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ABSTRACT
Objective: Removal of papillary breast lesions following percutaneous biopsy is advocated due to their diagnostic 
challenges. Image-guided vacuum-assisted excision is a treatment option for managing papillary breast lesions. 
The aim of our study was to review our experience in ultrasound-guided vacuum-assisted excision (US-VAE) of 
papillary breast lesions.
Methods: This was a retrospective review of patients with biopsy-proven papillary breast lesions who underwent 
US-VAE from January 2011 to April 2018. The clinical, radiological, and initial biopsy findings and the US-VAE 
procedure data were collected. The final histology was reviewed for any evidence of malignancy. Patients were 
followed up by clinical assessment and ultrasound. Lesion excision was considered successful removed if no residual 
or recurrence was found at follow-up.
Results: A total of 71 patients with 76 papillary lesions underwent US-VAE over a 7-year period. No major 
complications were observed. The overall cancer upgrade rate on pathology was 5.3%, with cancer upgrade rates 
for papillary lesions with atypia and without atypia of 16.7% and 3.1%, respectively. Mean follow-up time was 12.8 
months. Two residual lesions were found during follow-up, for a successful lesion removal rate of 97.2%.
Conclusion: The highly successful lesion removal rate with low residual or recurrence for benign papillary lesions 
confirms that US-VAE avoids surgical excision in patients with biopsy-proven papillary lesions. It remains a safe 
and effective alternative to surgical excision in managing biopsy-proven papillary lesions. 
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INTRODUCTION
Papillary breast lesions comprise a broad spectrum 
ranging from benign papilloma through atypical 
papilloma or carcinoma in situ to papillary carcinoma, 
and the distinctions among these lesions represent 
a	 continuum	 that	 can	 be	 difficult	 to	 distinguish	 both	
radiologically and pathologically.1 Together with the 
underestimation	from	fine	needle	aspiration	(FNA)	and	
core needle biopsy (CNB),2-4 which are the commonest 
initial diagnostic procedures for ultrasound-detected 
breast	 lesions,	 this	 imposes	 a	 diagnostic	 difficulty	 for	
papillary breast lesions.

Removal of percutaneously diagnosed papillary lesions 
is advocated by many studies due to the substantial 
cancer upgrade rate.5-7 However, the drawbacks of 
surgical excision for all percutaneously diagnosed 
papillary lesions are the surgical risks, high costs, and 
long recovery time from surgical operations.

Vacuum-assisted excision has consistently been shown 
to be effective.8-12 The National Health Service (NHS) 
of the UK has recommended the use of image-guided 
vacuum-assisted excision to remove benign breast 
lesions	such	as	fibroadenomas	since	2006	and	also	 for	
management of some histological indeterminate B3 
lesions.13,14

The aim of our study was to review the outcome and 
effectiveness of ultrasound-guided vacuum-assisted 
excision (US-VAE) of papillary breast lesions at our 
institution.

METHODS
We reviewed the data of patients that underwent  
US-VAE in Kwong Wah Hospital from January 2011 
to April 2018. Patients with prior biopsy-proven benign 
papillary lesions were included. We excluded patients 
with known untreated malignancy in the same breast.

Data on each patient’s age at diagnosis, sex, and 
presenting symptoms were collected from the electronic 
patient record. The ultrasound characteristics of the 
lesions, including size and distance from the nipple, 
were recorded from the ultrasound images or reports. 
The assessment categories of the lesions were retrieved 
from the reports. The reporting radiologists were using 
either the Breast Imaging Reporting and Data System  
(BI-RADS) by the American College of Radiology or the 
UK	five-point	breast	imaging	classification	by	the	Royal	
College of Radiologists Breast Group. The initial biopsy 
methods and their pathology results were collected.

All	 the	 US-VAEs	 were	 performed	 by	 one	 of	 five	
breast radiologists with 2 to 11 years’ specialised 
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超聲引導真空輔助抽吸乳頭狀乳房病灶切除術作為手術切除的替代方法：
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目的：由於診斷上的困難和挑戰，一般建議經皮活檢診斷的乳頭狀乳房病灶以切除術治療。影像引

導真空輔助抽吸切除術是乳頭狀乳房病灶的治療方案之一。本研究回顧我院進行超聲引導真空輔助

抽吸乳頭狀乳房病灶切除術（US-VAE）的經驗。
方法：回顧分析2011年1月至2018年4月期間進行US-VAE的活檢證實乳頭狀乳房病灶患者。收集臨
床、影像學和初步活檢結果以及US-VAE手術記錄，核對組織學是否有惡性依據。患者進行臨床評估
和超聲檢查隨訪。如在隨訪中未發現殘留或復發會被視為已成功切除病灶。

結果：7年內71名患者共76個乳頭狀乳房病灶接受了US-VAE。圴無嚴重併發症。總體按照病理結果
的癌變升級率為5.3%，而具有不典型增生和無不典型增生的乳頭狀病灶的癌變升級率分別為16.7%和
3.1%。平均隨訪時間為12.8個月。在隨訪期間發現兩個殘留病灶。病灶清除成功率為97.2%。
結論：良性乳頭狀乳房病灶的高成功清除率且低殘留病灶或復發率，表明對於活檢證實乳頭狀乳房

病灶患者使用US-VAE可避免手術治療。US-VAE治療活檢證實的乳頭狀乳房病灶是安全有效替代手
術切除的方案。
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experience in breast imaging. The vacuum-assisted 
systems used were either EnCor (7-gauge or 10-gauge 
needle)	or	Mammotome	(8-gauge	or	11-gauge	needle).	
The ultrasound images from the biopsy procedure 
were	 reviewed,	 and	 the	 lesion	 identified	using	 a	 high-
frequency linear array ultrasound transducer. A solution 
of	 2%	 lidocaine	 with	 1:200	000	 epinephrine	 diluted	
with normal saline in 1:1 ratio (mean 14 mL) was 
injected under the skin and around the lesion as local 
anaesthesia. The needle was placed underneath the 
lesion and US-VAE of the lesion was performed with a 
180° sweep (Figure). Complete removal was attempted 
and evidenced by real-time ultrasound. Any incomplete 
removal was recorded. A localisation marker was placed 
at the excision site after lesion removal. Haemostasis 
was	 first	 achieved	 by	 manual	 compression;	 then	 the	
wound was closed with sterile strips followed by a 
compression dressing around the chest. Any immediate 

complications during the procedure were recorded. The 
procedure was performed in an outpatient breast clinic 
setting and the patient was discharged on the same day 
after the procedure. Patients were advised to return to 
our breast clinic if there were any complications, such 
as breast swelling, bleeding or fever, after the procedure. 
Major	complications	were	defined	as	hospitalisation	or	
surgery related to the procedure.

Pathology results from US-VAE were reviewed. Ductal 
carcinoma in situ (DCIS) and invasive carcinoma were 
considered as cancer upgrades and were referred for 
surgical excision. Patients with nonmalignant lesions 
were followed up by clinical assessment and ultrasound. 
A lesion was considered as successfully removed if no 
residual or recurrence was found at follow-up.

Fisher’s exact test was used for statistical analysis.

Figure. Ultrasonography images during the ultrasound-guided vacuum-assisted excision (US-VAE) procedure. (a) The needle is placed deep 
into the lesion. (b) The needle aperture (arrow) is opened to ensure lesion was touching the needle aperture. (c) Real-time ultrasonograph 
during the VAE procedure showing that the lesion was being sucked into the needle aperture. (d) Ultrasonograph taken to confirm complete 
removal of the lesion at the end of excision.

(a)

(c)

(b)

(d)
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RESULTS
Between January 2011 and April 2018, of 236 breast 
lesions in 228 patients removed with US-VAE, there 
were 77 biopsy-proven papillary breast lesions in  
72 patients. One lesion was excluded as the patient had 
known DCIS in the same breast. In total, there were  
76 papillary breast lesions in 71 patients in our study 
(Table 1).

Clinical, Radiological, and Initial Biopsy 
Findings of Lesions
The mean age at presentation was 56.3 years (range, 
36-75 years). All were female patients. The majority of 
the	lesions	were	found	during	routine	screening	(n	=	50,	
65.8%)	or	follow-up	ultrasound	for	other	breast	lesions	
(n	=	17,	22.4%).

The mean lesion size was 0.81 cm (range, 0.3 cm-2.2 cm).  
The	majority	of	the	lesions	were	≤1.0	cm	(n	=	63,	82.9%)	
and only one lesion was >2.0 cm. The recorded locations 
of the lesions in terms of distance from the nipple were 
0 to 4 cm. Subareolar or periareolar lesions were marked 
as 0 cm from nipple. There was no indication of the 
location	in	five	lesions.

The assessment category of each lesion was assigned 
by the radiologist that performed the initial diagnostic 
ultrasound before the biopsy. A total of 71 lesions 
were categorised according to BI-RADS. Five lesions 
were categorised as R3 (indeterminate/probably benign 
findings;	n	=	2)	or	R4	(findings	suspicious	of	malignancy;	
n	=	3),	 according	 to	 the	UK	five-point	breast	 imaging	
classification.	We	had	mapped	the	UK	five-point	breast	
imaging	 classification	 to	 BI-RADS	 according	 to	 the	
study by Taylor et al.15 The overall lesion assessment 
categories are listed in Table 1. The majority of the 
lesions	were	categorised	as	BI-RADS	4	(n	=	63,	82.9%).

All the papillary lesions had undergone prior ultrasound-
guided biopsy, either by FNA, CNB, or both, depending 
on the operator’s preference. The needle sizes and the 
number of samples are summarised in Table 2. The 
number of samples obtained from one lesion biopsied 
with	 a	 10-gauge	 needle	 was	 not	 specified.	 All	 the	
pathology results from initial biopsy showed papillary 
lesions. The lesions were further categorised as with 
or without atypia. If there was a discrepancy between 
the FNA and CNB pathology results, the lesions were 
categorised based on the more suspicious pathology. A 
total	of	12	(15.8%)	showed	atypia	and	64	(84.2%)	did	
not have atypia. Seven lesions biopsied with both FNA 

Age, y
≤40 3 (3.9%)
41-50 18 (23.7%)
51-60 25 (32.9%)
>60 30 (39.5%)

Reason for ultrasound
Screening 50 (65.8%)
Nipple discharge 4 (5.3%)
Follow-up ultrasound 17 (22.4%)
Palpable mass 4 (5.3%)
Mastalgia 1 (1.3%)

Radiological findings
Lesion size, mean, cm (range) 0.81 (0.3-2.2)

≤1.0 63 (82.9%)
>1.0 to ≤2.0 12 (15.8%)
>2.0 1 (1.3%)

Distance from nipple, cm
0 9 (11.8%)
1 21 (27.6%)
2 15 (19.7%)
3 20 (26.3%)
4 6 (7.9%)
Not reported 5 (6.6%)

Assessment category
BI-RADS 3/R2 12 (15.8%)
BI-RADS 4/R3 and R4 63 (82.9%)
BI-RADS 5/R5 1 (1.3%)

Initial biopsy findings
Initial biopsy method

FNAC only 21 (27.6%)
CNB only 22 (28.9%)
Both 33 (43.4%)

Initial biopsy result
Papillary lesion with atypia 12 (15.8%)

By FNA 9 (11.8%)
By CNB 3 (3.9%)
By FNA and CNB 0 

Papillary lesion without atypia 64 (84.2%)
By FNA 15 (19.7%)
By CNB 22 (28.9%)
By FNA and CNB 27 (35.5%)

Table 1. Clinical, radiological and initial biopsy findings of the 
lesions (n = 76).*

Abbreviations: BI-RADS = Breast Imaging Reporting and Data 
System; CNB = core needle biopsy; FNAC = fine needle aspiration 
cytology.
* Data are shown as No. (%) of patients.

Needle size Patients Samples per patient

7 gauge 14 (18.4%) 5.6 (4-10)
8 gauge 1 (1.3%) 10
10 gauge 57 (75.0%) 6.3 (3-20)
11 gauge 4 (5.3%) 7.5 (4-13)

Table 2. Summary of ultrasound-guided vacuum-assisted 
excision needle size, and number of samples (n = 76).*

* Data are shown as No. (%) or mean (range).
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and CNB had had discrepant pathology results, in which 
FNA	showed	atypia	but	CNB	did	not	in	five	lesions	and	
CNB showed atypia but FNA did not in two lesions. 
Thus, overall there were nine papillary lesions with 
atypia diagnosed by FNA and three by CNB.

Ultrasound-guided Vacuum-assisted Excision 
Results
All	 the	lesions	were	confirmed	as	completely	removed	
by ultrasonogram. The sample weight of each lesion was 
calculated by multiplying the weight of each core16 by 
the number of cores. The mean sample weight for lesions 
<1 cm was 1.345 g (±0.530; range, 0.336-2.904 g) and 
for	 lesions	≥1	 cm	was	 1.920	 g	 (±1.033;	 range,	 0.588-
4.420 g).

No major complication was noted during the 
procedures and no patient returned to the breast clinic 
for complications after being discharged. One patient 
required skin sutures due to a laceration during the 
procedure with uneventful wound healing.

Four malignant lesions were found in three patients 
from	 the	final	 pathology	 of	US-VAE.	These	 included	
one DCIS, two DCIS with papilloma, and one solid 
papillary carcinoma. The overall cancer upgrade rate 
was	 5.3%.	 Among	 the	 four	 malignant	 lesions,	 three	
lesions had FNA only and one had FNA and CNB as 
initial biopsies. Two of them had atypical features on 
initial	 biopsy,	 identified	by	FNA	and	CNB	 (Table	3).	
Thus, the cancer upgrade rate for papillary lesions with 
atypia	was	16.7%	and	that	for	papillary	lesions	without	
atypia	was	3.1%	(p	=	0.115).	The	pathologies	excised	
with US-VAE are listed in Table 4.

Follow-up
Four patients had subsequent surgery. The four malignant 
lesions in three patients were removed with lumpectomy 
or mastectomy (Table 3). Two patients with DCIS 
showed	 no	 residual	malignancy	 in	 the	 final	 pathology	
from surgical excision. One benign lesion underwent 
lumpectomy as the pathology from VAE showed 
atypical	intraductal	papilloma.	The	final	pathology	from	
the lumpectomy was benign intraductal papilloma.

The rest of the 67 patients were followed up clinically 
and	51	(76.1%)	patients	had	follow-up	ultrasound.	The	

Patient 
No.

Age, 
y

Size, 
cm

Initial biopsy 
method

Initial biopsy 
pathology

VAE pathology Subsequent 
management

Final pathology

1 74 0.7 FNAC and 
CNB

Papillary lesion (by 
FNAC)

Papillary lesion with 
atypical epithelial cell 
proliferation (by CNB)

Solid papillary carcinoma Lumpectomy Papillary carcinoma

2 53 1 FNAC Papillary lesion DCIS of intermediate grade 
involving papilloma

Lumpectomy Intraductal papilloma and 
atypical ductal hyperplasia

3 69 1 FNAC Papillary lesion with 
atypical feature

DCIS Mastectomy Intraductal papilloma; 
fibrocystic changes; no 
residual malignancy0.9 FNAC Papillary lesion Papilloma with DCIS

Table 3. Summary table of cancer upgrade lesions.

Abbreviations: CNB = core needle biopsy; DCIS = ductal carcinoma in situ; FNAC = fine needle aspiration cytology; VAE = vacuum-assisted. 
excision.

Patients

Papilloma 46 (60.5%)
Intraductal papilloma 41 (89.1%)
Atypical intraductal papilloma 1 (2.2%)
Complex sclerosing papilloma 1 (2.2%)
Highly complex papillary apocrine change 1 (2.2%)
Intraductal papilloma with ADH 2 (4.3%)

Other benign lesions 26 (34.2%)
Fibrocystic change 13 (50.0%)
Fibroadenoma 2 (7.7%)
Adenomyoepithelioma 1 (3.8%)
Mammary hamartoma 1 (3.8%)
Sclerosing adenosis 1 (3.8%)
Tubular adenoma 1 (3.8%)
Benign 7 (26.9%)

Malignant 4 (5.3%)
DCIS in papillary lesion 2 (50%)
DCIS 1 (25%)
Solid papillary carcinoma 1 (25%)

Table 4. Pathology of ultrasound-guided vacuum-assisted 
excision (n = 76).*

Abbreviations: ADH = atypical ductal hyperplasia; DCIS = ductal 
carcinoma in situ.
* Data are shown as No. (%) of patients.
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mean follow-up time was 12.8 months (range, 1.3- 
67.4 months). The overall rate of successful lesion 
removal	 was	 97.2%.	 Table	 5	 shows	 the	 handling	 of	
residual pathology in two patients.

Lesion size, location, and probe gauge were not 
statistically	significant	predictors	of	residual	lesions.

DISCUSSION
Management	 of	 percutaneously	 diagnosed	 papillary	
lesions has been a challenge for years due to its diagnostic 
difficulty	 and	 substantial	 rate	 of	 cancer	 upgrade.	 The	
reported	cancer	upgrade	 rate	has	 ranged	 from	3.1%	 to	
15.8%5-7 and lesion removal was advocated in many 
different studies.5-7,17-20 Before the advent of percutaneous 
VAE, surgical excision was the treatment of choice for 
lesion removal. As more and more papillary lesions were 
diagnosed in breast screening, the high costs of labour 
and operation theatre time would be a burden to the 
healthcare system.21	Moreover,	since	the	papillary	lesions	
were indeterminate in biopsy histology with chances 
of being a benign papilloma, patients may be reluctant 
to undergo surgical excision due to the morbidity and 
mortality from surgical and anaesthetic risks. 

Image-guided VAE was initially used to improve 
diagnostic accuracy for percutaneous biopsy due to 
larger cores obtained when compared to conventional 
FNA and CNB.9,10 Its use has been extended to remove 
benign lesions because a larger amount of tissue can be 
obtained in one pass, and with better cosmetic results. 
US-VAE can be performed as an outpatient procedure in 
the clinic and the patient can be discharged on the same 
day, resulting in much lower costs than those incurred 
with surgical excision.22

In	our	series,	a	success	rate	of	97.2%	for	benign	papillary	
lesion removal by US-VAE without residual or recurrent 
disease was achieved, in line with the reported overall 
success	rate	of	97%	to	100%	in	the	literature.23,24

Two residual lesions were found, which raises the 
question of how complete removal can be achieved 
confidently	 during	 the	 procedure.	 For	 US-VAE,	
the only evidence of lesion removal is by real-time 
ultrasound imaging. However, during the procedure, 
there are inevitable small haematomas and oedema at 
the procedure site,25	 which	may	 obscure	 the	 field	 and	
make	it	difficult	for	the	operators	to	determine	whether	
the lesion is completely removed or not. Some operators 
remove breast tissue surrounding the lesions at four more 
sampling sites to ensure complete lesion removal but the 
results varied.26,27 The NHS Breast Screening working 
group had suggested a specimen of approximately 4 g 
to be equivalent to surgical excision.28 Also, the working 
group did not state the size range of the lesion for their 
recommendation. Smaller lesions can be completely 
excised with a lower specimen weight.

The two residual lesions in our study occurred at the early 
stage (2013 and 2014) since we started US-VAE in 2011. 
Salazar et al29 reported that 11 excisions were required 
to acquire skills to perform complete excision in more 
than	80%	at	 the	end	of	 the	US-VAE	and	18	excisions	
at 6 months. Thus, operator experience is one of the 
important factors for successful lesion removal. Centres 
performing US-VAE should formulate standardised 
training and credentialing for better performance of  
US-VAE.

Three papillomas with atypical features were found 
(Table 4), namely, one atypical intraductal papilloma 
and two intraductal papillomas with atypical ductal 
hyperplasia. The atypical intraductal papilloma 
underwent	 surgical	 excision	 and	 final	 pathology	
showed benign papilloma with no atypical or invasive 
features. The two intraductal papillomas with ADH 
had no recurrence or cancer development during the 
follow-up period of 11.0 months and 27.6 months. The 
literature	shows	a	low	underestimation	rate	of	0%	with	 
US-VAE.23,30 Thus, these lesions can be safely managed 

Patient 
No.

Age, y Size, 
cm

Distance 
from nipple, 

cm

Probe 
gauge (G)

No. of 
samples

VAE 
pathology

Detection of 
residual lesion

Subsequent 
management

Final pathology

4 60 0.5 1 10 6 Intraductal 
papilloma

Follow-up 
ultrasound

Lumpectomy Benign intraductal 
papilloma

5 46 1.5 2 7 7 Intraductal 
papilloma

Stereotactic 
biopsy

No further action Residual benign 
intraductal papilloma

Table 5. Summary table of residual lesions.

Abbreviation: VAE = vacuum-assisted excision.
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by close monitoring after multidisciplinary discussion 
and this approach is supported by the consensus from the 
UK and Europe.28,31

No major complication was found after US-VAE in our 
series. US-VAE has been reported as a safe procedure 
with	 a	 low	 rate	 of	 complications,	 ranging	 from	0%	 to	
9%.10,12,23,24,27,32,33 The majority of complications included 
hematoma and pain, which were usually self-limiting and 
did not require further intervention. One of our patients 
required suturing due to skin laceration during the 
procedure	because	the	 lesion	was	superficially	 located.	
This was considered as a minor complication and we 
should inform patients about this potential complication, 
especially when the lesion is close to the skin.

In our study, the cancer upgrade rate for papillary lesions 
diagnosed by FNA or CNB prior to US-guided VAE was 
5.3%,	which	 is	 compatible	 with	 the	 literature.6,7,18 For 
diagnosing papillary lesions with atypia, pathologists 
need to assess the size of the area of atypical epithelial 
proliferation	 and	 sometimes	 it	 would	 be	 difficult	 to	
distinguish atypical epithelial proliferation within a 
papilloma from low-grade DCIS within a papilloma in 
the tissue samples,34 and FNA may miss the small foci of 
carcinoma in situ or the foci that are invasive.35,36 Thus,  
for papillary lesions with atypia diagnosed by FNA or 
CNB, surgical excision would be more appropriate 
as the next step of management, as included in the 
recommendations from the NHS Breast Screening 
working group.

There were a few limitations in this study. Our sample 
size was small, as was the number of residual lesions. 
Thus,	we	could	not	identify	any	statistically	significant	
factors associated with incomplete excision. Also, 
the adequate sample weight for different lesion sizes 
may need further study for validation. There would be 
selection bias in a retrospective study as the lesion size, 
location of the lesion and technical factors may affect 
the clinicians’, radiologists’ and patients’ decision on 
choosing	US-VAE	or	surgical	excision.	Only	70.8%	of	
patients had follow-up ultrasonography examination, 
which may have resulted in underestimation of the 
residual rate.

In conclusion, our successful lesion removal rate with 
low rates of residual or recurrence for benign papillary 
lesions	confirms	that	US-VAE	spares	most	patients	with	
FNA- or CNB-proven papillary lesions from surgical 
excision and provides adequate tissue samples for a 

confident	diagnosis	guiding	subsequent	management.	It	
is a safe and effective alternative to surgical excision in 
managing biopsy-proven papillary lesions.
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