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Background: At present, most histological evaluations of microcalcifications without a mass are performed 
using X-ray guided hook wire localization or vacuum-assisted stereotactic biopsy (VASB), but there are still 
several limitations to these techniques. Therefore, we designed a visualization positioning technique based 
on three directions of mammography to accurately locate suspected microcalcifications to guide the biopsy.
Methods: We retrospectively analyzed consecutive patients with suspicious microcalcifications who 
underwent visualization positioning-guided biopsy (VPB) from June 1, 2016, to June 1, 2021. The 
visualization positioning technique was performed using an electronic ruler to measure the vertical distance 
from the microcalcification core to the vertical lines on mammography.
Results: A total of 133 patients (median age 46 years; range, 22–87 years) who underwent VPB were 
included in our study. Among the 133 cases of microcalcifications based on pathological results, 104 were 
benign, 14 were high risk, and 15 were malignant. In 124 (93.2%) patients, microcalcification was confirmed 
during the first round of VPB specimen analysis. Only 6 (4.5%) and 3 (2.3%) patients underwent second and 
third extended resections, respectively, as the resected specimens did not contain microcalcifications. Four 
patients (3.0%) with malignant biopsy results underwent a subsequent operation. Two patients with DCIS 
underwent mastectomy and sentinel lymph node biopsy because of diffuse calcification. One patient had 
no residual cancer, and the other was upgraded to invasive ductal carcinoma (IDC). Two patients with IDC 
underwent breast-conserving surgery and mastectomy with sentinel lymph node biopsy.
Conclusions: VPB can be used to evaluate breast microcalcifications when a mass is not present, making it 
an effective diagnostic technique.
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Introduction

Ultrasound and mammography are usually recommended 
for breast tumor screening. Surgery-based comprehensive 
treatment (including chemotherapy, radiotherapy, endocrine 

therapy and targeted therapy) is the main treatment strategy 
for breast cancer. Patients with early-stage tumors have a 
better prognosis than those with late-stage tumors.

Polymorphic or aggregated microcalcifications may 
be early indications of breast cancer (1,2). These lesions 
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are usually classified into more than 4 categories by the 
Breast Imaging Reporting and Data System (BI-RADS) 
and need to be confirmed histologically (3). Mammography 
i s  a  very sensit ive imaging method for detecting 
microcalcifications. However, microcalcifications without 
a mass are usually not recognized by clinical palpation or  
ultrasound (4). Therefore, conventional surgery or 
ultrasound-guided biopsy cannot be used to accurately 
evaluate microcalcifications.

A t  p r e s e n t ,  m o s t  h i s t o l o g i c a l  e v a l u a t i o n s  o f 
microcalcifications are performed using X-ray guided hook 
wire localization or vacuum-assisted stereotactic biopsy 
(VASB). However, stereotactic devices are expensive and 
require an experienced radiologist. In addition, patients 
will be exposed to radiation more than once during the 
operation. Moreover, VASB is not suitable for patients with 
small breasts or lesions located at the edge of the breast, 
as well as those who have undergone breast augmentation 
surgery. Previous studies showed that the underestimation 
rate of malignant tumors was between 0% and 29% when 
the diagnosis of VASB was flat epithelial atypia (FEA) or 
atypical ductal hyperplasia (ADH) (5-12). For patients with 
VASB-diagnosed high-risk or malignant lesions or with 
residual microcalcification, surgical resection is still needed.

For nonpalpable breast lesions, hook wire-guided 
localization is also a common approach (13,14). The 
microcalcifications shown only on mammography can be 
located only under mammographic guidance. Nevertheless, 
the patient is exposed to radiation several times during 
localization, and the position of the guide wire may change 
during patient activity.

Therefore, we designed a visualization positioning 
technique based on three directions of mammography 
to accurately locate suspected microcalcifications on 
the skin and guide the biopsy. Our study provides a 
new alternative biopsy method for clinical practice. We 
present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4496).

Methods

Patients

This retrospective cohort study included consecutive 
patients who received visualization positioning-guided 
biopsy (VPB) in the Department of Breast Cancer, 
Guangdong Provincial People’s Hospital between June 1, 

2016, and June 1, 2021 due to suspicious microcalcifications 
detected by mammography. Patients with incomplete 
imaging or pathological data were excluded from the 
analyses. Before biopsy, microcalcifications were confirmed 
by mammography, and breast palpation and ultrasound 
were performed. All microcalcifications associated 
with the mass were excluded. Two experienced breast 
radiologists performed a retrospective evaluation of each 
suspected microcalcification on the high-resolution digital 
mammography screen, and lesions were classified and 
morphologically described according to the 5th edition 
of the BI-RADS (3). In our study, biopsies were also 
performed in some patients with BI-RADS 0 or 3 lesions 
due to a family history of breast cancer or a strong desire of 
the patients. All procedures involving human participants 
were performed in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the Research Ethics Committee of Guangdong Provincial 
People’s Hospital, Guangdong Academy of Medical 
Sciences (No. GDREC 2018253H). All patients signed a 
written informed consent form before the operation after 
fully understanding the possible risks and complications.

VPB procedure

Before the operation, digital mammography (uMammo 
790i, UNITED IMAGING) was performed in the 
cranio-caudal (CC), lateral-medio (LM), and medio-
lateral oblique (MLO) views. The surgeon confirmed 
the locations of the microcalcifications in the CC, LM, 
and MLO views. On mammography, we measured the 
distance from the microcalcification core to the vertical 
line through the papilla (CC’) using an electronic ruler 
and examined whether the microcalcification was located 
in the inner or outer portion. Similarly, the distance from 
the microcalcification core to the vertical line through 
the nipple (LM’ and MLO’) was measured in the LM and 
MLO views of the mammogram (Figure 1A-1D). The 
patients were in the standing position and raised both hands 
in the same position while undergoing mammography, and 
the surgeon made 3 lines parallel to CC’, LM’, and MLO’ 
according to the measured distance. The location where the 
3 lines intersected was defined as the microcalcification site 
(Figure 1E).

During biopsy, the localized microcalcification area was 
excised, and the direction of the specimen was marked 
with a radiopaque metal clip (Figure 2). If specimen 
mammography showed enough microcalcifications, the 
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Figure 1 Visualization positioning-guided biopsy for the identification of the location of breast microcalcifications. (A-C) The vertical lines 
CC’, LM’, and MLO’ were through the nipple in the cranio-caudal (CC), lateral-medio (LM), and medio-lateral oblique (MLO) views. (D) 
Microcalcifications were detected 30 mm from the midline in the outer part of the left breast in the CC view, 52 mm from the midline in the 
upper part in the LM view, and 41 mm from the midline in the upper outer part in the MLO view. (E) Microcalcifications were located at 
the intersection of the 3 lines.

Figure 2 The microcalcification area was excised, and the direction of the specimen was marked with a radiopaque metal clip. Specimen 
mammography showed that the microcalcification area was included. (A,B) show the microcalcification specimens of two patients.
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operation was completed. However, if microcalcifications 
were not visible on mammography, the residual cavity of the 
breast was further expanded until the main calcification was 
included in the resected specimen.

Tissue samples containing microcalcifications were 
placed in formalin and processed in a pathology laboratory.

Histopathological evaluation

Histopathological analysis was performed retrospectively by 
two professional breast pathologists. The histopathological 
diagnosis was divided into benign, high risk, and malignant. 
High-risk lesions included atypical lobular hyperplasia 
(ALH), ADH, FEA, and lobular intraepithelial neoplasia 
(LIN). Malignant lesions included ductal carcinoma in situ 
(DCIS) and invasive carcinoma.

The incisal margins of high-risk and malignant lesions 
were also detected.

Management after biopsy

After VPB, the patients were treated according to the 
results of the histopathological examination. In our 
protocol, follow-up was recommended for any category 

of benign, high-risk, and DCIS patients with negative 
margins. Postoperative reviews were necessary after  
3  months  and  then  every  6  months  to  moni tor 
complications and recurrence.

All patients with a VPB pathology of invasive cancer or 
with a positive margin needed further surgical operation, 
and the subsequent operation rate was evaluated. Patients 
with breast cancer underwent mastectomy or breast-
conserving surgery combined with sentinel lymph node 
biopsy or axillary lymph node dissection.

Statistical analysis

The clinical and pathological data of the included patients 
were collected from an electronic database and analyzed 
statistically. Descriptive statistics and univariate analysis 
were performed. Data are expressed as the frequency and 
percentage. Statistical Package for Social Sciences (version 
20.0) software (SPSS Inc., Chicago, IL, USA) was used for 
data analysis.

Results

Patients’ clinical and mammographic characteristics

Of the 151 patients, 18 were excluded due to a lack of 
imaging or pathological data. A total of 133 patients 
(median age 46 years; range, 22–87 years) who underwent 
VPB were included in our study. There were 59 cases 
(44.4%) on the right side and 74 cases (55.6%) on the 
left side. The morphologies of the microcalcifications on 
mammography were fine linear/branching in 23 patients 
(17.3%), amorphous in 43 (32.3%), coarse heterogeneous 
in 5 (3.8%), and fine pleomorphic in 62 (46.6%). A 
total of 29 (21.8%) lesions were classified as BI-RADS 
category 3, 90 (67.7%) as BI-RADS category 4, and  
8 (6.0%) as BI-RADS category 5, while 6 cases (4.5%) of 
BI-RADS category 0 also underwent biopsy. The patients’ 
clinicopathological findings and mammography features 
are shown in Table 1.

Histopathological diagnoses

Among the 133 cases of microcalcifications based on 
pathological results, 104 were benign, 14 were high risk, 
and 15 were malignant (Table 2). These 104 cases of benign 
lesions included 6 histological diagnoses: fibroadenoma (13 
cases; 9.8%), usual ductal hyperplasia (29 cases; 21.8%), 

Table 1 Patients’ clinicopathological findings and mammographic 
features (N=133)

Variable n (%)

Age (years), median [range] 46 [28–87]

Lesion location

Right breast 59 (44.4)

Left breast 74 (55.6)

Morphology of microcalcifications

Fine linear/branching 23 (17.3)

Amorphous 43 (32.3)

Coarse heterogeneous 5 (3.8)

Fine pleomorphic 62 (46.6)

BI-RADS category

0 6 (4.5)

3 29 (21.8)

4 90 (67.7)

5 8 (6.0)

BI-RADS, Breast Imaging Reporting and Data System.
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benign stromal calcifications (30 cases; 22.6%), intraductal 
papilloma (12 cases; 9.0%), columnar cell changes  
(14 cases; 10.5%), and mucocele (6 cases; 4.5%). Among 
the 14 patients with high-risk lesions, 6 (4.5%) had ADH, 
3 (2.3%) had FEA, and 5 (3.8%) had LIN. Among the 15 
cases of malignant lesions, 13 (9.8%) were DCIS and 2 
(1.5%) were invasive ductal carcinoma (IDC). According 
to the final pathological results, the malignancy rates of 
lesions classified as BI-RADS categories 3, 4, and 5 were 
6.9% (2/29), 12.2% (11/90), and 25.0% (2/8), respectively  
(Table 3).

VPB and subsequent operations

The average long and short diameters of the excised 
microcalcification specimens were 51 mm (range,  
16–90 mm) and 39 mm (range, 12–75 mm), respectively. In 
124 (93.2%) patients, microcalcifications were confirmed 
during the first round of VPB analysis (Figure 2). Only 6 
(4.5%) and 3 (2.3%) patients underwent second and third 
extended resections, respectively, as the resected specimens 
did not contain microcalcifications (Table 4).

Four patients (3.0%) with malignant biopsy results 
underwent a subsequent operation. Two patients with 
DCIS underwent mastectomy and sentinel lymph node 
biopsy because of diffuse calcification. One patient had no 
residual cancer, and the other was upgraded to IDC. Two 
patients with IDC underwent breast-conserving surgery and 
mastectomy with sentinel lymph node biopsy (Figure 3).

Discussion

As a tool for breast cancer screening, the widespread use 
of mammography has increased the detection of suspicious 
nonpalpable breast lesions (15). Microcalcification is one of 
the most common and sometimes the only mammographic 
manifestation of breast cancer. Therefore, it is necessary 
to evaluate microcalcifications found on mammography. 
Previous data have shown that approximately 50% of 
nonpalpable breast cancers manifest as microcalcifications 
on mammography. In addition, 80–90% of DCIS lesions 
have microcalcifications without a mass (16,17).

However, the properties of microcalcifications cannot 
be accurately estimated by clinical features and imaging 
findings. Therefore, a selective histological diagnosis is 
needed to eliminate the risk of misdiagnosis. It should be 

Table 2 Histopathological diagnoses of microcalcifications (N=133)

Category n (%)

Benign (N=104)

Fibroadenoma 13 (9.8)

Usual ductal hyperplasia 29 (21.8)

Benign stromal calcifications 30 (22.6)

Intraductal papilloma 12 (9.0)

Columnar cell changes 14 (10.5)

Mucocele 6 (4.5)

High risk (N=14)

Atypical ductal hyperplasia (ADH) 6 (4.5)

Flat epithelial atypia (FEA) 3 (2.3)

Lobular intraepithelial neoplasia (LIN) 5 (3.8)

Malignant (N=15)

Ductal carcinoma in situ (DCIS) 13 (9.8)

Invasive ductal carcinoma (IDC) 2 (1.5)

Table 3 Histopathological results of specimens according to the BI-RADS classification

BI-RADS category
Histopathological results

Benign High risk DCIS Invasive carcinoma Total

0 6 0 0 0 6

3 27 0 2 0 29

4 67 12 11 0 90

5 4 2 0 2 8

Total 104 14 13 2 133

BI-RADS, Breast Imaging Reporting and Data System; DCIS, ductal carcinoma in situ.
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noted that in our study, the malignancy rates of lesions of 
BI-RADS categories 3, 4, and 5 were 6.9% (2/29), 12.2% 
(11/90), and 25.0% (2/8), respectively. In other words, 
microcalcifications of BI-RADS category 3 also have a 
probability of malignancy.

For nonpalpable lesions, hook wire-guided localization 
biopsy is one option for histopathological evaluation (18). 
Microcalcifications shown only on mammography can 
be located only under mammographic guidance. The 
technique uses a hook wire to locate microcalcifications 
under X-ray guidance so that the breast gland near the 
hook wire can be excised during surgery. There are still 
several limitations to hook wire-guided localization under 
mammographic guidance. First, the patient is exposed to 
radiation several times during localization. Moreover, hook 
wire-guided localization is usually performed by radiologists 

Confirmed eligible patients 

underwent VPB

(N=133) 

Benign

(N=104)

High risk

(N=14) 

Malignant

(N=15) 

DCIS

(N=13)

IDC

(N=2)

Operation

(N=2)

Operation

(N=2)

IDC

(N=1)

DCIS

(N=1)

Figure 3 Flowchart of study participants. VPB, Visualization positioning-guided biopsy; DCIS, ductal carcinoma in situ; IDC, Invasive 
ductal carcinoma.

Table 4 Visualization positioning technique-guided biopsy (VPB) 
and subsequent operations

Variables n (%)

Resected tissue diameter (mm), mean [range]

Long 51 [16–90]

Short 39 [12–75]

Additional extended biopsy (times)

0 124 (93.2)

1 6 (4.5)

2 3 (2.3)

Subsequent operation

No 129 (97.0)

Yes 4 (3.0)
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before surgery. Therefore, the position of the guide wire 
may change due to patient movement.

VASB is increasingly being used for the histological 
diagnosis of suspected microcalcifications. As a routine 
microcalcification operation, VASB can preclude the need 
for surgical resection in some patients. VASB is usually 
performed with the patient in the prone position on a 
special operating table. It is a safe and accurate tissue 
sampling method under the guidance of mammography. 
After the target lesion was determined, 15° and 215° 
stereotactic images were obtained, and the lesion 
coordinates were calculated. Then, samples were collected 
through vacuum-assisted blast biopsy, and X-rays were 
obtained to confirm the existence of calcification. However, 
the main limitations of VASB are underestimation and 
the reoperation rate. Histopathological underestimation 
is defined as a high-risk lesion identified by VASB that is 
upgraded to DCIS or invasive carcinoma or DCIS that is 
upgraded to invasive carcinoma after surgical resection (19). 
In addition, for patients with high-risk or malignant VASB 
pathology, subsequent surgery is inevitable. At present, 
there is no consensus on the further treatment of patients 
with VASB-diagnosed ADH, FEA, or LIN (20). Usually, 
these patients may need extended resection to remove 
residual atypical lesions. For patients with malignant 
tumors after VASB, further breast-conserving surgery or 
mastectomy and axillary staging are inevitable. Previous 
studies have reported a reoperation rate ranging from 8.5% 
to 62% (19,21-23).

Microcalcifications were located and measured in the 
CC, LM, and MLO views on mammography. In the CC 
view, the location of the lesion was determined to be outer 
or inner according to the vertical line passing through the 
nipple. In the LM view, the position was determined to 
be upper or lower according to the vertical line passing 
through the nipple. Similarly, in the MLO view, the position 
was determined to be upper outer or lower inner according 
to the vertical line of the nipple. Microcalcifications were 
located at the intersection of the three lines. In this way, the 
location of microcalcifications on the skin can be easily and 
accurately marked by electronic measurements.

VPB can locate microcalcifications that are invisible 
to the naked eye and can assist in biopsy by providing 
visual skin surface markers. Compared with hook wire-
guided localization biopsy or VASB, VPB avoids repeat 
radiation exposure, as only the excised specimens need to 
be confirmed by X-ray. Moreover, VPB can be completed 
by surgeons without special equipment and radiologists. 

In total, 93.2% (124/133) of patients had calcified tissue 
samples obtained through a single biopsy. Through single-
round VPB combined with margin detection, the surgical 
treatment of benign, high-risk, and DCIS lesions can 
be completed at the same time. Only 4 patients (3.0%) 
underwent subsequent operations.

There are several limitations to this technique. Surgeons 
should have a good understanding of mammography, and 
it is necessary to practice the identification, measurement, 
and location of lesions. Of course, VPB is not superior 
to traditional VASB for identifying microcalcifications. 
However, our technique will be helpful for cases when 
VASB is not possible. VPB has a significant advantage over 
VASB in patients who cannot maintain a prone position 
for a long period of time, are at risk of bleeding, or have a 
scattered microcalcification range.

In conclusion, VPB can be used to evaluate breast 
lesions with microcalcification only, making it an effective 
diagnostic technique.
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