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Roger J. Jackman, MD
Jorge Rodriguez-Soto, MD, PhD Purpose: To retrospectively determine the frequency and causes of

failure to retrieve microcalcifications in nonpalpable le-
sions, as judged on a radiograph of the specimen, and to
determine outcome in patients with those lesions.

Materials and
Methods:

Informed consent was obtained from each patient prior to
biopsy. The institutional review board approved this
HIPAA-compliant study and granted a waiver of informed
consent. Retrospective review was performed of 1701 con-
secutive nonpalpable microcalcification lesions in 1511
women aged 29–92 years (median age, 54 years) who
underwent percutaneous stereotactic biopsy on a prone
biopsy table. Biopsy was successively performed with 14-
gauge core, 14-gauge vacuum, and 11-gauge vacuum de-
vices, with mild selection bias, and for each lesion, biopsy
was performed with one device. Radiographs of the speci-
men were obtained to see whether microcalcifications
were retrieved. Patient, mammographic, and biopsy vari-
ables were correlated with negative radiographs of the
specimen. At repeat biopsy or mammographic follow-up,
outcome was evaluated in patients with benign histologic
results and negative radiographs of the specimen by using
Fisher exact test P values.

Results: Radiographs of the specimen were negative in 16% (30 of
182) of lesions at 14-gauge core biopsy, in 4% (four of 96)
of lesions at 14-gauge vacuum biopsy, and in 1% (19 of
1423) of lesions at 11-gauge vacuum biopsy (P � .001).
Substantial bleeding was a significant factor (P � .001) in
failure to retrieve microcalcifications at only 11-gauge vac-
uum biopsy. Histologic results in 53 lesions with negative
radiographs of the specimen were malignant (n � 6),
indicated atypical hyperplasia (n � 6), or were benign
(n � 41). Follow-up in patients with 40 benign lesions was
performed with repeat biopsy (n � 17, with malignancy in
three lesions) or mammography (n � 23) for 15–128
months (median, 70 months); one patient with one lesion
was lost to follow-up.

Conclusion: Failure to retrieve microcalcifications was least common
with 11-gauge directional vacuum-assisted biopsy and oc-
curred in 1% (19 of 1423) of lesions. Cancer was missed in
8% (three of 40) of benign lesions in patients who were
followed up.
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In patients with nonpalpable breast
lesions, image-guided histologic bi-
opsy can be performed either surgi-

cally or percutaneously. For decades,
needle-localized breast biopsy was the
standard method (1). Review articles
present image-guided percutaneous bi-
opsy with automated large-core or di-
rectional vacuum-assisted techniques as
popular alternatives to surgical biopsy
(2–6).

In July 1991, we switched from nee-
dle-localized breast biopsy to image-
guided histologic biopsy, with a goal of
performing stereotactic prone biopsy in
all patients with mammographically de-
tected lesions for which an image-
guided biopsy was needed (7). Our cur-
rent study was performed to retrospec-
tively determine the frequency and
causes of failure to retrieve microcal-
cifications in nonpalpable lesions, as
judged on a radiograph of the specimen,
and to determine the outcome in pa-
tients with those lesions.

Materials and Methods

Records of 1511 female patients (age
range, 29–92 years; median age, 54
years) were retrospectively reviewed.
These patients had 1701 consecutive
nonpalpable microcalcification lesions
(without an associated mass) for which
they underwent a stereotactic biopsy
and radiography of a specimen from
April 1993 through December 2001. Ra-
diographs of the specimen were not ob-
tained from July 1991 through March
1993 (n � 158 lesions). Apart from mild
inconsistency in the next few months
(10 lesions without radiographs of the
specimen), radiographs of the speci-
men were obtained from April 1993
through December 2001 (1701 lesions
with radiographs of the specimen). At
biopsy, the radiologist recorded the
presence or absence of at least one
microcalcification on the radiograph
of the specimen. Informed consent
was obtained from each patient prior
to biopsy. The institutional review
board approved our study and granted
a waiver to perform this retrospective
study without informed consent. The
study was HIPAA compliant. Both au-

thors had control of the data and in-
formation in this study.

Concordant and Discordant Criteria
Until approximately mid-1999, we con-
sidered biopsy of a microcalcification le-
sion to be technically adequate if micro-
calcifications were identified histologi-
cally and/or on the radiograph of the
specimen. Only after that did we con-
sider the biopsy results of a histologi-
cally benign lesion to be discordant if
microcalcifications were seen histologi-
cally but not on the radiograph of the
specimen. Radiographs of the paraffin
blocks were obtained on the rare occa-
sion when microcalcifications were seen
on the radiograph of the specimen but
were not seen histologically. Paraffin
block radiographs were not obtained if
microcalcifications were not seen on the
radiograph of the specimen. Immediate
postbiopsy mammograms of lesions
with a negative radiograph of the speci-
men were usually but not always ob-
tained, and we have incomplete data
about the status of residual microcalcifi-
cations on those mammograms.

Biopsy Restrictions
Patients were restricted from scheduling
a stereotactic biopsy if their weight ex-
ceeded the biopsy table limit of 300
pounds (135 kg), if they had bleeding dia-
thesis, or if they were taking antico-
agulants and could not temporarily stop
taking them, but no patients met those
criteria. We had no standard prebiopsy
restrictions that were based on presumed
inability of the patient to cooperate dur-
ing the procedure; breast size; or lesion
size, position, or conspicuity. Of all le-
sions for which an image-guided biopsy
was needed and for which patients were
referred from within our multispecialty
clinic, a stereotactic biopsy was techni-
cally feasible in 98% (1818 of 1852) of
lesions and was actually performed in
97% (1786 of 1844) of lesions for which a
biopsy was performed (7). In 1844 lesions
for which an image-guided biopsy was
needed and for which patients were re-
ferred from within our multispecialty
clinic, a surgical biopsy was performed in
3% (58 lesions), and an ultrasonographi-
cally (US) guided biopsy was performed

in 0% (no lesions) (7). We do not have
data about the percentages of stereotac-
tic, surgical, and US-guided biopsies per-
formed at outside facilities at which le-
sions were found. In all lesions for which
patients were referred to us from outside
facilities during the study period, how-
ever, stereotactic biopsy was performed.
Starting in 2002, we performed US-
guided biopsy for mass lesions in patients
who were referred from both inside and
outside our facility.

Data Recorded
Patient, mammographic, and biopsy vari-
ables were evaluated to see which ones
were associated with negative radio-
graphs of the specimen. Before biopsy,
lesions were categorized for palpability
(discrete, vague, or nonpalpable) by re-
ferring clinicians. The radiologist who
performed the biopsy recorded the bi-
opsy method (14-gauge core, 14-gauge
vacuum, or 11-gauge vacuum biopsy),
mammographic lesion type (microcalcifi-
cations without a mass, masses [including
asymmetries and areas of architectural
distortion] with or without associated mi-
crocalcifications, or miscellaneous), max-
imum mammographic lesion diameter,
presence or absence of substantial bleed-
ing during biopsy, and number of tissue
specimens obtained during biopsy of
each lesion. A subjective decision about
whether there was substantial bleeding
and a decision about the number of spec-
imens to obtain were left to the discretion
of the radiologist who performed the bi-
opsy. Starting in 1991, we tried to obtain
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at least five core specimens per lesion and
gradually increased that number. We
tried to obtain at least 12 specimens per
lesion at vacuum biopsy.

Mammographic tissue density (ex-
tremely dense, heterogeneously dense,
scattered fibroglandular density, or al-
most entirely fat) and the Breast Imag-
ing Reporting and Data System (BI-
RADS) classification of the American
College of Radiology (8) (categories
2–5) were recorded by the radiologist
who performed the biopsy starting in
February 1995. Density and BI-RADS
classification were recorded retrospec-
tively by one of the authors (R.J.J., who
had 9 years of experience with BI-RADS
classification at the time of retrospec-
tive review) for lesions for which biopsy
was performed prior to that time, with
the exception of information about den-
sity that was not available for 131 le-
sions with positive findings on radio-
graphs of the specimen for which biopsy
was performed prior to 1995. Other
variables were recorded for all lesions.

Biopsy Procedures
We performed stereotactic biopsy with
the patients prone on a biopsy table
(Mammotest or Mammotest Plus/S;
Fischer Imaging, Denver, Colo) and
with three successive techniques. Bi-
opsy was performed as follows: from
July 1991 to mid-April 1995, with core
biopsy, a long-throw (2.3-cm excursion)
automated biopsy gun (Biopty; Bard
Urological, Covington, Ga), and a vari-
ety of 14-gauge cutting needles; from
mid-March 1995 to mid-June 1996, with
vacuum biopsy, a directional vacuum-
assisted biopsy device (Mammotome;
Biopsys Medical/Ethicon Endo-Surgery,
Cincinnati, Ohio), and 14-gauge probes;
and from mid-May 1996 through De-
cember 2001, with vacuum biopsy, the
same Mammotome device, and 11-
gauge probes. During the 1-month over-
lap between the times the various bi-
opsy techniques were employed, avail-
ability of the new Mammotome probe
was used as a criterion to determine
which method was used. For each le-
sion, biopsy was performed with one
device. No lesion or patient variables
were used to determine the method.

Four radiologists, including one of the
authors (R.J.J.), performed biopsy.
These radiologists had 1.75, 1.75, 1.00,
and 0.25 years of experience in perfor-
mance of stereotactic biopsy prior to
performing the first biopsy in the lesions
included in this study.

Tissue Specimens and Radiographs
of Specimens
Tissue specimens were moistened with
sterile saline and placed in either the lid
of a specimen container or a Petri dish,
and radiography was performed. From
April 1993 through June 2001, radio-
graphs of specimens were obtained with
analog mammographic machines (mod-
els M-III or M-IV; Lorad/Hologic, Bed-
ford, Mass) and 20 kVp, 6 mAs, �1.8
magnification, and a 100-�m focal spot.
From July 2001 through December
2001, radiographs of specimens were
obtained with an analog radiographic
machine (model MX-20; Faxitron
X-ray, Wheeling, Ill) and 17 kVp, 3
mAs, �1.5 magnification, and a 20-�m
focal spot. The tissue specimens were
then placed in formalin and processed
in the Department of Pathology.

Histologic Diagnoses
The original histologic diagnoses deter-
mined by a variety of pathologists, in-
cluding one of the authors (J.R.), were
accepted for this study. For all lesions
for which a biopsy was performed, his-
tologic diagnoses of lesions as malig-
nant, high risk, or benign were re-
corded from the histology reports by
one of the authors (R.J.J.). Malignant
lesions included invasive carcinoma,
ductal carcinoma in situ (DCIS), lym-
phoma, and sarcoma. We considered
atypical ductal hyperplasia, atypical lob-
ular hyperplasia, lobular carcinoma in
situ, radial scar, phyllodes tumor, and
papilloma to be high-risk lesions, for
which the associated presence of carci-
noma can be underestimated at percu-
taneous biopsy. Lesions that were not
categorized as histologically malignant
or high risk were classified as benign.

Follow-up
We had no set protocol for follow-up of
benign lesions with a negative radio-

graph of the specimen. The radiologist
who performed the biopsy, often in con-
sultation with the pathologist who eval-
uated the histologic slides, decided if an
immediate repeat biopsy, with a percu-
taneous biopsy and removal of more tis-
sue specimens or with surgical excision,
was recommended. Histologic results at
repeat biopsy were compared with his-
tologic results at initial percutaneous bi-
opsy. For all patients with benign le-
sions who were not thought to need a
repeat biopsy, we recommended 6- and
12-month postbiopsy mammography
and then annual diagnostic mammo-
graphic follow-up for at least 3 years
after biopsy. The original follow-up
mammographic reports made by a vari-
ety of radiologists, including one of the
authors (R.J.J.), were accepted for this
study. We reported that the microcalci-
fications were gone, decreased, un-
changed, or increased compared with
findings on the prebiopsy mammo-
grams. Delayed repeat biopsy was rec-
ommended if there was lesion progres-
sion at postbiopsy mammographic fol-
low-up (9–12).

Histologic Review
One of the authors (J.R., who had 13
years of experience with breast histology
at the time of review) retrospectively re-
viewed all available histologic slides for
the presence or absence of microcalcifica-
tions. If no microcalcifications were ini-
tially identified, polarizing light was used
to look for calcium oxalate. If microcalcifi-
cations were identified, the maximal his-
tologic size of each microcalcification was
determined by using an upright light
transmission microscope (Olympus
BX40; Olympus Optical, Tokyo, Japan)
with an ocular micrometer (Olympus
WH10X/22; Olympus Optical) that was
similar to the microscope used by Dahl-
strom et al (13). Histologic diagnoses
were recorded for histologically calcified
lesions.

Statistical Analysis
Data were analyzed with statistical soft-
ware (Stata, version 8.2, 2004; Stata,
College Station, Tex). The Fisher exact
test and correlation coefficients with P
values of less than .05 were considered
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significant. A preliminary check for
problematic colinearity among the inde-
pendent variables was performed; ordi-
nary correlations were calculated for
continuous variables, whereas rank cor-
relations were used for the noncontinu-
ous variables of breast density, BI-
RADS category, biopsy method, sub-

stantial bleeding, and lesion histologic
results. The largest correlations were
between biopsy method and number of
specimens (r � 0.33, P � .001), be-
tween BI-RADS category and lesion his-
tologic results (r � 0.25, P � .001),
between lesion size and number of spec-
imens (r � 0.21, P � .001), between

lesion size and lesion histologic results
(r � 0.17, P � .001), and between le-
sion size and BI-RADS category (r �
0.15, P � .001). None of these correla-
tions was judged to be large enough to
cause colinearity problems with the
multivariate analysis; in the largest cor-
relation, that between biopsy method
and number of specimens, the two vari-
ables shared only 11% (r � 0.33) of
their variability.

A logistic regression analysis of all
variables was performed to determine
which variables were associated with re-
trieval of microcalcifications. Age was a
variable observed per patient, and breast
density was a variable observed per
breast. All other variables were observed
per lesion. Because 18% (311 of 1701) of
the sample consisted of two or more le-
sions from the same breast, an approach
with a population-average generalized es-
timating equation and an exchange corre-
lational model was used, with the breast
as the clustering variable. Because the
distribution of lesion size was highly
skewed, the log of the lesion size was used
in the multivariate analysis.

Results

Failure Rates
Results of univariate analysis of the
rates for failure to retrieve microcalcifi-
cations according to patient, mammo-
graphic, and stereotactic biopsy vari-
ables indicate that failures were sta-
tistically most significant for four vari-
ables— biopsy method, substantial
bleeding during the biopsy, number of
specimens per lesion, and breast den-
sity; each had a P value of less than .001
(Table 1). Failure rates for lesion diam-
eter, BI-RADS category, and histologic
result category also were significant,
and all had a P value of less than .05
(Table 1).

The results of the multivariate
population-average generalized esti-
mating equation logistic regression
analysis indicated that only four vari-
ables were significantly associated
with failure to retrieve microcalci-
fications: biopsy method, substantial
bleeding, number of specimens, and

Table 1

Results for Radiographs of the Specimen for 1701 Microcalcification Lesions
according to Patient, Mammographic, and Stereotactic Biopsy Variables

Variables

Negative
Radiographs
(n � 53)

Positive
Radiographs
(n � 1648)

Total Lesions
(n � 1701) P Value*

Patient variable: age at biopsy (y) �.567
�51 19 (3) 647 (97) 666
51–60 13 (3) 464 (97) 477
�60 21 (4) 537 (96) 558

Mammographic variables
Breast density† �.001

Extremely dense 7 (11) 56 (89) 63
Heterogeneously dense 33 (3) 919 (97) 952
Scattered fibroglandular density 9 (2) 464 (98) 473
Almost entirely fat 4 (5) 78 (95) 82

Lesion diameter (mm) �.003
�5 28 (5) 565 (95) 593
5–10 20 (3) 640 (97) 660
�10 5 (1) 443 (99) 448

BI-RADS category �.024
3 0 (0) 126 (100) 126
4 53 (4) 1459 (96) 1512
5 0 (0) 63 (100) 63

Biopsy variables
Biopsy method �.001

14-gauge core 30 (16) 152 (84) 182
14-gauge vacuum 4 (4) 92 (96) 96
11-gauge vacuum 19 (1) 1404 (99) 1423

Substantial bleeding �.001
Present 8 (18) 37 (82) 45
Absent 45 (3) 1611 (97) 1656

No. of specimens per lesion �.001
�7 4 (31) 9 (69) 13
7–12 25 (6) 376 (94) 401
13–24 15 (1) 1032 (99) 1047
25–36 5 (3) 192 (97) 197
�36 4 (9) 39 (91) 43

Percutaneous histologic result �.035
Malignant 6 (1) 427 (99) 433
High risk 6 (3) 186 (97) 192
Benign 41 (4) 1035 (96) 1076

Note.—Data are numbers of lesions. Numbers in parentheses are percentages. Percentages were rounded.

* Fisher exact test.
† Breast density was not available for the 131 lesions with positive radiographs of the specimen for which biopsy was
performed prior to 1995.
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lesion diameter, all with P � .001. The
estimated within-breast correlation
coefficient among lesions was 0.013.
The effect of these four variables can
best be expressed by the increased or
decreased odds of failure to retrieve
microcalcifications.

Biopsy Method
On the basis of the biopsy method, radio-
graphs of the specimen were negative in
16% (30 of 182) of lesions at 14-gauge
core biopsy, in 4% (four of 96) of lesions
at 14-gauge vacuum biopsy, and in 1%
(19 of 1423) of lesions at 11-gauge vac-
uum biopsy (P � .001). For the biopsy
method, the odds ratios were expressed
relative to the 14-gauge core device. The
odds of failing to retrieve microcalcifica-
tions with the 14-gauge vacuum device
were only 0.01 of those for the core de-
vice (95% confidence interval: 0.002,
0.049), whereas for the 11-gauge vacuum
device, the odds of failure were only
0.003 of those for the core device (95%
confidence interval: 0.001, 0.007).

Bleeding
Substantial bleeding during the biopsy in
45 lesions occurred in 0.5% (one of 182)
of lesions at 14-gauge core biopsy, in 2%
(two of 96) of lesions at 14-gauge vacuum
biopsy, and in 3% (42 of 1423) of lesions
at 11-gauge vacuum biopsy (P � .15).
Although substantial bleeding was a sig-
nificant factor in overall failure to retrieve
microcalcifications (Table 1), bleeding
was a significant factor according to bi-
opsy device only at 11-gauge vacuum bi-
opsy (Table 2). Bleeding was noted to be
arterial in 16% (seven of 45) and venous
in 84% (38 of 45) of lesions with substan-
tial bleeding. We do not have complete
data about complications that required in-
tervention; we are aware of two hemato-
mas that required drainage and no infec-
tions that required antibiotic treatment in
the study period. The effect of substantial
bleeding was to increase the odds of fail-
ure to retrieve microcalcifications by a
factor of 28 (95% confidence interval:
9.1, 89).

Number of Specimens
Although the number of specimens ob-
tained per lesion was a significant factor

in overall failure to retrieve microcalcifi-
cations (Table 1), the number of speci-
mens was a significant variable according
to biopsy device at only 11-gauge vacuum
biopsy (Table 2). For each additional
specimen retrieved, the odds of failure to
retrieve microcalcifications actually in-
creased slightly, with an odds ratio of
1.07 (95% confidence interval: 1.04,
1.10). Thus, for every 12 additional spec-

imens, the odds of failure doubled. This
counterintuitive result appears to have
been caused by the diminishing returns of
obtaining more than 24 specimens (Table
1). If analysis is restricted to samples with
a maximum of 24 specimens (86% of
cases), there is no effect of the number of
specimens on the odds of failure (odds
ratio � 1.04; 95% confidence interval:
0.91, 1.20; P � .569).

Table 2

Results for Radiographs of the Specimen for 1701 Microcalcification Lesions
according to Biopsy Method versus Substantial Bleeding and Number of Specimens
per Lesion

Variable

Negative
Radiographs
(n � 53)

Positive
Radiographs
(n � 1648)

Total Lesions
(n � 1701) P Value*

Substantial bleeding
14-gauge core biopsy �.165

Present 1 (100) 0 (0) 1
Absent 29 (16) 152 (84) 181
Total 30 (16) 152 (84) 182

14-gauge vacuum biopsy �.918
Present 0 (0) 2 (100) 2
Absent 4 (4) 90 (96) 94
Total 4 (4) 92 (96) 96

11-gauge vacuum biopsy �.001
Present 7 (17) 35 (83) 42
Absent 12 (1) 1369 (99) 1381
Total 19 (1) 1404 (99) 1423

No. of specimens per lesion
14-gauge core biopsy �.064

�7 4 (40) 6 (60) 10
7–12 16 (13) 104 (87) 120
13–24 10 (19) 42 (81) 52
�24 0 (0) 0 (0) 0
Total 30 (16) 152 (84) 182

14-gauge vacuum biopsy �.368
�7 0 (0) 0 (0) 0
7–12 2 (11) 16 (89) 18
13–24 2 (3) 60 (97) 62
25–36 0 (0) 12 (100) 12
�36 0 (0) 4 (100) 4
Total 4 (4) 92 (96) 96

11-gauge vacuum biopsy �.001
�7 0 (0) 3 (100) 3
7–12 7 (3) 256 (97) 263
13–24 3 (0.3) 930 (99.7) 933
25–36 5 (3) 180 (97) 185
�36 4 (10) 35 (90) 39
Total 19 (1) 1404 (99) 1423

Note.—Data are numbers of lesions. Numbers in parentheses are percentages. Percentages were rounded except where the
percentage was less than 0.5 or more than 99.5.

* Fisher exact test.
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Lesion Diameter
For each doubling of lesion diameter,
the odds of failure to retrieve microcal-
cifications decreased by almost half,
with an odds ratio of 0.45 (95% confi-
dence interval: 0.31, 0.66).

Biopsy Results
Percutaneous biopsy results revealed
six malignant lesions, all DCIS. Findings
at subsequent surgery confirmed DCIS
in five of those lesions and failed to show
residual carcinoma in one lesion, with
no DCIS lesions upgraded to invasive
carcinoma at subsequent surgery. Per-
cutaneous biopsy results revealed six
high-risk lesions, all atypical hyperpla-
sia. Findings at subsequent surgery re-
vealed carcinoma (both DCIS) in two
(50%) of four atypical ductal hyperpla-
sia lesions and in none (0%) of two
atypical lobular hyperplasia lesions. No
atypical hyperplasia lesions were up-
graded to invasive carcinoma.

Percutaneous histologic results were
benign in 41 (77%) of 53 lesions with
negative radiographs of the specimen.
Repeat biopsy in 17 (41%) of 41 benign
lesions was performed with repeat ste-
reotactic biopsy (four lesions; in one le-
sion, repeat biopsy was performed with
the core method and in three, repeat bi-
opsy was performed with the vacuum
method), with needle-localized excision
(11 lesions), or at mastectomy (two le-
sions, both with carcinoma elsewhere in
the same breast). Repeat biopsy histo-
logic results included a malignant lesion
(three lesions; two lesions with DCIS and
one lesion with tubular carcinoma), atyp-
ical ductal hyperplasia (one lesion), or a
benign lesion (13 lesions). Repeat biopsy
was performed within 4 months (n � 11,
with two malignant results), 5–12 months
(n � 2, with no malignant results), and
more than 12 months (n � 4, with one
malignant result, with mammographic
progression of the lesions after initial bi-
opsy that prompted repeat biopsy).

Follow-up Findings
Postbiopsy mammographic follow-up,
without mammographic progression of
the lesion and without repeat biopsy,
was performed in 23 (56%) of 41 benign
lesions. Findings on the initial follow-up

mammograms obtained at 3–26 months
(median, 6 months) after biopsy re-
vealed that the microcalcifications were
gone (n � 2), decreased (n � 10), un-
changed (n � 11), or increased (n � 0),
compared with the findings on prebi-
opsy mammograms. Follow-up was per-
formed for 15–128 months (median, 70
months); follow-up in just one lesion
was performed for less than 37 months.
One (2%) of 41 lesions was in a patient
lost to follow-up.

Thus, lesions with a negative radio-
graph of the specimen were false-nega-
tive findings in 8% (three of 40) of be-
nign lesions with postbiopsy follow-up
and in 27% (three of 11) of those study
lesions that proved to be malignant at
percutaneous biopsy and/or surgical ex-
cision.

Histologic Review Findings
We retain histologic slides for 10 years
and had discarded slides for all 30 le-
sions for which a core biopsy was per-
formed; in all of these lesions, biopsy
was performed more than 10 years be-
fore histologic review. Slides were avail-
able for review in 96% (22 of 23) of
lesions for which a vacuum biopsy was
performed. Histologic microcalcifica-
tions were identified in 50% (11 of 22)
of lesions with negative radiographs of
the specimen. All 11 lesions with identi-
fied microcalcifications revealed cal-
cium carbonate, which was visualized
without polarized illumination. Histo-
logic diagnoses in these 11 lesions in-
cluded DCIS (n � 1), atypical ductal
hyperplasia (n � 1), and benign lesions
(n � 9). One lesion contained a single
microcalcification that was 130 �m,
and all other microcalcifications were
smaller than 100 �m.

Discussion

Radiography of the specimen for detec-
tion of microcalcifications in stereotactic
core biopsy specimens was introduced by
Meyer et al (14) and Liberman et al (15),
and the authors of the latter article also
described the technique for performing
radiography of specimens (cores) of tis-
sue. Our retrospective study of patients
with nonpalpable lesions manifesting as

microcalcifications was performed to see
what factors were associated with failure
to retrieve microcalcifications, as judged
on a radiograph of the specimen, and to
determine the outcome in patients with
those lesions.

Three aspects of the different bi-
opsy methods should be noted. First,
acquisition of more than five specimens
from the same area by using the 14-
gauge core device extracts progressively
less tissue and more blood (16). More
specimens can be effectively obtained
with the vacuum device (17). There is,
thus, a small but reliable association be-
tween the biopsy method and the num-
ber of specimens obtained (r � 0.33,
P � .001). The difference appears to be
caused mostly by the difference be-
tween the core and vacuum methods
(Table 3).

Second, as previously mentioned,
both the biopsy method and the number
of specimens were significantly associ-
ated with failure to retrieve microcalci-
fications. Even when failure to retrieve
microcalcifications was analyzed for just
the 290 lesions in which 12 specimens
were obtained, the failure rate was still
significantly smaller for the vacuum
technique. With the vacuum technique,
failures occurred in 3% (seven of 241)
of lesions, but failures occurred in 12%
(six of 49) of lesions with the core tech-
nique (P � .01).

Third, the distribution of the num-
ber of specimens was multimodal, with
peaks at 12, 18, 24, and 30 specimens.
This distribution may have been caused
by the fact that 84% of the samples
were obtained with 11-gauge vacuum
biopsy, and the design of the device
used for this method makes it natural
for the operator to obtain specimens in
groups of six.

If we combine data in Tables 1 and
2, we can draw three conclusions about
success in retrieving microcalcifications
with the three techniques that we evalu-
ated. First, biopsy should be performed
with the 11-gauge vacuum technique,
for which failure occurred in only 1%
(19 of 1423) of lesions.

Second, substantial bleeding should
be avoided during 11-gauge vacuum bi-
opsy, if possible. Apart from being sure
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that patients are not taking aspirin and
other medications that delay blood clot-
ting, we do not know how to avoid sub-
stantial bleeding. If a hematoma devel-
ops, it could obscure the breast micro-
calcifications and/or cause movement of
the breast microcalcifications. If sub-
stantial bleeding occurred during the bi-
opsy, the radiologist who performed the
biopsy chose whether to complete the
biopsy as quickly as possible in an at-
tempt to do so before a large hematoma
developed or, alternatively, to suspend
the biopsy for several minutes so that
firm compression of the biopsy site
could be performed in an effort to stop
the bleeding and prevent a large hema-
toma from developing. We do not know
which approach is better.

Third, failures at 11-gauge vacuum
biopsy were least common when 13–24
specimens were obtained. The reasons
for obtaining a smaller percentage of
microcalcifications with more than 24
specimens per lesion are complex and
are related to the biopsy process. The
radiologist who performs the biopsy
usually will obtain the initial radiograph
of the specimen after he or she obtains
what is thought to be a representative
sample of the lesion (perhaps 6–12
specimens, depending on the size of the
lesion and the biopsy device used).
While the radiologist waits for the ra-
diograph of the specimen to be devel-
oped, another six samples usually are
obtained. Although more than six speci-
mens per lesion yield more accurate re-
sults, there is little need to obtain more
than 12–18 specimens per lesion unless
initial radiographic analysis of the spec-
imens fails to reveal the expected micro-
calcifications (18). Thus, a failure to re-
trieve microcalcifications initially leads
to the need to obtain a larger number of
biopsy specimens and to the observed
inverse relationship between success
and the number of specimens collected
for large numbers of specimens.

Acquisition of more than 24 speci-
mens frequently, but not always, led to
conversion of failure to success for re-
trieval of microcalcifications. Those le-
sions from which the largest number of
specimens were removed were generally
clusters of microcalcifications just faintly

visible on radiographic images of the
breast obtained during the stereotactic bi-
opsy, and in these instances, the radiolo-
gist who performed the biopsy continued
to extract samples until at least one sam-
ple revealed at least one microcalcifica-
tion on a radiograph of the specimen, or
the biopsy was terminated for other rea-
sons. Despite extraction of a large
amount of tissue, for four (12%) of 33
lesions with more than 40 specimens per
lesion removed at 11-gauge vacuum bi-
opsy, radiographs of the specimen were
negative. These data suggest that failure
to retrieve microcalcifications is unlikely
to be improved by obtaining even more
specimens per lesion. We think that defi-
nite visualization of the lesion on the ra-
diographic images of the breast obtained
during the stereotactic biopsy and precise
positioning of the biopsy needle prior to
extraction of tissue samples are more im-
portant to successfully retrieve microcal-
cifications than is obtaining a large num-
ber of samples. We think that the needle
should be removed and the missed micro-
calcifications should be retargeted period-

ically during the biopsy, perhaps after ra-
diography of each sequential group of 12
samples.

Failure to retrieve breast microcal-
cifications at prone stereotactic biopsy
reported by other researchers (13–15,
17,19–34) is summarized in Table 4.
We attempted to avoid duplication of
data in compiling the totals in Table 4.
In the literature review, including data
from our study, radiographs of the spec-
imen were negative in 14% (169 of
1236) of lesions at 14-gauge core bi-
opsy, in 3% (15 of 493) of lesions at
14-gauge vacuum biopsy, and in 1% (54
of 4781) of lesions at 11-gauge vacuum
biopsy (P � .001) (Table 4).

For several decades, in virtually all
nonpalpable microcalcification lesions
for which an image-guided biopsy was
needed, needle-localized breast biopsy
was performed (1). Biopsy options be-
came available with the introduction of
stereotactic 14-gauge core biopsy
(35,36) and, subsequently, stereotactic
vacuum biopsy (2,3,37,38) techniques.
To our knowledge, our approach has

Table 3

Number of Specimens per Lesion for Each Biopsy Method

A: Core and Vacuum Devices*

No. of Specimens
per Lesion

14-Gauge
Core Biopsy
(n � 182)

14-Gauge
Vacuum Biopsy
(n � 96)

11-Gauge
Vacuum Biopsy
(n � 1423)

Total Lesions
(n � 1701)

�7 10 (5) 0 (0) 3 (0.2) 13 (1)
7–12 120 (66) 18 (19) 263 (18) 401 (24)
13–24 52 (29) 62 (65) 933 (66) 1047 (62)
25–36 0 (0) 12 (12) 185 (13) 197 (12)
�36 0 (0) 4 (4) 39 (3) 43 (3)
Total 182 (100) 96 (100) 1423 (100) 1701 (100)

B: Vacuum Devices Only†

No. of Specimens
per Lesion

14-Gauge
Vacuum Biopsy
(n � 96)

11-Gauge
Vacuum Biopsy
(n � 1423)

Total Lesions
(n � 1519)

�7 0 (0) 3 (0.2) 3 (0.2)
7–12 18 (19) 263 (18) 281 (18)
13–24 62 (65) 933 (66) 995 (66)
25–36 12 (12) 185 (13) 197 (13)
�36 4 (4) 39 (3) 43 (3)
Total 96 (100) 1423 (100) 1519 (100)

Note.—Data are numbers of lesions. Numbers in parentheses are percentages. Percentages were rounded except where the
percentage was less than 0.5.

* For the number of specimens per lesion with these devices, P � .001 (Fisher exact test).
† For the number of specimens per lesion with these devices, P � .844 (Fisher exact test).
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less selection bias than that in other
reports. With our approach, in 97% of
lesions in patients who were referred
from within our multispecialty clinic and
in 100% of lesions in patients who were
referred from outside our multispecialty
clinic for image-guided biopsy, biopsy
was performed with the stereotactic
technique, with no selection bias for the
stereotactic biopsy method. Selection
bias for biopsy method could influence
failure to retrieve microcalcifications
and other measurements of success.

Most authors of articles do not ad-
dress the issue of possible selection
bias. Those that do address this issue
provide variable information about how
and why biopsy of lesions was per-

formed with different methods. Liber-
man et al (21) performed biopsy in 614
lesions by using the stereotactic 14-
gauge vacuum method in 108 (18%) le-
sions, US-guided core method in 34
(6%) lesions, or needle localization and
surgical biopsy in 472 (77%) lesions but
did not indicate why the different meth-
ods were used. In a later article, Liber-
man and Sama (39) indicated that 106
(53%) of 200 lesions for which biopsy
was performed with the stereotactic 11-
gauge vacuum technique would have
been excluded from an attempt at ste-
reotactic 14-gauge core biopsy because
of superficial lesion location, lesion size
of less than 5 mm, or inadequate breast
thickness. Berg et al (30) performed bi-

opsy in 150 clusters of amorphous calci-
fications by using the stereotactic 11-
gauge vacuum method in 102 (68%) le-
sions, the stereotactic 14-gauge core
method in nine (6%) lesions, or the nee-
dle-localized method in 39 (26%) le-
sions; in the 39 lesions in which surgical
biopsy was performed by using needle
localization, this technique was used ei-
ther because an attempt at stereotactic
biopsy had failed (n � 8) or because an
attempt at stereotactic biopsy had been
bypassed (n � 31).

Reynolds et al (25) reported their
use of a minimum lesion size restriction
of 5 mm for stereotactic biopsy of mi-
crocalcifications with the 14-gauge core
technique but no size restriction with
the 11-gauge vacuum technique. Lee et
al (20) mentioned no lesion size restric-
tion for stereotactic core biopsy, but
they recommended surgical biopsy in-
stead of stereotactic biopsy if the lesion
was close to the skin, chest wall, or
nipple; the lesion was vague or poorly
defined; the lesion was likely to repre-
sent a radial scar; or the breast size was
small. Pijnappel et al (40), who re-
ported data from three hospitals in the
Netherlands, performed biopsy in 749
nonpalpable lesions by using the stereo-
tactic core technique in 63 (8%) lesions,
the US-guided core technique in 128
(17%) lesions, US-guided fine-needle
aspiration in 242 (32%) lesions, or nee-
dle-localized surgical excision in 316
(42%) lesions but did not indicate why
the different methods were used.

Liberman et al (41) initially said dis-
cordant calcific lesions included those in
which no microcalcifications were iden-
tified at radiography of the specimen
and/or histologic analysis, which was
identical to our initial definition. In the
study of Pfarl et al (42), which included
Liberman as a coauthor, the definition
was later amended to state that identifi-
cation of histologic microcalcifications
alone, and not identification on the ra-
diographs of the specimen, usually is
not adequate, and they cited the articles
that are mentioned in the next para-
graph here (13,43). As stated earlier,
we also changed our definition to that
noted by Pfarl et al (42) in the later
years of this study.

Table 4

Rates for Negative Radiographs of the Specimen at Prone Stereotactic Biopsy
according to Biopsy Method

Study and Year
14-Gauge Core
Biopsy*

14-Gauge
Vacuum Biopsy*

11-Gauge Vacuum
Biopsy*

Meyer et al (14), 1993† 1/9 (11) 0 0
Liberman et al (15), 1994‡ 11/72 (15) 0 0
Burbank (19), 1997§ 0/55 (0) 0/50 (0) 0
Lee et al (20), 1997� 18/151 (12) 0 0
Liberman et al (21), 1997‡ 0 5/55 (9) 0
Meyer et al (22), 1997 12/130 (9) 0/106 (0) 0
Park et al (23), 1997 7/101 (7) 0 0
Burbank (17), 1997 0 0/150 (0) 0/47 (0)
Dahlstrom et al (13), 1998 33/63 (52) 0 0
Liberman et al (24), 1998‡ 0 0 6/112 (5)
Reynolds et al (25), 1998 6/42 (14) 0 0/64 (0)
Philpotts et al (26), 1999 17/190 (9) 0 4/189 (2)
Cangiarella et al (27), 2001 0 0 1/160 (1)
Liberman et al (28), 2001# 15/146 (10) 6/86 (7) 10/256 (4)
Grimes et al (29), 2001 6/47 (13) 0 0
Berg et al (30), 2001 0/9 (0) 0 0/102 (0)
Apesteguia et al (31), 2002 0 0 5/106 (5)
Liberman et al (32), 2002 0 0 11/565 (2)
Han et al (33), 2003 43/271 (16) 0 0
Kettritz et al (34), 2004 0 0 8/2013 (0.4)
Current study 30/182 (16) 4/96 (4) 19/1423 (1)

Total 169/1236 (14) 15/493 (3) 54/4781 (1)

* Data are numbers of lesions. Numbers in parentheses are percentages, which are the rates for negative radiographs of the
specimen. Percentages were rounded except where the percentage was less than 0.5.
† All lesions were duplicated in reference 22 and were counted just once in the total.
‡ All lesions were duplicated in reference 28 and were counted just once in the total.
§ The lesions identified at 14-gauge vacuum biopsy were duplicated in reference 17 and were counted just once in the total.
� No calcifications were seen at radiography of the specimen and/or histologic evaluation. All lesions were duplicated in
reference 26 and were counted just once in the total.
# The lesions identified at 11-gauge vacuum biopsy were duplicated in reference 32 and were counted just once in the total.
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Histologic visualization of microcal-
cifications without visualization of them
on the radiograph of the specimen is not
adequate because many small microcal-
cifications are seen in that way and do
not represent the mammographic lesion
that prompted biopsy. Stomper et al
(43) found histologic microcalcifications
in 41% (11 of 27) of malignancies that
manifested as masses, with no microcal-
cifications evident on mammograms or
on radiographs of the specimen. Dahl-
strom et al (13) found histologic micro-
calcifications in 33% (11 of 33) of 14-
gauge core samples, with no microcalci-
fications evident on radiographs of the
specimen. They reported that microcal-
cifications that were smaller than 100
�m were seen only histologically. We
found histologic microcalcifications in
50% (11 of 22) of lesions with nega-
tive radiographs of the specimen, and
we were able to confirm that all micro-
calcifications but one were smaller than
100 �m.

Although visualization of just one
definite microcalcification on the radio-
graph of the specimen is considered as
positive retrieval, we think that that
finding is not adequate for diagnostic
accuracy. The goal of performing a per-
cutaneous biopsy is to be able to estab-
lish an accurate histologic diagnosis by
removing a representative sample from
what may be a histologically heteroge-
neous lesion. Most important, we want
to avoid a false-negative biopsy result
(9,10,28,31,32,34,42,44), but we also
want to minimize the chance that a bi-
opsy-proved diagnosis of DCIS would
lead to underestimation of the presence
of invasive cancer (9,19,32,45) and that
a biopsy-proved diagnosis of atypical
ductal hyperplasia (and other high-risk
lesions) would lead to underestimation
of the presence of carcinoma (9,19,32,
44,46).

We do not know how much tissue
needs to be removed at stereotactic bi-
opsy to achieve maximal accuracy. Even
with complete removal of the mammo-
graphic lesion at 11-gauge vacuum bi-
opsy, subsequent surgery revealed that
a percutaneous histologic diagnosis of
DCIS resulted in a missed diagnosis of
an invasive cancer in 7% of lesions (32)

and a percutaneous histologic diagnosis
of atypical ductal hyperplasia resulted in
a missed diagnosis of carcinoma in 19%
(32) and 8% (46) of lesions.

Limitations of our study were that
we relied on the histologic presence of
microcalcifications despite a negative
radiograph of the specimen in the early
years of the study, we did not obtain a
mammogram immediately after biopsy
in all patients with a negative radio-
graph of the specimen, we did not per-
form repeat biopsy in all patients with
benign lesions and a negative radio-
graph of the specimen, and we retro-
spectively recorded the tissue density
and the BI-RADS classification for le-
sions in which biopsy was performed
prior to February 1995. We believe that
the strengths of our study are the mild
selection bias in lesions for which an
image-guided biopsy was needed (with
97% of lesions for which patients were
referred within our multispecialty clinic
undergoing prone stereotactic biopsy),
lack of selection bias in the three suc-
cessive stereotactic biopsy methods,
and thoroughness of mammographic
follow-up in patients with benign lesions
for which they did not undergo repeat
biopsy.

In conclusion, failure to retrieve
breast microcalcifications was least
common with 11-gauge directional vac-
uum-assisted biopsy; a benign histologic
diagnosis with a negative radiograph
of the specimen indicates a discordant
biopsy result and the need for repeat
biopsy.

Acknowledgment: We thank Jarrett Rosen-
berg, PhD, for statistical analysis.

References
1. Jackman RJ, Marzoni FA. Needle-localized

breast biopsy: why do we fail? Radiology
1997;204:677–684.

2. Burbank F. Stereotactic breast biopsy: its
history, its present, and its future. Am Surg
1996;62:128–150.

3. Parker SH, Burbank F. A practical approach
to minimally invasive breast biopsy. Radiol-
ogy 1996;200:11–20.

4. Bassett L, Winchester DP, Caplan RB, et al.
Stereotactic core-needle biopsy of the

breast: a report of the Joint Task Force of
the American College of Radiology, Ameri-
can College of Surgeons, and College of
American Pathologists. CA Cancer J Clin
1997;47:171–190.

5. International Breast Cancer Consensus Con-
ference. Image-detected breast cancer: state
of the art diagnosis and treatment. J Am Coll
Surg 2001;193:297–302.

6. Liberman L. Percutaneous image-guided
core breast biopsy. Radiol Clin North Am
2002;40:483–500.

7. Jackman RJ, Marzoni FA. Stereotactic histo-
logic biopsy with patients prone: technical
feasibility in 98% of mammographically de-
tected lesions. AJR Am J Roentgenol 2003;
180:785–794.

8. American College of Radiology. Illustrated
breast imaging reporting and data system
(BI-RADS). 3rd ed. Reston, Va: American
College of Radiology, 1998.

9. Jackman RJ, Nowels KW, Rodriguez-Soto J,
Marzoni FA, Finkelstein SI, Shepard MJ.
Stereotactic, automated, large-core needle
biopsy of nonpalpable breast lesions: false-
negative and histologic underestimation
rates after long-term follow-up. Radiology
1999;210:799–805.

10. Lee CH, Philpotts LE, Horvath LJ, Tocino I.
Follow-up of breast lesions diagnosed as be-
nign with stereotactic core-needle biopsy:
frequency of mammographic change and
false-negative rate. Radiology 1999;212:
189–194.

11. Verkooijen HM, Peeters PHM, Buskens E, et
al. Diagnostic accuracy of large-core needle
biopsy for nonpalpable breast disease: a
meta-analysis. Br J Cancer 2000;82:1017–
1021.

12. Burns RP, Brown JP, Roe M, Sprouse LR,
Yancey AE, Witherspoon LE. Stereotactic
core-needle breast biopsy by surgeons: min-
imum 2-year follow-up of benign lesions.
Ann Surg 2000;232:542–548.

13. Dahlstrom JE, Sutton S, Jain S. Histologic-
radiologic correlation of mammographically
detected microcalcification in stereotactic
core biopsies. Am J Surg Pathol 1998;22:
256–259.

14. Meyer JE, Lester SC, Frenna TH, White FV.
Occult breast calcifications sampled with
large-core biopsy: confirmation with radiog-
raphy of the specimen. Radiology 1993;188:
581–582.

15. Liberman L, Evans WP, Dershaw DD, et al.
Radiography of microcalcifications in stereo-
taxic mammary core biopsy specimens. Ra-
diology 1994;190:223–225.

16. Liberman L, Dershaw DD, Rosen PP,

BREAST IMAGING: Microcalcification Retrieval Failure at Biopsy Jackman and Rodriguez-Soto

Radiology: Volume 239: Number 1—April 2006 69



Abramson AF, Deutch BM, Hann LE. Stereo-
taxic 14-gauge breast biopsy: how many core
biopsy specimens are needed? Radiology
1994;192:793–795.

17. Burbank F. Stereotactic breast biopsy: com-
parison of 14- and 11-gauge Mammotome
probe performance and complication rates.
Am Surg 1997;63:988–995.

18. Lomoschitz FM, Helbich TH, Rudas M, et al.
Stereotactic 11-gauge vacuum-assisted breast
biopsy: influence of number of specimens on
diagnostic accuracy. Radiology 2004;232:897–
903.

19. Burbank F. Stereotactic breast biopsy of
atypical ductal hyperplasia and ductal carci-
noma in situ lesions: improved accuracy with
directional, vacuum-assisted biopsy. Radiol-
ogy 1997;202:843–847.

20. Lee CH, Egglin TK, Philpotts L, Mainiero
MB, Tocino I. Cost-effectiveness of stereo-
tactic core needle biopsy: analysis by means
of mammographic findings. Radiology 1997;
202:849–854.

21. Liberman L, Hann LE, Dershaw DD, Morris
EA, Abramson AF, Rosen PP. Mammo-
graphic findings after stereotactic 14-gauge
vacuum biopsy. Radiology 1997;203:343–
347.

22. Meyer JE, Smith DN, DiPiro PJ, et al. Ste-
reotactic breast biopsy of clustered micro-
calcifications with a directional, vacuum-as-
sisted device. Radiology 1997;204:575–576.

23. Park ST, Galbo C, Ghosh BC. Stereotactic
breast biopsy as an alternative to excisional
biopsy. World J Surg 1997;21:794–798.

24. Liberman L, Smolkin JH, Dershaw DD, Mor-
ris EA, Abramson AF, Rosen PP. Calcifica-
tion retrieval at stereotactic, 11-gauge, di-
rectional, vacuum-assisted breast biopsy.
Radiology 1998;208:251–260.

25. Reynolds HE, Poon CM, Goulet RJ, Lazaridis
CL. Biopsy of breast microcalcifications us-
ing an 11-gauge directional vacuum-assisted
device. AJR Am J Roentgenol 1998;171:
611–613.

26. Philpotts LE, Shaheen NA, Carter D, Lange
RC, Lee CH. Comparison of rebiopsy rates
after stereotactic core needle biopsy of the

breast with 11-gauge vacuum suction probe
versus 14-gauge needle and automatic gun.
AJR Am J Roentgenol 1999;172:683–687.

27. Cangiarella J, Waisman J, Symmans WF, et
al. Mammotome core biopsy for mammary
microcalcification: analysis of 160 biopsies
from 142 women with surgical and radiologic
followup. Cancer 2001;91:173–177.

28. Liberman L, Benton CL, Dershaw DD,
Abramson AF, LaTrenta LR, Morris EA.
Learning curve for stereotactic breast
biopsy: how many cases are enough? AJR
Am J Roentgenol 2001;176:721–727.

29. Grimes MM, Karageorge LS, Hogge JP.
Does exhaustive search for microcalcifica-
tion improve diagnostic yield in stereotactic
core needle breast biopsies? Mod Pathol
2001;14:350–353.

30. Berg WA, Arnoldus CL, Teferra E, Bharga-
van M. Biopsy of amorphous breast
calcifications: pathologic outcome and yield
at stereotactic biopsy. Radiology 2001;221:
495–503.

31. Apesteguia L, Mellado M, Saenz J, Cordero
JL, Reparaz B, De Miguel C. Vacuum-as-
sisted breast biopsy on digital stereotaxic ta-
ble of nonpalpable lesions non-recognizable
by ultrasonography. Eur Radiol 2002;12:
638–645.

32. Liberman L, Kaplan JB, Morris EA, Abram-
son AF, Menell JH, Dershaw DD. To excise
or to sample the mammographic target:
what is the goal of stereotactic 11-gauge vac-
uum-assisted breast biopsy? AJR Am J
Roentgenol 2002;179:679–683.

33. Han BK, Choe YH, Ko YH, Nam SJ, Kim JH,
Yang JH. Stereotactic core-needle biopsy of
non-mass calcifications: outcome and accu-
racy at long-term follow-up. Korean J Radiol
2003;4:217–223.

34. Kettritz U, Rotter K, Schreer I, et al. Stereo-
tactic vacuum-assisted breast biopsy in 2874
patients. Cancer 2004;100:245–251.

35. Parker SH, Lovin JD, Jobe WE, et al. Stereo-
tactic breast biopsy with a biopsy gun. Radi-
ology 1990;176:741–747.

36. Parker SH, Lovin JD, Jobe WE, Burke BJ,
Hopper KD, Yakes WF. Nonpalpable breast

lesions: stereotactic automated large-core
biopsies. Radiology 1991;180:403–407.

37. Parker SH, Stavros T, Dennis MA. Needle
biopsy techniques. Radiol Clin North Am
1995;33:1171–1186.

38. Burbank F, Parker SH, Fogarty TJ. Stereo-
tactic breast biopsy: improved tissue har-
vesting with the Mammotome. Am Surg
1996;62:738–744.

39. Liberman L, Sama MP. Cost-effectiveness of
stereotactic 11-gauge directional vacuum-as-
sisted breast biopsy. AJR Am J Roentgenol
2000;175:53–58.

40. Pijnappel RM, Peeters PH, van den Donk M,
et al. Diagnostic strategies in non-palpable
breast lesions. Eur J Cancer 2002;38:550–
555.

41. Liberman L, Drotman M, Morris EA, et al.
Imaging-histologic discordance at percutane-
ous breast biopsy: an indicator of missed
cancer. Cancer 2000;89:2538–2546.

42. Pfarl G, Helbich TH, Riedl CC, et al. Stereo-
tactic 11-gauge vacuum-assisted breast
biopsy: a validation study. AJR Am J Roent-
genol 2002;179:1503–1507.

43. Stomper PC, Davis SP, Weidner N, Meyer
JE. Clinically occult, noncalcified breast
cancer: serial radiologic-pathologic correla-
tion in 27 cases. Radiology 1988;169:621–
626.

44. Verkooijen HM. Diagnostic accuracy of ste-
reotactic large-core needle biopsy for non-
palpable breast disease: results of a multi-
center prospective study with 95% surgical
confirmation. Int J Cancer 2002;99:853–
859.

45. Jackman RJ, Burbank F, Parker SH, et al.
Stereotactic breast biopsy of nonpalpable
lesions: determinants of ductal carcinoma in
situ underestimation rates. Radiology 2001;
218:497–502.

46. Jackman RJ, Birdwell RL, Ikeda DM. Atypi-
cal ductal hyperplasia: can some lesions be
defined as probably benign after stereotactic
11-gauge vacuum-assisted biopsy, eliminat-
ing the recommendation for surgical exci-
sion? Radiology 2002;224:548–554.

BREAST IMAGING: Microcalcification Retrieval Failure at Biopsy Jackman and Rodriguez-Soto

70 Radiology: Volume 239: Number 1—April 2006


