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Abstract
Objective To assess the utility of dual-energy contrast-en-
hanced spectral mammography (DE-CESM) for evaluation
of suspicious malignant microcalcifications.
Methods Two hundred and fifty-six DE-CESMs were
reviewed from 2012–2013, 59 cases fulfilled the following
criteria and were enrolled for analysis: (1) suspicious malig-
nant microcalcifications (BI-RADS 4) on mammogram, (2)
no related mass, (3) with pathological diagnoses. The
microcalcification morphology and associated enhancement
were reviewed to analyse the accuracy of the diagnosis and
cancer size measurements versus the results of pathology.
Results Of the 59 microcalcifications, 22 were diagnosed as
cancers, 19 were atypical lesions and 18 were benign lesions.
Twenty (76.9 %) cancers, three (11.55 %) atypia and
three (11.55 %) benign lesions revealed enhancement.
The true-positive rate of intermediate- and high-concern
microcalcifications was significantly higher than that of low-
concern lesions (93.75 % vs. 50 %). Overall, the diagnostic
sensitivity of enhancement was 90.9 %, with 83.78 % speci-
ficity, 76.92 % positive predictive value, 93.94 % negative

predictive value and 86.4 % accuracy. Performance was good
(AUC=0.87) according to a ROC curve and cancer size
correlation with a mean difference of 0.05 cm on a
Bland-Altman plot.
Conclusions DE-CESM provides additional enhancement in-
formation for diagnosing breast microcalcifications and mea-
suring cancer sizes with high correlation to surgicohistology.
Key Points
•DE-CESM provides additional enhancement information for
diagnosing suspicious breast microcalcifications.

• The enhanced cancer size closely correlates to microscopy
by Bland-Altman plot.

• DE-CESM could be considered for evaluation of suspicious
malignant microcalcifications.
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FN False negative
FP False positive
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IDC Invasive ductal carcinoma
MLO Mediolateral oblique
MRI Magnetic resonance imaging
Mx Mammography
NPV Negative predictive value
PPV Positive predictive value
ROC Receiver operating characteristic
TN True negative
TP True positive

Mammography remains an important technique for breast im-
aging, although the detection sensitivity for breast can-
cer is influenced by the density of superimposing breast
tissue. Screening by mammography is cost effective,
benef ic ia l and has high sensi t iv i ty in detect ing
microcalcifications. About 20–25 % of ‘ACR BI-RADS 4’
microcalcifications (suspicious abnormality where a biopsy
is recommended) are subsequently shown to be malignancies
[1–3].

Breast calcifications are common mammographic findings
in both screening and clinical populations. However, only
certain suspicious microcalcifications (<0.5 mm) are of great
concern. They may be associated with benign processes,
atypia lesions or cancerous lesions. The associations of vari-
ous microcalcifications with cancers according to their mor-
phology and/or distribution have been published [4].
Using the digital mammography environment, the posi-
tive predictive valve was reported as 13 % for category
4a, 36 % for category 4b and 79 % for category 4c [5].
For managing such microcalcifications with no-mass le-
sions, minimizing the over- and undertreatment of biop-
sies is a frequent debate topic. Another issue is the
measurement of tumour size due to the lack of apparent mar-
gins in cases of solitary malignant microcalcifications. Pre-
operative assessment of the size or extension is thus
problematic.

Rapid-processing digital imaging techniques have resulted
in the recent development of tomosynthesis and dual-energy
contrast-enhanced spectral mammography (DE-CESM). Both
are mammographic-based techniques that provide additional
images for further evaluation. Tomosynthesis solves the prob-
lem of assessing a breast lesion with superimposed breast
tissues [6]. It is helpful in evaluating a suspicious soft tissue
lesion but its utility for microcalcification clusters is contro-
versial [7, 8]. Moreover, its value for microcalcification dif-
ferentiation is limited. Only DE-CESM provides alternative
information regarding enhancement secondary to cancer an-
giogenesis, which assists cancer detection and highlights tu-
mour boundaries. The sensitivity and performance have been
reported to be superior to that of conventional mam-
mography by several interobserver blinded studies
[9–12]. On the other hand, DE-CESM alone can dem-
onstrate associated enhancement by comparing the low

energy conventional mammogram (Mx) with a contrast-
enhanced subtracted mammogram (CESM) during a single
session and in the same position.

To our knowledge, the feasibility of DE-CESM for
assessing microcalcifications had not been reported pre-
viously. In this study, we reviewed our DE-CESM
cases retrospectively with regard to microcalcifications
with no-mass lesions by palpation or breast ultrasound
to analyse the diagnostic profiles and the feasibility of
cancer size measurements using CESM enhancement.
The results will facilitate the clinical management and
surgical evaluation of microcalcifications without mass
of concern.

Methods

Patients

With the approval of our Institutional Review Board, we
reviewed retrospectively all DE-CESM examinations
performed from February 2012 to December 2013. The
DE-CESM cases for analysis were selected based on the
following criteria: (1) patients with ACR ‘BI-RADS 4’
microcalcifications on mammograms, (2) no related mass le-
sion after clinical assessment with a physical examination and
breast sonography, and (3) microcalcifications with patholog-
ical diagnoses, either by stereotactic mammographic-guided
biopsies with a vacuum-assisted core needle or surgery. All
diagnoses and post-operative cancer sizes were re-evaluated
by a breast pathologist.

DE-CESM was not a routine examination for impalpable
microcalcification. Indeed, all examinations were optionally
chosen by the patients. Before making the decision, the ad-
vantages of the enhancement technique were explained, in-
cluding its clinical value, the procedure involved, the addition-
al radiation dose and the potential for an allergic reaction to
the contrast medium. The clinical value was that the associat-
ed enhancement might assist in determining whether the
microcalcification was benign or malignant, the enhancement
might assist in measuring the size of the cancer or involve-
ment, and the enhancement might be helpful in selecting a
biopsy target in cases with multicentric microcalcifications.
All patients were told that the result of the DE-CESM
would not change the clinical follow-up course of non-
cancerous lesions or the prognosis of cancerous lesions.
Following exclusion of those with contraindications of
renal function impairment (serum creatinine and glomer-
ular filtration rate), pregnancy, lactation, history of an
allergic reaction to contrast medium and certain systemic dis-
eases, such as hyperthyroidism, each patient signed a written
consent form agreeing to the ‘extra’ clinical examination and
contrast medium injection.
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DE-CESM technique

We used a commercial DE-CESM model (GE Healthcare,
Senographe Essential CESM, Buc, France) providing inter-
mittent exposure of low and high energy within 1- to 2-s
intervals during a single breast-compressed position. The au-
tomatic exposure used molybdenum or rhodium with filters
depending on the breast thickness to achieve the acquisition of
the X-ray spectrum below and above the k-edge of iodine
(33.2 keV) for successful image subtraction recombination.
After eliminating noise due to non-enhanced anatomical struc-
tures, the different attenuations in the low- and high-energy
images were assessed by means of a masking effect generated
from a subtracted image that indicated the presence of iodine
uptake. This technique allows assessment of correlations of
subtle microcalcifications with enhancement at approximately
the same time and position between images.

The DE-CESM procedure was standardized. Consecutive
mammogram acquisitions were performed sequentially with
craniocaudal (CC) and mediolateral oblique (MLO) views of
the bilateral breasts within 2–5 min after the start of a single-
bolus injection of non-ionic contrast medium (Omnipaque
350 mg I/mL; GE Healthcare, Dublin, Ireland) via an intrave-
nous catheter that was inserted in the forearm prior to the
examination at a rate of 3 mL/s for a total dose of 1.5 mL/kg
body weight. A nurse and the mammographer were present to
identify any extravasation or allergic reaction to the contrast
medium. The patients were requested to hold their breath dur-
ing mammography to avoid artefacts due to motion. Low- and
high-energy acquisitions were immediately computerized and
a subtracted mammogram was created using the low-
energy mammogram as a mask. Conventional low-
energy Mx and CESM were obtained in each single-study
view. Eight mammography images from bilateral breasts were
obtained per examination.

Data and statistical analyses

The microcalcification descriptors and associated enhance-
ments were recorded from the clinical radiological reports.
The microcalcifications of concern were subdivided into high
(corresponding to BI-RADS 4c) (casting, linear, or
branching), intermediate (BI-RADS 4b) (pleomorphous) or
low (BI-RADS 4a) (amorphous or coarse) according to their
morphologies, in accordance with the seventh edition of the
BI-RADS Microcalcification Lexicon. Otherwise, the mor-
phologies of associated enhancement were classified as a mass
(>6 mm; with pushing border) or a non-mass, including a
patchy focus (small patch or nodule≤6 mm), regional
(>6 mm, patch without pushing border), segmental (triangular
converging shape), clump (cluster of foci, with or without
ground-glass enhanced background) or none. We also corre-
lated the greatest diameter of the enhanced cancer and

surgiopathological findings by a Bland-Altman plot. In
order to assess the improvement of size estimation, an-
other breast radiologist was invited to measure the extent of
microcalcifications independently on the mammograms.

To assess the diagnostic profile of associated enhancement,
its presence over the site of a microcalcification indicated a
suspicious malignancy and its absence a suspicious noncan-
cerous lesion. With reference to the histological diagnosis, the
rates of true positive (TP), true negative (TN), false positive
(FP) and false negative (FN) for malignancy were determined.
The sensitivity (number of TP/total number of malignant le-
sions), specificity (number of TN/total number of benign le-
sions), positive predictive value (PPV; number of TP/total
number with associate enhancement), negative predictive val-
ue (NPV; number of TN/total number without associate en-
hancement) and accuracy (number of TP plus TN/total num-
ber of lesions) were determined. Moreover, we measured the
area under the receiver operating characteristic (ROC) curve
to determine the performance of DE-CESM.

Results

We reviewed 256 DE-CESM examinations from our da-
ta bank. Of them, 59 sites of microcalcification in 52
female patients (range, 30–69 years old, average 48.9 years)
who fulfilled the inclusion criteria were analysed.
Microcalcifications were referred from mammographic screen-
ing in 35 females, breast cancer patients with indeterminate
microcalcifications on contralateral breasts in ten, and mammo-
graphic follow-up of post-operative breast cancer patients in
seven. Seven patients received two biopsies, with sites of more
than 2 cm apart.

All diagnoses and cancer sizes were confirmed microscop-
ically. Of the 59 microcalcifications, 22 (37.7 %) were diag-
nosed as cancers (15 ductal carcinoma in situ (DCIS) and
seven invasive ductal cancer (IDC)), 19 (32.2 %) as atypia
lesions (six atypical ductal hyperplasia (ADH) and 13 flat
epithelial atypia (FEA)) and 18 (30.5 %) as benign breast
pathologies (six adenomas, four proliferative disease, three
nonproliferative disease, three benign calcifications and two
ductal hyperplasia).

Overall, 26 microcalcifications revealed enhancements,
consisting of 20 breast cancers (13 DCIS, 7 IDC), three
ADH and three benign lesions (two adenomas, one prolifera-
tive disease). Moreover, 33 microcalcifications did not en-
hance, including 2 DCIS, 16 atypical lesions (3 ADH, 13
FEA) and 15 benign. The false-positive and false-negative
rates of enhancement were 23 % and 6 %, respectively. The
sensitivity was 90.9 % (95 % CI=70.80–98.62), specificity
83.78 % (95 % CI=67.98–93.77), positive predictive value
76.92 % (95 % CI=56.35–90.97), negative predictive value
93.94 % (95 % CI=79.74–99.08), and accuracy 86.4 % (95 %
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CI=77.04–95.84%). The performance as determined byROC
was good, with an area under the curve of 0.87 (95 % CI=
0.774–0.972; Fig. 1). All IDC revealed enhancement, as did
13 of 15 (86.7 %) DCIS, three of six (50 %) ADH, 0 of 13
(0 %) FEA, and three of 18 (13 %) benign lesions (Table 1).

I n to t a l , 37 mic roca l c i f i c a t i ons ( amorphous
microcalcifications) were classified as low concern and 22
as intermediate (20 pleomorphousmicrocalcifications) or high
concern (two linear microcalcifications). Ten of the
thirty-seven amorphous microcalcifications had associat-
ed enhancement; five were diagnosed as cancerous and five as
non-cancerous. Two of the non-enhanced amorphous
microcalcifications (Fig. 2) were ultimately shown to be
DCIS (low and high grade in one each). The true-positive
and true-negative rates were 50 % and 92.59 %, respec-
tively. Of the 22 intermediate- and high-concern
microcalcifications, 16 (15 cancers, one non-cancerous lesion)
showed enhancement. The true-positive and true-negative
rates were 93.75 % and 100 %, respectively. The enhance-
ments in microcalcifications at the various levels of concern
are summarized in Table 2.

Among the 20 enhanced breast cancers, the appearances
were regional in six, masses in five (Fig. 3), segmental in four
(Fig. 4), a clump in three (Fig. 5) and foci in two. The other six
non-cancerous lesions enhanced to foci in three, regional in
two and a clump in one. Of the 22 breast cancers, 18
underwent mastectomies (12 partial mastectomies, five simple
mastectomies and one modified radical mastectomy) in our
hospital. Four of the cancers did not receive surgery in our
hospital due to personal reasons. Of the two cancers without
enhancement, only one undertook the surgery in our hospital.
With counting the one nonenhanced operated breast cancer to
0 cm, the sizes of operated cancers were averaged to 1.77 cm
on CESM and 1.72 cm by microscopy (ranges, 0–8 cm on

CESM and 0.1–7.7 cm on microscopy in greatest diameter).
On the other hand, the average size of microcalcification ex-
tension from mammographic interpretations was 2.14 cm
(range 0.6–5.5 cm), which was significantly over-estimated
from microscopic size as compared to CESM. The Bland-
Altman plot showed a close correlation of CESM to micro-
scopic size with the arithmetic mean; the difference was
0.05 cm (95 % CI=−0.078 to 0.189), with a standard devia-
tion of 0.26. The cancer size on CESM statistically correlated
with the microscopy (Fig. 6). On the other hand, the Bland-
Altman plot of mammographic size to microscopic size
showed a difference of 0.42 cm (95 % CI=−0.612 to 1.456),
with a standard deviation of 2.07 (Fig. 7). The agreement of
histological cancer size appeared to be better for CESM than
for mammograms.

Discussion

DE-CESM is a recently developed breast imaging technique
that provides an additional contrast-enhanced mammogram
with a low energy ‘conventional’ mammography during the
same examination session. The masked enhancement second-
ary to extravascular iodine accumulation may indicate the
presence of histological changes. Technical and clinical expe-
riences of the CESM in addition to conventional mammogra-
phy have been published elsewhere [9–17]. Such a technique
facilitates detection and size measurement of cancer by mam-
mographic morphology and angiogenic enhancement.

Many blinded interobserver studies have reported that DE-
CESM could improve the diagnosis with increased sensitivity,
specificity, positive-predictive value, negative-predictive val-
ue and accuracy [9–12]. A study of readers with CESM expe-
rience showed a significant improvement in sensitivity com-
pared to conventional mammography alone. Using BI-RADS
scoring, the sensitivity and performance improved by 15 %
(78–93 %) and 17 % (74–91 %), respectively [12]. Compared

Area: 0.873
Standard Error: 0.051
95% CI = 0.774-0.972

Fig. 1 Receiver operation characteristic (ROC) curve analysis of dual-
energy contrast-enhanced spectral mammography (DE-CESM)
performance

Table 1 Summary of contrast-enhanced spectral mammography
(CESM) enhancement in histological diagnoses

Histological diagnosis Presence of
enhancement

Absence of
enhancement

Malignancies (22)

IDC (7) 7 (100 %) 0

DCIS (15) 13 (86.7 %) 2 (13.3 %)

Non-malignancies (37)

ADH (6) 3 (50 %) 3 (50 %)

FEA (13) 0 13 (100 %)

Benign disease (18) 3 (16.7 %) 15 (83.3 %)

IDC invasive ductal carcinoma, DCIS ductal carcinoma in situ, ADH
atypical ductal hyperplasia, FEA flat epithelial atypia
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with mammography plus sonography, CESM also improved
the sensitivity significantly, from 71–78 %, and clinical per-
formance, from 83–87 % [12].

In the clinical setting, sonography and mammography are
often used in breast examinations. The cancer detection de-
pends basically on observable morphologies. For special situ-
ations, enhancement techniques with intravenous injection of
contrast medium are needed occasionally, such as ‘enhanced
magnetic resonance imaging (MRI)’ for detecting occult
breast cancers, pre-operative planning or cancer screening in
patients at high risk. The enhanced breast MRI with dedicated
breast coils is currently the most accurate imaging modality
for cancer detection, with a sensitivity of 79–98 % [18, 19].

Similar to enhanced breast MRI, the improvement in can-
cer detection is also based on angiogenesis in malignant tu-
mours. The temporal subtraction of CESM is an approach

similar to enhanced MRI [13–15]. Recently, the technique of
dual energy exposure within a short time interval captured two
different energy mammograms, minimizing the problem of
temporal resolution and restoring the spatial resolution of
microcalcifications. One study reported that the detection rate
of known cancers by DE-CESM was comparable to that by
enhanced MRI, with significantly improved specificity and
fewer false positives of additional cancers [17].

For our analysed subpopulation, conventional mammogra-
phy is an excellent method for detection of microcalcifications.
Unfortunately, the range of cancer probabilities in ACR ‘BI-
RADS 4’ microcalcifications is wide (2–95 %) and all are rec-
ommended for biopsy [20]. According to the morphological
descriptors, the cancer probabilities were 7 % for coarse het-
erogeneous, 11 % for punctate, 20–26 % for amorphous, 25–
41 % for fine pleomorphic and >80 % for linear/branching/
casting lesions [4]. Enhanced MRI was investigated to deter-
mine whether the enhancement technique could or could not
help in differentiation of the suspiciousmicrocalcifications. The
results with enhanced MRI were fair, 87 % sensitivity, 68 %
specificity, 84 % PPV, 71 % NPV and 80 % accuracy [21].
Compared with our study, the specificity and NPV of CESM
were better than those of enhanced MRI. The lowered oversen-
sitivity might probably be due to the different contrast media
used in these two enhancement procedures. The enhancement
in CESM depends on the limited elevation of attenuation at the
k-edge of iodine; however, the paramagnetic effect on en-
hanced MRI is assumed to be unlimited. Another concern is
the difficult correlation of microcalcifications from enhanced
MRI to conventional mammography, which might also influ-
ence the results. DE-CESM has the advantage of easier and
more obvious interpretation of microcalcifications on

Fig. 2 A 56-year-old female with
a surgical history of breast cancer
was referred for stereotactic
biopsy due to the presence of
newly developed suspicious
malignant microcalcifications on
the follow-up mammogram. The
low energy conventional
mammogram (CC view) (a)
showed regional amorphous
microcalcification in the upper
outer quadrant of the left breast
and the contrast-enhanced
spectral mammography (b)
revealed no associate
enhancement. Stereotactic biopsy
diagnosed it to be ductal
carcinoma in situ (DCIS) and a
subsequent partial mastectomy
further documented it to
low-grade DCIS

Table 2 Enhancement in microcalcifications at different levels of
concern

Concern level Enhanced Non-enhanced TP (%) TN (%)

Low (37) 10 27 50 92.6

Cancer 5 2

Non-cancer 5 25

Intermediate (20) 16 4 93.75 100

Cancer 15 0

Non-cancer 1 4

High (2) 2 0 100 100

Cancer 2 0

Non-cancer 0 0

TP true positive rate, TN true negative rate
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Fig. 3 A 49-year-old female with
suspicious malignant
microcalcifications from
mammographic screening was
referred for further evaluation.
The low energy conventional
mammogram (mediolateral
oblique view) (a) showed
regional pleomorphous
microcalcification in the right
breast and the contrast-enhanced
spectral mammography (b)
revealed an 8-cm large lobular
enhanced mass in the upper
region of the right breast;
however, sonography (c) did not
find an associated solid mass,
only a well-defined breast cyst.
Finally, modified radical
mastectomy subsequently proved
it to be invasive ductal carcinoma

Fig. 4 A 45-year-old female with
left breast cancer underwent
mammography for pre-operative
evaluation. The low energy
conventional mammogram
(mediolateral oblique view) (a)
showed two clusters of
amorphous and pleomorphous
microcalcifications in the lower
region of right breast and the
contrast-enhanced spectral
mammography (b) displayed a
4-cm segmental enhancement.
Partial mastectomy was finally
decided on and showed it to be
invasive ductal carcinoma

Eur Radiol (2016) 26:1082–1089 1087



conventional mammogram simultaneously to the en-
hancement on CESM in a single examination session and in
the same position.

Our results suggest that the additional information from
CESM regarding suspicious microcalcifications has a certain
clinical value. The associated enhancement occurred signifi-
cantly more often in malignant lesions (20/22, 90.1 %) than
atypia lesions (3/19, 15.8 %) or benign lesion (3/18, 13 %).
However, the presence of associated enhancement was not de-
finitively indicative of a malignancy due to the enhancement of
10.1 % (6/59) from benign microcalcifications. One more issue
is the higher predictive value of associated enhancement in
intermediate- or high-concern microcalcifications than low-
concern microcalcifications; however, the negative pre-
dictive value was approximate with true negative rate greater
than 90 %.

In addition to the diagnosis, an imaging study should also
assist further treatment. A surgical approach is almost always
the first-line treatment upon detection of a malignant
microcalcification. The size or extent of the cancer is impor-
tant for surgical planning. In such cases of impalpable

microcalcifications, the territory of cancerous involvement is
often unclear. In this situation, the enhancement technique
could highlight the outline of cancers secondary to
neovascular formation. Many studies of enhanced MRI have
reported good correlations between cancer sizes to pathology
[22–25]. Enhanced MRI has been shown to be the most accu-
rate technique for cancer size measurement, and superior to
mammography and sonography [23]. Compared with en-
hanced MRI, DE-CESM also performs well, as it shows no
significant difference in cancer size measurements and ex-
hibits correlations with post-operative histology [25].
Among the non-mass malignant microcalcifications in our
study, the cancer size was also closely correlated with the
value determined by microscopy.

The preliminary results of this retrospective review were
generally positive, althoughmany limitations remain, including
the relatively small number of cases, and not all patients with
cancers or atypical lesions underwent surgery following biopsy
of the microcalcifications. The small number of cases essential-
ly with a gold standard of histological diagnoses might have
selective bias due to the non-operated microcalcifications.

Fig. 5 A 45-year-old female with discovery of suspicious
microcalcifications from screening mammography was referred for
stereotactic biopsy. The conventional mammogram (mediolateral
oblique view) (a) showed a cluster of pleomorphous microcalcifications

in the left breast and the contrast-enhanced spectral mammography (b)
demonstrated a 9-mm ground glass enhanced lesion with multiple small
faintly enhancing dots. Partial mastectomy finally showed it to be ductal
carcinoma in situ
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However, all non-operated patients were followed for
more than 6 months, during which any under-diagnosis
would be detected and the long-term result would be followed
up in the future. Additionally, although the enrolled patients
had different referral reasons from screening, breast cancer
patients for pre-operative survey or follow-up, all belonged
to the subpopulation of patients with microcalcifications with-
out associated mass.

In conclusion, DE-CESM provides additional information
on the enhancement associated with breast microcalcifications
without associated mass. It is not perfect for diagnosis, but has
acceptable sensitivity and NPV, each over 90 %. The
sizes of enhanced cancers were closely related to those deter-
mined by microscopy.
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