave system
(Canyon Medical, Nanjing, China) and a 16-gauge, internal-
cooled antenna (active tip -3mm, shaft length -10cm). Under
real-time ultrasound guidance (LOGIQ E9 scanner, GE
Medical Systems US, Wauwatosa, USA), the antenna was per-
cutaneously inserted along the long axis of the index BBL
and placed in the deepest section of the target lesion. For all
BBLs, only one antenna was applied. As in our previous stud-
ies, the moving shot technique was applied [29,30]. When a
heat-generated hyperechoic area around the tip was
detected in US imaging, the applicator tip was pulled back
slowly along the long axis of the needle until the tip arrived
at the lesion margin. Then, the applicator tip was re-posi-
tioned in a more superficial section and the moving proced-
ure repeated. The antenna tip was fixed at each ablating site
for 5–10 s and then slowly moved along the long axis of the
needle from the deepest to the shallowest section until the
hyperechoic area completely encompassed the index BBL.
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A power output of 20W and 30W was applied during the
ablation procedure. For sections with rich vascularity, the
antenna was moved more slowly, with a 30W power output.

After the procedure, cold packs were placed in the
ablated regions for two hours. For half an hour, patients
were constantly monitored in the observation room.

Follow-up and imaging evaluation

One day after MWA, a CEUS examination was performed to
evaluate the ablation zone. Because US cannot accurately
observe the spatial distribution of blood flow within the
lesion, in the early stage of MWA for benign breast lesion,
there is limited clinical experience in evaluating ablation effi-
cacy using CEUS. However, CEMRI can be used to detect the
spatial relationship between the lesion and the surrounding
tissue, as well as the spatial distribution of blood flow, which
is suitable for objectively evaluating the peri-ablation zone.
Therefore, we applied CEMRI 1-3 days after the ablation to
assess the ablation efficacy. Contrast-enhanced MRI has the
distinct advantage in assessment of the ablation zone [31],
so all patients underwent an MRI scan 1-3 days after the
ablation. According to our previous studies, on contrast-
enhanced MRI/US imaging, irregular peripheral nodular
enhancement was considered as a residual unablated section
of the BBL [28], and then an additional MWA session was
performed. If the ablated BBL was replaced by a well-defined
non-enhanced zone, the index BBL was considered to com-
pletely ablated. For patients with complete ablation, follow-
up was performed by physical examination and high-fre-
quency US at 3-month and then at 6-month intervals. In this
study, all patients were followed up at least 12months.
Clinical symptoms and complication were also recorded dur-
ing follow-up. As the ablated lesion gradually decreased in
size over time, the volume reduction ratio (VRR) was calcu-
lated using the following equation: VRR (%) ¼ [(initial vol-
ume – final volume) � 100]/initial volume. The lesion volume
at 3, 6 and 12months after MWA was calculated according
to the same equation used in the pre-procedure evaluation,
applying the diameters measured by US examination.

Clinical symptoms, complications and cosmetic outcomes
were simultaneously recorded. Cosmetic characteristics
including breast shape, incision scar, pigmentation, nipple
and areola sensation were observed and reported as either
excellent, good, acceptable, and poor [32]. Palpability was
ranked by the physician in three grades (1, lesions still

palpable without changes in size; 2, lesions still palpable but
with gradual size decrease; 3, lesions cannot be palpated).

Statistical analysis

All continuous variables are presented as mean± standard
deviation (SD) or median, and all categorical variables as fre-
quency or percentage. ANOVA analysis was used to deter-
mine the difference between variables before and after the
procedure. Multiple linear regression models were used to
explore the risk factors associated with the 12-month VRR.
All analyses were performed using the statistical software
packages R (http://www.R-project.org, The R Foundation) and
Empower Stats (http://www.empowerstats.com, X&Y
Solutions, Inc., Boston, MA). A two-sided significance level of
0.05 was used to evaluate statistical significance.

Results

A total of 80 patients with 104 lesions were consecutively
recruited and underwent US-guided percutaneous MWA with
at least 12months follow-up. The detailed clinical data of
these patients are shown in Table 1. The mean age was
31.6 ± 9.7 years, ranging from 18 to 57 years. The median fol-
low-up was 12.5months, ranging from 12 to 18months.
Before ablation, BBLs could be palpable in 97.1% (101/104)
of cases. All 104 index BBLs were histologically confirmed by
core biopsy and successfully ablated. In terms of lesions loca-
tion, there were respectively 35, 13, 16 and 40 lesions adja-
cent to the skin (33.7%), adjacent to pectoralis muscle
(12.5%), adjacent to areola (15.4%) and in the parenchyma
(36.4%). Core-needle biopsy followed by histopathologic
examination showed that 70 lesions were fibroadenomas
and 34 lesions were other benign breast diseases, including
adenosis and fibrocystic changes.

Treatment effectiveness

Only one lesion with a maximum diameter of 63mm was
ablated after two sessions, while the other 103 index lesions
were ablated in a single session. The median ablation time
was 3.8min (ranging 1.0–18.5min). The hydrodissection tech-
nique was applied for 75 lesions. The mean number of
antenna insertions was 1.2 ± 0.5 (1.0–3.0). On US imaging, the
hyperechogenicity of the ablative zone gradually decreased

Figure 1. US imaging of hydro-dissection technique. (A–B) The fluid (yellow arrow) was firstly infused between BBL and skin (A), between BBL and pectoralis (B)
by the fine needle (red arrow). (C) After hydro-dissection was successfully performed, the MW antenna was placed into the BBL bottom (red arrow). Then hyper-
echogenicity gradually increased from the irradiating segment of the antenna (yellow arrow) at the beginning of the MWA session.
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in the following 4–5min after MWA and heterogeneous
hypoechogenicity was observed. Figure 2 shows a represen-
tative case before and after the MWA procedure. Complete
ablation was achieved in all BBLs as shown with CEUS and
contrast-enhanced MRI. No enhancement was observed in
the ablated BBL during follow up.

Volume reduction rate

Changes in the volume of ablated lesions at each follow-up
are shown in Table 2. Nearly all cases achieved satisfying
outcomes accompanied with significant volume reduction at
1 day (p< 0.02), 3months (p< 0.001), 6months (p< 0.001)
and 12months (p< 0.001) after MWA. In total, VRRs after
ablation were 20.3 ± 3.8%, 49.8 ± 24.3%, 64.1 ± 20.4% and
80.2 ± 13.1% at the 1-day, 3-month, 6-month and 12-month
follow-up respectively with significant differences between
any two time points (p< 0.001, Figure 3(A)). For BBLs of size
between 2.0-3.0 cm, the VRRs in 1 day and 3, 6, 12months
after procedure were 20.3 ± 3.7%, 49.5 ± 25.3%, 63.1 ± 20.8%
and 79.6 ± 13.5%, respectively; for BBLs in size of �3.0 cm,
the VRRs in 1 day and 3, 6, 12months after procedure were
20.4 ± 4.1%, 50.8 ± 20.9%, 67.8 ± 18.5% and 82.5 ± 11.7%,
respectively. No differences were found in VRR at the follow-
ups between the subgroups of lesions between 2.0 and
3.0 cm and lesions �3.0 cm in size (p> 0.05, Figure 3(B)).

Factors associated with 12-month VRR

The factors associated with 12-month VRR in univariate and
multivariate analyses are shown in Table 3. In univariate ana-
lysis, age >35 years (p¼ 0.01) and location adjacent to the
areola (p¼ 0.02) were associated with increased 12-month
VRR (p< 0.05), whereas lesion location adjacent to skin
(p< 0.001) was associated with decreased 12-month VRR.
Maximum lesion diameter, pre-ablation volume, lesion loca-
tion adjacent to pectoralis muscle, ablation more than one

mass, ablation power, ablation energy, application of hydro-
dissection and insertions number were not significantly asso-
ciated with 12-month VRR (p> 0.05). Multivariate analysis
showed that lesion location adjacent to the areola was asso-
ciated with increased 12-month VRR (coefficient, 7.5; 95%CI:
1.0, 13.9; p¼ 0.025) while lesion location adjacent to skin
was associated with decreased 12-month VRR (coefficient,
�7.4; 95%CI: �12.7, �2.1; p¼ 0.007).

Cosmetic satisfaction

In terms of cosmetic satisfaction, 73/80 (91.3%) patients
reported excellent cosmetic outcome and 7/80 (8.7%)
patients reported good cosmetic outcome. At a median fol-
low-up of 12.5months, 30/104 (28.8%) ablated BBLs were
not palpable and 71/104 (68.2%) ablated lesions showed a
volume reduction. 75/80 (93.8%) patients reported that the
ablated BBLs became gradually softer and 5/80 (6.2%)
patients reported that the ablated BBLs remained as hard as
before ablation.

Complications

For further evaluation, pain severity was divided into slight
pain (score 1–3), moderate pain (score 4–6) and severe pain
(score 7–10) according to the visual analogue scale (VAS)
[33]. As a result, 32 (40%) patients reported slight pain and
no one reported severe pain. Moderate pain was reported in
48 (60%) patients, but the ablation procedure was tolerated
well by all patients without the administration of tranquil-
izers before or after ablation. Although after ablation, slight
skin redness and subcutaneous edema were observed in
most patients, no immediate or delayed complications (skin
burn, pectoralis injury, infection and nipple discharge)
occurred after ablation.

Discussion

In general, common reasons for patients with BBLs to ask for
medical intervention include the palpability discomfort asso-
ciated with these lesions and progressive enlargement
[14,15]. However, considering the increasing incidence of
complications [8,34,35] and the extended incisions needed
[14], surgical resection is difficult to accept for most patients.
Ultrasound-guided microwave ablation has been proven to
conformally ablate lesions without normal tissue injury and
thus provides an alternative treatment modality for BBLs
[29,30]. In this study, no obvious scar or breast deformation
was observed in any case of ablation, suggesting that the
superiority of MWA in improving cosmesis remains even for
BBLs �2 cm. Therefore, US-guided MWA is a satisfactory
method to treat larger BBLs in patients with concerns or anx-
iety regarding postoperative recovery and cosmetic effects.

Our previous studies reported that 12-month VRR of the
BBLs <2 cm was about 85% after MWA, while the VRR for
larger BBLs was not defined [28,29]. In this study, focusing
on BBLs �2 cm, we explored the effectiveness of MWA with
a relatively long follow-up (�12-month). All lesions were

Table 1. Basic characteristics of patients.

Characteristics Data

No. of patients 80
With 1 lesion ablated 65 (81.3%)
With 2 lesions ablated 11 (13.7%)
With more than 2 lesions ablated 4 (5%)

Age (years) 31.6 ± 9.7 (18.0–57.0)
Maximum diameter (mm) 24.5 (20.0–60.0)
Volume of lesions (ml) 2.2 (0.5–25.2)
Lesion appearance
Palpable 101 (97.1%)
Impalpable 3 (2.9%)

Location of lesions
Adjacent to areola 16/104 (15.4%)
Adjacent to skin 35/104 (33.7%)
Adjacent to pectoralis 13/104 (12.5%)
In the parenchyma 40/104 (38.4%)

Histopathology
Fibroadenomas 70 (67.3%)
Adenosis 27 (26.0%)
Fibrocystic changes 7 (6.7%)

No. of insertions for each lesion 1.2 ± 0.5 (1.0–3.0)
Ablation time (min) 3.8 (1.0–18.5)
Application of hydro-dissection 75/104 (72.1%)
Mean follow-up (months) 15 (6–29)
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Figure 2. Imaging evaluation before and after MWA in one representative case. (A) BBL with 6.0 cm � 3.5 cm � 4.9 cm size showing hypoechogenicity with a clear
margin on US. (B) Color Doppler flow imaging (CDFI) before MWA showing the arterial blood flow signal in the BBL parenchyma. (C) A hyper-signal in the BBL par-
enchyma on MRI T2-weighted images before MWA. (D–E) Contrast-enhanced MRI in axial and sagittal sections showing a hyper-enhancement in the BBL paren-
chyma in the arterial phase before MWA. (F) 3D visualization showing the spatial structure of BBL. (G) BBL before MWA showed hyper-enhancement in the arterial
phase of CEUS. H, after MWA, a hypoechoic ablation zone with a size of 5.0 cm � 3.6 cm � 4.5 cm is shown in the tumor region by CEUS. (I) Hypo-signal in the
BBL parenchyma on MRI T2-weighted images after MWA. (J–K) Contrast-enhanced MRI in axial and sagittal sections showing no enhancement in the BBL paren-
chyma in the arterial phase after MWA. L, 3D visualization showing the spatial structure of the ablation zone. M-P, after 12months follow-up, the ablation debris
decreased gradually to a size of 1.1 cm � 0.4 cm � 1.2 cm on T2-weighted images (yellow arrow in M) and arterial phase (yellow arrows in N, O) of MRI images
and the US image (yellow arrows in P).

Table 2. Volumes and VRRs of BBLs before and after MWA.

Volume (ml) VRR (%)

All BBLs cm in size >3 cm in size All BBLs 2–3 cm in size >3 cm in size

Pre MWA 2.2 (0.5–25.2) 1.9 (0.5–6.0) 4.3 (1.6–25.2)
1 day post MWA 1.7 (0.4–23.1) 1.5 (0.4–4.8) 3.6 (1.4–23.1) 20.3 ± 3.8 20.3 ± 3.7 20.4 ± 4.1
3 months post MWA 0.8 (0.1–11.3) 0.7 (0.1–3.4) 2.1 (0.2–11.3) 49.8 ± 24.3 49.5 ± 25.3 50.8 ± 20.9
6 months post MWA 0.7 (0.1-–6.9) 0.6 (0.1–1.4) 1.5 (0.2–6.9) 64.1 ± 20.4 63.1 ± 20.8 67.8 ± 18.5
12 months post MWA 0.3 (0.1–6.9) 0.3 (0.1–2.5) 0.8 (0.1–6.9) 80.2 ± 13.1 79.6 ± 13.5 82.5 ± 11.7
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completely ablated without injuries of skin, areola or pector-
alis. After ablation, the mean VRR was 80.2 ± 13.1% at the 12-
month follow-up. This outcome is similar to the result
reported in a study on cryoablation (82.4%) [15], but superior
to those reported in a study on LA (40–50%) [36] or HIFU
(50%) [37]. The reason for less volume reduction in LA and
HIFU may be related to their lower complete ablation rates
for BBLs �2 cm, both below 80%. Besides, due to the faster-
rising temperature rate of MWA, the procedure duration in
our study (median ablation time 3.8min, ranging
1.0–18.5min) is shorter than that for cryoablation
(24–30min) [15,20], LA (6–30min) [36] and HIFU (80–210min)
[19]. Hence, MWA can produce effective shrinkage in large
BBLs within a short ablation time.

Because VRR is the most worrisome effect of MWA for
patients with large BBLs, we further explored VRR’s associ-
ated factors. Our results revealed that location adjacent to
the areola was associated with an increase in 12-month VRR.
Although there is no published study analyzing the risk

factors related to the VRR of ablated BBLs, this result may be
due to an increasing arterial supply in the nipple-areola com-
plex, beneficial for local recovery and debris absorption [38].
This result suggests that large BBLs adjacent to the areola
tend to achieve more volume reduction, thus remarking the
superiority of MWA in large BBLs in comparison to surgery.
Because of the complex anatomy and vessel distribution in
areola sections, resecting BBLs adjacent to the areola is
prone to cause more complications than resecting BBLs in
other sections during surgery. In this study, no complications
occurred in the BBLs adjacent to the areola after MWA.
Hence, for large BBLs adjacent to areola, MWA enables a
favorable VRR without compromising treatment safety.

Moreover, our study also suggested that location adjacent
to the skin was associated with a decrease in the 12-month
VRR. A possible reason may be that the contraction progress
was influenced by stretch from the periphery tissue (such as
Cooper ligament or superficial fascia), which have yet to be
proven with further and thorough studies.

Figure 3. BBLs evaluation of volume reduction ratios (VRR) during follow up. (A) VRR detection at follow-up of 1 day and 3, 6, 12months respectively. (B) VRR com-
parison in different BBLs sizes at the follow-up of 1 day and 3, 6, 12months respectively. Data shown as mean ± SD. ���p< 0.001, #p> 0.05 by ANOVA multiple
comparisons.

Table 3. Univariate and multivariate analysis of association between 12-months VRR and variables.

Univariate analysis Multivariate analysis

Statistics b (95% CI) p b (95% CI) p

Age (%) 0.01 0.08
�35 y 71.2 0 0
>35 y 28.8 7.5 (2.1, 12.9) 5.0 (�0.5, 10.5)

Max diameter of lesions (%) 0.97
�30mm 88.5 0
>30mm 11.5 �0.2 (�8.1, 7.8)

Pre-ablation volume (ml) 3.1 ± 3.4 0.3 (�0.5, 1.0) 0.48
Adjacent to skin (%) <0.001 0.007
No 66.3 0 0
Yes 33.7 �9.5 (�14.6, �4.5) �7.4 (�12.7, �2.1)

Adjacent to areola (%) 0.02 0.025
No 84.6 0 0
Yes 15.4 8.0 (1.2, 14.9) 7.5 (1.0, 13.9)

Adjacent to pectoralis (%) 0.15
No 87.5 0
Yes 12.5 �5.6 (�13.2, 2.0)

Ablating more than one mass (%) 0.11
Yes 23.1 0
No 76.9 �4.1 (�9.2, 0.9)

Power (%) 0.85
20 W 22.1 0
30 W 77.9 0.6 (�5.5, 6.7)

Energy (KJ) 7.5 ± 5.6 0.1 (�0.4, 0.5) 0.73
Application of hydro-dissection (%) 0.77
Yes 27.9 0
No 72.1 �0.8 (�6.5, 4.8)

No. of insertions 1.2 ± 0.5 �3.2 (�8.7, 2.3) 0.26
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To achieve the desired treatment effect for larger BBLs,
several critical technical points should be noted. First, to
ensure a complete ablation, comprehensive and careful US
detection before the procedure and real-time US guiding
during the entire procedure is necessary. Second, for BBLs
adjacent to the skin, areola or pectoralis, hydro-dissection
should be applied to avoid the thermal injury to surrounding
tissues. Third, to achieve maximum debris absorption after
MWA, the power output should be controlled in the 20–30W
range and combined with the pull-back technique.

Limitations of this study include the relatively small num-
ber of patients with BBLs �3cm. However, thanks to the
prevalence of breast cancer screening, benign breast lesions
�3cm in size are uncommon. In addition, the association
between VRR and vascular supply of the ablated BBLs and
the influence of MWA treatment on lactation were not ana-
lyzed in this study, but should be examined in further study.

Conclusions

US-guided percutaneous MWA has proved to be a promising
treatment for BBLs �2cm. It not only achieves satisfactory
effects without damage to normal tissue, but also produces
significant shrinkage of ablated BBLs with adequate breast
appearance. Besides, BBLs adjacent to the areola may be
more suitable for undergoing MWA because of its higher 12-
month VRR compared to those in other locations.
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