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Abstract
Objectives: Stereotactic vacuum assisted breast biopsy (SVAB) is the most efficient and habitual method for the management of suspicious calcifications. However, 
it’s a not perfect method: false negatives cases can be observed, and some malignant lesions may be underestimated. Our purpose is to evaluate the diagnostic value of 
stereotactic vacuum-assisted breast biopsy (SVAB) in the management of suspicious calcifications, without associated mass.

Materials and methods: Retrospective review of 1,106 procedures of SVAB performed on a prone digital table on calcifications without associated mass classified 
as BI-RADS 3, 4 or 5. The samples were analysed in the same laboratory of pathology. In situ lobular carcinomas have been considered malignant lesions. The “gold 
standard” has been the pathological analysis after surgery, and/or the follow-up for a minimum of 2 years. The following variables were evaluated: age, diagnostic 
category, size of lesions, number of samples extracted and diagnostic parameters: Sensitivity, Specificity, Positive Predictive Value (PPV), Negative Predictive Value 
(NPV) and Accuracy.

Results: The average age has been 52.75 years. According to the diagnostic category, 28.03% of cases corresponded to category 3, 57.32% to category 4 and 14.65% 
to category 5. The PPV was 14.84%, 35.80% and 93.21%, for category 3, 4 and 5, respectively, with an average PPV of 38.34%. A sensitivity of 96.81%, specificity of 
100%, VPP of 100%, VPN of 98.28% and an accuracy of 98.87% were obtained. 1.47% of false negatives and 4.76% of underestimation have been observed.

Conclusion: A high indication for category 3 calcifications cluster is observed, since most patients prefer to undergo the procedure, rather than radiological follow-up. 
The PPV observed in category 3 (14.84%) is higher than that reported “officially” (2%), probably due to the great inter-observer variability. 

Introduction
Vacuum Assisted Biopsy (VAB) is a percutaneous breast biopsy 

procedure which can be used in the management of non-palpable 
breast lesions with a variable degree of suspicion, that´s, those classified 
with the BI-RADS (“Breast Imaging Reporting and Data System”) 
categories 3, 4 or 5 [1].

Several studies emphasize a better surgical pathological correlation 
of VAB with respect to other percutaneous methods such as the usual 
core biopsy, in which variable percentages of underestimation (in 
relation to the infiltration status in breast cancer) and false negatives 
cases (in benign, borderline or high-risk lesions: atypical epithelial 
hyperplasia, papillomatosis, radial scar) have been described [2-5]. 
Therefore, a majority of authors [5-7] consider that VAB is especially 
indicated in the percutaneous biopsy of calcifications without 
associated mass.

Although several studies have been reported about the eco-guided 
VAB [8,9], or by means of digital tomosynthesis [10], the vast majority 
of procedures are still performed using a stereotactic guide.

The current use of VAB has demonstrated, once again, the inter-
observer variability [11,12] to assess the diagnostic category as well 
as the existence of different protocols for the management of same 
type of image (for example, the clusters of calcifications classified as 
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BI-RADS 3), so the Positive Predictive Value (PPV) in the reported 
series is quite variable [11,13-16]. In the present work, we performed 
a retrospective review of our results, regarding the diagnostic value of 
stereotactic vacuum-assisted breast biopsy (SVAB) in the management 
of calcifications classified as BI-RADS 3, 4 and 5. We also reviewed the 
literature on this subject and we compared the results for our study 
with those of other authors.

Materials and methods
We retrospectively reviewed the activity of our breast digital 

stereotactic Unit, which included performing 2,078 consecutive 
procedures, of which 1,693 (81.47%) corresponded to calcifications 
without other accompanying radiological signs, although only the 
results corresponding to 1,106 procedures with complete data (follow-
up and /or surgery) have been evaluated.

Figure 2. Follow-up Methods (> 1 year postoperative)
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The unit carries out its activity in a private practice and provides 
healthcare to patients referred from various medical centers (public 
concerted and private), and therefore with mammographic images 
evaluated by different radiologists with variable experience in breast 
imaging.

The assessment of the BI-RADS diagnostic category has been 
carried out prospectively by the radiologist of the petitionary center 
who indicated the SVAB, or one of the two radiologists of the unit, 
in the absence of an assignment of category by the former. The BI-
RADS nomenclature system (1) has been taken into account, although 
subcategories (A,B,C) have not been distinguished within BI-RADS 
lesions 4.

The SVAB was performed by one of the two radiologists of the unit 
in a digital prone table, and its histological analysis was carried out in 
the same laboratory of Pathology, in all cases.

The Mammotome® system (11G gauge), or the Vacora® system (10G 
gauge), indistinctly, have been used. The main purpose of the unit has 
been to obtain a representative and diagnostic sample of the lesion 
to be studied, according to the radiologist’s criteria, which does not 
necessarily imply the total extraction of the calcifications clusters.

The samples containing calcifications were not separated from 
those that did not contain them, and all together they were collected in a 
“cassette”, fixed in formalin and sent to the same pathology laboratory. 
Ductal and intralobular carcinomas in situ have been considered 
malignant lesions in the present study.

The parameters included in the present study were: age, diagnostic 
category (according to BI-RADS system), size of images, number of 
samples extracted and diagnostic value of SVAB: sensitivity, specificity, 
Positive Predictive Value (PPV), Negative Predictive Value (NPV) 
and accuracy. We have also evaluated the underestimation (in situ vs. 
infiltrating carcinoma) and False Negatives (benign vs. malignant lesion).

The size of the images has been distributed as follows: less than 
10 mm, 10–20 mm and greater than 20 mm. The underestimation 
was considered in cases in which SVAB diagnosed malignant lesion 
in situ and post-surgical pathological analysis revealed the presence of 
infiltrating or “micro-infiltrating” areas.

False Negative cases were those in which SVAB diagnosed benignity 
(including “borderline” or “high risk” lesions), and subsequently 
malignant (invasive or non-invasive) lesion was observed either at 
follow-up or surgery.

The “gold standard” has been the pathological analysis after surgery 
or the radiological follow-up (for a minimum period of 2 years).

Statistical calculations were performed with the statistical package 
SAS System v9.1, assuming statistical significance when p <0.05.

Results
Age 

For descriptive and multivariate correlation, the age was distributed 
as follows: patients younger than 50 years, 50 to 64 years, and over 64 
years, which is 42.32%, 45.63% and 12.05 %, respectively. The average 
age was 52.75 years.

Diagnostic category of lesions (Table 1)

The majority of cases (57.32%) corresponded to category 4, 
followed by category 3 (28.03%) and category 5 (14.65%).

Size of the images

The majority (54.98%) were lesions smaller than 10 mm.

Number of samples extracted

In 35.99% of cases, between 9 and 12 samples were obtained, 
followed by 27.89% of cases, in which 5 to 8 were obtained.

Diagnosis obtained in the SVAB sample (Table 1)

The Positive Predictive Value (PPV) for breast cancer for Category 
3, 4 and 5 lesions were 14.84%, 35.80% and 93.21%, respectively, with 
an average PPV of 38.34%.

Diagnostic parameters of the SVAB 

The sensitivity of method was 96.81%, specificity 100%, Positive 
Predictive Value (VPP) 100%, Negative Predictive Value (NPV) 98.28% 
and accuracy 98.87%. There were no significant differences between the 
two radiologists of the unit.

Diagnostic value of the SVAB to establish the infiltrant 
character vs non infiltrant of the malignant lesions

It has been estimated on 189 cases, in which complete information 
is available. In 9 cases, the infiltrating nature of the malignant lesion 
was underestimated, representing 4,76% of all cases in which SVAB 
diagnosed a non-infiltrating tumour. Diagnostic category corresponded 
to BI-RADS 3 (2 cases), BI-RADS 4 (5 cases) and BI-RADS 5 (2 cases).

Analysis of false negative cases 
Among the 682 cases in which the SVAB diagnosed benignity 

(Table 1), there have been 10 false negative cases, which represent a 
rate of 1.47%. The 10 false negative cases were lesions smaller than 10 
mm (8 cases), and greater than 20 mm (2 cases). According to their 
diagnostic category, corresponded to BI-RADS 3 (3 cases), BI-RADS 
4 (6 cases), and BI-RADS 5 (1 case). It should be mentioned that, in 
3 cases, the diagnoses obtained in SVAB were considered “high-risk” 
lesions: atypical epithelial hyperplasia (2 cases) and papillomatosis (1 
case). In the surgical analysis, 8 cases corresponded to non-infiltrating 
malignant lesions.

Univariant and multivariant analysis

In the univariant analysis of the factors taken into account to 
estimate the profile of the patient at risk of obtaining a diagnosis of 
malignancy, Age is not associated with risk. Lesions smaller than 10 
mm had a lower risk of malignancy, compared with those greater 
than 20 mm. (p < 0.001). The risk of malignant lesion increases as the 
diagnostic category (BI-RADS) increases.

In the multivariate analysis it is observed that age has not proved 
to be a predictor of malignancy. Lesions with a size between 10 and 20 

Category Surgery / Follow-Up Total (%)
Malignant Benign

BI-RADS 3
(PPV)

46
(14.84%) 264 310 (28.03%)

BI-RADS 4
(PPV)

227
(35.80%) 407 634 (57.32%)

BI-RADS 5
(PPV)

151
(93.21%) 11 162 (14.65%)

TOTAL
(PPV AVERAGE)

424
(38.34%) 682 1.106

Table 1. Positive predictive value (PPV) and diagnostic category (1.106 Cases)

BI-RADS: Breast Imaging Reporting and Data System
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mm had a higher risk of malignancy than those larger than 20 mm. As 
we have seen in the univariate analysis, the correlation between risk 
of malignancy and the assigned diagnostic category (BI-RADS) was 
significant.

Discussion
Breast calcifications (also known as “microcalcifications” in the 

clinical-radiological “slang”), are usually of the dystrophic type [17], 
regardless of the underlying (benign or malignant) cause. Although 
they can be located in any breast tissue, those that accompany the 
malignant processes are usually located in the epithelial tissue, both 
in ductal and lobular structures, although the intimate mechanism of 
its formation in the malignant processes is not well known, proposing 
diverse hypotheses [17-19]. Nevertheless, calcifications have not been 
localized within the malignant tissue in some cases of carcinomas 
accompanied by calcifications in mammography [20]. 

Two types have been described, according to their chemical 
composition [21,22]. In Type I, calcifications are composed of calcium 
oxalate, while Type II calcifications are composed of calcium phosphate 
/ hydroxyapatite. Malignant processes are associated more frequently 
with those of Type I [21], although this classification presents little 
practical importance from a radiological point of view.

They are frequently seen on mammograms, and usually translate 
the presence of benign processes. However, they can also be observed, 
as the only finding, in 34.5% of the malignant lesions detected in the 
mammographic screening [23]. 

Its radiological aspect may offer variable features of suspicion 
and, therefore, require pathological analysis. Until a few years ago, 
this meant a diagnostic surgical procedure, although the advent of 
the percutaneous biopsy was a great advance, equally effective and 
much more efficient [7]. Limitations of fine needle aspiration (FNA) 
and usual core-biopsy were soon demonstrated in the management 
of calcifications without associated mass, limitations that were largely 
overcome by the startup of vacuum assisted biopsy (VAB), procedure 
of choice today [5-7].

Although some ecoguided VAB procedures have recently been 
reported (with good results [8,9]), stereotactic guidance and, more 
recently, tomosynthesis [10], have been used in most situations.

Classically, SVAB is mainly contemplated in the management of 
category 4 and 5 calcifications [5,24-26], although in the last editions 
of the BI-RADS system [1] it is referred to some category 3 “special 
situations”, where percutaneous biopsy would also be indicated.

On the other hand, there are some authors who document inter-
observer variability in the classification of lesions [11,12], and how 
computer-assisted reading can modify the initial assessment of the 
diagnostic category, (especially in category 3 lesions of the BI-RADS 
system) into higher categories [27]. 

The 57.32% of our cases (Table 1) corresponded to category 4 
lesions, according to data from other published series, in which the 
main indication for SVAB was lesions of this type and diagnostic 
category [20-22]. It is noteworthy, however, that 310 cases (28.03%) 
were classified as category 3. We believe that this reflects a remarkable 
inter-observer variability (probably linked to experience and training 
degree among the various radiologists who indicate the biopsy) and 
the patients preference. In our opinion, if we explain to patients the 
“true” meaning of category 3 lesions (probability of malignancy not 
greater than 2%), as well as the different alternatives for their diagnostic 
management (follow-up vs. percutaneous biopsy), most of them will 
prefer the percutaneous biopsy, especially if the biopsy procedure is 
easily accessible, as is the case of the patients in our study.

In our review, we found an average Positive Predictive Value 
(PPV) for malignancy of 38.34% (Table 1), higher than reported in 
other series [11–16,28-34] (Table 2). Note the PPV rate of the category 
3 (14.84%), much higher than the classic percentage (not higher 
than 2%), reported in the BI-RADS nomenclature system [1]. In the 
literature consulted frequently found the finding of PPV rate greater 
than 2% in this category, to rates even higher than ours (Table 2), such 
as those reported by Kikuchi M et al. [13], in which 23.72% of PPV rate 
is cited for category 3 calcifications.

The number of samples extracted by SVAB, as well as the percentage 
of removal of the lesion, have been discussed in some papers consulted 
[6,24,35,36], with references to the desirability of obtaining a minimum 
number of samples to achieve the best results. Lomoschitz et al. [34] 
obtained very acceptable results with an average of 12 samples. In our 
review, the number of samples more common resembles that of the 
work of Lomoschitz et al. and has been between 9 and 12 (35.99% of 
cases), and between 5 and 8 (27.89%). About the required number of 

SERIES n BI-RADS 3 BI-RADS 4 BI-RADS 5 AVERAGE
Mendez A et al. [12] 91 6.50%

Takahashi K et al. [28] 1.000 31%
Lee KE et al. [37] 119 2.50% 94.17% 3.33% 34.34%
Esen G et al. [26] 198 20.70%

Kettriz U et al. [15] 500 19% 35% 100% 33%
Kikuchi M et al. [13] 51 23.72%

Bae S et al. [9] 249 23.70%
Travade A et al. [29] 200 25%
Michel SC et al. [30] 135 8% 25% 100% 22%

Atasoy MM et al. [24] 66 22.73%
Kaltenbach B et al. [25] 849 32.66% 90% 32%

Grimm LJ et al. [31] 215 34%
Obenauer S et al. [14] 86 4%
Suzuki K et al. [32] 39 28%

Safioleas PM et al. [33] 853 19.20%
Lopez-Ruiz JA et al. 1.106 14.84% 35.80% 93.21% 38.34%

Table 2. Diagnostic category and PPV: Comparison with other series

PPV: Positive Predictive Value, n: cases, BI-RADS: Breast Imaging Reporting and Data System
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samples, we believe that they depend on the size of the lesion, as well 
as the course/performance of the procedure. The “complete” removal 
of the radiological calcifications does not seem to be the key to avoid 
underestimation or false negative cases [26,34-36], although some 
authors [35] reach better results with this action.

The influence of the calibre of the needle used in the SVAB 
results has been debated in several studies [5,6,37-40], with variable 
conclusions. Like other authors [41], we found no significant difference 
in diagnostic value between the two types of needles used, with 11 G 
(mammotome®) and 10 G (vacora®).

It has also been written [42,43] about the possible advantages of 
segregating samples containing calcifications from those that do not 
contain them, without agreement in this respect. We not do it, and 
the results obtained can be considered satisfactory, in relation to other 
published series.

Our rate of false negatives (10 cases) has been 1.47%, lower than 
in other series [9,44] (Table 3).  In this sense, it should be taken into 
account that, in 8 cases (out of a total of 10), there was a non-infiltrating 
malignant lesion in surgery, and that in 3 cases, the diagnosis obtained 
with SVAB was “high-risk” lesions (2 cases of atypical epithelial 
hyperplasia and 1 case of papillomatosis). According to the opinion 
of some authors [44], the percentage of false negatives observed in the 
SVAB of the calcifications is similar to the other types of lesions (mass, 
architectural distortion, etc).

Infiltrating status has been underestimated in 4.76% of the cases, 
which can be considered a good result, when compared with the results 
published to date [9,26,28,45] (Table 3), although the underestimation 
criteria are not totally coincident in all the series consulted.

The general diagnostic value of our Unit has not been operator-
dependent, a very positive and desirable circumstance, and it is 
probably linked to the small number of radiologists (two) which carry 
out the SVAB procedure.

With the exception of Safioleas PM, et al. [33], it has not been 
possible to compare our diagnostic parameters with those of other 
published series, since they do not specify all parameters related 
specifically to calcifications. In general terms, our results are similar 

to those Safioleas PM et al (sensitivity 98.2%, specificity 100%, positive 
predictive value 100% and negative predictive value 97.6%) and can be 
considered satisfactory.

Conclusions
1) In an Interventional Breast Unit, which has easy access to patients 

coming from different Centers, there is an important indication of 
SVAB on Category 3 lesions (BI-RADS), due to great inter-observer 
variability and, on the other hand, the patient’s preferences:  they prefer 
the biopsy, rather than the radiological follow-up.

2) Positive predictive value for malignancy of Category 3 lesions, 
14.84%, is markedly higher than that reported classically, which reflects 
the inter-observer variability.

3) SVAB is an effective and efficient method for the diagnostic 
management of suspicious calcifications.
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