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Abstract
Contrast-enhanced spectral mammography (CESM) is a digital mammography method that requires an intravenous injection 
of iodinated contrast material to detect hypervascular lesions. In patients undergoing evaluation for metastases before breast 
tumor surgery, a contrast material must be injected for computed tomography (CT) and CESM studies. The purpose of our 
study was to investigate the feasibility of performing CESM immediately after contrast-enhanced CT, without injecting 
additional contrast material. We enrolled 77 women with 88 breast carcinomas. Immediately after contrast-enhanced CT, 
we performed CESM without injecting additional contrast material. The patients were divided into two groups based on the 
length of the interval between contrast material injection and the start of mammography. In group A (n = 51), it was less, 
and in group B (n = 26) it was more than 7 min. We measured the tumor gland contrast of each tumor on the CESM images 
and recorded the tumor opacification on a 4-point visual scale. The mean interval between the start of contrast material 
injection for CT and the acquisition of mammograms in groups A and B was 5.41 and 10.40 min, respectively. All lesions 
were detectable on the CESM images. There was no significant difference in the visual evaluation between the two groups 
(p = 0.21). CESM immediately after contrast-enhanced CT without the injection of additional contrast material is feasible 
and cost-effective.

Keywords  Contrast-enhanced spectral mammography · Digital mammography · Contrast-enhanced computed 
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1  Introduction

Breast contrast-enhanced magnetic resonance imaging 
(MRI) is currently considered the most sensitive technique 
for the detection of breast lesions. The American Cancer 
Society recommends MRI screening for high-risk women. 
However, MRI examinations are expensive, and women with 
claustrophobia cannot be examined this way. As an alterna-
tive, contrast-enhanced spectral mammography (CESM) has 
been suggested [1, 2].

CESM is a digital mammography method that requires 
an intravenous injection of iodinated contrast material for 
the detection of hypervascular lesions [1, 2]. It uses a pair 
of low- and high-energy images to subtract the normal 
mammary gland and to highlight tumor vascularization [3]. 
The technique is reported to yield a higher positive predic-
tive value and fewer false-positive findings than contrast-
enhanced MRI [4].
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In patients undergoing evaluation for metastases before 
breast tumor surgery, contrast material must be injected 
for computed tomography (CT) and for mammography 
studies. For CESM, contrast material with an iodine con-
centration between 300 and 370 mg I/ml is used; the injec-
tion volume (1.5–2.0 ml/kg of body weight) is similar to 
that delivered for abdominal CT [5]. A high-dose contrast 
material is expensive and inadvisable in patients with renal 
failure.

We investigated whether CESM performed imme-
diately after contrast-enhanced CT (CECT) can detect 
tumors without the need for injection of additional con-
trast material.

2 � Materials and methods

2.1 � Patients

Our study was approved by the ethics review committee in 
our institution, and all patients provided written informed 
consent for their inclusion. The study population com-
prised 77 consecutive women (median age 59 years; range 
36–92 years) with 88 breast carcinomas who were referred 
to our hospital between August 2015 and March 2017. All 
patients underwent breast ultrasonography, mammography, 
and contrast-enhanced MRI, followed by a histological 
confirmation of the breast carcinoma. Next, we performed 
CECT to evaluate for metastases, as well as accurately meas-
ure the size and location of the breast carcinomas to help in 
planning the treatment. At the same time, bilateral CESM 
without additional contrast material was also performed. 
Patients with renal insufficiency (estimated glomerular filtra-
tion rate < 30 ml/min per 1.73 m2), allergy to contrast agents, 
and pregnant or possibly pregnant women were excluded.

2.2 � CT scanning

Unenhanced and contrast-enhanced helical CT scans were 
performed using a 128-detector-row CT scanner (Brilliance 
iCT, Philips Electronics, Netherlands) or a 64-detector-row 
CT scanner (Bright Speed Elite, GE Healthcare, Milwau-
kee, WI). We delivered 500 mg I/kg of nonionic contrast 
material (Iopamidol, Iopamiron 300 mg  I/ml) at a flow 
rate of 2.0 ml/s to all patients. Whole-body CT scans were 
acquired 90 s after the start of contrast material injection. 
The scan parameters included: collimation, 128 × 0.625 mm 
or 64 × 0.625 mm; rotation time 0.5 s; tube voltage, 120 kV; 
and tube current, 120–480 mA. Axial images were recon-
structed; the slice thickness and reconstruction interval were 
5.0 and 5.0 mm, respectively.

2.3 � CESM imaging

Immediately after CECT, the patients moved to the mam-
mography suite; the distance was approximately 5  m. 
CESM was performed on a Senograph Essential CESM 
instrument (GE Healthcare, Solingen, Germany). With-
out injecting additional contrast material, low- and high-
energy CESM images were acquired under automated 
parameters during one breast compression. Depending on 
the breast density and compression thickness, molybde-
num (Mo) or rhodium (Rh) target and Mo or Rh filters 
were used [2]. For low-energy mammography, the kVp 
ranged from 26 to 31; it ranged from 45 to 49 for high-
energy mammograms [2]. After mediolateral oblique 
(MLO) and craniocaudal (CC) views of the affected breast 
were acquired, we obtained the same views of the unaf-
fected breast. We recorded the interval between the start 
of contrast material injection for CT and the start of mam-
mography, and then divided the patients into two groups 
[group A, interval less than 7 min (51 patients with 57 car-
cinomas); group B, interval more than 7 min (26 patients 
with 31 carcinomas)].

2.4 � Quantitative analysis

One reader with 20 years of experience in mammography 
performed measurements on a high-resolution worksta-
tion (Barco Inc, Duluth, GA). The tumor gland contrast 
(TGC) was recorded as previously described [6]. Three 
regions of interest (ROIs) were marked on a peripheral 
site in the tumor and their mean value was calculated. 
Then, three ROIs (mean area 3.0 mm2) were placed on the 
adipose tissue, and their mean value was calculated. TGC 
was standardized to the enhancement of the adipose tissue 
and defined as:

where L and A represent the lesion and adipose tissue den-
sity, respectively. The TGC on MLO and CC views of the 
affected breast was recorded and the mean TGC values were 
calculated using the equation:

2.5 � Qualitative analysis

All patients enrolled in this study underwent contrast-
enhanced MRI, and we used the MRI images as a reference 
for CESM. Anonymized images were visually evaluated on 
a high-resolution workstation (Barco Inc, Duluth, GA) by 
a radiologist and a mammary surgeon with 15 and 3 years 
of experience, respectively, in reading mammograms and 
breast MRI scans. Both had undergone basic training in 

TGC = ROIL − ROIA,

TGCmean = (TGCMLO + TGCCC)∕2.
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reading CESM images. The readers were blinded to any 
clinical and histologic information. If their analysis did not 
match, a final decision was reached by consensus. Tumor 
visualization on the CESM images was rated as 4 (good: 
tumor strongly enhanced, good tumor opacification), 
3 (acceptable: tumor moderately enhanced, fair tumor 
opacification), 2 (poor: tumor enhancement weak, poor 
tumor opacification, but detectable), and 1 (not detect-
able) (Fig. 1).

2.6 � Statistical analyses

The image quality scores for the two groups were compared 
using the Wilcoxon signed-rank test. Interobserver agree-
ment in the qualitative evaluation was assessed using the 
Cohen kappa κ coefficient, rated as follows: κ value less 
than 0.20 = poor, 0.21–0.40 = fair, 0.41–0.60 = moderate, 
0.61–0.80 = substantial, and 0.81–1.00 = near-perfect agree-
ment. We performed all statistical tests using Excel Statistics 
(version 1.12; Social Survey Research Information, Tokyo, 
Japan). Differences were considered to be statistically sig-
nificant at p < 0.05.

3 � Results

The CT and CESM images were acquired without com-
plications in all patients. We examined 77 women with 88 
breast carcinomas; 68 had one, 8 had two, and one had four 
carcinomas. Of the 88 carcinomas, 70 (79.5%) harbored an 

invasive carcinoma (IC), and 18 (20.4%) were ductal carci-
nomas in situ (DCIS). The mean interval between the start 
of contrast material injection for CT and the acquisition 
of mammograms in groups A and B was 5.41 min (range 
3.30–6.58 min) and 10.40 min (range 7.00–15.39 min), 
respectively.

The TGC​mean was higher in patients with an IC than in 
those with a DCIS [82.2 ± 46.3 HU (range 17.0–272.7 HU) 
and 54.5 ± 29.0 HU (range 24.5–138.4 HU), respectively]. 
All lesions were visually detectable on the CESM images 
(Table 1); image-quality score was higher for the ICs than 
the DCISs. The number of carcinomas for score 1, 2, 3, and 
4 were 0, 9, 20, and 28 in group A, and 0, 10, 7, and 14 
in group B; the rate of the number scored 3 or 4 in group 
A (84%) was higher than that in group B (68%). However, 
there was no significant difference between the two groups 
(p = 0.21, Fig. 2). There was substantial interobserver agree-
ment with respect to the overall image quality (κ = 0.77). A 
representative patient with an invasive ductal carcinoma is 
shown in Fig. 3.

Fig. 1   Examples of the degree of enhancement of lesions on CESM images. a Good image quality (score = 4), b acceptable image quality 
(score = 3), c poor image quality (score = 2)

Table 1   Visual evaluation results

IC invasive carcinoma, DCIS ductal carcinoma in situ

Good (%) Acceptable (%) Poor (%) Not 
detect-
able (%)

IC (n = 70) 37 (52.9) 25 (35.7) 8 (11.4) 0 (0)
DCIS (n = 18) 2 (11.1) 5 (27.8) 11 (61.1) 0 (0)
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4 � Discussion

To the best of our knowledge, this is the first study to 
investigate the feasibility of CESM performed immedi-
ately after CECT without the injection of additional con-
trast material.

For CESM, an iodinated contrast agent is injected and 
then dual-energy subtraction images are acquired [1, 7]. 
The two source images are combined to render an image 
that minimizes the appearance of breast tissue and increases 
the conspicuity of the contrast material [7, 8]. According 
to Lobbes et al. [9], the sensitivity and negative predictive 
value of CESM are 100%, suggesting that a negative CESM 
finding generally excludes any kind of breast cancer. In our 
series, all lesions were visualized on the CESM images.

Other researchers [1, 10, 11] have suggested that the 
acquisition of CESM images be started approximately 
2 min after, and no later than 7 min after a contrast material 
injection. Our patients moved from the CT to the mammog-
raphy suite immediately after the CT scanning. As it was 
possible that the interval between contrast material injec-
tion and the start of mammography exceeds 7 min, we con-
jectured whether this would result in deterioration of the 
tumor detectability. Therefore, we visually compared the 
tumor opacification in group A (interval < 7 min) and group 
B (interval > 7 min). Although the rate of the number scored 
3 or 4 in group A (84%) was higher than that in group B 
(68%), there was no significant difference between the two 
groups.

Fig. 2   Visual evaluation showed no significant difference between 
groups A and B (p = 0.21)

Fig. 3   A 50-year-old woman with four invasive ductal carcinomas in 
the right breast. The interval between the injection of contrast mate-
rial for CT to the acquisition of mammograms was 4 min. Although, 

tumors were difficult to detect on conventional digital mammogram, 
they were clearly visible on CESM (score = 4). a Conventional digital 
mammogram, b CESM, c1 and c2 axial MRI
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We found that the TGC and image-quality score were 
higher in patients with ICs than in those with DCISs. 
Lewin et al. [12] reported strong enhancement in all 14 
IC lesions they studied; DCIS lesions, on the other hand, 
were not enhanced in their study of dual-energy contrast-
enhanced mammograms. Similar findings were made by 
Dromain et al. [13]. Shiraishi et al. [14] attributed the 
relatively slow enhancement of DCISs to the presence of 
fibrocystic changes.

An advantage of our method is its cost-effectiveness. 
Bar et al. [3] injected 1.5–2.0 ml/kg of contrast material 
(concentration 300–370 mg I/ml) for CESM. In Japan, 
contrast material is priced strictly by volume and as we 
performed CESM immediately after CECT without the 
additional injection of contrast material, the saving was 
$100 per patient. In addition, our method decreases the 
risk of contrast medium-induced nephropathy [15]. Our 
method would be beneficial for patients who require both 
CECT and mammography or patients who cannot undergo 
breast MRI.

Our study has some limitations. Before CESM, all 77 
enrolled patients were known to harbor histologically con-
firmed breast carcinoma. Therefore, the diagnostic accu-
racy of our method was not evaluated. In addition, as the 
number of patients with DCIS was relatively small (18 of 
88, 20%), the informational value of our findings is limited 
and additional studies on larger patient populations are 
needed. Lastly, although the radiation dose was slightly 
higher in our CESM than it is with conventional mammog-
raphy studies, we believe that the high lesion detectability 
on CESM images compensates for this disadvantage.

In conclusion, we investigated the feasibility of per-
forming CESM immediately after CECT without injecting 
additional contrast material. The tumor opacification was 
not impaired even when the interval between the start of 
contrast material injection for CT and the start of mam-
mography was more than 7 min.
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