
Abstract. Background/Aim: Magnetic resonance imaging
(MRI)-guided breast biopsy is a complex and time-consuming
procedure. This study aimed to clarify the factors that affect the
duration of the procedure. Patients and Methods: Twenty-eight
examinations performed at our institute for 27 lesions detected
solely on MRI were analyzed. The correlations between the
clinicopathological factors and duration of the procedure were
estimated. Results: The needle guidance method was the only
factor that significantly affected the duration of the MRI-guided
vacuum-assisted breast biopsy (VAB) (p=0.012). The use of a
computer-aided detection (CAD) system with grid breast
compression plates had significantly shorter durations (62±12
min) than the manual calculation of coordinates with pillar-type
compression plates (76±13 min). Conclusion: This preliminary
study showed that the use of a CAD system might shorten the
duration of MRI-guided VAB. 

Contrast-enhanced magnetic resonance imaging (CE-MRI) is
a modality that can detect breast cancer with high sensitivity
and can be displayed in a three-dimensional manner.
Reportedly, the sensitivity of CE-MRI in detecting breast
cancer is 88%-92% (1), which is generally greater than that of
mammography and ultrasonography (US), especially for
younger women (2, 3). Due to its high sensitivity, CE-MRI
has become essential for the evaluation of the extent of cancer
spread in the affected breast when breast-conserving surgery
is planned. Moreover, CE-MRI is frequently performed to
diagnose impalpable lesions such as microcalcifications and
bloody nipple discharge. On the contrary, the high sensitivity
of CE-MRI sometimes results in the detection of lesions that

can only be identified using CE-MRI. The incidental detection
rate of such lesions found only on CE-MRI is 16% in
ipsilateral breasts when CE-MRI is used to evaluate the extent
of breast cancer spread (4). Although a second-look US is
commonly performed in patients whose lesions were detected
only on CE-MRI, the identification rate of this modality is
approximately 58% (range=22.6-82.1%), leaving nearly half
of those lesions unidentified (5).

MRI-guided vacuum-assisted breast biopsy (VAB) is the
only method used for the pathological diagnosis of such
lesions. Among the lesions that were pathologically
diagnosed with MRI-guided VAB, the prevalence of high-
risk or malignant lesions, in which surgical intervention is
necessary, is 30%-55% (6-15). In addition, 6%-21% of the
lesions evaluated with MRI-guided VAB are diagnosed as
invasive carcinomas (6-11, 13-15). Thus, those lesions that
were detected only using breast MRI and showed a risk of
malignancy should be pathologically diagnosed with MRI-
guided VAB when available.

Nevertheless, MRI-guided VAB has some disadvantages: it
requires a biopsy system available under CE-MRI, and the cost
of conducting such a procedure is relatively high. The non-
negligible drawback of this examination is that it takes a
considerable time to complete. The long duration of this
examination may exert a substantial burden on patients and
healthcare providers and decrease the cost effectiveness of an
MRI system. Thus, it is important to mitigate the factor(s) that
may affect the duration of MRI-guided VAB. Here, we aim to
evaluate the relationships between the duration of MRI-guided
VAB and various clinicopathological factors using the data of
all patients who underwent MRI-guided VAB in our institution.

Patients and methods
Patients. This study was approved by the institutional review board
of Osaka University Hospital (study no. 14416, 16020, and 19098),
and a written informed consent was obtained from each patient.
MRI-guided VAB has been performed at our institution since
October 2013. Data on 28 examinations for 27 lesions in 26 patients
performed between October 2013 and February 2020 were
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retrospectively analyzed; a lesion was examined twice with an
interval of 13 months. The clinical presentation of the patients is
summarized in Table I. Prior to MRI-guided VAB, CE-MR imaging
was performed in all patients using a 1.5-tesla (T) or 3.0-T MRI
system and a breast coil with general sequences for breast imaging.

MRI-guided VAB. The indication for MRI-guided VAB was
determined by the attending physicians and a radiologist specializing
in breast imaging. Briefly, all cases of BI-RADS 4 and 5 and some
cases of BI-RADS 3, the score of which was determined according to
recommendations (16), were subjected to MRI-guided VAB when the
second-look US could not identify the lesions detected in the
preceding MRI. Biopsy for BI-RADS 3 lesions was indicated when
these lesions were detected using MRI performed for preoperative
evaluation and the patients or referring physicians requested to confirm
the histological diagnosis. MR images were acquired using an Achieva
3.0-T MRI system with a 7-channel breast biopsy coil (Phillips, Tokyo,
Japan). The patient was placed in a prone position. The suspected
breast was compressed with two pillar immobilization plates for the
manual method or with a grid and a pillar immobilization plate for the
computer-aided detection (CAD) grid method using DynaCAD®
(version 2.1.8. between April 2014 and March 2018, and version 3.3,
between October 2019 and present) (Philips, Amsterdam, the
Netherlands). A fiducial marker was attached to the immobilization
plate before the MRI was performed. The target lesion was identified
by performing plain and CE MRI using gadoterate meglumine (6 or 7
ml per injection; Magnescope; Guerbet Japan, Tokyo, Japan). For the
manual method, the x, y, and z coordinates of the target from the
fiducial marker were measured on the console. For the CAD grid
method, the MRI data were transferred to the DynaCAD workstation,
on which the coordinates of the target were automatically calculated.
According to the calculated coordinates of the target, the skin was
disinfected, a local anesthetic agent was injected, and an introducer
with a trocar (EnCor Biopsy Probe®; C.R. Bard, Murray Hill, NJ,
USA) was inserted into the area of the suspected lesion. After the
trocar was replaced with an obturator, a CE-MRI was performed to
confirm if the introducer was correctly inserted. Then, the obturator
was replaced with a biopsy probe, and the samples were obtained
using a 10-gauge vacuum-assisted biopsy device (EnCor EnSpire; C.
R. Bard). After inserting the obturator back to the introducer, CE or
plain MRI was performed to confirm whether the suspected lesion was
properly biopsied. The device was removed, and the breast was
released from the immobilization plates. Using hands, pressure was
applied to the breast wound for 5 min to stop the bleeding. Procedural
duration was defined as the time between the first and last image
acquisition.

Histological evaluation. The biopsied samples were fixed with 10%
phosphate-buffered formalin and embedded in paraffin.
Hematoxylin-eosin stain was applied to the thin sections;
histological evaluation was performed by the pathologists from the
Department of Pathology of our institute in accordance with the
World Health Organization classification fourth or fifth edition (17).

Statistics. Statistical evaluation was performed using GraphPad
Prism 6® (GraphPad Software; San Diego, CA, USA). A two-tailed
unpaired Student’s t-test with Welch’s correction was applied to
compare the two groups. Alternatively, one-way analysis of variance
(ANOVA) was applied to compare the three groups. A p-value of
less than 0.05 was considered significant.

Results

The clinicopathological and radiological features of all study
participants are summarized in Table I. The median age was 51
years (range=34-73 years), suggesting that relatively younger
participants were examined by MRI-guided VAB. The reasons
for performing breast MRI prior to MRI-guided VAB were as
follows: preoperative evaluation of existing breast tumor
(n=11), presence of bloody nipple discharge (n=7), abnormal
mammogram findings (n=7), abnormal positron-emission
tomography-CT findings (n=2) and an abnormal finding in the
follow-up MRI for the preceding MRI-guided VAB (n=1). The
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Table I. Relationship between the clinicopathological and radiological
features and the duration of MRI-guided VAB.

Parameters                                  N                 Duration                   p-Value
                                                                 (mean±SD, min)

Age
  ≤50 y                                       12                   70±14                           
  >50 y                                       16                   64±14                     0.252*1
MRI finding
  Non-mass                                10                   64±12                           
  Mass                                        18                   68±15                     0.424*1
Breast density
  Fatty/scattered                         10                   72±14                           
  Dense                                       18                   64±13                     0.155*1
Target site
  Inner                                         11                   70±12                           
  Center                                        3                    60±6                            
  Outer                                        14                   66±16                     0.519*2
Depth*3
  ≤26 mm                                   14                   68±13                           
  >26 mm                                   14                   66±15                     0.711*1
Thickness*4
  ≤46 mm                                   15                   63±10                           
  >46 mm                                   13                   71±17                     0.128*1
Known breast disease                   
  None                                        17                   66±11                           
  Ipsilateral tumor                        3                   68±31                           
  Contralateral tumor                   8                   67±15                     0.977*2
Pathology
  Benign                                     18                   64±12                           
  High risk/malignant                10*5               72±15                     0.120*1
Surgery
  No                                            18                   64±12                           
  Yes                                           10                   72±15                     0.154*1
Guidance method
  Manual                                       9                   76±13                           
  CAD                                        19                   62±12                     0.012*1
Complication
  None                                        25                   66±15                           
  Hematoma                                 3                    72±6                      0.263*1

*1Student’s t-test; *2one-way ANOVA; *3distance between the skin and
the biopsied site (median, 26 mm); *4breast thickness at the site of probe
insertion (median, 46 mm); *5one high-risk lesion was upgraded to ductal
carcinoma in situ. VAB, Vacuum-assisted biopsy; CAD, computer-aided
detection.



detailed pathological diagnoses of VAB samples showed no
evidence of malignancy (n=9; two of them were from the same
lesion), fibroadenomatous lesion (n=4), mastopathy (n=2),
ductal adenoma (n=1), pseudoangiomatous stromal hyperplasia
(n=2), atypical ductal hyperplasia (ADH; n=3), ductal
carcinoma in situ (DCIS; n=5), invasive ductal carcinoma
(n=1), and invasive lobular carcinoma (n=1). All seven
malignant lesions, two ADH lesions, and a benign lesion were
surgically removed. A lesion diagnosed with ADH was
upgraded to DCIS in the surgical specimen (even though DCIS
was highly suspected in the biopsy specimen, the number of
affected ducts in the biopsy specimen was insufficient to be
diagnosed as DCIS). Among the 17 lesions that did not require
surgical intervention, 5 were followed up with MRI; the results
of the follow-up MRI performed in one lesion with no
evidence of malignancy indicated that the suspected lesion was
not properly excised in the previous MRI-guided VAB.
Therefore, a repeat MRI-guided VBA was performed 13
months later, and the lesion was diagnosed with no evidence
of malignancy. In this case, CAD was not used in the first
MRI-guided VAB but in the second examination. The MR
images of the lesion and the procedural images of the first and
second examinations are shown in Figure 1. The procedural
duration was 15 minutes shorter in the second examination.

To identify the clinicopathological features that affected
the duration of MRI-guided VAB, univariate analyses were
performed (Table I). The needle guidance method was the
only factor that affected the duration of the examination;
MRI-guided VAB using the manual method required
significantly longer time than MRI-guided VAB using CAD
(76±13 vs. 62±12 min, respectively; p=0.012). Other factors
including age, MRI findings, breast density, target site, depth
from the skin, breast thickness, known breast disease,
pathology of VAB samples, surgery, and complications were
not significantly associated with the procedural duration.

Discussion

MRI-guided breast biopsy is the sole method used for the
pathological evaluation of lesions detected only on MRI (MRI-
only lesions). The pathological types of MRI-only lesions
reported in the present study were malignant (25%), high risk
(11%), and benign (64%); the percentage of each diagnosis was
comparable to that of previous studies (6-15). Thus, as
previously pointed out, MRI-only lesions should be properly
diagnosed and treated if necessary. Historically, MRI-guided
hookwire localization followed by surgical excision for
pathological evaluation of MRI-only lesions was usually
performed. With the development of devices for needle biopsy
systems that can be used near MRI scanners, MRI-guided
breast biopsy using a handheld biopsy system was established.
However, MRI-guided breast biopsy is time consuming as it
involves the performance of complex procedures compared

with US-guided breast biopsy. On the other hand, CAD
systems have been used to accurately interpret MR images,
especially in unfamiliar breast MRI readers (18, 19). Taking
advantage of the accurate reading using a CAD system, MRI-
guided VAB in combination with a CAD system, which was
initiated by Dr. Heywang-Köbrunner in 1999 (20), has become
widespread. In this preliminary study, we found that the
utilization of CAD systems might help shorten the duration of
this complicated examination.

In a series of 475 lesions sampled through MRI-guided breast
biopsy, Schrading et al. reported that the use of VAB with CAD
console significantly took lesser time than the use of handheld
biopsy device (21). Therefore, the longer duration of MRI-
guided biopsy using a handheld device might be because of the
differences in the method of sampling and the requirement for
the handheld device to be inserted and withdrawn for every
single sampling. In contrast, the VAB system can obtain
multiple samples without removing the device. In this study, we
used the same biopsy device (EnCor EnSpire® biopsy system),
which can obtain samples repeatedly without removing it. Thus,
the difference in the procedural duration seems to be attributable
to the use of a CAD system, which helps in quickly determining
the x, y, and z coordinates of a target lesion as well as guiding
the needle to the lesion more precisely.

Biopsy is the most reliable examination in terms of
avoiding false-positive results. Thus, one of the important
purposes of building a better biopsy system is to reduce the
sampling error, which leads to an increase in false-negative
results. The use of a CAD system may contribute to the
certainty of sampling of a target lesion. Schrading et al.
reported that the examiners’ confidence in sampling the lesion
of interest was stronger in MRI-guided VAB when CAD
systems were used, compared with MRI-guided biopsy using
handheld devices (21). This case series is not adequate to
indicate if this assumption is correct because all benign cases,
whether CAD was used or not, did not develop malignant
lesions after performing MRI-guided VAB. Nevertheless, it
was speculated that the use of a CAD system can reduce the
sampling error because the x, y, and z coordinates of the
target can be objectively determined. A recent study reported
the additional potential of a CAD system in MRI-guided
VAB, which may enable the construction of a robotic biopsy
system, leading to reduction of the sampling error and
workload of the healthcare providers (22).

Conclusion

Utilization of a CAD system might help shorten the duration
of MRI-guided VAB. The limitation of this study was the
small number of cases undergoing MRI-guided VAB, making
the findings of this study preliminary. To verify this, an
investigation of a large number of cases undergoing MRI-
guided VAB is necessary.
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Figure 1. A case of a breast lesion examined by MRI-guided VAB twice. (A, B) In the first examination a biopsy needle was inserted manually. The
procedural duration was 75 min. (A) An MR image showing the location of the target lesion (arrowhead). (B) A photograph showing an obturator
after inserting a biopsy needle into the target, based on the 3-dimensional distance manually calculated from two fiducial markers (arrows). (C,
D) In the second examination a biopsy needle was guided using a CAD system. The procedural duration was 60 min. (C) An image indicating the
location in the grid and depth of the target lesion automatically calculated on a CAD system. (D) An MR image showing an obturator after inserting
a biopsy needle in accordance with the calculation result.
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