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Abstract
Objectives The objective of this study is to report on the performance of the MRI-guided VABB in our center and to look at the
long-term outcome of biopsies with benign histology over a period of 19 years.
Methods In a single-center retrospective review study, data of 600 VABB procedures performed between September 1999 and
March 2017 were evaluated. We collected patient demographics, histopathological diagnosis at MRI-VABB, and basic lesion
characteristics (size, location). Data from the Belgian Cancer Registry was cross-referenced with our database to find out which
patients with benign MRI-VABB results developed a malignant lesion over time.
Results These 600 VABB procedures were performed in 558 women with a mean patient age of 51.8 years (range 18–82 years).
Our technical success rate was 99.3%.We found 27.67%B5 lesions, 9.82%B3 lesions, and 0.17%B4 lesions. Of 362 benignMRI-
guided VABBs, follow-up data was available for a mean follow-up period of 7.6 years (0.8–18.3). Only one (0.3%) biopsy was a
false negative lesion after MRI-guided VABB during follow-up. Short-term FU-MRI provided no increase in detection rate.
Conclusion The accuracy of MRI-guided VABB is high with a very low false negative rate of 0.3% on long-term follow-up. The
value of short-term FU-MRI for every case after MRI-guided VABB may be questioned.
Key Points
• MRI-guided vacuum-assisted breast biopsies yield a large portion of clinically relevant lesions (9.82% B3, 0.17% B4, and
27.67% B5 lesions).

• The false negative biopsy rate of MRI-guided VABB in this study with a mean follow-up time of 7.6 years was only 0.3%.
• Performing a short-term follow-up MRI after a benign MRI-guided VABB concordant to the MRI appearance may be
questioned.
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UIQ Upper inner quadrant
UOQ Upper outer quadrant
US Ultrasound
VABB Vacuum-assisted biopsy of the breast

Introduction

The diagnostic accuracy of magnetic resonance imaging
(MRI) for the diagnosis of lesions in the breast is well studied.
It offers high sensitivity but variable specificity with a PPV of
56% and a NPV of 100% [1]. The European guidelines for
image-guided breast biopsies state that for suspicious lesions
only visible on MRI, MRI-guided VABB is mandatory when
second-look/targeted ultrasound fails to reveal these lesions.
Second-look ultrasound may reveal MRI detected lesions in
46 to 71% [2, 3]. Therefore, a large number of these cases
depend on this MRI-guided biopsy technique for their diag-
nostic work-up. MRI-guided VABB, lacking real-time con-
trol, requires a high level of expertise.

Several previous studies reported on the results of MRI-
guided VABB but data on long-term follow-up outcomes of
benign MRI-guided VABB concordant to the MRI appear-
ance and the necessity of short-term FU-MRI are limited
[5–15]. In this study, we focused on the long-term outcome
of benign MRI-guided VABB in a series of 600 consecutive
biopsies by cross-referencing our database to the national can-
cer registry which records all new Belgian breast cancers.

Materials and methods

Study design

This single-center retrospective study of MRI-guided VABBs
in the Hospital AZ Sint-Jan AV, Bruges, reviewed all 600
procedures performed by the same experienced radiologist
(J.C.), between September 1999 and March 2017. This radi-
ologist has experience in MRI of the breast since 1991 and
performed the first MRI-guided VABBs in 1999. The biopsies
were performed in accordance to the guidelines from the
European Society of Breast Imaging for diagnostic interven-
tional breast procedures [2, 16]. Data of 52 of our patients
were partly included in a multicenter study that was published
by Heywang-Köbrunner et al in 2001 [17]. These data were
also used in the publications by Perlet et al in Eur Radiol.
(2002), Hefler et al in Eur Radiol. (2003), and Perlet et al in
Cancer (2006) [9, 18, 19]. Our new dataset includes 506 ad-
ditional patients for a total of 600 biopsies, with a much longer
follow-up period. Patients meeting the following inclusion
criteria were considered for MRI-guided biopsy: lesions cate-
gorized as suspicious (BI-RADS 4 or 5), not visible on a
targeted mammogram or ultrasound and visualized on MRI

and previous BI-RADS 3 lesions that had become more sus-
picious on a follow-up MRI, ideally performed in the optimal
window of the menstrual cycle (day 5–15) [20]. By exception,
patients in the preoperative planning were also considered for
an MRI-guided VABB without having to meet all of the
abovementioned criteria, so that therapy for the other lesion
would not be delayed. The indication for the MRI-guided
breast intervention was discussed in an interdisciplinary board
for the patients of our hospital. For the externally referred
patients, there was contact with the referring physician and a
detailed clinical history file was provided before the biopsy
was planned.

Biopsies with benign histology were either correlated on a
2-weekly multidisciplinary team meeting (MDT) for non-
referred patients or at their referring center for referred pa-
tients. A second VABB was considered when the reliability
of the initial VABB was uncertain or when the biopsy was
discordant with the short-term FU-MRI. Referred patients had
this short-term FU-MRI at their referring centers.

All patients with an initially benign VABB result were
matched with the Belgian Cancer Registry database to coun-
tercheck for subsequent breast cancer during long-term fol-
low-up.

High-risk and malignant lesions were treated according to
the national guidelines after MDT [4].

MRI protocol and biopsy

We used the following MR systems: Symphony (1.5 T,
Siemens), Achieva (1.5 T, Philips), Achieva Quasar Dual (3
T, Philips), and Ingenia (3 T, Philips). The sequences
remained unchanged over time, but the resolution and signal
noise ratio improved with the development of newer MR sys-
tems. The most recent biopsy protocol consisted of a 2D sag-
ittal T1-weighted sequence for visualization of the markers
inside the compression device (flip angle 10; repetition time/
echo time (TR/TE) 4.8/2.4 ms; voxel size 1 × 1 × 3 mm), a
dynamic 3D T1-weighted THRIVE sequence (flip angle 10;
repetition time/echo time (TR/TE) 5.4/2.4 ms; voxel size 0.9 ×
0.9 × 0.9 mm) with image acquisition before and at 90 and
180 s after gadolinium administration (0.1 mmol/kg body
weight at 3 ml/s), and a 3D T1-weighted sequence (flip angle
15; repetition time/echo time (TR/TE) 5.4/2.4 ms; voxel size
0.9 × 0.9 × 0.9 mm) to check the position of the localizing
device. For every patient with a benign result, a short-term
FU-MRI was scheduled 2 months post-procedural or recom-
mended to the referring center.

Until 2016, gadobutrol (Magnevist®, Bayer) was used,
thereafter gadopentetate dimeglumine (Gadovist®, Bayer).

In the first years (1999–2005), there was no automated
software for the localization of the needle. DynaCAD®
(Invivo, Philips Healthcare) software became available in
2006 and we used it for motion artifact correction, image
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subtraction, and calculation of the lesion coordinates and to
check the position of the needle.

Material

First in use was the Mammotome® VABB system
(Ethicon), together with a prototype breast biopsy coil
that was developed by S.H. Heywang-Köbrunner,
Siemens, and Epoxonic (patents by S.H. Heywang-
Köbrunner al. 1992–1997). The aiming device was
manufactured by Fischer. In 2006, we started working
with a dedicated movable trolley, which allowed us to
take the biopsies outside the MR suite. In 2012, the
EnCor® (SenoRX) VABB system became available.
The selection of biopsy system in each case was left to
the discretion of the operator. The Mammotome® system
was preferred for lesions with a more difficult localiza-
tion. The EnCor® system was preferred for cases where
the lesion was more diffuse and easy to target. For each
VABB, 12–36 samples were taken with a 7G needle.
The number of samples depended on lesion size, breast
size, and location of the lesion. Tissue was immediately
fixed in buffered formalin. An MRI-compatible clip was
inserted into the biopsy cavity.

Data collection and analysis

Before every procedure, a written consent and form
specifying date of birth and procedure, indication for
the biopsy, lesion type, and lesion size was completed.
After the procedure technical difficulties and complica-
tions were filled in on the form and the result of the
biopsy was added later. In Belgium, registration of all

breast biopsy results to the Belgium Cancer Registry is
mandatory. The cooperation with this national registry
allowed us to match follow-up data of all Belgium pa-
tients, regardless whether their biopsy was malignant or
benign.

Statistical analysis

We performed descriptive statistics on our database
using SPSS 26 (IBM). Qualitative variables were sum-
marized by count and percentage, which included fre-
quencies of diagnosis, evolution of the number of biop-
sies over time, number of biopsies per patient, and iden-
tification of biopsies with a benign histology with a
reported breast malignancy to the national cancer
registry.

Results

Characteristics of the study population

In the period 1999–2017, 600 MRI-guided VABB procedures
were performed in 558 patients. The first decade, the mean
number of biopsies was 20 (range 2–34) per year, increasing
steadily each year. The second decade, the mean number of
biopsies was 49 (range 38–57) per year (Fig. 1).

Patient age ranged from 18 to 82 years with a mean patient
age of 51.8 years. Four hundred fifty-seven patients (81.9%)
were referred from other hospitals (Table 1).

Mean lesion diameter was 12 mm (range 1.4–100 mm). Of
all biopsied lesions, 54.3% (326/600) were smaller than 1 cm
and 7% (42/600) were smaller than 5 mm.

Fig. 1 The developments of MR-
guided vacuum-assisted biopsy
(VAB) between 1999 and 2017
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Biopsy results

The total number of each histological diagnosis and its B-
category is listed in Table 2. Overall we found a 27.7%
(166/600) malignancy rate (B5) with an additional 0.2%
(1/600) being suspicious for malignancy (B4). Another 9.8%
(59/600) biopsies yielded a B3 lesion and 62.3% (374/600)
were biopsies with benign histology.

There were 40 patients who had 2 separate biopsies and 1
patient had 3 separate biopsies (Fig. 2).

In 29 of the 40 cases where the patient had 2 biopsies,
the second biopsy was done because of an additional sus-
picious lesion on MRI. In 11 of the 40 cases, the same
lesion was biopsied a second time. Technical difficulties
during the first procedure caused 3 repeat biopsies, discor-
dant correlation resulted in 2 repeat biopsies, and 5 lesions
persisted during follow-up after a benign histology leading
to a second VABB. The eleventh repeat biopsy was the

only case with a histology suspicious for malignancy.
After multidisciplinary team meeting, it was decided to
obtain more material for diagnostic purposes.

Two of the abovementioned 11 repeat biopsies resulted in
an upgrade to malignancy: one biopsy initially revealed a
lesion with uncertain malignant potential (atypical lobular hy-
perplasia) (B3) and the already mentioned eleventh repeat
biopsy was suspicious for malignancy (B4) on the initial
VABB.

Nine of the 11 repeat biopsies had an initial biopsy with
a benign histology and the additional biopsy remained be-
nign in 7 cases. In 2 cases, both during follow-up, the
second biopsy yielded a higher B-category. One case (ini-
tial biopsy: usual ductal hyperplasia) had a repeat MRI-
guided VABB 1 year later resulting in the diagnosis of an
intraductal papilloma without atypia. A second case who
underwent a VABB in 2005 of a nodular lesion in the
upper outer quadrant of the left breast, which yielded a

Table 1 Patient and lesion characteristics

Lesion type N (%)

Mass 418 (69.7%)

Non-mass enhancement 50 (8.3%)

Focus 42 (7%)

Unspecified 90 (15%)

Size of sampled lesion (mm)

< 5 mm 42 (7%)

5–9.9 mm 284 (47.3%)

10–15 mm 159 (26.5%)

> 15 mm 115 (19.2%)

< 5 mm 5–9.9 mm 10–15 mm > 15 mm

B1–Normal tissue 1 (2.4%) 14 (4.9%) 10 (6.3%) 3 (2.6%)

B2–Benign lesions 27 (64.3%) 176 (62%) 88 (55.3%) 55 (47.8%)

B3–Lesion of uncertain malignant potential 5 (11.9%) 30 (10.6%) 13 (8.2%) 11 (9.6%)

B4–Suspicious for malignancy 0 0 0 1(0.9%)

B5–Malignant 9 (21.4%) 64 (22.5%) 48 (30.2%) 45 (39.1%)

Total 42 284 159 115

Patient characteristics

Non-referred patients 101 (18.1%)

Referred patients 457 (81.9%)

Mean age (years) 51.8

Range (years) 18–82

Indications for VABB

Lesion only visible on MR not otherwise specified 240 (40%)

Preoperative multicentricity ipsilateral breast 60 (10%)

Diagnostic problem contralateral breast 129 (21.5%)

History of breast carcinoma 50 (8.3%)

Genetic high-risk screening 46 (7.7%)

Other* 75 (12.5%)

*Previous benign lesion, staging ovarian carcinoma, post thorax radiotherapy, breast skin retraction, elevated CEA, nipple retraction, Paget nipple, nipple
discharge, previous biopsy negative, unknown primary
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B2 lesion, developed LCIS of the non-pleomorphic type
(B3) at the site of the clip after 7 years (Fig. 3).

Only one patient underwent three separate MRI-guided
VABBs during 2 sessions. This patient had an MRI during
follow-up after invasive carcinoma which showed 3 suspi-
cious lesions: 2 lesions in the right breast and 1 lesion in the
left breast (Fig. 2).

The technical success rate was 99.3%: in one case, the biop-
sy procedure was prematurely stopped due to excessive bleed-
ing. In three other patients, a repeat biopsy was necessary be-
cause of a technical inadequate first procedure that resulted in
failure to obtain a sample of the targeted lesion. A minor med-
ical complication was prolonged bleeding without need for
treatment, which occurred in 44 cases (7.3%). Significant med-
ical complications were severe bleeding and important skin
perforation. Excessive bleeding needing long manual pressure
occurred in 10 cases (1.7%). As stated above, in one patient
(0.2%), the bleeding during the biopsy procedure was so heavy
that it had to be stopped prematurely, but sufficient acquired
tissue revealed an invasive ductal carcinoma. In one case
(0.2%), significant medial skin perforation occurred.

Procedural difficulties comprised technical software and
hardware problems, difficult lesion accession, and target le-
sion alterations. No technical problems occurred in 503 cases
(83.8%). The access to the lesion was difficult in 44 cases
(7.3%). The target lesion appeared much less enhancing or
displaced compared to the initial MR in 34 cases (5.7%).
Software and hardware problems occurred in 5 (0.8%) and
12 (2.0%) cases respectively. Patient movement caused sig-
nificant procedure difficulty in 2 cases (0.3%).

Long-term outcome of biopsies with benign
histological findings

Follow-up data was available for 573 of 600 biopsies from
533 of 558 patients (95.5%). Twenty-five patients (27 bi-
opsies) had no follow-up data in the Belgium Cancer
Registry as they were foreigners. These were therefore ex-
cluded from the follow-up analysis (Fig. 4). Of the 374
biopsies with benign histological findings, 362 (96.7%)
had follow-up data.

Table 2 Histologic diagnoses and
B categories B-category Diagnosis N %

B1 (N = 28) 4.67

Normal breast tissue 28 4.67

B2 (N = 346) 57.67

Fat necrosis

Non-specific findings*

Usual ductal hyperplasia

Fibroadenoma

Hamartoma

Hemangioma

Granulomatous mastitis

Intramammary lymph node

11

232

69

21

2

1

2

8

1.83

38.66

11.50

3.50

0.34

0.17

0.34

1.33

B3 (N = 59) 9.82

Papilloma

Atypical lobular hyperplasia

Lobular carcinoma in situ

Flat epithelial atypia

Atypical ductal hyperplasia

Radial scar

16

4

9

3

26

1

2.66

0.66

1.50

0.50

4.33

0.17

B4 (N = 1) 0.17

Suspicious for malignancy 1 0.17

B5 (N = 166) 27.67

Ductal carcinoma in situ

Invasive lobular carcinoma

Invasive ductal carcinoma

Other breast malignancy (colloid carcinoma and tubulolobular carcinoma)

50

25

89

2

8.33

4.17

14.83

0.34

Total 600 100

*Fibrosis, fibrocystic changes, aspecific chronic inflammation, adenosis, apocrine metaplasia
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The mean follow-up time of our cases was 7.6 years
(range 10 months–18 years 3 months). For the biopsies
with benign histology, a follow-up of 2 years was avail-
able in 90% of cases and a follow-up of 3 years was
available in 84%.

In 16 of the 362 MRI-guided biopsies with benign histol-
ogy (4.4%), a breast cancer was reported to the Belgium
Cancer Registry. Six of these were biopsies to rule out
multicentricity/multifocality (registered primary malignancies
and a benignMR-guided VABB for a 2nd separate suspicious

600 MRI-guided VABB 
in 558 pts

517 pts with
1 MRI-guided VABB

(517 VABB)

40 pts with
2 MRI-guided VABB

(80 VABB)

indica�on:
29 pts with a second 
separate suspicious 

lesion on MRI

indica�on: 
11 pts with doubt 

whether the 1st biopsy 
was representa�ve

of which 9 B2-lesions

Re-do biopsy
7 biopsies with benign 

result

Re-do biopsy
- 1 upgrade to B3 lesion (papilloma, 1 yr later) 
- 1 upgrade to B3 lesion (LCIS, 7 yrs later)

1 pt with
3 MRI-guided VABB

(3 VABB)

indica�on:
3 separate suspicious 

lesions on MRI

Fig. 2 Flowchart of the MRI-guided VABB between 1999 and 2017 (pts = patients; pt = patient; LCIS = lobular carcinoma in situ; yrs = years) and
indications for a second or third MRI-guided VABB
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lesion) and three cases occurred in the contralateral breast.
Seven cases had a reported malignancy developing in the ip-
silateral breast over time. (Table 3) (Figs. 5 and 6).

In 6 of these 7 cases (Table 3, patient 1, 2, 3, 4, 6, and
7), a malignant lesion developed in the same breast in
which the initial benign VABB was taken but in a different
region. As shown in Table 3, patient 1, 2, 3, 6, and 7
developed a malignant lesion in a different quadrant of
the same breast. Patient 4 developed a malignancy in the
same quadrant of the same breast but in a clearly different
region (Fig. 6). Hence, in these cases, we were dealing with
true negative biopsy results. One patient (0.3%) (Table 3,
patient 5) with a nodular lesion in the upper outer quadrant
of the left breast developed a malignancy 2 years later at
the site where the clip of the VABB was left. This was a
false negative result, even though the images at the time of
the VABB showed a correct localization of the needle in
the region of the suspected lesion (Fig. 5). The initial his-
tology showed fibrosis and periductal inflammation. FU-
MRI was performed in this case on which the lesion was
still visible, but it was smaller.

Together with the abovementioned two cases from the re-
peat biopsies with a higher B-category on repeat biopsy, a
total 3 of the 362 biopsies (0.8%) with initial benign histology
received a final B3 or B5 diagnosis during follow-up at the site
of the clip.

Discussion

Our goal was to report on the results of our centers’ experience
and analyze the long-term outcome of MRI-guided VABB
with benign histology.

The results of our 600 procedures underline the diagnostic
importance of MRI-guided VABBs of often subcentimetric

lesions only visible on MRI, yielding an overall malignancy
rate of 27.7% which is in line with the 22–33% malignancy
rate previously reported in literature [6, 12–14, 21].

Generally, a FU-MRI is recommended at 6 months after a
benign concordant biopsy to check on satisfactory targeting
and/or lesion stability, although some national guidelines ad-
vocate a faster follow-up [15, 22]. Unlike stereotactic VABB
and ultrasound-guided VABB, the MRI-guided VABB lacks
real-time confirmation of lesion removal [12, 14]. Moreover,
MRI of the biopsy cavity immediately after MRI-guided
VABB may sometimes not reliably exclude a residual lesion
because of leakage of gadolinium in combination with post-
procedural bleeding. Therefore, we do not perform an imme-
diate post-procedural control MRI sequence on routine basis
in favor of a short-term FU-MRI at 2 months. This allows us
to perform a new gadolinium-enhanced T1-weighted se-
quence, which we find more performant in subcentimetric
lesions. Also, when part of lesion persists, this allows us to
perform an additional follow-up at 8 months post-biopsy to
assess lesion stability.

When the remaining lesions remain stable, a follow-up period
of 2 years can be regarded as adequate for follow-up in consid-
eration with the individual risk factors of the patient [3, 13, 23,
24]. Ninety percent of our patients with a benign MRI-guided
VABB had follow-up data of minimum 2 years. To the best of
our knowledge, there are no studies with a mean follow-up peri-
od of 7.6 years or longer, which is a strength of this study. Our
data shows that only 1 biopsy (0.3%) was a false negative result
with a malignant breast lesion developing at the site of the clip
from the initial benign VABB 2 years prior. Long-term FU data
in literature are rare, with a relative short follow-up period, vary-
ing from 7 to 52 months [8, 9, 12–15, 21, 25]. Pinkney et al
found an overall false negative rate with short-term FU-MRI of
1.4% (range 0.8–2.4%) in the literature [12]. Krug et al reported a
false negative findings range of 0–11.7% [21]. In our false

Fig. 3 Upgrade to a higher B-
category on repeat VABB. a
Enhancing lesion in the upper
outer quadrant of the left breast,
diameter 24 mm (pre-MRI-guid-
ed VABB). b Enhancing lesion in
the same region of the upper outer
quadrant of the left breast, diam-
eter 15 mm (post-MRI-guided
VABB 5 months later). c, d
Second VABB 7 years later of the
same enhancing lesion in the up-
per outer quadrant of the left
breast with correct position of the
needle, revealing LCIS of the
non-pleomorphic type
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negative case, a short-term FU-MRIwas performed onwhich the
lesion was still visible but became smaller. If in the referring
center, appropriate response would have been given to the
short-term FU-MRI findings (repeat biopsy) then the long-term
false negative rate would probably have been 0% instead of
0.3%. This case shows similarity to the report of Huang et al
where a decrease in size of the lesion with a histology of inflam-
mation led to the presumption that the biopsy was adequate [14].
Thus, when short-term FU-MRI is performed, repeat biopsy
should be considered depending on the proportion of the lesion
removed, the level of initial suspicion, and critical assessment of
radiological-pathological correlation.

Imaging follow-up in patients with a biopsy with benign
histology resulted in repeat biopsies in 11 cases, and in 5 of
them, a second VABB was performed because the lesion

persisted on the short-term FU-MRI. In 2 of these 5 cases, a
lesion with uncertain malignant potential was found. However,
the case with LCIS at the site of the clip had a 7-year interval
between the 2 biopsies with the second enhancing lesion being
smaller than the first targeted lesion, which makes it very un-
likely that this was the same lesion as 7 years before.

The necessity of short-term FU-MRI has been questioned in a
few recent reports [12, 14, 15]. However, intravenous gadolinium
administration is possible in the short-term FU-MRIwhich allows
the detection of an enhancing residual lesion that might then
require either a repeat biopsy or at least a second follow-up
MRI. In our patients, short-term FU-MRI did not provide an
increased detection rate of malignant breast lesions. Based on
our results, short-term follow-up by MRI could be omitted for
unequivocally representative B2 lesions with compatible imaging

374 benign MRI-guided 
VABB

362 benign MRI-guided VABB 
with a FU of min 0.8 yrs 

(90% FU of > 2 yrs)

12 benign biopsies were 
excluded 

foreign countries: no FU data 
available

16 pts (4.4%) with breast 
cancer in FU

6 pts with a registered 
primary malignancy and 

a benign MRI-guided 
VABB for a 2nd seperate 

suspicious lesion

3 with breast cancer in 
the contralateral breast

7 with breast cancer in 
the ipsilateral breast 

(table 3)

Fig. 4 Flowchart of the benign MRI-guided VABB between 1999 and 2017 in follow-up (FU = follow-up; pts = patients) with percentage of patients
with malignancy in follow-up
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findings. However, depending on the initial degree of suspicion,
imaging findings before and during biopsy, and the type of his-
tology, short-term follow-up might still be useful to consider in
the remaining cases. This approach has already been advocated
by Shaylor et al [15]. Investigation of the reproducibility of these
results for different teams and for different techniques (e.g., re-
moval of smaller volumes of tissue) remains necessary.

One of the limitations of our study is the high referral rate
of patients which made it not possible to retrieve all clinical
and imaging follow-up information. This was also experi-
enced by other large referral centers [26]. This referral gap
in data was partly resolved by our collaboration with the
Belgium Cancer Registry, to obtain long-term follow-up data
of most of our patients (95.5%).

Fig. 6 Patient 4 from Table 3, true negative result. a Coronal, axial, and
sagittal image of a small enhancing nodule of 6 mm at 9 o’clock in the
anterior third of the left breast. b MRI-guided VABB showed a correct
positioning of the needle at 9 o’clock (arrow). c Coronal, axial, and
sagittal image on a follow-up MRI 6 months later showed a new

enhancing nodule of 7 mm at 10 o’clock in the posterior third of the same
breast. d Second-look ultrasound showed a nodular lesion at 10 o’clock
prepectoral in the left breast at a distance of 3 cm from the residual small
hematoma/fibrous tissue after MRI-guided VABB. Ultrasound-guided
core needle biopsy of this new nodule revealed an invasive lobular cancer

Fig. 5 Patient 5 from Table 3,
false negative result. a–d Images
of the enhancing lesion on MRI
with a correct localization of the
needle in the left breast (c, d). e
Post-biopsy control MRI 5
months later shows a persisting
enhancing lesion next to the clip. f
Resection specimen of the tumor
with the tumor next to the clip
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The use of different console biopsy systems might be
regarded as a limitation, but to the best of our knowledge,
no biopsy device is proven to be superior. A recent study
comparing three different biopsy devices found no difference
in false negative or underestimation rates [5].

In conclusion, our results prove that MR-VABB is a highly
reliable technique with a very low long-term false negative
ratio. The need for short-term follow-up MRI may be reduced
to cases without unequivocal correlation. When follow-up is
performed, critical multidisciplinary assessment is warranted
and a second follow-up MRI or repeat biopsy should be con-
sidered for persisting lesions.
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