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Objectives—The purpose of this study was to evaluate a new commercial image pro-
cessing technique (MicroPure; Toshiba America Medical Systems, Tustin, CA) for
identifying breast microcalcifications compared to gray scale ultrasound imaging (US)
using mammography as the reference standard.

Methods—Twenty women, with breast calcifications identified mammographically,
underwent gray scale US and MicroPure examinations of the breast. Still images and dig-
ital clips of the target area were acquired using gray scale US and MicroPure (at 3 dif-
ferent sensitivity levels: 0, 1, and 2). The images were analyzed by 4 independent and
blinded readers (2 radiologists and 2 physicists) to determine the number of calcifica-
tions as well as to score image quality and artifacts.

Results—For all 4 readers, there were significantly more calcifications seen with MicroPure
(at the 2 highest sensitivity levels) compared to gray scale US (P < .009). Agreement
between readers consistently increased from gray scale US to MicroPure imaging (gray
scale intraclass correlation coefficient, 0.02—0.44; versus MicroPure intraclass correla-
tion coefficient, 0.34-0.71). The agreement improved between mammography and
MicroPure (13.2%-28.3%) when compared with mammography and gray scale US
(1.7%-5.2%); the 2 radiologists saw a bigger improvement. Two readers preferred the
MicroPure image quality over gray scale US (P <.001) and vice versa for the other 2 read-
ers (P<.001). All 4 readers saw fewer artifacts with MicroPure (at level 2) than with gray
scale US (P <.02).

Conclusions—MicroPure imaging identified significantly more breast microcalcifications
than gray scale US.
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ammography is considered the reference standard for the
l \ / | evaluation of breast microcalcifications, including mor-
phologic aspects, which helps differentiate possibly benign
from suspicious microcalcifications.~** Microcalcifications that are
considered more suspicious are further analyzed with biopsy and/or
surgical excision to determine their exact nature through histologic
analysis. Mammography has high sensitivity and specificity for screen-
ing of breast cancer, varying from 63% to 96% for sensitivity>!3-
23 and 87% to 97% for specificity.'®171%22 Mammography has been
validated as a screening method for breast cancer, and microcalci-
fications are considered an important finding for the diagnosis of
breast cancer.>?11121424-31

©2012 by the American Institute of Ultrasound in Medicine | J Ultrasound Med 2012; 31:885-893 | 0278-4297 | www.aium.org



Machado et al—New Image Processing Technique for Evaluating Breast Microcalcifications

Clinical evaluation of breast microcalcifications
by gray scale ultrasound imaging (US) is not usually
performed, due to the limitations of this imaging tech-
nique in identifying microcalcifications. There have
been some attempts by researchers to use gray scale US
to identify microcalcifications, but even the most prom-
ising results from these studies/methods do not support
the clinical use of gray scale US for the evaluation of
microcalcifications.»>7-%11-13,15,26-29,32,33

Research has shown that when microcalcifications
lie within a mass, they are easier to visualize with gray
scale US, since the mass in question works as an acoustic
window. The microcalcifications appear on gray scale
US as hyperechoic foci, which usually do not have an
acoustic shadow. 3-57-911,12.29.33,34 However, the evalu-
ation of isolated and/or clusters of microcalcifications
that lie within normal breast tissue is considered to be
more difficult to accomplish with gray scale US, due to
the lack of contrast between normal parenchyma and the
microcalcifications.>~>7-%11-13,26-28,32,33

Ultrasound is used to guide percutaneous core biop-
sies or wire localizations for surgical biopsies of breast
masses. For the patients, there are many advantages to a
US-guided procedure compared with a mammographi-
cally guided procedure. Besides the fact that a US study
does not involve radiation,* making it a safer choice for
pregnant and lactating women, a US-guided procedure
permits the patient to stay in a comfortable and more
physiologic position without compression of the breast.
The real-time aspect of US provides an advantage for the
radiologist, who can see the needle position in real time
during the entire procedure.®%11:2829,333% Ultrasound
imaging allows access to a greater number of lesions than
does stereotactic biopsy. Therefore a US-guided approach
for the evaluation of microcalcifications would enable
more patients to undergo US procedures instead of
mammographic ones.#3%11,28,29,33

MicroPure (Toshiba America Medical Systems,
Tustin, CA) is a new commercial US image processing
technique that processes US images in order to improve
the visualization of breast microcalcifications. MicroPure
combines nonlinear imaging and speckle suppression to
mark suspected calcifications as white spots in a blue over-
lay image. The purpose of this study was to determine if
MicroPure can identify microcalcifications seen on mam-
mography better than gray scale US, which might enable
MicroPure to be used in the future as a diagnostic tool for
guiding breast biopsies.

886

Materials and Methods

Patients
This study was a prospective clinical trial conducted from
June to October 2010 involving 20 adult female patients
who were approached when they went to the Breast Imag-
ing Center at Thomas Jefferson University Hospital for their
scheduled annual mammogram. The patients all had
diffuse/scattered calcifications seen on mammography.
The mean age of the patients participating in the study was
61.7 years (range, 41-83 years) and everyone provided writ-
ten informed consent. The study was approved by the uni-
versity’s Institutional Review Board and was compliant with
the Health Insurance Portability and Accountability Act.
This study was supported in part by Toshiba Amer-
ica Medical Systems. The sponsor provided an Aplio XG
scanner. The authors of this article had sole control of the
data generated by this trial and the information provided
for publication.

Data Acquisition
MicroPure is integrated software on the Aplio XG scanner
that uses a filter technique called the constant false alarm
rate, which is known in the radar field.3*-38 For each pixel,
the average brightness of the surrounding area is calculated,
and the difference between the two is the filter output.
Hence, a constant false alarm rate filter can detect locations
where there is a characteristic change from the surround-
ing area.3® As the focus of MicroPure imaging is to detect
microcalcifications in breast tissue, the filter kernel is opti-
mized in the horizontal direction to detect only isolated
points with higher brightness compared to the surround-
ing breast tissue. This technique has the ability to differ-
entiate microcalcifications from areas of the breast tissue
that also appear with high brightness on the US image.*

MicroPure also uses a compounding technique on trans-
mission that preprocesses the image to reduce speckle and
separate true microcalcifications from artifacts in the normal
breast tissue. In order to provide better visualization of the
microcalcifications, MicroPure filters the microcalcifications as
images in white that are superimposed on the original US
image shown in blue hues.* MicroPure has the same size lim-
itations for the identification of microcalcifications as gray scale
US, around 100 pm; the difference is the way that MicroPure
interprets the microcalcifications and the surrounding tissue
for better identification of the microcalcifications. >

All enrolled patients underwent US of the area in the
breast where calcifications were seen with mammography.
The Aplio XG scanner with a 14-MHz broad-bandwidth
linear array was used to perform gray scale US and MicroPure
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imaging. MicroPure has 3 levels of sensitivity (display
thresholds for which an echo level is designated as a micro-
calcification) implemented by the manufacturer, and the
patients were scanned with all 3 levels (denoted as 0, 1,and
2, with 2 being the highest sensitivity) to allow for inter-
level comparisons. For each anatomic location, the focal
zone and scanning depth were adjusted (in the gray scale
US mode) to optimize visualization of the target region
and then kept constant. No compounding or other image
processing techniques were applied. The time-gain com-
pensation and 2-dimensional gain setting were optimized
separately for each imaging technique. Sagittal and trans-
verse still images as well as real-time digital video clips of
the area with calcifications were obtained in all patients
with all 4 imaging techniques (ie, gray scale US, MicroPure
0, MicroPure 1,and MicroPure 2). A total of 30 areas were
scanned in the 20 patients, as 10 patients presented with 2
areas of microcalcifications. The number of still images
acquired for each case varied from 5 to 25 depending on
the size of the scanned area. Likewise, the acquisition of
digital clips required 2 to 10 clips per area.

A radiologist at the Breast Imaging Center selected patients
in whom microcalcifications were seen on mammography,
without any diagnostic consideration; just the identification
of microcalcifications on mammography was necessary.
Mammographic images were acquired in 2 standard image
planes: mediolateral oblique and craniocaudal (Figure 1).
Additional views were not acquired for all patients; they were
only acquired when the radiologists doing the diagnosis read-
ing thought necessary (those were different radiologists than
the one doing the selection). Mammography was performed
using a Senographe Essential or Senographe DS system
(GE Healthcare, Milwaukee, WT).

After the study was done, 2 blinded radiologists had
access to the mammographic study to determined the
number of microcalcifications seen on mammography.
They counted the exact number of microcalcifications
seen, and for that, they had access to the entire mammo-
graphic study; after that, their results in consensus were
analyzed and used as the reference for the analyses of the
agreement between methods.

Figure 1. Mammographic study of a right breast that shows diffuse microcalcifications on the upper outer quadrant of the breast (arrow);

A, mediolateral oblique view; B, craniocaudal view.
A

B
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Data Analyses
The still gray scale US and MicroPure images acquired for
each patient were assessed in randomized side-by-side com-
parisons, since the distinct blue color overlay of MicroPure
prevented a randomization scheme based on individual
images. Four independent and blinded readers, consisting
of 2 radiologists and 2 physicists, compared 332 side-by-
side images to determine the number of microcalcifications
(as0,1,2,3,4,and S or more) and scored image quality as
well as artifacts on a visual analog scale from 1 (worst) to
10 (best). The digital clips were analyzed in 2 separated
sets, 1 for the gray scale US and other for MicroPure (at
sensitivity level 1). The same 4 independent and blinded
readers analyzed S8 gray scale US clips and 53 MicroPure
clips to determine the number of microcalcifications,
classified as 1 to 5, 6 to 10, 11 to 20, and more than 20.
The qualitative scores (ie, for image quality and arti-
facts) were compared using a nonparametric Wilcoxon
signed rank test, while the number of breast calcifications

was compared with paired t tests and intraclass correlation
coefficients (ICCs). All tests were performed using Stata 9.2
(StataCorp, College Station, TX) with P < .0S indicating
statistical significance.

Results

Still Images

Figures 2 and 3 show examples of matching acquired still
images obtained in gray scale US and MicroPure modes
(atsensitivitylevels 0, 1, and 2). Figure 2 shows a cyst with
internal septations and microcalcifications (marked with
an arrow). The microcalcifications within the cyst can be
seen on gray scale US and MicroPure at all 3 levels of sen-
sitivity; the difference is that in this example, the Micro-
Pure images show microcalcifications that were not seen
by gray scale US located at the left of the image; those
microcalcifications are marked with a star. Figure 3 depicts
breast tissue that on gray scale US would be considered

Figure 2. A, Gray scale ultrasound image; B, MicroPure at level O; C, MicroPure at level 1; D, MicroPure at level 2. At the center of the cyst, thereis a
microcalcification (tip of the arrow), which can be seen on the gray scale image, but on MicroPure at all sensitivity levels, other microcalcifications

can be seen located at the left (star).

A
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normal tissue. However, once MicroPure was activated,
the microcalcifications became clear, making a more com-
plete evaluation of the breast tissue; an arrow is used for a
better view of the microcalcifications.

For all 4 readers, there were significantly more calcifi-
cations seen with MicroPure at the 2 highest sensitivity lev-
els (levels 1 and 2) when compared to gray scale US (P <
.009). At the lowest MicroPure level (level 0), 1 reader saw
no difference relative to gray scale US (P =.52), while the
other 3 readers did (P < 0.001). The mean number of cal-

cifications + SD seen among all 4 readers increased from
0.7 £ 1.10 for gray scale US to 1.9 + 1.70 with MicroPure.
The results for each reader and the totals are shown in Table 1.

The agreement between readers consistently
increased from gray scale US to MicroPure. The ICC val-
ues from gray scale US ranged between 0.02 and 0.44; for
MicroPure, the ICC values ranged between 0.34 and 0.71.
The results are detailed in Figure 4A, where the gray scale
results are in the gray rectangle and the MicroPure results
are in the blue rectangle, with the latter showing the lowest

Figure 3. A, Gray scale ultrasound image; B, MicroPure at level O; C, MicroPure at level 1; D, MicroPure at level 2. At the center of the image, there is
amicrocalcification (tip of the arrow in A) that cannot be clearly seen on the gray scale image, but it is visible on the MicroPure images at all 3 levels
of sensitivity.

Table 1. Mean Number of Microcalcifications Seen on the Still Images

B

Reader Ultrasound MicroPure 0 MicroPure 1 MicroPure 2
1 0.8+1.2 32+18 34+138 35+18
2 11+12 14420 17+20 19420
3 07+10 17+20 22+20 23+20
4 05+11 0.8+13 10+13 14+13
Total 07+11 17+18 20+138 22+18

Values are mean + SD.

JUltrasound Med 2012; 31:885-893
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Figure 4. A, Intraclass correlation coefficient values for the agreement between readers with regard to the mean number of microcalcifications seen
on gray scale ultrasound imaging and MicroPure (at all sensitivity levels) on stillimages. B, Intraclass correlation coefficient values for the agreement
between readers with regard to the mean number of microcalcifications seen on gray scale ultrasound imaging and MicroPure at sensitivity level 1
on digital clips. The gray scale values are in the gray rectangle, and the MicroPure values are in the blue rectangle.

A B

Figure 5. Examples of artifacts with MicroPure and how they change according to the transducer angle and position. A and B, Images of the same
area, where A shows no artifacts, and B shows several artifacts. C and D, Images of the same area, where C shows no artifacts, and D shows
several artifacts.

A B
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and highest values obtained for the 3 MicroPure sensitivity
levels. When specifically comparing each level of sensitivity
of MicroPure, there was a better agreement between readers
on the number of calcifications seen with MicroPure at level
1 of sensitivity, with a range of 0.22, compared to the results
achieved with MicroPure sensitivity levels 0 and 2. The ICC
values for MicroPure at level 1 ranged from 0.44 to 0.66; for
MicroPure at level 0, the ICC values ranged from 0.34 to
0.65; and for MicroPure at level 2, the values ranged from
0.38 to 0.71. These values show that MicroPure at level 2
had the highest ICC value but also the highest difference in
agreement (0.33), which means that it was the level of sen-
sitivity where the readers had a more variable opinion; when
all results were analyzed, the agreement between readers at
level 1 surpassed that at the other 2 levels (0 and 2).

Two of the readers, 1 radiologist and 1 physicist, pre-
ferred the MicroPure image quality over that of gray scale
US (P <.001), although for the other 2 readers (also con-
sisting of a radiologist and a physicist), the image quality of
gray scale US was preferred over MicroPure (P < .001).
When artifacts were evaluated, all 4 readers saw fewer arti-
facts with MicroPure at the highest level of sensitivity (level
2) compared to gray scale US (P < .02). For the 2 lowest
sensitivity levels, there were no statistically significant dif-
ferences between gray scale US and MicroPure (P >.52).

The analysis of the still images from this study showed
that MicroPure artifacts, which can be confused with
microcalcifications, are usually due to Cooper ligaments.
Such artifacts can increase the mean number of microcal-
cifications seen and, therefore, have to be assessed more
closely to better differentiate real microcalcifications from
artifacts in order to avoid false-positive findings on the
MicroPure examination. Calcifications can be differenti-
ated from artifacts during real-time scanning by changing
the angle of the transducer. Therefore, digital clips were
used in addition to still images to differentiate Cooper lig-
aments from calcifications.

Table 2. Mean Percentage of Agreement Between Mammography and
the Digital Clips of Gray Scale Ultrasound or MicroPure (at Sensitivity
Level 1) With Regard to the Exact Number of Microcalcifications

Agreement, %

Mammography x Mammography x
Reader Ultrasound MicroPure 1
1 35 18.9
2 5.2 170
3 52 132
4 17 283
Total 39 194

JUltrasound Med 2012; 31:885-893

Figure S shows 2 examples of these artifacts; the same area
is seen first without the artifacts (Figure S, B and C) and
with the artifacts that could be confused with microcalcifi-
cations (Figure S, Band D).

Digital Clips
The digital clips were analyzed for the exact agreement
between mammography and gray scale US as well as
between mammography and MicroPure at sensitivity level
1, since analysis of the still images showed better agree-
ment between readers at this level of sensitivity.
Mammography and gray scale US showed an average
agreement of 3.9 %, varying between readers from 1.7% to
5.2 %. When mammography and MicroPure (at sensitivity
level 1) were compared, the overall agreement was 19.4%,
which varied between readers from 13.2% to 28.3%, as
shown in Table 2. All readers had marked increases in agree-
ment between mammography and MicroPure compared
to their agreement between mammography and gray scale
US. Both radiologists (readers 1 and 4 in Table 2) saw a big-
ger improvement in agreement between mammography
and MicroPure, relative to the 2 physicists. The ICC values
from gray scale US ranged between -0.22 and 0.47, while
for MicroPure (at sensitivity level 1), the ICC values ranged
between 0.43 and 0.74. These results are detailed in Figure
4b, where the gray scale results are in the gray rectangle and
the MicroPure results are in the blue rectangle.

Discussion

Breast microcalcifications are considered an important
finding for the diagnosis of breast cancer, making their
correct visualization and analysis crucial for early detec-
tion.>~211-1324-31 Mammography is considered the only reli-
able method to identify and classify microcalcifications.! 12
Current US technology is not considered a reliable
method for the detection or evaluation of microcalcifica-
tions. Microcalcifications are more likely to be seen on US
when they are located inside hypoechoic solid masses,
because the solid masses provide a hypoechoic back-
ground that improves the visualization of the bright micro-
calcifications echoes.>’~112735 The evaluation of isolated
microcalcifications within normal breast tissue is consid-
ered to be more difficult with US, due to the lack of
contrast between normal parenchyma and the microcal-
cifications.3-579111227,29,3235 The visualization of micro-
calcifications on US is limited by factors such as speckle
noise, phase aberration, system spatial resolution, and dis-
play parameters.>> Research shows that the use of high-
frequency transducers, above 7.SMHz, improves the
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detection of microcalcifications by US, but even with that
improvement, results still show US to be an unreliable
method for clinical use.3-571112:27-29,3235 Some studies
have indicated that microcalcifications can be seen using
gray scale US in around 50% to 100% of cases.>*7/11:12,27.28
However, the majority of these findings correspond to
masses with microcalcifications inside. In addition, these
studies show that even when microcalcifications are seen,
the number seen with US is smaller than the real number
found by pathologic examination.#7/11,1227.28

This study focused on the evaluation of MicroPure, a
new US image processing technique for the evaluation of
microcalcifications. The results are promising, with an
increase in the mean number of microcalcifications seen on
MicroPure images (1.9 + 1.70) at all 3 levels of sensitivity
compared to gray scale US, where on average, 0.7 + 1.10
microcalcifications were seen.

The MicroPure image quality produced divided opin-
ions among readers, where 2 readers preferred MicroPure
(P<0.001) and 2 readers preferred gray scale US (P <.001)
image quality . One factor that may have contributed to
this difference was the experience of the readers with
MicroPure images. Readers who had seen MicroPure
images prior to the study seemed more comfortable with
the blue overlay used in this mode, and this factor may have
influenced their readings. The 2 readers who preferred the
quality of gray scale US images had never seen MicroPure
images prior to this study.

The major component of the artifacts that we
observed in this study was due to Cooper ligaments; the
problem is that such artifacts can increase the number of
microcalcifications seen on the area scanned; to try to
avoid that problem, the use of real-time scanning when the
angle of transducer can be changed is recommended.
There are still several questions to be answered that were
not analyzed in this study, such as its use for the evaluation
of clusters of microcalcifications and limitations due to
hyperechoic glandular and fibrous tissue. Future studies
will take those issues into consideration.

It should be noted that this work was a pilot study per-
formed on only 20 patients. The sample size was small;
therefore, more studies with a larger sample size are nec-
essary to be able to determine the ability of MicroPure to
identify microcalcifications in clinical practice.

In conclusion, MicroPure images showed more
microcalcifications than gray scale US, but still less than
mammography, and with markedly improved agreement
between readers. Although all readers saw fewer artifacts
in the MicroPure mode, artifacts that were seen can still be
confused with microcalcifications. These shortcomings
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become especially prevalent when only still images are
assessed, indicating that real-time imaging and/or review
will be essential for physicians to maximize the benefits of
this new image processing technique. While the results of
this pilot study are promising, more studies are required to
determine if MicroPure can be used to analyze the mor-
phologic characteristics of microcalcifications. At the
moment, there are no existing data to determine whether
the characteristics of benign and malignant microcalcifi-
cations can be established with MicroPure, which will be
an essential concept if this new mode is to be used for diag-
nosis and biopsy of suspicious microcalcifications.

References

1. Anderson ME, Soo MSS, Bentley RC, Trahey GE. The detection of breast
microcalcifications with medical ultrasound. J Acoust Soc Am 1997;
101:29-39.

2. Bozzini A Renne G, Meneghetti L, et al. Sensitivity of imaging for multi-
focal-multicentric breast carcinoma. BMC Cancer 2008; 8:275-283.

3. Gufler H, Buitrago-Tellez CH, Madjar H, Allmann KH, Uhl M, Rohr-
Reyes A. Ultrasound demonstration of mammographically detected
microcalcifications. Acta Radiol 2000; 41:217-221.

4. Hashimoto BE, Kramer DJ, Picozzi V]. High detection rate of breast duc-
tal carcinoma in situ calcifications on mammographically directed high-
resolution sonography. ] Ultrasound Med 2001; 20:501-508.

5. Huang CS,Wu CY, ChuJS, Lin JH, Hsu SM, Chang KJ. Microcalcifica-
tions of non-palpable breast lesions detected by ultrasonography: corre-
lation with mammography and histopathology. Ultrasound Obstet Gynecol
1999; 13:431-436.

6. Mandelson MT, Oestreicher N, Porter PL, et al. Breast density as a pre-
dictor of mammographic detection: comparison of interval- and screen-
detected cancers. ] Natl Cancer Inst 2000; 92:1081-1087.

7. Moon WK, Myung ]S, Lee YF, Park IA, Noh DY, Im JG. US in ductal
carcinoma in situ. Radiogmphics 2002;22:269-281.

8 Moon WK, Im JG, Koh YH, Noh DY, Park IA. US of mammographi-
cally detected clustered microcalcifications. Radiology 2000; 217:849—
854.

9. Nagashima T, Hashimoto H, Oshida K, et al. Ultrasound demonstration
of mammographically detected microcalcifications in patients with duc-
tal carcinoma in situ of the breast. Breast Cancer 200S; 12:216-220.

10 Shin HJ, Kim HH, So MS. BI-RADS descriptors for mammographically
detected microcalcifications verified by histopathology after needle-local-
ized open breast biopsy. AJR Am | Roentgenol 2010; 195:1466-1471.

1. Soo MS, Baker JA, Rosen EL, Vo TT. Sonographically guided biopsy of
suspicious microcalcifications of the breast: a pilot study. AR Am |
Roentgenol 2002; 178:1007-1015.

12, Yang WT, Suen M, Ahuja A, Metreweli C. In vivo demonstration of
microcalcification in breast cancer using high resolution ultrasound. Br ]
Radiol 1997; 70:685-690.

J Ultrasound Med 2012; 31:885-893



13.

14.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Machado et al—New Image Processing Technique for Evaluating Breast Microcalcifications

Osako T, Takahashi K, Iwase T, et al. Diagnostic ultrasonography and
mammography for invasive and noninvasive breast cancer in women aged
30to 39 years. Breast Cancer 2007; 14:229-233.

Yamada T, Mori N, Watanabe M, et al. Radiologic-pathologic correla-
tion of ductal carcinoma in situ. Radiographics 2010; 30:1183-1198.
Berg WA, Gilbreath PL. Multicentric and multifocal cancer: whole-breast
US in preoperative evaluation. Radiology 2000; 214:59-66.

Carney PA, Miglioretti DL, Yankaskas BC, etal Individual and combined
effects of age, breast density, and hormone replacement therapy use on
the accuracy of screening mammography. Ann Intern Med 2003;
138:168-175.

Humphrey LL, Helfand M, Chan BKS, Woolf SH. Breast cancer screen-
ing: a summary of the evidence for the U.S. Preventive Services Task
Force. Ann Intern Med 2002; 137:347-360.

Kerlikowske K, Grady D, Rubin SM, Sandrock C, Ernster VL. Efficacy of
screening mammography: a meta-analysis. JAMA 1995; 273:149-154.
Nelson HD, Tyne K, Naik A, Bougatsos C, Chan BK, Humphrey L.
Screening for breast cancer: systematic evidence review update for the
U.S. Preventive Services Task Force. Ann Intern Med 2009; 151;727-737,
W237-W242.

Peer PGM, Verbeek ALM,, Straatman H, Hendricks JHCL. Age-specific
sensitivities of mammographic screening for breast cancer. Breast Cancer
Res Treat 1996; 38:153—-160.

Setz-Pels W, Duijm LEM, Groenewoud JH, et al. Detection of bilateral
breast cancer at biennial screening mammography in the Netherlands: a
population-based study. Radiology 2011; 260:357-363.

Yanskaskas BC, Haneuse S, Kapp JM, Kerlikowske K, Geller B, Buist
DSM. Performance of first mammography examination in women
younger than 40 years. | Natl Cancer Inst 2010; 102:692-701.
Yankaskas BC, Schell MJ, Bird RE, Desrochers DA. Reassessment of
breast cancers missed during routine screening mammography: a com-
munity-based study. AJR Am ] Roentgenol 2001; 177:535-541.

Bent CK, Bassett LW, D'Orsi CJ, Sayre JW. The positive predictive value
of BI-RADS microcalcification descriptors and final assessment categories.
AJR Am ] Roentgenol 2010; 194:1378-1383.

Choi BB, Kim SH, Park CS, Cha ES, Lee AW. Radiologic findings oflob-
ular carcinoma in situ: mammography and ultrasonography. | Clin Ultra-
sound 2011; 39:59-63.

Kang DK, Jeon GS, Yim H, Jung YS. Diagnosis of the intraductal com-
ponent of invasive breast cancer assessment with mammography and
sonography. ] Ultrasound Med 2007; 26:1587-1600.

Park JS, Park YM, Kim EK, et al. Sonographic findings of high-grade and
non-high-grade ductal carcinoma in situ of the breast. | Ultrasound Med
2010;29:1687-1697.

Ranieri E, D’Andrea MR, D’Alessio A, et al. Ultrasound in the detection
of breast cancer associated with isolated clustered microcalcifications,
mammographically identified. Anticancer Res 1997; 17:2831-2836.
Rickard MT. Ultrasound of malignant breast microcalcifications: role in
evaluation and guided procedures. Australas Radiol 1996; 40:26-31.

JUltrasound Med 2012; 31:885-893

30.

31

32.

33.

34.

3S.

36.

37.

38.

Shaw de Paredes E, Abbitt PL, Tabbarah S, Bickers MA, Smith DC. Mam-
mographic and histologic correlations of microcalcifications. Radiographics
1990; 10:577-589.

Schrading S, Kuhl CK. Mammographic, US, and MR imaging pheno-
types of familial breast cancer. Radiology 2008; 246:58-70.

Anderson ME, Soo MSC, Trahey GE. Microcalcifications as elastic scat-
terers under ultrasound. IEEE Trans Ultrason Ferroelectr Freq Control 1998;
45:925-934.

Soo MS, Baker JA, Rosen EL. Sonographic detection and sonographi-
cally guided biopsy of breast microcalcifications. AJR Am ] Roentgenol
2003; 180:941-948.

Cleverley JR, Jackson AR, Bateman AC. Pre-operative localization of
breast microcalcification using high-frequency ultrasound. Clin Radiol
1997; 52:924-926.

Hendrick RE. Radiation doses and cancer risks from breast imaging stud-
ies. Radiology 2010; 257:246-253.

Kamiyama N, Okamura Y, Kakee A, Hashimoto H. Investigation of ultra-
sound image processing to improve perceptibility of microcalcifications.
] Med Ultrason 2008; 35:97-105.

Taki H, Sakamoto T, Yamakawa M, Shiina T, Sato T. Calculus detection
for ultrasonography using decorrelaction of forward scattered wave. ] Med
Ultrason 2010; 37:129-138.

Taki H, Sakamoto T, Yamakawa M, Shiina T, Nagae K, Sato T. Small cal-
cification depiction in ultrasound B-mode images using decorrelaction
of echoes caused by forward scattered waves. ] Med Ultrason 2011; 38:73—
80.

893



