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Vacuum-assisted biopsies under MR guidance:
results of 72 procedures

Abstract Objective: To investigate
the clinical accuracy of magnetic
resonance imaging-guided breast
vacuum-assisted biopsy (MR-VAB).
Methods: Of 97 scheduled MR-VAB
for single MRI lesions (negative sec-
ond-look sonography) categorised as
BI-RADS 4 or 5, 4 were cancelled
(undetected lesion = 2, technical
problems = 2). Twenty-one patients
lost to follow-up were excluded.
Results: Twenty-three patients (me-
dian age 51 years) were at high risk
(BRCA1=11, BRCA2=7, familial
risk=5), 23 had a suspected local
recurrence of breast cancer. Seventy-
two imaged lesions (focus=1, mass
enhancement=32, non-mass-like en-
hancement=39) were targeted with a
10-gauge VAB probe using MRI
guidance, with a median of 18 speci-
mens per lesion (median procedural
time 72 min, range 50–131 min)

followed by clip placement. In the
case of benignity, MRI follow-up was
performed (19 patients, median
389 days, range 33–1,592) or
mammography (3 patients, median
420 days, range 372–1,354). Accord-
ing to histopathology results, 29
lesions were benign, 10 were high-
risk (papillary=2, radial scar=1,
atypical epithelial hyperplasia=7) and
33 malignant (ductal carcinoma in
situ=8, invasive cancers=25). Three
false negative results and 3 compli-
cations occurred (1 malaise, 1 skin
defect, 1 infection). Conclusion:
MRI-guided VAB represents an
accurate tool for the histological
diagnosis of lesions visible only at
MRI.
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Introduction

Owing to its high sensitivity, breast MRI is able to detect
breast cancers occult to standard imaging or physical
examination and has become a useful tool in breast
imaging as an adjunct to mammography and sonography
[1]. Although the clinical impact of breast MRI, such as in
breast cancer staging, remains under debate principally
because of a limited specificity of the technique and is still
under clinical investigation [2–6], a number of indications
have now been validated: equivocal mammogram, ultra-
sound or physical examination findings for which the
diagnosis cannot be confidently established by conven-
tional imaging [7], axillary node metastasis from unknown

primary site [8], monitoring response to neoadjuvant
chemotherapy [9], and breast cancer screening in high-
risk population [10–12].

When breast MRI detects breast lesions that are
suspicious or highly suggestive of malignancy, a second-
look ultrasound examination is performed. If a sonographic
correlate for the MRI-detected lesion is confidently
identified, biopsy is usually performed under sonographic
guidance [13]. When there is no sonographic correlates or
only vague sonographic findings, biopsy has to be
performed under MRI guidance [14]. Vacuum-assisted
biopsy (VAB) is a minimally invasive procedure that
provides large tissue samples. It is a safe and accurate
technique routinely performed under stereotactic and sono-
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graphic guidance [15, 16]. Several studies have shown
promising results of breast VAB under MRI guidance
[17–24].

The objective of our study was to estimate the clinical
accuracy of MRI-guided VAB of lesions only visible at
MRI.

Materials and methods

Population

We retrospectively reviewed the medical records of 97
patients aged from 28 to 79 years (mean age 51 years)
consecutively referred to our department for MRI-guided
VAB between December 2003 and April 2008.

Lesions included in the study were MRI-detected lesions
described according to the Breast Imaging and Reporting
Data System (BI-RADS) Breast MRI Lexicon [25] and
classified as BI-RADS category 4 or 5. Lesions with
mammographic or sonographic correlate were excluded, as
well as four lesions for which procedures could not be
performed (disappearance of the MRI-detected lesion the
day of the biopsy in 2 patients and technical limitations in
the other 2 patients). Eighteen patients with benign
histological findings and 3 patients with high-risk lesions
were lost to follow-up after MR-guided biopsies and were
therefore excluded from the study. Thus, our study
population comprised 72 patients.

Patients were referred to our institution, which specia-
lizes in breast cancer treatment, by their respective
physician for a diagnostic issue or for the screening of
high-risk patients after oncogenetic counselling: BRCA1/2
mutation carriers, familial history of breast/ovarian cancer
(s) that confer a cumulative lifetime breast cancer risk
superior to 30% as determined with the Claus model
(negative genetic tests) [26]. Patients were also referred
from institutions without MRI guidance at their disposal
for breast biopsy. The other patients were followed in our
institution after a previously treated breast cancer.

The clinical setting for breast MRI is detailed in Table 1.

MRI

Diagnostic MRI was performed in our department for
patients previously treated and followed in our institution
on a 1.5-T unit (Symphony, Siemens, Erlangen, Germany)
using a dedicated surface breast coil and a standard
protocol including morphological axial T1 and T2-
weighted TSE sequences, axial and sagittal dynamic T1-
weighted three-dimensional water excitation fast low-angle
shot sequences before and after contrast medium injection
with subtractions.

For patients referred from other institutions, MRI was
performed in other imaging departments and was reinter-

preted by the physicians (AT, CEK, FT, CM) of our
department all specialised in breast imaging with clinical
experience in breast cancer centre of 15, 10, 15 and 2 years
respectively.

Mammograms were either performed in our institution
or reinterpreted if performed outside our institution. A
second-look sonography was performed in our institution
and did not show sonographic correlates of the MRI-
detected lesion.

Biopsy procedure

MRI-guided biopsies were performed by 4 radiologists
specialising in breast imaging (CEK, AT, FT, CM); all had
previous experience in breast MRI and percutaneous
biopsies under stereotactic and sonographic guidance.
The results we present include our learning experience.

The patient was positioned prone in a 1.5-T magnet
(Symphony, Siemens, Erlangen, Germany). A dedicated
breast surface coil and breast biopsy device were used;
biopsies were obtained with a 10-gauge handheld biopsy
system (VACORA VAB system, BARD France SAS,
Voisins Le Bretonneux, France). The breast was com-
pressed in the mediolateral direction by two compression
plates which consist of flexible bars. A fiducial marker was
placed in the compression system. An axial T1-weighted
three-dimensional water excitation fast low-angle shot
sequence (2-mm section thickness, field of view 320×
320 mm, matrix 512×512, acquisition time 25 s) was
repeated before and five times after contrast medium
injection at a rate of 2 ml/s (0.2 ml/kg, Dotarem, Guerbet,

Table 1 Clinical setting for magnetic resonance imaging (MRI) and
magnetic resonance-guided vacuum-assisted biopsy (VAB)

Clinical setting No. of patients

Suspicion of local recurrence
after breast cancer

23 (32%)

Screening of high-risk cases 23 (32%)

BRCA1 = 11

BRCA2 = 7

Strong family history without
mutation identified with a
cumulative lifetime breast
cancer risk superior to 30%
as determined with the Claus
model = 5

Problem solving 11 (15%)

Breast cancer initial staging 9 (13%)

Axillary node malignancy
from unknown primary
site (T0N1)

6 (8%)
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France) using an automated injector (Optistar LE, Mal-
linckrodt, Hazelwood, Mo). Subtracted sequences were
generated. Then, MRI images were reviewed to target the
marker (native image) and the lesion (subtracted image).
From their respective positions, spatial coordinates were
calculated (differences of location between the marker and
the lesion) according to the different possible angle
approaches of the biopsy device. The patient was then
withdrawn from the MRI unit. The breast was cleansed
with chlorhexidine gluconate (Hibitane Champ 0.5%).
Skin and deep anaesthetisation was performed by injection
of 10 ml of lidocaine hydrochloride with epinephrine
(Lidocaïne Adrenaline, Aguettant, Lyon, France). After a
small incision in the skin, a coaxial introducer system
consisting of an outer plastic sheath and an inner titanium
stylet was advanced and the tip of the sheath was placed
1 cm in front of the lesion. The inner titanium stylet was
removed and an inner plastic stylet was placed. An axial SE
T1-weighted sequence (TR/TE 533/14 ms, matrix size
515×512, 4-mm section thickness, 150-ms acquisition
time) was performed to control the needle placement. Once
the position of the coaxial plastic sheath was checked, the
patient was moved out the magnet on the patient table, the
patient staying motionless with the breast maintained under
compression. The biopsy device was then adapted to the
aiming device attached to the patient table outside the MRI
tunnel and placed into the breast through the coaxial needle
The device was fired to advance the needle into the centre
of the lesion. Multiple samples were obtained by turning
the needle clockwise around its axis. Six dynamic series
were repeated after contrast medium injection to control the
partial or complete removal of the enhancing lesion. A
titanium clip was placed to mark the biopsy site.
Afterwards, an axial T1-weighted TSE sequence was
performed to assess clip placement and search for post-
procedure haematoma. Two orthogonal mammograms
were performed after the MRI-guided biopsy to document
marker placement and accuracy of the clip placement with
regard to the MRI-guided biopsy site was assessed.

Histopathological work-up and imaging-histological
correlation

A median of 18 specimens per lesion was obtained (range
6–48). Specimens were fixed in neutral buffered formalin.
The tissue sampled was entirely embedded and examined.
At least one step section was acquired and analysed from
each specimen of the VAB at the beginning of our
experience. From April 2005, three step sections per
specimen were analysed.

For all the patients, results of MRI-guided biopsies were
reviewed during a multidisciplinary session to assess radio-
pathological concordance. Images of the post-procedural
MRI were reviewed to assess the quality of the lesion
removal. Pre-procedural images were reviewed in compar-

ison with histology results to assess the radio-histological
concordance. When histological findings could not explain
the MRI findings, surgical biopsy was recommended. In
cases of benign histological findings concordant with the
MRI pattern and if a representative removal could be
assumed from post-interventional MRI images, MRI
follow-up was recommended at 4–6 months. If the lesions
persisted unchanged at MRI follow-up, excisional biopsy
was recommended.

Data collection and statistical analysis

The study was conducted according to our institution’s
ethical guidelines and was approved by the institutional
breast group. Data collected included MRI lesion size and
type, complications, number of specimens sampled per
lesion, MRI-guided histological findings, follow-up, final
surgical histology, and complications. The time of the
biopsy was determined by calculating the interval between
the initial MRI localizing sequence and the final post-
procedural MRI sequence.

Data were entered into a computerized spreadsheet
(Excel, Microsoft, Redmond, WA) for analysis.

Results

Technical feasibility

Two lesions could not be sampled because of their deep
location close to the pectoral muscle.

The rate of technically feasible MRI-guided biopsies
was 98%.

The median procedural time was 72 min (range 50–
131 min).

MRI

The median maximal axis of lesions sampled was 12 mm
(size range 4–70 mm), 10 mm for mass enhancements
(range 4–26 mm) and 16 mm for non-mass-like enhance-
ments (range 5–70 mm).

According to the BI-RADS lexicon, the 72 sampled
lesions corresponded to a mass enhancement in 32 lesions
(44%) and a non-mass-like enhancement in 39 (54%).
Among the non-mass-like enhancements, there were 6
enhancements with a focal distribution (15%), 3 with a
linear distribution (8%), 23 with a ductal distribution
(59%), 7 with a segmental distribution (18%) and none
with a regional distribution (0%). One focus was also
sampled because of the clinical context: in a woman with a
metastatic axillary lymph node ipsilateral to a previously
treated breast cancer the unique finding identified was a
focus contralateral to the axillary metastasis.
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Pathology results

Of the 72 lesions sampled, 33 were malignant (46%), 10
were high-risk (14%) and 29 were benign (40%)
(Table 2).

Malignant histological subtypes are detailed in Table 2.
According to the Elston–Ellis modification of the Scarff–
Bloom–Richardson grading system [27], 8 invasive
tumours were classified as grade 1, 9 as grade 2, 3 as
grade 3, and 4 could not be assessed because the size of the
invasive component was too small. Except for one patient
who decided to be treated elsewhere, all patients with
malignant results where operated on in our institution.
Histology results for the operative specimen were concor-
dant with the preoperative diagnosis in 17 invasive
carcinomas and 5 ductal carcinoma in situ (DCIS). After
surgery, 2 DCIS (25%) were upgraded to invasive ductal
carcinoma (IDC). One DCIS exhibited a microinvasion; 7
DCIS had a high or intermediate grade. While preoperative
histological diagnosis was invasive carcinoma, surgical

histology yielded in situ carcinoma in 3 (DCIS=2, lobular
carcinoma in situ (LCIS)=1). At final surgical histology, a
biopsy scar without residual detectable carcinoma was
found in 4 patients with a preoperative diagnosis of IDC
and 1 patient with DCIS.

In the high-risk lesion group, 8 patients underwent
surgery (atypical ductal hyperplasia (ADH)=1, LCIS=1,
atypical columnar cell hyperplasia=2, indeterminate vas-
cular lesion=1, papilloma=2, radial scar=1); only one
lesion (ADH) was upgraded to DCIS at surgery. Two cases
with very small foci of lobular atypical hyperplasia were
discussed during a multidisciplinary consensus and
considered to have been successfully and completely
sampled. Surgery was not recommended and MRI
follow-up at 17 and 22 months provided no suspicious
findings.

Twenty-nine lesions (40%) yielding benign results are
presented in Table 2. Pathology results were considered to
be concordant with the BI-RADS category in 26 cases.

Nineteen patients with benign pathology results at
MRI-guided biopsies underwent 1–4 MRI examinations,
with a median follow-up of 12 months (median 389 days,
range 33–1,592 days), without detrimental findings. In
another 3 patients, MRI follow-up was not performed but
mammography and clinical follow-up were negative for a
median of 420 days (range 372–1,354 days). One patient
with benign histological findings underwent mastectomy
for ipsilateral breast cancer, distinct from the lesion
sampled.

Despite benign histology results, 5 lesions were
subsequently excised following the MRI-guided biopsy.

Two lesions were persistent at MRI follow-up despite a
satisfactory post-procedural evaluation raising questions
about the representativity of the biopsy specimens
(Fig. 1) and 1 non-mass-like ductal clumped enhance-
ment was judged discordant with the histological finding
of fibrous mastopathy. All appeared to be benign at
surgical histology.

Two other lesions were found to be malignant: one was
related to an error in targeting and the biopsy of the other
one was interrupted because of a vasovagal reaction. In the
latter, a second look at the initial MRI-guided biopsy
samples showed a small component of invasive ductal
carcinoma in the periphery of the specimens on additional
levels acquired. Initially, only one section had been
explored for histological analysis.

Finally, a 12-mm micronodular non-mass-like en-
hancement in a BRCA2-carrier patient appeared to be a
false negative. It was judged correctly sampled on post-
biopsy control images (Fig. 2). Histology results showing
fibrocystic changes were deemed concordant during a
multidisciplinary meeting. One year later, irregular micro-
calcifications with a ductal orientation categorised BI-
RADS 5 appeared in the area of the former MRI-guided
biopsy, corresponding to a high-grade ductal carcinoma in
situ at stereotactic VAB.

Table 2 Histopathology results after MRI-guided VAB of 72
lesions

Histopathology results No. of lesions

Malignant 33

DCIS 9

IDC 12

IDC + DCIS 4

ILC 5

IDC + ILC 2

Clear cell carcinoma 1

High-risk 10

Atypical lobular hyperplasia 2

Lobular carcinoma in situ 1

Atypical columnar cell hyperplasia 2

Atypical vascular lesions 1

Atypical ductal hyperplasia 1

Papilloma 2

Radial scar 1

Benign 29

Fibrocystic change 17

Hamartoma 1

Columnar cell change 1

Inflammation 2

Normal breast tissue 3

Radio-induced fibroelastotic changes 1

Adenosis 1

Fibroadenoma 3

DCIS ductal carcinoma in situ, IDC invasive ductal carcinoma, ILC
invasive lobular carcinoma
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Positive predictive values (PPV) of MRI enhancement
features

PPV of breast MRI features were 0% for foci (0/1), 52%
(17/33) for mass enhancements and 41% for non-mass-like
enhancements (16/39). In this last type of enhancement and
according to the spatial distribution of enhancements, PPV
were 50% for focal distribution (3/6), 33% for linear
distribution (1/3), 35% for ductal distribution (8/23), 50%
for segmental distribution (4/7) and 0% for regional
distribution (0/0).

Learning experience

Three cancers missed by MRI-guided VAB occurred in the
beginning of our experience. They were respectively the
second, third and seventeenth biopsies, performed by each
of the three physicians, respectively.

Three other lesions which appeared questionably
sampled were performed in thirty-seventh, twenty-sixth
and second position, respectively, and were benign at final
surgical histology.

Complications

Three complications were noted in this series. A case of
vasovagal reaction, previously described, complicated
one MRI-guided biopsy procedure. In another case, the
biopsy probe pierced the skin at the opposite side of the
breast. This complication occurred while an internal
lesion was approached from the lateral skin surface.
Sterile strips were applied. No surgical management was
needed. One infection of the biopsy site occurred after
MRI-guided biopsy and resolved under antibiotic ther-
apy. No bleeding or infectious complications required
surgical management.

Fig. 1 A 60-year-old woman
was suspected of local recur-
rence 3 years after breast-con-
serving therapy of the left breast
for ductal invasive carcinoma.
This patient had no other risk
factor. MRI showed a round, ill-
defined and homogenous mass
enhancement categorised BI-
RADS 4 in the upper quadrants
of the treated breast. a Axial T1-
weighted subtracted dynamic
sequence showed a mass en-
hancement, measuring 6 mm. b
On the post-procedural axial T1-
weighted subtracted dynamic
image, no residual enhancement
was seen after biopsy; contrast
medium leakage appeared at the
periphery of the biopsy cavity. c
On MRI follow-up, most of the
mass enhancement targeted was
still visible behind the marker
on axial T1-weighted subtracted
dynamic sequence. d Surgical
excision was performed after
MRI-guided wire localisation.
Like MRI-guided biopsy, surgi-
cal histology showed fibrous
mastopathy and adenosis. Axial
T1-weighted control image
showed the wire behind the
marker, centred on the residual
enhancement targeted
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Clip placement

Marker placement was not assessed in our institution for 2
patients (3%). The marker was considered accurately
placed at mammography in 52 patients (72%). For 14
markers (19%), post-biopsy mammogram showed clip
displacement, evaluated between 10 and 45 mm from the
biopsy site. In 4 patients, the radiologist decided not to
place a marker after the biopsy.

Discussion

Technical feasibility

MRI-guided VAB has been performed for several years
with success rates ranging from 95 to 100%. Our 98% rate
of technically feasible biopsies correlates with these results
[17–24].

Procedure

Compared with using the 9-gauge ATEC Suros device
employed by Liberman et al., the duration of our procedure
was longer, with an estimated median of 72 min, versus a
mean time of 33–38 min with the 9-gauge ATEC Suros
device [19–21]. In a previous study using the same 10-
gauge VACORA device as ours, the mean duration of the
procedure was comparable, an estimated 65 min, ranging
from 52 to 87 min [28]. Using the 11-gauge Mammotome
device, the duration of the procedure was estimated to
be approximately 60–70 min [17, 18, 23]. This lengthy
procedure is associated with a higher number of core
biopsies sampled compared with previous studies: a
mean of 18 specimens were sampled per lesion. A mean
of 8–14 specimens were collected with the same 10-
gauge device [24, 28]. A median of 8–12 specimens
were reported when using the 9-gauge ATEC Suros
device [19, 21]. In an interdisciplinary consensus on the

Fig. 2 A 40-year-old BRCA2
mutation carrier with ductal
non-mass-like enhancement of
the left breast categorised BI-
RADS 4. a Axial T1-weighted
subtracted dynamic image of the
breast positioned for MRI-
guided VAB. A 12-mm ductal
non-mass-like enhancement was
seen in the upper-outer quad-
rant. b Post-procedure axial T1-
weighted image. The biopsy
cavity appeared correctly
centred compared with the
lesion targeted. Histological
findings were fibrocystic mas-
topathy with columnar cell
change without atypia. c Persis-
tent residual enhancement on
MRI follow-up performed after
a 1-year interval. d On follow-
up mammogram images (image
zooming from craniocaudal
mammography of the left
breast), appearance of microcal-
cifications matching the MRI
enhancement, corresponding to
high-grade DCIS with necrosis
at stereotactic VAB
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uses and technique of MRI-guided VAB, European
specialists in breast imaging recommended the acquisi-
tion of at least 24 cores for an 11-gauge probe (or an
equivalent volume if a larger probe is used) [14]. Before
this European consensus, we acquired this number of
specimens because of our learning experience, the small
size of the lesions targeted and of the difficulty inherent
to MRI guidance.

Pathology results

Histological analysis indicated a high proportion of malig-
nant lesions, reflecting the numerous women at high risk
which, apart from the suspicion of local recurrence and
initial staging, represented 32% of our cohort. One study
performed as an initial experience showed a high cancer rate
of 61% [22] which declined to 29% in subsequent series
after a larger number of biopsies had been done [29].

DCIS cases which could only be sampled using MRI
guidance showed high and intermediate grades. As shown
by Kuhl et al. in a study dedicated to MRI in diagnosis of
pure DCIS, breast MRI in a high-risk setting mainly detects
high- and intermediate-grade DCIS [30].

We observed in our study two DCIS underestimations
among 8 DCIS with surgical excision. Our 25% rate is to be
interpreted with care in this small cohort of DCIS, but
appears equivalent to results previously published. In a
study dedicated to DCIS underestimation, 17% of all pure
DCIS were underestimated at 9-gauge MRI-guided biopsy
[31]. This study showed that DCIS underestimation was
associated with lesion size, underestimation being sig-
nificantly more likely in lesions measuring 6 cm or more.
No other factor correlated with DCIS underestimation. In
our series, the two underestimated lesions measured 38 and
30 mm, respectively, on MRI.

The unique case of microinvasion was confirmed as
being microinvasive at surgical biopsy. Concerning
high-risk lesions, the only atypical ductal hyperplasia
was upgraded to DCIS. Among 8 resected high-risk
lesions, only this case was malignant at surgical
excision (13%).

Discordances

Our 4% rate of discordances approaches the 7% discor-
dance rate reported by Lee et al. at MRI-guided 9-gauge
VAB [32]. In this series of 24 discordant lesions from a
total of 342 9-gauge MRI-guided biopsies, surgical exci-
sion revealed cancer in 30% [32]. In our study, surgical
excision revealed 2 invasive cancers in these discordant
lesions. Both were encountered after technical obstacles
with MRI-guided biopsy. In the first case, we could
retrospectively prove that MRI-guided biopsy actually
sampled the lesion despite the difficulty of this procedure

being interrupted because of a vasovagal reaction. Histo-
logical analysis initially failed to identify a small component
of invasive ductal carcinoma because only one step section
had been carried out. Following this incident, three levels of
histological analysis were routinely performed for all MRI-
guided biopsy specimens. According to European guidelines,
at least 4 hematoxylin and eosin (H&E) step sections should
be examined, each with at least one H&E stain [14]. The
second malignant case was immediately deemed discordant
thanks to the systematic checking of the placement of the
probe which immediately appeared inaccurate. Surgical
excision could then be rapidly performed, without prejudicial
delay. This case illustrates the need to carefully review the
probe placement when checking the radio-histological corre-
lation of the biopsy, as error in targeting may not be
immediately identified during the procedure.

In the false negative case presented in Fig. 2, targeting of
the lesion was initially thought to be accurate and the
radiology and histology results were considered concor-
dant. During follow-up, the appearance of pleomorphic
calcifications with ductal orientation on conventional
mammograms in the biopsy site subsequently showed that
the MRI-guided biopsy was actually falsely negative. This
case illustrates the limitation ofMRI-guided biopsy that lies
in the difficulty in controlling the targeting accuracy during
biopsy. As shown in this case, even if the radio-histological
correlation is checked, it can be deemed concordant and the
error in lesion sampling remains undetected.

Learning experience

The three cancers missed by MRI-guided VAB occurred in
the beginning of our experience. For two of them, the
radiologists had performed three or less MRI-guided VAB.
This finding may hence suggest an impact of the learning
curve on accuracy of MRI-guided VAB, as has already
been shown for stereotactic VAB [33].

Positive predictive values of MRI enhancement
features

MRI-guided VAB yielded cancer in 46% of lesions. This
46% PPVof MRI-guided biopsy is higher than the 5–31%
PPV previously reported when using the 10-gauge Vacora
device [24, 28, 34]. With the 9-gauge ATEC Suros device,
PPV ranged from 22 to 61% while with the 11-gauge
Mammotome probe, PPV ranged from 26 to 27% [17–19,
22, 23]. The high PPV we report may reflect the high risk
for breast cancer in our study population and is also related
to the exclusion of the patients lost to follow-up after
benign biopsy findings.

PPV of breast MRI features, except for mass enhance-
ments and ductal non-mass-like enhancements, were
estimated on limited series of less than 10 lesions, and
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therefore may be of limited value. Of 33 mass enhance-
ments, 17 (52%) were malignant at histological analysis.
This rate exceeds the PPV of 25% reported in a previous
study by Liberman et al. for mass enhancements [35].
Ductal non-mass-like enhancements were malignant in 8 of
the 23 lesions (35%). This rate exceeds the 26% rate of
malignancy reported in ductal enhancement by Liberman et
al. [19]. Segmental enhancement corresponded to a
malignant lesion in 50% of the cases.

Complications

The rate of 3 complications per 72 biopsies (4%) is
equivalent to the complication rate reported in previous
studies [17–24]. To prevent contralateral piercing of the skin,
we developed a dedicated long arm to allow internal access to
internally located lesions and no additional cutaneous
complication was recorded when using this device.

Limits

Our study has several limitations. We examined a
particularly high-risk population. We performed numerous
MRI-guided biopsies for departments that did not have
MRI-guided biopsy devices at their disposal, mainly at the
beginning of the study. Despite a recommendation for MRI

follow-up, some patients did not present for follow-up or
delayed in doing so. We could therefore not estimate the
negative predictive value of MRI-guided biopsy.

Although the study included 72 lesions, some subgroups
contained few lesions, limiting conclusions that could be
drawn about these features. Longer-term follow-up of
patients with benign histological findings after MRI-
guided VAB as well as larger cohorts would be required
to truly assess the negative predictive value of MRI-guided
VAB. Eighteen patients with benign histological findings at
MRI-guided biopsy were secondarily lost to follow-up.
The cancer rate appeared particularly high after excluding
these patients with benign results who did not present for
follow-up in our cancer centre.

Conclusion

MRI-guided VAB represents an accurate tool for the
histological diagnosis of lesions visible only at MRI.
Three false negatives of MRI-guided biopsy were
identified during the study. MRI-guided biopsy is still a
lengthy procedure requiring precise evaluation of the
biopsy site during the procedure. It is a reliable technique
which, in our high-risk cohort, identified malignancy in
46% of the biopsies performed, of which about 73%
were invasive.
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