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Abstract

Background: It is known that women receiving an implant-based augmentation mammaplasty 

would be vulnerable to rupture of a breast implant if they concurrently undergo ultrasound-guided 

vacuum-assisted biopsy excision (US-VABE). We conducted this study to assess the safety of 

concurrent use of US-VABE with an implant-based augmentation mammaplasty in Korean women.

Methods: The current retrospective study was conducted in a total of 546 women (n=546) who 

underwent augmentation mammaplasty with or without US-VABE using the Mammotome® (Devicor

Medical Products, Inc., Cincinnati, OH, USA) at our hospital between September of 2017 and 

October of 2020. 

Results: Of the total patients, 492 and 54 were assigned to the breast augmentation (BA) only 

group and the BA with VABE group, respectively. There were no significant differences in 

incidences of postoperative complications between the BA only group and the BA with VABE group 

(P>0.05). There was a significant difference in operation time between the BA only group and the 

BA with VABE group (55.110.3 min versus 59.513.1 min; P=0.0127). Time-to-events were 

estimated at 10.808.91 months (95%CI 7.59-14.02) for the left breast and 9.559.35 months 

(95%CI 6.68-12.43) for the right breast in the BA only group. These values were 5.926.63 months 

(95%CI -4.64-16.47) and 7.016.13 months (95%CI 0.57-13.44) in the corresponding order.

Conclusions: In conclusion, our results indicate that US-VABE is a safe modality in patients 

receiving an implant-based augmentation mammaplasty. But further large-scale, prospective studies 

are warranted to corroborate our results.

https://preprints.jmir.org/preprint/97512 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kim et al

Keywords: Breast; Ultrasonography; Vacuum; Biopsy; Safety.

Introduction

Women are recommended to undergo examination when they are suspected of having breast 

malignancies or lesions or after receiving breast augmentation (BA).1,2 A palliative treatment regimen

for benign breast mass is a surgical excision of the mass.3,4 To date, however, many attempts have 

been made to minimize the occurrence of postoperative scars and to perform a minimally-invasive 

resection of the breast tissue from aesthetic perspectives.5,6 Of these, ultrasound (US)-guided 

vacuum-assisted biopsy excision (US-VABE) is used to perform a resection of the breast mass.7 Any 

abnormalities of the breast are identified on mammography and US, and are evaluated on the Breast 

Imaging Reporting and Data System (BI-RADS) classification system. Women with the BI-RADS 

C4a lesions are indicated in a tissue biopsy, benign cases of whom are treated with US-VABE.8

US-VABE is used to dissect lesions while visualizing them on the US screen by making a skin 

incision of approximately 3 mm in length, and it is therefore advantageous in locating them on a real-

time basis, leaving almost no scars from a biopsy, making an histopathological diagnosis, requiring 

no general anesthesia and hospitalization and seldom causing a breast deformity.9,10 Therefore, it can 

also be used to decrease the requirement for short-term follow-up in women whose lesions are 

suggestive of benign cases or are rarely suspected of malignant ones.11,12 A complete removal of the 

lesion is indicated on the US screen, however, although residual tumors are still found following US-

VABE in 0-10% of benign cases and 65-83% of malignant ones.13-16 Therefore, US-VABE is not 

recommended for surgical removal of and therapeutic purposes for breast malignancies.17 This is not 
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only because a mammography and a US cannot sufficiently detect residual tumors during and 

following the procedure but also both imaging modalities may not identify the presence of occult 

additional lesions.18

A US often detects a tumor in women receiving an implant-based augmentation mammaplasty.19,20 

Surgeons should determine whether such cases would not need to receive any treatments based on 

imaging modalities or should undergo tissue biopsy. The latter should be further evaluated on US-

VABE of suspicious lesions.21,22 But most of the women in this series are concerned about possible 

occurrences of problems, such as rupture of a breast implant, or they consider that it would be 

impossible to make attempts to perform an examination.23

It would be mandatory to further evaluate women receiving an implant-based augmentation 

mammaplasty on US-VABE; they can easily undergo US-VABE through an insertion of a probe in a 

single-session without a skin incision. Meanwhile, a breast implant or fat tissue can be left intact.24

It is allegedly reported that women receiving an implant-based augmentation mammaplasty would 

be vulnerable to rupture of a breast implant if they concurrently undergo US-VABE.

Given the above background, we conducted this study to assess the safety of concurrent use of 

US-VABE with an implant-based augmentation mammaplasty in Korean women.

Patients and methods

Study patients and setting

The current retrospective study was conducted in a total of 546 patients (n=546) who underwent 

augmentation mammaplasty with or without US-VABE using the Mammotome® (Devicor Medical 

Products, Inc., Cincinnati, OH, USA) at our hospital between September of 2017 and October of 

2020. We excluded the patients undergoing reconstructive augmentation mammaplasty, those 
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receiving a breast implant in the subglandular pocket, those receiving liposuction for axillary breast, 

those undergoing mastopexy and those undergoing reduction mammaplasty.

We therefore included a total of 546 patients (n=546) in the current study; it was approved by the 

Internal Institutional Review Board of the Korea National Institute of Bioethics Policy. The current 

study was conducted in compliance with the relevant ethics guidelines. Written informed consent 

was waived due to its retrospective nature. All the procedures described herein were performed in 

accordance with the 1964 Declaration of Helsinki and its later amendments or comparable ethical 

standards.

Surgical technique

All the patients received an implant-based augmentation mammaplasty using an endoscopic-

assisted dual-plane type I technique via a trans-axillary incision. If necessary, they underwent US-

VABE prior to surgery. Then, their postoperative course was meticulously monitored at a regular 

follow-up using high-resolution ultrasound at 3 and 6 months and 1, 2 and 3 years.

Patient evaluation and criteria

Through a retrospective review of the patients’ medical records, we analyzed their baseline 

characteristics, results of histopathologic examinations, postoperative complications and treatments 

of them, operation time and overall and cumulative complication-free survival.

Statistical analysis

All data was expressed as meanSD (SD: standard deviation) or meanSE (SE: standard error), 

where appropriate. Continuous variables were analyzed using the repeated measures analysis of 

variance (ANOVA), the Kruskal-Wallis test or Fisher’s exact test. Non-continuous variables were 

analyzed using the 2-test. The cumulative overall complication-free survival was estimated, for 
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which 95% confidence intervals (CIs) were provided. In addition, the corresponding cumulative 

complication-free Kaplan-Meier survival and hazards were plotted as a curve. Statistical analysis 

was done using the SPSS ver. 18.0 for windows (SPSS Inc., Chicago, IL). A P-value of <0.05 was 

considered statistically significant.

Results

Baseline characteristics of the patients and histopathologic results

A total of 546 patients (n=546) were included in the current study, all of whom were women. Of 

these, 492 and 54 patients were assigned to the BA only group and the BA with VABE group, 

respectively. Baseline characteristics of the patients of each group are represented in Table 1.

Table 1. Baseline characteristics of the patients.

Variables
Values

P-valueBA only BA with VABE
Left Right Left Right

Age (years old) 31.37 (19-56) 34.47.3 (21-53) 0.001

Sex
Men 0 0
Women 492 54

Height (cm)
162.34.9
(148-180)

163.65.2
(152-174)

0.049

Weight (kg)
50.65.5
(39-70)

51.76.0
(40-68)

0.145

BMI (kg/m2)
19.21.8
(15.1-25.5)

19.31.7
(16-24.1)

0.624

FU (days)
392.7318.2
(1-1,145)

477.6330.4
(28-1,151)

0.061

Purpose of surgery

Aesthetic
492
(100%)

492
(100%)

54
(100%)

54
(100%)

Manufacturer

Sebbin
178
(36.2%)

178
(36.2%)

14
(25.9%)

14
(25.9%)

0.011 0.011 1.000 1.000

BellaGel
208
(42.3%)

208
(42.3%)

32
(59.2%)

32
(59.2%)

Motiva
47
(9.5%)

47
(9.5%)

2
(3.7%)

2
(3.7%)

EuroSilicone
33
(6.7%)

33
(6.7%)

0
(0.0%)

0
(0.0%)

Allergan
12
(2.4%)

12
(2.4%)

2
(3.7%)

2
(3.7%)
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Mentor
14
(2.8%)

14
(2.8%)

4
(7.4%)

4
(7.4%)

Surface topography

Textured
10
(2.0%)

10
(2.0%)

2
(3.7%)

2
(3.7%)

0.113 0.113 1.000 1.000Microtextured
466
(94.7%)

466
(94.7%)

48
(88.9%)

48
(88.9%)

Smooth
16
(3.2%)

16
(3.2%)

4 (7.4%) 4 (7.4%)

  Shape
Anatomical 9 (1.8%) 9 (1.8%) 2 (3.7%) 2 (3.7%)

0.298 0.298 1.000 1.000
Round

483
(98.1%)

483
(98.1%)

52
(96.3%)

52
(96.3%)

  Volume (cc)

<245
19
(3.9%)

4 (0.8%) 3 (5.5%) 2 (3.7%)

0.234 0.017 <0.001 0.749

250-295
135
(27.4%)

82
(16.7)

17
(31.5%)

13
(24.0%)

300-345
255
(51.8%)

275
(55.9)

21
(38.9%)

23
(42.6%)

350-395
75
(15.2%)

116
(23.6%)

11
(20.4%)

11
(20.4%)

>400 8 (1.6%)
15
(3.0%)

2 (3.7%) 5 (9.2%)

  Profile

Ultra-high
0 
(0.0%)

0 (0.0%) 0 (0.0%) 0 (0.0%)

1.000 1.000 <0.001 0.679
High

451
(91.7%)

469
(95.3%)

50
(92.6%)

52
(96.2%)

Medium
41
(8.3%)

23 
(4.7%)

4 (7.4%) 2 (3.7%)

Low
0 
(0.0%)

0 (0.0%) 0 (0.0%) 0 (0.0%)

  Postoperative Baker grades

I
477
(96.9%)

469
(95.3%)

54
(100%)

52
(96.3%)

1.000 0.463 <0.001 0.495II 7 (1.4%)
11
(2.2%)

0 (0.0%) 0 (0.0%)

III 4 (0.8%) 8 (1.6%) 0 (0.0%) 2 (3.7%)
IV 4 (0.8%) 4 (0.8%) 0 (0.0%) 0 (0.0%)

Abbreviations: BA, breast augmentation; VABE; vacuum-assisted biopsy excision; BMI, body 
mass index; FU, follow-up;

Values are meanstandard deviation with the range or the number of the patients with percentage, 
where appropriate.

Moreover, histopathologic results are summarized in Table 2.

Table 2. Histopathologic results.
Variables Values

Fibroadenoma 93 (48.2%)
Fibrocystic changes 16 (8.3%)
Intraductal papilloma 3 (1.5%)
Tubular adenoma 2 (1.0%)
Fat necrosis 6 (3.1%)
Cyst 30 (15.5%)
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Ductal ectasia 10 (5.2%)
Lipoma 1 (0.5%)
DCIS 1 (0.5%)
Others 31 (16.1%)

Abbreviations: DICS, ductal carcinoma in situ.
Values are the number of cases with percentage.

Safety outcomes

Overall, there were no significant differences in incidences of postoperative complications 

between the BA only group and the BA with VABE group (P>0.05) (Table 3). 

Table 3. Postoperative complications.

Variables

Values
P-values

BA only BA with VABE

Left Right Left Right Left Right
BA 
only

BA 
with 
VABE

Surgery-related complications
Early seroma 2 (0.2%) 5 (0.5%) 0 (0.0%) 1 (0.9%)

0.009 0.304 0.227 0.400

Early hematoma 1 (0.1%) 0 (0.0%) 2 (1.9%) 1 (0.9%)
Infection 2 (0.2%) 7 (0.7%) 0 (0.0%) 0 (0.0%)
Alterations in the 
shape

7 (0.7%) 6 (0.6%) 0 (0.0%) 1 (0.9%)

Sliding 5 (0.5%) 1 (0.1%) 1 (0.9%) 0 (0.0%)
Wound dehiscence 0 (0.0%) 2 (0.2%) 0 (0.0%) 0 (0.0%)
CC 
(Baker grades 
III/IV)

9 (0.9%) 12 (1.2%) 0 (0.0%) 2 (1.9%)

TC 
(Baker grades II-
IV)

17 (1.7%) 24 (2.4%) 0 (0.0%) 2 (1.9%)

Implant-related complications
Foreign body 
sensation

1 (0.1%) 1 (0.1%) 0 (0.0%) 0 (0.0%)
1.000 0.500 1.000 Missing

Rupture 0 (0.0%) 2 (0.2%) 0 (0.0%) 0 (0.0%)
Malrotation 0 (0.0%) 0 (0.0%) 1 (0.9%) 1 (0.9%)

Abbreviations: BA, breast augmentation; VABE, vacuum-assisted biopsy excision; CC, capsular 
contracture; TC, thickened capsule.

Values are the number of cases with percentage.

Time-to-onset of postoperative complications is shown in Table 4. 

Table 4. Time-to-onset of postoperative complications.

Variables

Values
P-values

BA only BA with VABE

Left Right Left Right Left Right
BA 
only

BA 
with 
VABE

Surgery-related complications
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Early seroma
15.53.5
(13-18)

18.212.8
(12-41)

0 11

0.101 0.605 0.097 1.000

Early hematoma 9 0
12.52.1
(11-14)

8

Infection
20.514.8
(10-31)

56.354.8
(10-121)

0 0

Alterations in the 
shape

321196.8
(196-750)

293.8243.
6
(71-750)

0 0

Sliding
397.2165.
5
(186-649)

405 272 0

Wound dehiscence 0
89.526.1
(71-108)

0 0

CC 
(Baker grades III/IV)

302.2269.
5
(91-959)

223.3256.
1
(85-959)

0
20560.8
(162-248)

TC 
(Baker grades II-IV)

361.3303.
1
(85-1,117)

364.4301
(85-1,083)

0 0

Implant-related complications
Foreign body 
sensation

347 347 0 0

Missing 1.000 0.637 Missing
Rupture 0

592.5193
(456-729)

0 0

Malrotation 0 0 413 413

Abbreviations: BA, breast augmentation; VABE, vacuum-assisted biopsy excision; CC, capsular 
contracture; TC, thickened capsule.

Values are meanstandard deviation with the range or the number of cases with percentage, where
appropriate.

Of note, there was a significant difference in operation time between the BA only group and the 

BA with VABE group (55.110.3 min versus 59.513.1 min; P=0.0127) (Table 5).

Table 5. Difference in the operation time.

Variable
Values

P-value
BA only BA with VABE

Operation time (min) 55.110.3 (28-114) 59.513.1 (43-118) 0.0127*
Abbreviations: BA, breast augmentation; VABE, vacuum-assisted biopsy excision.
Values are meanstandard deviation with the range.
*Statistical significance at P<0.05.

Time-to-events (TTEs) were estimated at 10.808.91 months (95%CI 7.59-14.02) for the left 

breast and 9.559.35 months (95%CI 6.68-12.43) for the right breast in the BA only group. These 

values were 5.926.63 months (95%CI -4.64-16.47) and 7.016.13 months (95%CI 0.57-13.44) in 

the corresponding order (Table 6). 

Table 6. Overall complication-free survival.
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N n Censored value TTE (months)

BA only
Left 492 32 460 10.808.91 (7.59-14.02)
Right 492 43 449 9.559.35 (6.68-12.43)

BA with VABE
Left 54 4 50 5.926.63 (-4.64-16.47)
Right 54 6 48 7.016.13 (0.57-13.44)

Abbreviations: BA, breast augmentation; VABE, vacuum-assisted biopsy excision; TTE, time-to-
events.

Note: N, total number of cases; n, incidences of postoperative complications.
Values are meanstandard error with 95% confidence interval.

Cumulative hazards are shown in Table 7; Kaplan-Meier hazards are plotted in Fig. 1, 2 and 3.

Table 7. Overall cumulative hazards.
FU N n Survival rate

BA only Left

9 483 1
0.998 0.207.0000 (0.99400-
1.00000)

10 482 1 0.99600.0029 (0.99000-1.00000)

13 480 1 0.99400.0036 (0.98700-1.00000)

18 471 1 0.99200.0042 (0.98400-1.00000)

85 413 1 0.98900.0048 (0.98000-0.99900)

91 389 2 0.98400.0060 (0.97300-0.99600)

118 317 1 0.98100.0067 (0.96800-0.99400)

121 314 1 0.97800.0074 (0.96400-0.99300)

186 291 1 0.97500.0081 (0.95900-0.99100)

196 287 2 0.96800.0093 (0.95000-0.98600)

206 283 1 0.96400.0099 (0.94500-0.98400)

212 280 1 0.96100.0105 (0.94100-0.98200)

225 275 1 0.95700.0110 (0.93600-0.97900)

292 263 1 0.95400.0115 (0.93100-0.97700)

311 259 1 0.95000.0121 (0.92700-0.97400)

344 250 1 0.94600.0126 (0.92200-0.97100)

347 248 1 0.94300.0131 (0.91700-0.96900)

350 245 1 0.93900.0136 (0.91200-0.96600)

360 238 1 0.93500.0141 (0.90700-0.96300)

368 222 1 0.93100.0147 (0.90200-0.96000)

375 213 1 0.92600.0152 (0.89700-0.95600)

386 199 1 0.92100.0159 (0.89100-0.95300)

391 193 1 0.91700.0165 (0.88500-0.95000)

405 189 1 0.91200.0171 (0.87900-0.94600)

589 131 1 0.90500.0183 (0.87000-0.94200)
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601 129 1 0.89800.0195 (0.86100-0.93700)

649 114 1 0.89000.0208 (0.85000-0.93200)

750 89 1 0.88000.0229 (0.83600-0.92600)

959 24 1 0.84300.0421 (0.76500-0.93000)

1117 2 1 0.42200.2989 (0.10500-1.00000)

Right

10 483 2 0.996 00.00292 (0.99-1)

12 481 2 0.9920.00412 (0.984-1)

13 478 2 0.9880.00504 (0.978-0.998)

14 475 1 0.9850.00544 (0.975-0.996)

41 429 1 0.9830.0059 (0.972-0.995)
68.5 417 1 0.9810.00634 (0.968-0.993)
85 409 1 0.9780.00676 (0.965-0.992)
91 385 1 0.9760.0072 (0.962-0.99)
93 365 1 0.9730.00766 (0.958-0.988)
95 359 2 0.9680.00853 (0.951-0.985)
99 342 1 0.9650.00896 (0.948-0.983)

105 326 1 0.9620.00941 (0.944-0.981)
108 315 1 0.9590.00986 (0.94-0.978)
115 310 1 0.9560.0103 (0.936-0.976)
120 306 1 0.9530.01073 (0.932-0.974)
121 305 1 0.950.01114 (0.928-0.972)
126 300 1 0.9460.01155 (0.924-0.969)
172 284 1 0.9430.01198 (0.92-0.967)
225 273 1 0.940.01242 (0.916-0.964)
241 271 1 0.9360.01285 (0.911-0.962)

243.7 270 1 0.9330.01326 (0.907-0.959)
311 257 1 0.9290.0137 (0.903-0.956)
347 249 1 0.9250.01414 (0.898-0.954)
350 246 1 0.9220.01458 (0.893-0.951)
368 225 1 0.9180.01508 (0.888-0.948)
375 214 1 0.9130.0156 (0.883-0.944)
378 209 1 0.9090.01613 (0.878-0.941)
391 193 1 0.9040.01672 (0.872-0.938)
405 189 1 0.8990.0173 (0.866-0.934)
454 170 1 0.8940.01799 (0.859-0.93)
456 167 1 0.8890.01866 (0.853-0.926)
477 155 1 0.8830.0194 (0.846-0.922)
601 126 1 0.8760.02047 (0.837-0.917)
708 103 1 0.8670.02197 (0.825-0.912)
729 97 1 0.8590.02349 (0.814-0.906)
750 89 1 0.8490.02513 (0.801-0.9)
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855 56 1 0.8340.0289 (0.779-0.892)
959 23 1 0.7970.04495 (0.714-0.891)
1083 5 1 0.6380.14712 (0.406-1)

BA with
VABE

Left

11 54 1 0.98100.0183 (0.94600-1.00000)
14 53 1 0.96300.0257 (0.91400-1.00000)

272 36 1 0.93600.0363 (0.86800-1.00000)
413 30 1 0.90500.0466 (0.81800-1.00000)

Right

8 54 1 0.98100.0183 (0.94600-1.00000)
11 53 1 0.96300.0257 (0.91400-1.00000)

162 37 1 0.93700.0358 (0.86900-1.00000)
248 35 1 0.91000.0437 (0.82800-1.00000)
413 28 1 0.87800.0529 (0.78000-0.98800)
419 27 1 0.84500.0601 (0.73500-0.97100)

Abbreviations: BA, breast augmentation; VABE, vacuum-assisted biopsy excision.
Note: FU, follow-up; N, total number of cases; n, incidences of postoperative complications.
Values are mean±standard error with 95% confidence intervals.

Fig. 1. Kaplan-Meier hazards – Both breasts.

Fig. 2. Kaplan-Meier hazards – Left breast.
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Fig. 3. Kaplan-Meier hazards – Right breast.

Discussion

VABE was first reported by Parker et al. in 1994, and it was initially introduced for a biopsy of the

breast disease.25 Since then, however, its indications have gradually expanded to removal of diverse 

types of breast lesions. Its high diagnostic accuracy, high efficiency and low invasiveness when used 
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for a surgical resection of the breast lesion have been well described in the literature.26 According to 

Fine et al., VABE was useful in removing breast lesions of 1.5 cm (n=75) and those of >1.5 cm 

(n=49) with 11- and 8-G probes, respectively, in a clinical series of 124 women with low-risk 

palpable ones. Additionally, these authors noted that there was no significant difference in the 

efficiency of complete removal of the breast lesion between 11- and 8-G probes (96% vs. 99%, 

respectively). Thus, they suggested that VABE was a feasible, safe modality in percutaneous removal

of palpable benign breast lesions.27 Moreover, Sperber et al. performed VABE for a total of 25 cases 

of breast fibroadenoma using an 11-G probe, thus achieving a complete excision of the all lesions 

(100%) of 1.5 cm and 55% (11/20) of those of 1.5-2.0 cm. Thus, these authors concluded that 

VABE might be a useful option for the definitive treatment of breast fibroadenoma.28 Furthermore, 

Plantade et al. performed VABE of benign breast mass of <1.5 cm, thus showing a rate of complete 

removal of 79.1% and that of complication of 1.3%.29

US-VABE is recommended for patients who are in need of a complete excision of the lesion, those

who can rarely be regularly followed up, those with a pregnancy plan, those with psychological 

instability, those whose lesions are increased in size during the follow-up period and those with BI-

RADS Category 3-4 lesions complaining of symptoms or pain.30-32 Thus, it has been established as a 

safe, cost-effective modality that can be performed for diagnostic and therapeutic purposes.32

Attempts have been made to perform US-VABE concurrently with an implant-based augmentation

mammaplasty; this is based on advantages that a combination of two modalities is a time- and cost-

effective modality that causes no additional scars.33 According to Byun IH, et al., there were no 

significant differences in incidences of complications between an implant-based augmentation 

mammaplasty only and that combined with US-VABE. These authors also noted that it is an essential

factor for preventing the occurrence of complications not to damage the pectoralis major muscle 

during US-VABE while stating that US-VABE requires a learning curve.33

To summarize, our results are as follows: First, there were no significant differences in incidences 
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JMIR Preprints Kim et al

of postoperative complications between the BA only group and the BA with VABE group (P>0.05). 

Second, there was a significant difference in operation time between the BA only group and the BA 

with VABE group (55.110.3 min versus 59.513.1 min; P=0.0127). Third, TTEs were estimated at

10.808.91 months (95%CI 7.59-14.02) for the left breast and 9.559.35 months (95%CI 6.68-

12.43) for the right breast in the BA only group. These values were 5.926.63 months (95%CI -

4.64-16.47) and 7.016.13 months (95%CI 0.57-13.44) in the corresponding order.

But our results cannot be generalized not only because we included a small number of the patients 

in the current study but also because they received a breast implant in a subpectoral pocket.

Conclusions

In conclusion, our results indicate that US-VABE is a safe modality in patients receiving an 

implant-based augmentation mammaplasty. But further large-scale, prospective studies are warranted

to corroborate our results.
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