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Abstract

Background: Sterotactic vacuum assisted biopsy (ST-VAB) is safe and effective method for nonpalpable mammographically visible
microcalcifications or masses. ST-VAB is less invasive and is associated with less scar formation than surgical excision. Also ST-VAB can
avoid unnecessary additional surgery. But ST-VAB has possibility of histologic underestimation of high-risk lesions such as atypical
ductal hyperplasia and atypical lobular hyperplasia.
Objectives: To evaluate the outcome of ST-VAB and mammography-guided localization and excisional biopsy (MGL-EB) for micro-
calcifications.
Patients and Methods: Two radiologists retrospectively reviewed the medical records of patients who underwent breast biopsy
for microcalcification from January 2011 to March 2013. They underwent ST-VAB (n = 22) and MGL-EB (n = 34). The clinicoradiological
factors of two groups were evaluated, respectively. The malignancy rate and imaging histologic discordant rate in the two groups
were assessed. We evaluated follow-up studies of all patients for newly developed or missed breast cancer.
Results: The malignancy rates were 13.6% (3/22) for ST-VAB and 17.6% (6/34) for MGL-EB, respectively. Subsequent surgery was per-
formed in five patients (n = 3, ST-VAB; n = 2, MGL-EB) and they were all confirmed as ductal carcinoma in situ. The discordant rates
were 22.7 % (5/22) for ST-VAB and 14.7 % (5/34) for MGL-EB after imaging-histologic correlation. There was no malignancy detected on
follow up studies.
Conclusion: ST-VAB and MGL-EB are reliable biopsy methods for microcalcifications. In proper indications, breast microcalcifica-
tions could be obtained by each method without missing diagnosis of breast cancer.
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1. Background

Since 1970, the indications for use of stereotactic vac-
uum assisted biopsy (ST-VAB) have expanded to biopsy for
pathological confirmation and benign mass removal. In
particular, ST-VAB is a safe and effective method for nonpal-
pable mammographically visible microcalcifications or
masses, and can yield large amounts of tissue (1-5). Further-
more, a lower re-biopsy rate and a fewer cases of histologic
underestimation of ST-VAB with this method compared to
core needle biopsy (CNB) were reported (5). However, high-
risk lesions such as atypical ductal hyperplasia (ADH), and
atypical lobular hyperplasia (ALH) can be underestimated
even with sampling by ST-VAB. Thus, some groups support
surgical excision is still supported as the gold standard (6).

Based on the imaging-histological discordance of ul-
trasound (US)-guided core needle biopsy results, recent
studies indicated that US-guided vacuum-assisted excision
can replace surgical excision (7, 8). With regard to micro-
calcifications, ST-VAB is less invasive and is associated with

less scar formation than surgical excision (9). In addition,
unnecessary surgery can be avoided (10).

2. Objectives

In this paper, we intended to evaluate the efficiency
and investigate the association of clinicoradiological fac-
tors of ST-VAB and mammography-guided localization and
excisional biopsy (MGL-EB) for sampling of suspicious mi-
crocalcifications.

3. Patients andMethods

3.1. Study Population

The institutional review board (IRB) of our institution
approved this retrospective study and the requirement for
informed consent was waived. The study population con-
sisted of 56 patients who underwent mammography and
biopsies for microcalcifications between January 2011 and
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May 2013. Two radiologists retrospectively reviewed the
imaging findings, medical records, and pathology reports.
Clinical variables such as age, symptoms, indications for
mammography, family history, and personal medical his-
tory were reviewed based on medical records. Symptoms
were classified as palpable lesion, pain, discomfort, nipple
discharge, and axillary mass. The indication for mammog-
raphy was divided as screening or diagnostic. Patients’
personal histories of breast cancer, family history, and pre-
vious breast biopsy history were also investigated.

3.2. Image Interpretation

Mammograms were obtained with dedicated equip-
ment (Senographe DS; GE Healthcare, Milwaukee, WI). Rou-
tine craniocaudal (CC) and mediolateral oblique (MLO)
views were obtained. Additional views, such as spot mag-
nification view, were also obtained if necessary. Breast
parenchymal density was categorized by the breast imag-
ing reporting and data system (BI-RADS) (11). The maxi-
mal extent of the removed microcalcifications was mea-
sured. The mammographic findings were categorized ac-
cording to the BI-RADS assessment criteria. One dedicated
breast radiologist with 8 years of experience (S.Y-M.) and
one second-grade resident (P.M.) reviewed imaging–histo-
logical discordance after review of images and pathology
reports. When the histological findings provided an ex-
planation for the imaging features, they were defined as
concordant, and otherwise defined as discordant (7) (Fig-
ure 1). Discordant lesions included the followings; 1, le-
sions that were suspicious for malignancy and in which the
pathologic findings did not compatible to imaging find-
ings; 2, lesions that were highly susggestive of malignancy,
revealing benign pathologic results; or 3, no identified mi-
crocalcifications on specimen mammography, pathologic
results, or both (7) (Figure 2). The malignant rates, de-
fined that the number of malignant lesions divided by to-
tal biopsy cases at each group, were also evaluated. In cases
with high-risk lesions [ADH, ALH, lobular carcinoma in situ
(LCIS), radial scar, papillary lesion, etc.] and in which ma-
lignant pathology results were obtained by ST-VAB or MGL-
EB, subsequent therapeutic surgery was performed. After
surgery, the pathological results were also reviewed.

3.3. Biopsy Technique

Biopsy of sonographically undetectable microcalcifi-
cations was performed. The biopsy method was deter-
mined according to the preference of the physician or pa-
tient after the radiologists’ recommendation. Radiologist
recommendation was done according to the location of
microcalcification. For microcalcification located close to
the chest wall or nipple, localization was more commonly

recommended rather than stereotactic vacuum assisted
biopsy. After obtaining the patient’s informed consent, all
procedures were performed by one dedicated breast radi-
ologist with 8 years of experience in breast imaging.

Twenty-two patients underwent ST-VAB, which was
performed with a vacuum-assisted device (Mammotome;
Ethicon Endosurgery, Cincinnati, OH) in the decubitus po-
sition using a Decubitis Breast Imaging table. Accord-
ing to the extent of microcalcifications, 12 patients were
underwent ST-VAB using an 8-gauge probe (> 10 mm ex-
tent), and 10 underwent ST-VAB using 11-gauge probe (< 10
mm extent). After biopsy, microcalcification sampling was
confirmed by specimen mammography. When the pro-
cedure was completed, after removal of the stereotactic
probe, we checked for complications, such as bleeding and
hematoma, and compression adequate to avoid bleeding
or hematoma was performed (Figure 1). After one week af-
ter ST-VAB, patients were scheduled to follow up spot mag-
nification view. Thirty-four patients underwent MGL-EB.
Kopans needles 5 cm (n = 4), 7.5 cm (n = 27), or 10 cm
(n = 3) in size (Cook, Bloomington, IN) were used accord-
ing to the location of microcalcifications. Mammography-
guided needle insertion was performed. The needle was
inserted to the optimal position by placing microcalcifica-
tions within the reinforcement segment (12). If clustered
microcalcifications were present as long extent, two wires
were used for bracket localization (1). After excision, ade-
quate sample retrieval was confirmed by taking specimen
mammography (Figure 3) and follow up spot magnifica-
tion view was taken one week after procedure and on be-
nign lesions, follow-up mammography and spot magnifi-
cation views were performed at least two years.

4. Results

The median ages of patients were 50.5 years (range, 28
- 63 years) for ST-VAB and 51 years (range, 30 - 69 years) for
MGL-EB. None of the patients had clinical symptoms, such
as palpable mass, pain, or nipple discharge. There were no
patients with a family history of breast cancer. With regard
to the personal history of breast cancer, four patients had
prior experience of breast surgery; all underwent MGL-EB.

The indications for mammography were screening in
8 cases and diagnostic purposes in 14 cases among the pa-
tients undergoing ST-VAB (n = 22), and screening in 10 cases
and diagnostic in 24 cases among those undergoing MGL-
EB (n = 34). The diagnostic mammography were performed
due to interval change of microcalcifications on follow up
mammography (n = 29) and abnormal finding on mam-
mography taken from other hospitals (n = 9).

Table 1 shows the clinical and radiological characteris-
tics of the two biopsy methods. There was no inadequate
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Figure 1. A 55-year-old woman with abnormal left mammogram categorized as 4a. A and B, Left craniocaudal magnification and mediolateral oblique magnification view
showed suspicious clustered microcalcifications in the outer breast (arrow). C, Stereotactic biopsy was done. D, Specimen radiography of some samples from an 8 gauge
biopsy showed multiple microcalcifications (circled). Pathology of biopsy revealed ductal carcinoma in situ. The imaging and histologic finding was considered concordant.
Subsequent surgery was done. Pathologist confirmed no residual malignancy.

sampling in each method. Follow up spot magnification
view taken one week after procedure showed microcalcifi-
cation on the area of interest was correctly sampled.

The malignancy rates were 13.5% [3/22, 3 ductal carci-
noma in situ (DCIS)] in ST-VAB and 17.6% [6/34, 5 DCIS and 1
invasive ductal carcinoma (IDC)] in MGL-EB (Table 2). Breast
conserving surgery (BCS) was done for malignancies in the

ST-VAB group. Follow-up studies were performed in these
patients in the ST-VAB group at least 2 years. There was
no delayed malignancy occurrence. In the MGL-EB group,
after the pathology identified, two patients went to an-
other hospital. Other four patients had additional radia-
tion therapy. Follow-up studies were performed at least 2
years. In one patient, new DCIS was found at contralateral
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Figure 2. A 62-year-old woman with right mammogram categorized as 4b. A and B, Right craniocaudal magnificantion and mediolateral oblique magnificantion view showed
suspicious clustered microcalcifiecation (circled). C, Stereotatic biopsy was done. D, Specimen radiography of some samples from an 8 gauge biopsy showed enough sampling
of microcalfication (circled). Pathology of biopsy revealed fibrocystic disease with microcalcifications. Imaging-histologic correlation was considered discordant. Subsequent
surgery was planned, but follow-up mammography was performed due to patient’s refuse. There was no interval change occurred on follow up mammography and spot
magnification view at least 2 years and regarded as benign.

breast. On follow-up studies for remaining three patients,
there was no cancer recurrence.

There was no delayed malignancy in all patients with
benign breast lesions at least 2 years.

Imaging-histological discordance rates were 22.7%

(5/22) for ST-VAB and 14.7% (5/34) for MGL-EB after radiolo-
gist’s review. One discordant case in the ST-VAB group was
BI-RADS category 4b lesion. Other discordant cases were
BI-RADS category 4a lesions. On final pathologic reports,
first case was confirmed as pseudocyst and fibrosis. Sec-
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Figure 3. A 69-year-old woman with abnormal left mammogram categorized as 4c. A and B, Craniocaudal magnification and mediolateral oblique magnification view showed
suspicious segmental fine linear and branching microcalcifications (circled). C, Mammography-guided needle localization was performed (circled). D, Specimen radiography
of surgical specimen revealed adequate sampling of microcalcifications. Pathology of biopsy revealed DCIS. The imaging and histologic finding was considered concordant.

ond case was diagnosed as fibrocystic change. Subsequent
surgery for imaging-histologic discordant case was not

performed because of surgeon’s decision and patient’s
refuse. Follow-up studies were performed in three patients
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Table 1. Clinicoradiologic Differences in ST-VAB and L-EBa

ST-VAB (n = 22) L-EB (n = 34)

Age, year 46.70 ± 8.78 (Range 28 - 63) 50.51 ± 10.49 (Range 30 - 69)

Indication
S 8 10

D 14 24

Lesion size, cm 8.49 ± 5.39 (Range 1.5 -22) 5.72 ± 6.71 (Range 1.4 - 21)

MMG-pattern

1 1 (4.54) 0

2 2 (9.09) 2 (5.88)

3 15 (68.22) 17 (50.00)

4 4 (18.18) 15 (44.12)

BI-RADS

3 3 (13.64) 1 (2.94)

4a 17 (77.27) 32 (94.12)

4b 2 (9.09) 0

4c 0 1 (2.94)

Abbreviations: D, diagnostic exam; MMG, mammography; S, screening exam; ST-VAB, stereotactic vacuum assisted biopsy; L-EB, localization and excisional biopsy; BI-
RADS, breast imaging reporting and data system.
aTable numbers are No.(%) except for mean age and mean size.

Table 2. Histologic Results of Two Biopsy Methods

Biopsy ST-VAB L-EB

Number of Cases Histologic Results Number of Cases Histologic Results

Malignant lesions 3 3 DCIS 6 5 DCIS; 1 IDC

High risk lesion 1 1 sclerosing adenosis 6 1 LCIS 1 sclerosing adenosis; 1 Atypical ductal hyperplasia; 3 Intraductal
papilloma

Benign lesion 18 18 fibrocystic change 22 21 Fibrocystic change; 1 Pseudocyst and fibrosis

Total 22 34

Abbreviations: ST-VAB, stereotactic vacuum assisted biopsy; L-EB, localization and excisional biopsy; BI-RADS, breast imaging reporting and data system; DCIS, ductal
carcinoma in situ; LCIS, lobular carcinoma in situ; IDC, invasive ductal carcinoma.

in the ST-VAB group (mean 27.3, range 25 - 31 months) and
five patients in the MGLEB group (mean 24.6, range 23 -
27 months). There was no malignancy detected on follow
up studies. No significant biopsy-related complication
occurred in any of the patients in each method.

5. Discussion

Many biopsy methods are available for breast micro-
calcifications. Mammography-guided biopsy is necessary
for sonographically undetected microcalcifications. One
of the mammography-guided biopsy methods is ST-VAB.
It is effective for non-palpable, mammographically visible
microcalcifications or masses (13).

Kettritz et al. (14) reported that the malignancy rate is
58% in ST-VAB for suspicious calcification. Luparia et al. (4)

reported malignancy rates of microcalcifications catego-
rized by BI-RADS category equal to 7.4% in category 3, 25.1%
in category 4, and 100% in category 5. In other previous
studies, the malignancy rate was 0 - 19% in category 3, and
15.3 - 36.6% in category 4 (4, 15, 16). In our study, the ma-
lignancy rates were 6/32 (18.8%) in category 4, and zero in
category 3. These are in accordance with those of previous
studies.

In the prospective multicenter COBRA study (core
biopsy after radiological localisation), Verkooijen et al.
showed that stereotactic large-core needle biopsy of non-
palpable breast disease has high diagnostic efficacy, with
a sensitivity rate of 97% and specificity rate of 99%, and
can safely replace needle-localized open breast biopsy (17).
Liberman et al. (18) suggested that the number of op-
erations can be reduced by ST-VAB. In addition, there is
a greater likelihood of sparing a surgical procedure and
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saving cost using an 11-gauge rather than a 14-gauge nee-
dle. Some previous reports indicated that ST-VAB could
yield excellent results with good diagnostic efficacy, safety,
and cost-effectiveness, when adequate indications are pre-
pared.

However, when selecting biopsy methods, it is neces-
sary to consider the possible contraindications. In ST-VAB,
if the microcalcifications are too faint to detect, ST-VAB
were difficult to be performed. In addition, if the location
of lesion was deep, near chest wall, or too close from skin,
there is a risk of causing chest wall or skin injury. Other
biopsy methods, such as excisional biopsy, should be con-
sidered in such cases (13). Additionally, Common drawback
of stereotactic biopsy is underestimation. It means that
the high risk lesion could be incorrectly diagnosed by in-
sufficient biopsy and correctly diagnosed as malignancy by
subsequent surgery. In this study, because the number of
patients undergoing subsequent surgery was too small, it
was not possible to evaluate underestimation rate. Previ-
ously reported underestimation rates were 10 - 27% in ADH,
and 4 - 18% in DCIS (19). The underestimation rate can vary
according to needle size, with underestimation rates of 0
- 38% with an 11-gauge VAB needle and higher rates with
a 14-gauge VAB needle (19). Use of an 8-gauge needle can
improve diagnostic performance in comparison with an 11-
gauge needle (4). However, increasing the needle size is as-
sociated with greater risk of bleeding and hematoma for-
mation, so it is necessary to select the needle size appro-
priate for each application (20). In this study, an 8-gauge
needle was used in cases in which the extent of microcalci-
fications was > 10 mm, while an 11-gauge needle was used
in those with less extensive microcalcifications < 10 mm.
There were no complications by ST-VAB.

MGL-EB has been used instead of ST-VAB when the lo-
cation of microcalcification was not suitable for ST-VAB for
non-palpable breast lesions, not only calcification but also
masses and calcified masses. There is a high degree of accu-
racy at biopsy, but this method has limitations. Most of all,
surgery can place a large burden on patients. The morbid-
ity, mortality and the cost in surgery have been discussed
as disadvantage of surgery in previous study and wire lo-
calization is necessary for non-palpable lesions (3, 21). If the
wire inadvertently dislodges, migrates or is transected, the
surgeon can become disoriented and excise the wrong tis-
sue (22). When malignancy is diagnosed, the positive mar-
gin has a broad range of 26 - 84%. In such cases, a subse-
quent second operation is needed, which can increase the
morbidity and the mortality rates (21).

For imaging-histologic discordant lesions, re-biopsy or
surgical excision has been recommended to obtain a def-
inite diagnosis (7). In stereotactic biopsy, the reported
imaging-histologic discordance rate ranges from 3.1 to

6.2%. When the subsequent procedure (surgical excision
or repeat biopsy) has been performed at the discordant le-
sion after stereotactic biopsy, the frequency of malignancy
ranged from 0 to 64% (7, 20, 23-25). In this study, imag-
ing histologic discordance of ST-VAB is 22.7%. It is rela-
tively higher than previous study’s results. This might be
that the authors tried to reach an interpretation consen-
sus between two radiologists on the evaluation of imaging-
histologic discordant lesions if there was a discrepancy be-
tween two radiologists.

In conclusion, according to the results of our series,
both ST-VAB and MGL-EB are very effective and safe pro-
cedure for sampling of microcalcification. Under proper
indication, each method can reduce the benign biopsy
and diagnose exactly. And also, breast microcalcifications
could be correctly obtained by each method without miss-
ing breast cancer.
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