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Abstract
!

Purpose: Microcalcifications in the breasts can
point to breast cancer. However, there is great
morphologic variety, and microcalcifications do
not always correlate with malignancy. We con-
ducted a prospective study to compare ultra-
sound and mammography in the detection of mi-
crocalcifications following sonographic diagnosis
of a hypoechoic focal lesion in womenwith dense
breast composition.
Materials and Methods: A total of 104 lesions po-
tentially associated with microcalcifications (82
malignant and 23 benign lesions) were included
in the study. The breast was examined by ultra-
sound (9MHz, Aplio XG/500) with additional use
of MicroPure imaging for the demonstration and
evaluation of microcalcifications. The presence of
a focal lesion was verified and microcalcifications
were counted at ultrasound and mammography
by blinded readers. The sensitivity and specificity
were determined, and ROC analysis and AUC anal-
ysis were performed.
Results: The women had a median age of 51 years.
The average number of microcalcifications detect-
ed by sonography (2.12 ±2.77) and mammography
(3.59 ±6.35) was not significantly different
(p >0.05). Correlation of the techniques was ade-
quate (Pearson’s r = 0.616, p <0.0001; Spearman‘s
rho=0.654, p <0.0001). The intraclass correlation
coefficient was K=0.382 ±0.072 (p <0.0001), also
indicating adequate agreement of both tech-
niques. The sensitivity and specificity were 70%/
30% for MicroPure and 45%/55% for mammogra-
phy. The positive predictive value of mammogra-
phy was superior to that of MicroPure (88% vs.
78%).
Conclusion: The sonographic detection of micro-
calcifications with MicroPure imaging in breasts
with a hypoechoic focal lesion correlates well
with digital mammography.

Zusammenfassung
!

Ziel: Der Nachweis von Mikrokalk kann mit ei-
nem Mammakarzinom assoziiert sein, durch
seine breite morphologische Vielfalt korreliert er
nur teilweise mit der Dignität der zugrunde lie-
genden Gewebsveränderung. Ziel der prospekti-
ven Studie war die Vergleichbarkeit von Mikro-
verkalkungen nach sonografischer Detektion
eines echoarmen Herdbefundes mit der Mam-
mografie im dichten Drüsengewebe.
Material und Methoden: 104 Herde mit potentiel-
len Mikroverkalkungen (82 maligne und 23 be-
nigne Läsionen) wurden in die Studie eingeschlos-
sen. Neben der sonografischen Untersuchung
(9MHz, Aplio XG/500) der Mammaläsion, erfolgte
die Mikrokalkdarstellung mittels MicroPure Ultra-
schallverfahren. Das Vorhandensein einer fokalen
Läsion wurde bestimmt und die Mikroverkalkun-
gen wurden für jede Läsion sonografisch und
mammografisch ausgezählt und von geblindeten
Readern analysiert. Sensitivität, Spezifität, ROC-
Analyse und die AUC-Analyse konnten statistisch
ausgewertet werden.
Ergebnisse: Das mediane Alter betrug 51 Jahre.
Die Zahl der sonografisch (2,12 ±2,77) und mam-
mografisch (3,59 ±6,35) erkannten Mikrover-
kalkungen unterschied sich nicht signifikant
(p >0,05). Die berechneten Korrelationen der Ver-
fahren waren ausreichend gut (Pearson’s r = 0,616,
p <0,0001, Spearman‘s rho =0,654, p <0,0001).
Der Intraklassen-Korrelationskoeffizient war K=
0,382 ±0,072 p<0,0001 und zeigte eine ausrei-
chend gute Übereinstimmung beider Verfahren.
Sensitivität und Spezifität waren 70%/30% für
MicroPure und 45%/55% für die Mammografie. In
der positiven Vorhersagekraft ist die Mammogra-
fie der MicroPure überlegen (88% vs. 78%).
Schlussfolgerung: Sonografische Erkennbarkeit
von Mikroverkalkungen mit MicroPure, beim Vor-
liegen eines echoarmen Herdbefundes, korreliert
gut mit der digitalen Mammografie.
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Introduction
!

Microcalcifications are common in invasive ductal carcinoma of
the breast and its precursors [1, 2]. The presence of microcalcifi-
cations is considered the first sign of malignancy in approx. 40%
of women with nonpalpable breast cancer [1].
In an earlier ex vivo study, our group has shown that the sono-
graphic technique of easier microcalcification detection (EMD;
from which the MicroPure ultrasound imaging technique has
been developed) allows good visualization of microcalcifications
[3]. Can this performance be translated to the routine clinical
setting [4]? Advances have been made in the sonographic detec-
tion of microcalcifications in recent years [5, 6] after Kasumi first
reported the feasibility of sonographic detection of microcalcifi-
cations above a size threshold of 110µm as early as 1988 [7].
Nevertheless, reliable sonographic identification of microcalcifi-
cations continues to be difficult, especially in dense breasts. This
difficulty is attributable to the fact that collagen fibers, just like
microcalcifications, are seen as bright foci [8]. Hyperechoic
microcalcifications are easier to detect against an anechoic back-
ground [7, 9, 10]. For this reason, any bright focus within an an-
echoic focal lesion is classified as suspicious in the ACR-BI-RADS-
US Lexicon [11].
There is no agreement about the sensitivity and specificity of ul-
trasound for microcalcification detection [12–16]. Some authors
have reported 95% sensitivity for the sonographic detection of
microcalcifications [7, 15], while others consider ultrasound un-
suitable for this purpose [12].
Despite good correlation between breast ultrasound and mam-
mography, mammography continues to be superior to ultra-
sound and remains the gold standard for detecting microcalcifi-
cations [3, 16].
Following Mostbeck’s editorial in the August 2012 issue of this
journal, we addressed the question whether better sonographic
detection of microcalcifications could improve cancer detection
in mammographically dense breasts [4]. The current S3 guideline
for breast cancer management recommends an ultrasound ex-
amination in women with dense breasts (ACR density index of
III-IV) [17]. Dense breasts markedly degrade the visualization of
focal lesions; and many studies have shown mammography sup-
plemented by targeted ultrasound of suspicious areas to be su-
perior to mammography alone [12, 17–20]. Mammography
may miss small cancers in dense breasts. Breast ultrasound is an
adjunct tomammograpy, particularly for further characterization
of unclear microcalcifications. With an improved sonographic
detection of microcalcifications, ultrasound could be used for
biopsy guidance for target sampling of tissue containing micro-
calcifications. Ultrasound-guided breast biopsy is less expensive
and does not involve radiation exposure, and it is more comforta-
ble for the patient comparedwith stereotactic sampling as it does
not require compression of the breasts.
Initial results with the MicroPure EMD technique, both in vivo
and ex vivo, have shown that it improves the detection of micro-
calcifications [3].
The aim of our prospective in-vivo study was to compare the so-
nographic detection of microcalcifications in women with BI-
RADS category IV focal lesions with mammography in women
with a dense breast composition (ACR III-IV).

Material and Methods
!

The women presenting to the special consultation service of our
breast center, certified according to the criteria of the German
Cancer Society and the German Society of Senology, include
women who are referred for further workup of suspicious focal
breast lesions. In the period from Jan. 2010 through July 2012,
212 women with sonographically suspected focal breast lesions
were seen at the breast center. A total of 104 of these women
with 105 focal lesions were included in our prospective study.
The other 108 cases were not included because a focal breast le-
sion was not confirmed or no mammogram was obtained be-
cause of age or refusal to participate in the study. One patient un-
derwent bilateral breast biopsy on the same day, and both lesions
were included in the study. Inclusion criteria were sonographi-
cally suspected microcalcifications in women with a prior diag-
nosis of a BI-RADS category IV hypoechoic focal lesion based on
an external examination or an examination performed at the
breast center. All patients gave written informed consent. Histol-
ogy was available for all 105 lesions based on ultrasound-guided
core biopsy.

Ultrasound Examination
All women were examined using a high-end ultrasound system
(Aplio XG, Aplio 500 Toshiba Medical Systems, Otawara, Japan)
with a 9-MHz linear broad-band transducer (805 BT, Toshiba,
Otawara, Japan). B-mode scan quality was optimized by using
techniques for improving lateral and axial resolution and redu-
cing speckle noise (spatial and frequency compounding (FC) and
differential Tissue Harmonic Imaging (THI)). For easier microcal-
cification detection in the dual mode, a software tool implemen-
ted on the system platform was used (MicroPure Toshiba,
Otawara, Japan). With MicroPure, different levels of sensitivity,
corresponding to different color maps, can be selected (level 0–
2, blue; level 3–5, violet; level 6–8, black and white). Earlier in-
vestigations of our group found levels 1 and 2 to bemost sensitive
to microcalcifications and least susceptible to artifacts [17]. For
details of FC and the technique of EMD (MicroPure), the reader
is referred to Thomas et al. 2007 [3], Fischer et al. 2012 [17], and
Machado et al. 2012 [14].
The sonographic examinations were performed according to a
standardized protocol. The first step was to document the target
lesion on a B-mode image showing the largest extent of the le-
sion. Next, two B-mode images showing the lesion in two planes
(sagittal and axial) were displayed on the monitor in the split
screen mode along with a level 1 MicroPure images on the right
side. Finally, the lesion and intralesional microcalcifications were
documented in a real-time digital video clip. These raw datasets
were digitally stored on the system’s hard disc in the DICOM for-
mat; the examination was again conducted in axial and sagittal
planes, and the video was documented.
The sonographic breast examinations were performed by a qua-
lified examiner (TF) certified by the Deutsche Gesellschaft für
Ultraschall in der Medizin (DEGUM, German Society for Ultra-
sound in Medicine) with level 3 training in radiology and level 2
in breast ultrasound. All patients included in the analysis under-
went ultrasound-guided biopsy of the target lesion using a 14-G
core biopsy needle. Two or three representative tissue samples
were obtained with documentation of needle positions in two
planes. When calcifications were demonstrated by ultrasound,
tissue sampling was performed using the MicroPure technique
for guidance.
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Mammography
All mammograms were obtained in two planes: mediolateral
oblique (MLO) and craniocaudal (CC). Additional planes were
used as deemed necessary by the physician performing the
examination.
All mammograms were available digitally. Approx. 70% of the
mammograms used in the present analysis were acquired in
our department (on a MAMMOMAT Inspiration, Siemens AG,
Munich, Germany). The remaining mammography examina-
tions were performed by specialized practices or by mammo-
graphy screening units (digital mammograms). When a patient
was referred to the breast center, external mammogram data in
DICOM format were digitized and transferred to our imaging ar-
chive. Breast density was automatically determined from the
mammograms assigning one of four ACR density categories.
(ACR density index of I-II = low density, ACR density index of
III-IV =high density).

Image Analysis
A total of 420 individual images and 105 video clips were stored
on the hard disc of the ultrasound system. First, the reader com-
pared the lesion in the axial and sagittal planes on B-mode ima-
ges and level 1 MicroPure images to assess microcalcifications
and to identify artifacts. To differentiate between microcalcifica-
tions and artifacts, the angle of interrogation must be changed
during the examination. For this reason, the digital video clips
were used for identifying and counting microcalcifications. In
our experience, static images do not allow differentiation be-
tween microcalcifications in the vicinity of focal lesions and arti-
facts (e. g., fibroglandular structures or Cooper’s ligaments).
Therefore, B-mode images were used to identify these structures
and to differentiate between artifacts and true microcalcifica-
tions, which are not continuous and still appear as tiny dots
when the transducer is rotated.

Histology
A total of 105 target lesions were histologically verified. Histolo-
gy was performed immediately after storage of the sonographic
datasets. Hematoxylin and eosin (H&E) staining and the usual
immunohistochemical stains were performed in a standardized
fashion. For pathologic workup, the tissue cores containing mi-
crocalcifications were specifically labeled. The reference patholo-
gist assessed these specimens for the presence of microcalcifica-
tions using standard H&E stains. When surgical specimens were
available, these were also evaluated for the presence of microcal-
cifications.
In five cases, specimen radiography was performed and demon-
strated microcalcifications, which were later confirmed by his-
tology. In all patients with malignant breast lesions, the final
histologic diagnosis was also used for the analysis of microcalci-
fications.

Analysis and Statistics
In a first step, a skilled reader with DEGUM level III certification
(AT) verified the presence of the lesion on the 105 B-mode ima-
ges displaying the maximum lesion extent. Next, the reader re-
viewed the axial and sagittal level 1 MicroPure images for the
presence of microcalcifications within and around the lesions. In
a further step, the microcalcifications were counted in all 105 vi-
deo clips. Calcifications were counted within the lesions and
around the lesions (in an area with twice the lesion diameter).
The video clips were analyzed in craniocaudal and mediolateral

directions. For each target lesion, in both sonographic and mam-
mographic analysis, a maximum number of 0 to 10 microcalcifi-
cations was defined. This was done, because sonographically, a
further discrimination of very small, closely spaced microcalcifi-
cations (<110µm) is technically not possible and only the change
in impedance is seen as a line. Mammographically, clusters of up
to 30 individual calcifications were identified in some cases.
Mammograms were analyzed by a qualified physician (FD) to as-
sess presence of a lesion, microcalcifications, number of micro-
calcifications within the lesion and in the periphery, and mor-
phology of calcifications. If no lesion, architectural distortion, or
density was apparent (n =22), the reader was informed about
the side and quadrant fromwhich the biopsy had been obtained
and then scrutinize this area again for the presence of microcal-
cifications.
In this way, microcalcifications were analyzed both sonographi-
cally and mammographically for all lesions included in the study.
Agreement of microcalcification detection between mammogra-
phy and ultrasound was assessed by Pearson regression analysis
and Spearman rank correlation. In addition, interrater correlation
coefficients (ICC, two-way random effects model, with both ran-
domperson and randommeasure effects; type A intraclass corre-
lation coefficients using a definition of absolute agreement) were
calculated, and Bland-Altman plots were generated. Because
mammography generally detects more calcifications than ultra-
sound, for calculation of correlations, the number was set to 10
in all cases where more than 10 microcalcifications were detect-
ed on mammograms. Histology was available as the gold stand-
ard. Therefore, 2x2 tables could be generated to compute the
specificity, sensitivity, and positive predictive value of mammo-
graphy and sonography for microcalcification detection. The pre-
dictive power of mammography and sonography for the histolo-
gic result was assessed by Receiver Operating Curve (ROC) with
calculation of the Area under the Curve (AUC) for both modal-
ities. Kappa statistics were used to assess and compare the detec-
tion of microcalcifications with ultrasound and mammography
using histology as the gold standard. Statistical analysis was per-
formed using two software packages, PASW Statistics, version
18.0 (SPSS Inc, Chicago, USA) and GraphPad Prism, version 5.0
(GraphPad Software, San Diego California, USA).

Results
!

A total of 420 individual images (4 per patient: B-mode and level
1 MicroPure images, each in sagittal and axial planes) and 210 vi-
deo clips of the target lesions were analyzed.
The women had a median age of 51 years. There was a higher
proportion of women with dense breasts (65% with ACR density
categories ≥3). Histology based on biopsies obtained with ultra-
sound guidance revealed 82 malignant and 23 benign lesions.
The histologic diagnoses of all 105 lesions are summarized in

●" Table 1. The sonographic lesion size was 18.3 ± 9.9mm.
Microcalcifications were counted on axial and sagittal B-mode
images and on level 1 MicroPure images. In addition, the videos
were analyzed, also in two planes, to differentiate microcalcifica-
tions from artifacts, predominantly caused by collagen fibers and
Cooper’s ligaments. Differentiation between these artifacts and
true microcalcifications is easier using the video clips.
On mammograms, focal lesions were identified in 82 patients
(79%). Sonographically, focal lesions were identified in all 105
cases. In those case, where no lesion was identified on the mam-
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mograms, the reader was informed about the sonographic lesion
localization and then reassessed this area for microcalcifications.
Overall, microcalcifications were reported for 73 lesions on ultra-
sound and 42 lesions on mammography. In 40 cases, microcalci-
fications were detected with both modalities (●" Fig. 1a–c).
The mean number of microcalcifications detectedwas 2.12 ±2.77
for sonography and 3.59 ±6.35 for mammography. The difference
was statistically not significant (p >0.05), (●" Fig. 2a–b).
Correlation of mammography and ultrasound was good to ade-
quate (Pearson’s r = 0.616, p <0.0001, Spearman‘s rho=0.654,
p <0.0001). Agreement of both modalities in terms of intraclass
correlation coefficients was adequate (K=0.382±0.072p<0.0001).
Mammography was far superior to ultrasound in detecting clus-
ters of very fine calcifications with over 10 discrete microcalcifi-
cations. For very small microcalcifcations (<100µm), the differ-
ence in impedance is too small to be detected as a discrete
bright point (●" Fig. 3a–c). Problems also occurred when a lesion
contained both microcalcifications and macrocalcifications
(> 0.5mm). In such cases, filtering in ultrasound results in com-
parable twingling signals despite the marked size differences.
As a consequence, ultrasound was limited in discriminating all
microcalcifications when more than 10 were present within a le-
sion. This is illustrated by the Bland-Altman plot, which suggests
good agreement of both modalities for lesions containing 0 to 10
microcalcifications (●" Fig. 4). The bias was 0.43 ±2.9 (95% limits
of agreement from -5.3 to 6.2).
For comparison of mammography and ultrasound in terms of
sensitivity and specificity, AUC analysis was performed after his-
tologic examination. Mammography was found to be superior to
ultrasound in microcalcifcation detection (AUC=0.617, lower
limit 0.493, upper limit 0.741 versus AUC=0.549, lower limit
0.418, upper limit 0.680) (●" Fig. 5a–b).
Comparison of the positive predictive values of both modalities
in the assessment of pathologic microcalcifications in relation to
the final histologic diagnosis (malignant vs. benign) also shows
mammogrpahy to be superior (positive preditive value of 0.88
vs. 0.78), which is attributable to the low specificity of ultrasound
for microcalcifications (0.30 vs. 0.55). The results of the 2×2 ta-
bles are summarized in●" Table 2.
This superiority is also confirmed by the analysis of agreement
between the presence of microcalcifications at ultrasound and
the final histologic diagnosis. Here, the kappa value of 0.162 for
ultrasound indicates slight agreement versus adequate agree-
ment for mammography (kappa of 0.210).

Discussion
!

Mammography screening allows detection of early breast cancer.
As a consequence of mammography screening programs, more

Fig. 1 This figure pre-
sents the procedure of
image interpretation.
The digital mammo-
gram (L-CC image)
shows a large, lobulated
lesion with sharp mar-
gins. The lesion con-
tains some very tiny,
linear microcalcifica-
tions and a macrocalci-
fication a. The cor-
responding B-mode
ultrasound scan shows
a large cyst with a solid
formation contiguous
with the cyst wall b. Mi-
croPure reveals five mi-
crocalcifications within
the lesion (histologically
proven intracystic can-
cer with microcalcifica-
tions) c.

Abb.1 Beschreibt
den prinzipiellen Ablauf
der Befundung. In der
digitalen Mammografie
(L-CC-Aufnahme) ist
eine große, scharf be-
grenzte lobulierte
Läsion mit einzelnen
feinen linearen Mikro-
verkalkungen und einer
Makroverkalkung er-
kennbar a. Das korre-
spondierende B-Bild
zeigt eine solide, wand-
ständige Formation in-
nerhalb einer großen
Zyste b. 5 Mikroverkal-
kungen sind durch das
MicroPure Ultraschall-
verfahren im Herd
sichtbar (histologisch
gesichertes intrazystis-
ches Karzinom mit Mi-
kroverkalkungen), c.

Table 2 Table for comparison of microcalcification detection by ultrasound
and mammography.

MicroPure ultrasound mammography

sensitivity 70 % 45 %

specificity 30 % 55 %

positive predictive
value

78 % 88 %

negative predictive
value

22 % 28 %

Table 1 Histologic diagnosis of benign and malignant breast lesions in the
study population.

benign lesions n=23 malignant lesions n=82

fibrocystic
mastopathy

8 invasive ductal carcinoma 65

fibroadenoma 6 invasive lobular carcinoma 11

sclerosing fibrosis 3 invasive tubular carcinoma 3

papilloma 2

phylloid tumor 1 ductal carcinoma in situ 3

hamartoma 1

radial scar 1

pASH1 1

1 Pseudoangiomatous stroma hyperplasia
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breast cancers associated with microcalcifications have been de-
tected before they become palpable [21]. As a consequence, there
is an increasing need for accurate characterization of suspicious
microcalcifications, and efforts have been made to optimize diag-
nostic tests to improve the detection of microcalcifications in the
breast. Mammography is still regarded as the only reliable ima-
ging tool for detecting and classifying microcalcifications [8, 17,
22–24].
In accordancewith established guidelines, we used adjunct ultra-
sound in women with a high proportion of dense glandular
breast tissue (> 65%) with an ACR density index ≥3 [17, 25, 26].
In the 105 lesions included in the study, white spots suggesting
microcalcifications were identified sonographically and these
were then additionally examined used MicroPure imaging [11].
For improved visualization of microcalcifications, we used the
blue overlay at a sensitivity level of 1, which was found to yield
good results in the visualization of microcalcifications in an ear-
lier in vitro study [3]. Analysis of the 420 stills showed these to be

Fig. 2 Mammogram with visible microcalcifications in a focal lesion
(13×20mm) and adjacent architectural distortion a. Even with optimized
presets, the B-mode scan does not reveal the microcalcifications (left). Only
the MicroPure technique (right) reveals two microcalcifications within the
lesion b. The MicroPure technique enhances not only calcifications within a
focal lesion but also artifacts in the vicinity. Therefore, selection of the sen-
sitivity level is a compromise between the detection of microcalcifications
and the suppression of artifacts. In this example, the higher sensitivity level
(represented by violet) improved the visualization of the calcifications
within the focal lesion.

Abb.2 Mammografisch sichtbare Mikroverkalkungen innerhalb eines
13×20mm großen Herdes mit angrenzender Architekturstörung a. Die
Anwendung eines optimierten Presets erlaubt weiterhin keine Abgrenzung
von Mikroverkalkungen im B-Bild (links). Erst durch MicroPure (rechts) sind
2 Mikroverkalkungen im Herd zu visualisieren b. Neben den Verkalkungen
im Herd werden auch Artefakte in der Umgebung deutlicher sichtbar, so-
dass bei der Wahl der Filterstufen ein Kompromiss zwischen den Verkal-
kungen und Artefakten gefunden werden muss. In diesem Fall waren mit
dem empfindlichen Filter Violett die Verkalkungen im Herd besser abzu-
grenzen.

Fig. 3 Mammographic wire placement in a large
area of calcification a in the right upper inner quad-
rant (histologically proven DCIS with an adjacent ra-
dial scar). The use of MicroPure imaging improves
the visualization of the diffusely distributed micro-
calcifications adjacent to a vertically oriented, hy-
poechoic lesion compared with the B-mode scan on
the left b. MicroPure enabled targeted sampling of
the microcalcifications c.

Abb.3 Mammografische Drahtmarkierung eines
ausgedehnten Verkalkungsareals a im rechten obe-
ren inneren Quadranten (histologisch gesichertes
DCIS mit einer benachbarten radiären Narbe). Die
Verwendung von MicroPure erlaubt eine bessere
Visualisierung von diffus verteilten Mikroverkalkun-
gen angrenzend an die vertikal ausgerichtete
echoarme Läsion als im B-Bild auf der linken Bild-
seite b. Mithilfe von MicroPure wurde die gezielte
Biopsie der Mikroverkalkungen möglich c.

Fig. 4 Bland-Altman plot of the distribution of microcalcifications for
mammography and ultrasound (difference versus mean). Bias was 0.43 ±
2.9 (95% limits of agreement from -5.3 to 6.2).

Abb.4 Verteilung der Mikroverkalkungen im Bland-Altmann-Diagramm
für beide Verfahren (Differenz versus Mittelwert). Der Bias betrug 0,43 ±
2,9 (95% Limits of Agreement from -5,3 bis 6,2).
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markedly inferior to the analysis of video clips, an observation
that is consistent with the findings reported by Földi et al. [27].
The average number of microcalcifications detected by ultra-
sound and mammography did not differ significantly (2.12 vs.
3.59). In 2012, Machado et al. showed that the number of micro-
calcifications detected sonographically can be improved signifi-
cantly by using MicroPure imaging compared with gray-scale ul-
trasound [16]. They concluded that mammography combined
with MicroPure markedly improves microcalcification detection
comparedwith mammography plus gray-scale ultrasound exam-
ination. Results for mammography alone are not mentioned in
the report.
There is good correlation between sonographic and mammo-
graphic visualization of microcalcifications. As the threshold of
detection, approx. 100µm, is the same for MicroPure and gray-
scale imaging, mammography still detects more microcalcifac-
tions than ultrasound, even with use of the new processing tech-
nique. This has been shown in the Bland-Altman plot.
It is well established that malignant microcalcifications are much
more conspicuous than benign ones [14, 22, 28]; however, the
MicroPure technique cannot differentiate between benign and
malignant microcalcifications. This has also been shown by Man-
sour et al. [29].
The improved detection of microcalcifications byMicroPure ima-
ging compared with conventional gray-scale ultrasound results
from how this technique interprets echoes from microcalcifica-
tions and surrounding tissue [23].
However, despite the use of MicroPure imaging, mammography
still has higher sensitivity and specificity in detecting microcalci-
fications than ultrasound, as shown by AUC analysis. This is not
surprising as mammography visualizes calcifications directly,
while ultrasound can detect them only indirectly as the differ-
ence in impedance relative to surrounding tissue. Very high spa-
tial resolution is required for microcalcification detection; at the
same time, the typical occurrence of microcalcifications in clus-
ters gives rise to the problem of obtaining echoes of identical
strength. We must also bear in mind that MicroPure imaging

was not developed to replace mammography as the gold stand-
ard but rather as an adjunct or a technique to improve microcal-
cification detection compared with conventional gray-scale ul-
trasound, especially when ultrasound is used as the initial
modality for diagnostic workup.
The main advantage offered by sonographic visualization of mi-
crocalcifications is that this capacity allows the use of ultrasound
for biopsy guidance. So far, sampling of breast tissue from areas
containing microcalcifications has not routinely been done using
ultrasound-guided biopsy because the sonographic microcalcifi-
cation detection rates reported in the literature show very wide
variation (from 45% to 95%) [12, 15, 28]. Tissue samples contain-
ingmicrocalcifications yield a more accurate diagnosis than sam-
ples that do not [30]. This means that the use of the MicroPure
technique would allow more effective diagnosis as it increases
the likelihood of sampling tissue that contains microcalcifica-
tions. Another advantage of MicroPure is its improved interrea-
der agreement [16]. The combined use of filters and color over-
lays makes the background more uniform by suppressing the
typical pattern of high and low echogenicities of gray-scale ultra-
sound scans. The color overlay makes it easier to detect microcal-
cifications even for a less experienced eye. This means that Mi-
croPure imaging can improve microcalcification detection even
if breast ultrasound is performed by a less experienced examiner.
Some studies have shown a considerable advantage for intraop-
erative B-mode imaging, even for DCIS [31–33]. And it is well
known that the mammographically detected extent of DCIS cor-
relates poorly with the true histologic extent [22]. The additional
use of the MicroPure technique in this setting would allow the
detection of intraductal microcalcifications, potentially lowering
the re-excision rate.

Limitations
!

The most serious limitation of MicroPure imaging is its suscept-
ibility to artifacts, resulting in a higher rate of false-positive find-

Fig. 5 Area under the curve (AUC) analysis after histologic results were available. This analysis showed the superior detection of microcalcifications by mam-
mography a (AUC=0.617, lower limit 0.493, upper limit 0.741) compared with ultrasound b (AUC=0.549, lower limit 0.418, upper limit 0.680).

Abb.5 Area under the Curve (AUC) Analyse nach Auswertung der Histologie. Hierbei zeigte sich eine Überlegenheit der Mammografie a, (AUC=0,617, Un-
tergrenze 0,493, Obergrenze 0,741) gegenüber der Sonografie b, (AUC=0,549, Untergrenze 0,418, Obergrenze 0,680) in der Mikrokalkdetektion.
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ings. Careful evaluation with use of different insonation angles
can help reduce artifacts.Our study is limited by the fact that we
investigated a highly selected patient population. All patients had
palpable breast lesions or microcalcifications that were only de-
tected by sonography. If patients had been selected on the basis
of mammography, our analysis would probably have yielded bet-
ter results for mammography.
Using an upper limit of 10 microcalcifications is another bias in
disfavor of mammography; this might explain that there was no
difference between ultrasound and mammography in the num-
ber of calcifications detected. The use of histology as the standard
of reference for comparing ultrasound and mammography is also
limited by the fact that histologic processing can lead to the loss
of calcifications.
In conclusion, our findings suggest that the MicroPure ultra-
sound technique is comparable to mammography in terms of di-
agnostic accuracy. The limitations outlined above are relative.
The technique has a potential for enabling songoraphically guid-
ed breast biopsies from sites with mammographically detected
microcalcifcations and to thus help in reducing false-positive
findings. Further studies are necessary and desirable in order to
comprehensively evaluate the potential of the MicroPure tech-
nique for ultrasound-guided breast biopsy and for elucidating its
intraoperative use.
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