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Background Parenchymal
Enhancement on Contrast-
Enhanced Spectral Mammography:
Influence of Age, Breast Density,
Menstruation Status, and
Menstrual Cycle Timing

Shuang Zhao?, Xueqin Zhang?', Huanhuan Zhong?, Yun Qin?, Yan Li!, Bin Song?,
Juan Huang?™ & JianqunYu2%

To evaluate the relationship of the extent and quantitative intensity of background parenchymal
enhancement (BPE) on contrast-enhanced spectral mammography (CESM) with age, breast density,
menstruation status, and menstrual cycle timing. This retrospective study included women who
underwent CESM from July 2017 to March 2019 and who had menstruation status records. BPE
category assessment was performed subjectively. BPE intensity was quantitatively measured using
regions-of-interest. 208 subjects were included (150 were regular menstrual cycle and 58 were
postmenopausal). The breast density was classified as category B in 11 subjects, category Cin 231
subjects, and category D in 23 subjects. Subjects based on menstrual cycle timing, 24 at days 1-7, 55 at
days 8-14, 48 at days 15-21, and 23 at days 22-28. Both quantitative and categorical analyses show a
weak negative correlation between BPE and age in all subjects, but there was no significant correlation
in premenopausal patients. Both the BPE pixel intensity value and BPE category was significantly lower
in postmenopausal patients than in premenopausal patients, and there was no significant difference

in breast density according to BPE. The minimum and maximum pixel values of BPE on days 8-14

of the menstrual cycle was significantly lower than those on days 15-21. There was no correlation
between BPE level and menstrual cycle timing. Breast density with category D was more likely to have
alower BPE level than category C. We show here that BPE level is affected by menstruation status and
menstrual cycle timing. We suggest that CESM should not be performed on days 15-21 of the menstrual
cycle, but on days 8-14.

Contrast-enhanced spectral mammography (CESM) was first introduced in 2003, based on double exposure
(high- and low- energy) after contrast administration. The low-energy images are similar to mammographic
images. The recombined image calculated from both low- and high-energy images shows the uptake of contrast
media in the breast>™. In recent years, CESM has been widely used in the diagnosis of breast diseases®'*. CESM,
as well as magnetic resonance, may present different degrees of background parenchymal enhancement (BPE):
this represents how much the normal tissue is impregnated after the CM injection and depends on several fac-
tors, such as tissue vascularity and permeability, endogenous and exogenous hormones, and endocrine therapy
effects'®~'%. Previous reports have stated that accurate assessment of lesions on CESM could be limited by the
masking effect of BPE'>**2!. Hence, it is essential to clarify the factors influencing BPE on CESM.

The intensity and pattern of BPE seen on DCE-MRI is known to fluctuate with hormone levels, and is inde-
pendent of the mammographic breast density and the amount of fibroglandular tissue in the breast??-?°. The
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imaging principles of CESM and DCE-MRI are distinct; hence, it is uncertain whether the influence of hormone
levels and breast density on BPE is applicable to CESM, especially for dense breasts. Some studies'® found no
clear pattern in the variation of BPE across the different phases of the menstrual cycle on CESM, while others!”
demonstrated that the extent of BPE on CESM is significantly associated with breast density and menstruation
status, rather than with phases of the menstrual cycle. To date, the extent of BPE has been analyzed by subjective
categorization, but no quantitative measurement was performed.

The aims of the study were to assess the intensity and categorize the extent of BPE on CESM quantitatively, and
to investigate the relationship of BPE with age, breast density, menstruation status, and phases of the menstrual
cycle, to identify the factors influencing BPE on CESM.

Materials and methods

This retrospective study was approved by the Biomedical Research Ethics Committee of West China Hospital of
Sichuan University, and the requirement for informed consent was waived. The study followed the principles of
the Declaration of Helsinki with voluntary participation. The data were analyzed and handled in an anonymous
format. We adhered to relevant guidelines and regulations in all experiments.

Participants. All subjects were aged > 18 years. Between July 2017 and March 2019, 323 subjects who under-
went CESM and had menstruation status records at our institution were considered for this study; of these, 142
subjects previously had suspicious lesions identified on mammography, breast ultrasound, or both. The exclusion
criteria were as follows: (1) absence of complete menstrual cycle record, making it impossible to judge the men-
strual cycle status; (2) lesion affecting the entire breast so that BPE could not be measured; (3) history of diabe-
tes, implants, and recent (<7 days) bilateral stereotactic biopsy or mammotome biopsy; (4) history of hormone
replacement therapy (HRT).

Imaging technique. CESM was performed using the SenoBright (GE Healthcare, Chicago, IL), which is
designed to collect dual-energy images. First, all patients received an intravenous injection of iodine contrast
medium (Omnipaque 350 mg I/ml, GE Healthcare) at a dose of 1.5 mL/kg with a flow rate of 3mL/s®. Two min-
utes after the injection, standard bilateral breast images were obtained in the sequence of ipsilateral craniocau-
dal (CC) projection, contralateral CC projection, ipsilateral mediolateral (MLO) projection, and contralateral
MLO projection®. For each compression, both the low-energy and high-energy images were acquired with only
300-ms delay®. The final step was the CESM recombination algorithm, which helped process the low-energy and
high-energy images into iodine-specific images. All images were acquired within 7 min after injection®.

Image analysis. All image evaluations were performed by two independent radiologists, and disagreement
was resolved by a specialist with 10 years’ experience in breast imaging. Prior to image review, the readers exam-
ined a standardized set of 10 cases that demonstrated breast density and BPE categories on duel-energy CESM.

Breast density—Breast density was assessed independently on the low-energy images using the Breast
Imaging-Reporting and Data System (BI-RADS) version 5 classification: A =almost entirely fatty (<25% glan-
dular); B =scattered areas of fibroglandular densities (25-50% glandular); C = heterogeneously dense (51-75%
glandular); D = extremely dense (>75% glandular).

BPE—The extent of BPE was categorized subjectively using both CC and MLO views. In the absence of a
recognized CESM lexicon, the volume and intensity of enhancement were categorized according to the BI-RADS
MRI grading system as: level a = minimal; level b = mild; level ¢ = moderate; level d = marked (Fig. 1). The
intensity of enhancement was measured quantitatively using a region-of-interest (ROI) of about 0.3 cm? placed
manually over the area with the most enhancement within the BPE on the last MLO image, while avoiding blood
vessels and the pectoralis major muscle. The maximum, minimum, and difference pixel values were recorded. For
BPE level (see below) a and b subjects, the ROI was placed three times at the area with most obvious BPE; for level
cand d subjects, the ROIs were placed at three areas with obvious BPE (Fig. 2). For subjects with lesions encoun-
tered incidentally on the last MLO image, the area for BPE measurement was selected so as to avoid abnormal
enhancement around the lesion or more than 1 cm from the lesion (Fig. 3). For lesions observed on ultrasound
but not on CESM, the ROI was not placed at the location of the lesion on ultrasound.

Menstruation status. Subjects were categorized as premenopausal or postmenopausal. For premenopausal
women, menstrual cycle timing was determined by the date of their last menstrual period at the time of imaging
and was categorized as days 1-7, days 8-14, days 15-21, or days 22-28. Perimenopausal subjects with irregular
menstrual cycles were excluded from the menstrual cycle timing analysis.

Statistical analysis. Statistical analyses were performed using SPSS software (version 25.0, IBM, Armonk,
NY) and p < 0.05 was considered to be statistically significant. Correlations between BPE pixel value in the ROI
and age were calculated using Spearman’s rank-order coeflicient in all subjects and in premenopausal women.
Association of the BPE pixel value with breast density as well as menstrual cycle timing were calculated using the
Kruskal-Wallis H test. The Mann-Whitney U test was used to compare the BPE pixel values between premen-
opausal and postmenopausal groups. Multiple linear regression was used to predict BPE pixel value based on
age, breast density, and menstruation status. Correlation between the BPE category and age was calculated using
Kendall’s tau-b correlation analysis in all subjects and in premenopausal women. Correlations between BPE cat-
egory and breast density as well as menstrual status and menstrual cycle timing were calculated using Spearman’s
rank-order coefficient. Ordered logistic regression analysis was used to predict BPE category based on age, breast
density, and menstruation status.
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Figure 1. Examples of ROI measurement for each level of BPE: (a) minimal = a, (b) mild = b, (c) moderate =
¢, and (d) marked = d.

Results

Of 323 subjects, 44 were excluded due to incomplete menstruation status records, 9 were excluded due to a recent
history of bilateral biopsy. A further 5 subjects were excluded due to entire breast lesion (n = 1), history of dia-
betes (n=2), and implants (n =2). No patients were taking HRT. Subsequently, 265 subjects, aged 18-77 years
(median age: 44 years) were enrolled. Of these, 57 perimenopausal subjects were excluded from menstrual status
analysis. Thus, 208 subjects were included in the menstruation and menstrual cycle timing analysis; of these, 150
subjects were premenopausal with a regular menstrual cycle and 58 were postmenopausal. A flowchart of the
exclusion and inclusion strategy is shown in Fig. 4.

The breast density was classified as category B in 11 (4.1%), category C in 231 (87.2%), and category D in 23
(8.7%) patients; no patient had breast density classified as category A. In the menstrual cycle timing categoriza-
tion, 24 subjects were at days 1-7, 55 at days 8-14, 48 at days 15-21, and 23 at days 22-28. The mean time from
injection to acquiring the last-phase MLO view was 5min 16s (range: 4 min 53 s to 5min 38s).

The results of a univariate analysis of the relationship between clinical predictors and BPE are shown in
Table 1. Analysis of quantitative BPE showed a weak negative correlation between age and maximum pixel value
(rs=—0.184, P=10.003), and pixel difference value (rs=—0.157, P=10.010) in all subjects, but there was no sig-
nificant correlation with minimum pixel value (rs = —0.090, P=0.143). In premenopausal subjects, there was no
significant correlation between age and maximum value (rs = —0.039, P=0.577), minimum value (rs = —0.033,
P=0.639), and difference value (rs = —0.027, P=0.697). According to the Mann-Whitney U test, the mini-
mum value (U =3495.500, Z=—2.197, P=0.028), maximum value (U =2761.500, Z= —4.082, P < 0.001), and
difference value (U=2850, Z=—3.850, P < 0.001) were significantly lower in postmenopausal than in premen-
opausal subjects. There was no significant difference in the minimum value (H=3.217, P=10.200), maximum
value (H=1.856, P=10.395), or difference value (H=4.869, P=0.088) according to breast density. There was
no significant difference in the difference value according to menstrual cycle timing (H=7.175, P=0.067), but
the minimum (H = 11.46, P=0.009) and maximum values (H=11.38, P=0.010) at days 8—14 were significantly
lower than at days 15-21 (Figs. 5 and 6).

Multiple linear regression analysis revealed that the minimum value was related to menstruation status
(P=0.048), but not to age (P=0. 860) or breast density (P =0.646), and that the minimum value in postmen-
opausal subjects was lower than that in premenopausal subjects (4.379, 95% CI: [—8.727, —0.031], P=0.048).
The maximum value was also related to menstruation status (P < 0.001), but not to age (P=0.704) or breast den-
sity (P=0.818), and was lower in postmenopausal than in premenopausal subjects (12.626, 95% CI: [—19.661,
—5.592]). Similarly, the difference value was related to menstruation status (P=0.001), but not to age (P =0.486)
or breast density (P=0.463), and was lower in postmenopausal than in premenopausal subjects (8.248, 95% CI:
[—13.185, —3.311]).

The analysis of BPE level revealed a weak negative correlation between age and BPE level (Kendall’s
tau-b=—0.138, P=0.004) in all subjects, but there was no significant correlation between age and BPE level
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Figure 2. For BPE level a (a) and b (b), the ROI was placed three times at the most obvious area with BPE;
for level c (¢) and d (d), the ROIs were placed at three different areas with obvious BPE. BPE, background
parenchymal enhancement; ROI, region-of-interest.

(Kendall's tau-b=—0.019, P=0.727) in premenopausal subjects. There was no correlation between BPE level and
breast density (P=0.586) or menstrual cycle timing (P=0.094), but there was a negative correlation between BPE
level and menstruation status (rs = —0.333, P < 0.001). Ordered logistic regression analysis showed that BPE level
was not associated with age (P=0.406), but breasts with category D density had a higher probability of having a
lower BPE level than those with category C (3.490, 95%ClI: [1.276, 9.554], P=0.015); the BPE level was lower in
postmenopausal subjects than in premenopausal (4.455, 95%CI: [1.943, 10.216], P < 0.001).

SCIENTIFICREPORTS|  (2020) 10:8608 | https://doi.org/10.1038/s41598-020-65526-8


https://doi.org/10.1038/s41598-020-65526-8

www.nature.com/scientificreports/

1Area:0.29 sqcm

1 Min/Max : 2019/2111

1 Pixel count : 2821

1 Mean/Std dev : 2064.00/15.36

2 Area: 0.30sqcm

2 Min/Max : 1997/2102
2 Pixel count : 2

2 Mean/Std dev

)

3 Area: 0.32sqcm

3 Min/Max : 2000/2089

3 Pixel count : 3208

3 Mean/Std dev : 2041.00/15.39

Figure 3. BPE measurement in an ROI placed more than 1 cm from the lesions for subjects with accidental

lesions on the last MLO image. (a) Contralateral craniocaudal (CC) iodine-specific images in this 45-year-old
woman with a history of a palpable mass in the right breast show two enhanced masses (white arrows) in the left
breast. (b) Contralateral mediolateral oblique iodine-specific images show BPE level as ¢, and the ROI placed
more than 1 cm from the lesions (white arrows). BPE, background parenchymal enhancement; ROI, region-of-

interest; CC, craniocaudal; MLO, mediolateral oblique.

323 subjectsage > 18 years who
underwent CESM examination and had
menopausal status records between
July 2017 and March 2019

279 subjects who underwent CESM
examination and had complete
menopausal status records

44 subjects excluded: menopausal
status records incomplete and
unable to judge the cycle status

265 subjectsincluded in age, breast
density analysis

Subjects excluded:
9 have recent bilateral biopsy
1 with entire breast lesion
2 has history of diabetes
2 have implants

208 subjectsincluded in menopausal
status, menstrual cycle timing analysis
Premenopausal (n=150)
Postmenopausal (n=58)

57 perimenopausal subjects
excluded from menopausal and
menstrual cycle timing analysis

Figure 4. Flowchart showing the exclusion and inclusion strategy.
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Age

all subjects 0.143 0.003 0.010 0.004

premenopausal subjects 0.639 0.577 0.697 0.727
Breast density 0.200 0.395 0.088 0.586
Menopausal 0.028 <0.001 <0.001 <0.001
Menstrual cycle timing 0.067 0.094

Days 8-14 vs Days 1-7 1.000 1.000

Days 8-14 vs Days 22-28 1.000 1.000

Days 8-14 vs Days 15-21 0.006 0.016

Days 1-7 vs Days 22-28 1.000 1.000

Days 1-7 vs Days 15-21 0.246 0.069

Days 22-28 vs Days 15-21 1.000 0.236

Table 1. Univariate Relationship between Clinical Predictors and BPE. BPE, background parenchymal
enhancement; ROL region-of-interest.
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Figure 5. Box diagram displays the minimum pixel value in the ROI at different menstrual time-points (a);
pairwise comparison shows that the minimum value at days 8-14 is significantly lower than at days 15-21 (b).
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Figure 6. Box diagram displays the maximum pixel value in the ROI at different menstrual time-points (a);
pairwise comparison shows that the maximum value at days 8-14 is significantly lower than at days 15-21 (b).
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Discussion

Our study revealed, through quantitative and level analysis, that BPE is weakly and negatively correlated with age
in all subjects, but not in premenopausal subjects alone. Postmenopausal subjects had lower BPE pixel intensity
values and lower BPE level than premenopausal subjects, and there was no significant difference in BPE accord-
ing to breast density. While minimum and maximum pixel values of BPE were lower on days 8-14 than on days
15-21 of the menstrual cycle, there was no correlation between BPE level and menstrual cycle timing. Ordered
logistic regression analysis showed that category D breast density was more likely to have a lower BPE level than
category C breast density.

The breast is a hormonally sensitive tissue and undergoes involutional changes as women age and hormone
levels decrease; this may be why postmenopausal women, who are exposed to lower estrogenic hormone lev-
els, have lower BPE levels on DCE-MRI*. In our study, we also found that postmenopausal women have both
a lower intensity and higher level on CESM than premenopausal women. This finding is consistent with pre-
vious studies'®", and is also consistent with several DCE-MRI studies that showed that the intensity of BPE
was significantly higher in premenopausal than in postmenopausal women?*?. Although both quantitative and
category-based assessments showed that BPE was decreased with age in all subjects, there was no significant
correlation between BPE and age in premenopausal women. These results demonstrated that the primary factor
influencing BPE is menstruation status; as postmenopausal women are typically older, there was an association
with age in the subjects overall.

The present study demonstrated that BPE level does not fluctuate significantly according to menstrual cycle
timing. This result was similar to that of Sogani et al.'’. and Savaridas et al."”. This finding may be because the
distribution of the breast parenchyma remains unchanged during the menstrual cycle and the extent of BPE is sta-
ble. However, the menstrual cycle timing affected BPE as quantitatively assessed, as the maximum and minimum
pixel values in ROI were both significant lower at days 8-14 than at days 15-21. This is similar to the fluctuation
of BPE on DCE-MRI, which is known to be associated with the cyclic estrogen changes that occur over the men-
strual cycle?®*, as estrogen promotes vascularization of the breast parenchyma and proliferation of ductal-acini
epithelia, and causes histamine-like effects, such as vasodilation and increased permeability of vessels***!. For this
reason, some investigators have recommended scheduling DCE-MRI examinations during the follicular phase
or second week of the cycle (commonly days 7-15), to avoid increasing false-positives®*>-**. Combined with the
level- and quantitative analysis-based BPE findings in our research, this suggests that the detection and range
assessment of lesions would not be influenced by BPE, because the BPE level remains stable during the menstrual
cycle. However, the relative intensity of lesion enhancement would be affected by the fluctuation of the quantita-
tive BPE pixel value on CESM during the menstrual cycle. To our knowledge, no previous study has investigated
these manifestations.

Breast density was not significantly associated with BPE on CESM in univariate analysis of both the category
and quantitative data, in contrast to the findings of Savaridas et al."’. This may be related to the distribution of
breast categories in the population, because Asian women have predominantly heterogeneously dense (category
C) or extremely dense (category D) breasts®, which differs markedly from those of Western women. However,
multivariate regression analysis showed that breast density was associated with BPE level assessment. Category
C breast density was more likely to be associated with higher BPE level, mainly manifested by a greater extent of
enhancement than by a greater intensity of enhancement. This indicates that BPE on CESM is not affected by a
single factor of breast density, but rather by a combination of factors, and is mainly related to glandular heteroge-
neity, which may influence the heterogeneous distribution of contrast medium. In this respect, the use of CESM
is advantageous for evaluating dense breasts®**”. And previous studies from our team also revealed that CESM
demonstrated excellent overall diagnostic accuracy and a moderate correlation in lesion size estimation against
DCE-MRI in dense breast patients®.

Limitations. The primary limitation of this study was its retrospective design. We had to rely on records of
menstruation status and menstrual cycle timing provided by patients in their medical records, which were not
always complete and could thus not be used for analysis. Another limitation was the small populations in each
subgroup in the analyses of menstrual cycle timing. Additionally, the study protocol instructed readers to assess
BPE mainly in the contralateral breast; thus, the influence of benign or malignant lesions on the BPE of the ipsilat-
eral breast was not assessed, and needs to be considered in future studies. This study was not designed to find the
relationship between BPE in CESM and breast cancer risk, as the sample size range in the lesions categorized was
limited; this will be researched in our future studies. And finally, the radiologists who reported the breast density
should be different from who reported BPE. That’s because we don’'t have enough radiologists who specializes in
breast imaging.

Conclusion
We show here that BPE level is affected by menstruation status and menstrual cycle timing. We suggest that
CESM should not be performed on days 15-21 of the menstrual cycle, but on days 8-14.

Data availability
The data generated in the current study is available from the corresponding author on reasonable request.

Received: 21 December 2019; Accepted: 4 May 2020;
Published online: 25 May 2020

SCIENTIFIC REPORTS |

(2020) 10:8608 | https://doi.org/10.1038/s41598-020-65526-8


https://doi.org/10.1038/s41598-020-65526-8

www.nature.com/scientificreports/

References

1.

2

10.
11.
12.
13.
14.
15.
16.

17.

18.

19.
20.

21.
22.

23.

24.
25.
26.

27.
28.

29.
30.
31.
32.
33.
34.
35.

36.
. Patel, B. K., Lobbes, M. & Lewin, J. Contrast Enhanced Spectral Mammography: A Review. Semin. Ultrasound CT MR 39, 70-79

Lewin, J. M., Isaacs, P. K., Vance, V. & Larke, E. J. Dual-energy contrast-enhanced digital subtraction mammography: feasibility.
Radiology 229, 261-268 (2003).

. Francescone, M. A. et al. Low energy mammogram obtained in contrast-enhanced digital mammography (CEDM) is comparable

to routine full-field digital mammography (FFDM). Eur. J. Radiol. 83, 1350-1355 (2014).

. Lalji, U. C. et al. Evaluation of low-energy contrast-enhanced spectral mammography images by comparing them to full-field digital

mammography using EUREF image quality criteria. Eur. Radiol. 25,2813-2820 (2015).

. Zanardo, M. et al. Technique, protocols and adverse reactions for contrast-enhanced spectral mammography (CESM): a systematic

review. Insights Imaging 10, 76 (2019).

. Cheung, Y. C. et al. Preoperative assessment of contrast-enhanced spectral mammography of diagnosed breast cancers after

sonographic biopsy: Correlation to contrast-enhanced magnetic resonance imaging and 5-year postoperative follow-up. Medicine
99, e19024 (2020).

. Qin, Y,, et al. Contrast-enhanced spectral mammography: A potential exclusion diagnosis modality in dense breast patients. Cancer

Med (2020).

. Sorin, V. et al. Contrast-enhanced spectral mammography (CESM) in women presenting with palpable breast findings. Clin.

Imaging 61, 99-105 (2020).

. Lu, Z. et al. Contrast-Enhanced Spectral Mammography Versus Ultrasonography: Diagnostic Performance in Symptomatic Patients

with Dense Breasts. Korean J. Radiol. 21, 442-449 (2020).

. Helal, M. H. et al. The role of contrast-enhanced spectral mammography in the evaluation of the postoperative breast cancer. Clin.

Radiol. 74,771-781 (2019).

La Forgia, D. et al. Role of the contrast-enhanced spectral mammography for the diagnosis of breast metastases from extramammary
neoplasms. J. BUON 24, 1360-1366 (2019).

Sorin, V. & Sklair-Levy, M. Dual-energy contrast-enhanced spectral mammography (CESM) for breast cancer screening. Quant.
Imaging Med. Surg. 9,1914-1917 (2019).

Xing, D. et al. Diagnostic Value of Contrast-Enhanced Spectral Mammography in Comparison to Magnetic Resonance Imaging in
Breast Lesions. J. Comput. Assist. Tomogr. 43, 245-251 (2019).

Rudnicki, W., et al. Correlation between quantitative assessment of contrast enhancement in contrast-enhanced spectral
mammography (CESM) and histopathology-preliminary results. Eur Radiol (2019).

Houben, I. P. et al. Contrast-enhanced spectral mammography in the evaluation of breast suspicious calcifications: diagnostic
accuracy and impact on surgical management. Acta Radiol 284185118822639 (2019).

Youn, I. et al. Contrast enhanced digital mammography versus magnetic resonance imaging for accurate measurement of the size of
breast cancer. Br. J. Radiol. 92,20180929 (2019).

Sogani, J. et al. Comparison of Background Parenchymal Enhancement at Contrast-enhanced Spectral Mammography and Breast
MR Imaging. Radiology 282, 63-73 (2017).

Savaridas, S. L., Taylor, D. B., Gunawardana, D. & Phillips, M. Could parenchymal enhancement on contrast-enhanced spectral
mammography (CESM) represent a new breast cancer risk factor? Correlation with known radiology risk factors. Clin. Radiol. 72,
1085.e1-1085.¢9 (2017).

Bignotti, B. et al. Evaluation of background parenchymal enhancement on breast MRI: a systematic review. Br. J. Radiol. 90,
20160542 (2017).

Losurdo, L. et al. A Gradient-Based Approach for Breast DCE-MRI Analysis. 2018,2018.

Travieso-Aja, M. et al. Factors affecting the precision of lesion sizing with contrast-enhanced spectral mammography. Clin. Radiol.
73,296-303 (2018).

Blum, K. S. et al. Use of contrast-enhanced spectral mammography for intramammary cancer staging: preliminary results. Acad.
Radiol. 21, 1363-1369 (2014).

Miiller-Schimpfle, M., Ohmenhaiiser, K., Stoll, P,, Dietz, K. & Claussen, C. D. Menstrual cycle and age: influence on parenchymal
contrast medium enhancement in MR imaging of the breast. Radiology 203, 145-149 (1997).

Delille, J. P, Slanetz, P. ., Yeh, E. D., Kopans, D. B. & Garrido, L. Physiologic changes in breast magnetic resonance imaging during
the menstrual cycle: perfusion imaging, signal enhancement, and influence of the T1 relaxation time of breast tissue. Breast J. 11,
236-241 (2005).

Kang, S. S. et al. Background parenchymal enhancement on breast MRI: influence of menstrual cycle and breast composition. J.
Magn. Reson. Imaging 39, 526-534 (2014).

King, V. et al. Impact of menopausal status on background parenchymal enhancement and fibroglandular tissue on breast MRI. Eur.
Radiol. 22,2641-2647 (2012).

Hansen, N. L., Kuhl, C. K., Barabasch, A., Strobel, K. & Schrading, S. Does MRI breast “density” (degree of background
enhancement) correlate with mammographic breast density. J. Magn. Reson. Imaging 40, 483-489 (2014).

King, V. et al. Background parenchymal enhancement at breast MR imaging and breast cancer risk. Radiology 260, 50-60 (2011).
Scaranelo, A. M. et al. Pilot study of quantitative analysis of background enhancement on breast MR images: association with
menstrual cycle and mammographic breast density. Radiology 267, 692-700 (2013).

Ellis, R. L. Optimal timing of breast MRI examinations for premenopausal women who do not have a normal menstrual cycle. AJR
Am. ]. Roentgenol. 193, 1738-1740 (2009).

Mann, R. M., Kuhl, C. K., Kinkel, K. & Boetes, C. Breast MRI: guidelines from the European Society of Breast Imaging. Eur. Radiol.
18,1307-1318 (2008).

Amarosa, A. R. et al. Evaluation of the kinetic properties of background parenchymal enhancement throughout the phases of the
menstrual cycle. Radiology 268, 356-365 (2013).

Kajihara, M. et al. Effect of the menstrual cycle on background parenchymal enhancement in breast MR imaging. Magn. Reson. Med.
Sci. 12, 39-45 (2013).

Kuhl, C. K. et al. Healthy premenopausal breast parenchyma in dynamic contrast-enhanced MR imaging of the breast: normal
contrast medium enhancement and cyclical-phase dependency. Radiology 203, 137-144 (1997).

Hambly, N. M., Liberman, L., Dershaw, D. D., Brennan, S. & Morris, E. A. Background parenchymal enhancement on baseline
screening breast MRI: impact on biopsy rate and short-interval follow-up. AJR Am. J. Roentgenol. 196, 218-224 (2011).

Sung, H. et al. Breast cancer risk factors and mammographic density among high-risk women in urban China. NPJ Breast Cancer 4,
3(2018).

Covington, M. . et al. The Future of Contrast-Enhanced Mammography. AJR Am. J. Roentgenol. 210, 292-300 (2018).

(2018).

Author contributions

Z.S., H.J. and ].Q.Y made substantial contributions to the conception or design of the work. Z.S. participated in
its design, data acquisition and analysis, manuscript preparation; X.Q.Z., H.-H.Z. and Y.L. were responsible for
acquisition and/or interpretation of data. Y.Q. and B.S. were responsible for analysis of data. H.J. and J.Q.Y. put

SCIENTIFICREPORTS|  (2020) 10:8608 | https://doi.org/10.1038/s41598-020-65526-8


https://doi.org/10.1038/s41598-020-65526-8

www.nature.com/scientificreports/

forward the concept of the study, designed the study and coordination, reviewed the manuscript. All authors have
read and approved the final version of the manuscript and agree with the order of presentation of the authors.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.H. or J.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020) 10:8608 | https://doi.org/10.1038/s41598-020-65526-8


https://doi.org/10.1038/s41598-020-65526-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Background Parenchymal Enhancement on Contrast-Enhanced Spectral Mammography: Influence of Age, Breast Density, Menstruatio ...
	Materials and methods

	Participants. 
	Imaging technique. 
	Image analysis. 
	Menstruation status. 
	Statistical analysis. 

	Results

	Discussion

	Limitations. 

	Conclusion

	Figure 1 Examples of ROI measurement for each level of BPE: (a) minimal = a, (b) mild = b, (c) moderate = c, and (d) marked = d.
	Figure 2 For BPE level a (a) and b (b), the ROI was placed three times at the most obvious area with BPE for level c (c) and d (d), the ROIs were placed at three different areas with obvious BPE.
	Figure 3 BPE measurement in an ROI placed more than 1 cm from the lesions for subjects with accidental lesions on the last MLO image.
	Figure 4 Flowchart showing the exclusion and inclusion strategy.
	Figure 5 Box diagram displays the minimum pixel value in the ROI at different menstrual time-points (a) pairwise comparison shows that the minimum value at days 8–14 is significantly lower than at days 15–21 (b).
	Figure 6 Box diagram displays the maximum pixel value in the ROI at different menstrual time-points (a) pairwise comparison shows that the maximum value at days 8–14 is significantly lower than at days 15–21 (b).
	Table 1 Univariate Relationship between Clinical Predictors and BPE.




