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Abstract: Background: The aim of this study is to evaluate the correlation between background
parenchymal enhancement (BPE) and various patient-related and technical factors in recombined
contrast-enhanced spectral mammography (CESM) images. Material and Methods: We assessed
CESM images from 62 female patients who underwent CESM between May 2017 and October 2019,
focusing on factors influencing BPE. A total of 235 images, all acquired using the same mammography
machine, were analyzed. A region of interest (ROI) with a standard size of 0.75 to 1 cm? was used to
evaluate the minimal, maximal, and average pixel intensity enhancement. Additionally, the images
were qualitatively assessed on a scale from 1 (minimal BPE) to 4 (marked BPE). We examined correla-
tions with body mass index (BMI), age, hematocrit, hemoglobin levels, cardiovascular conditions, and
the amount of pressure applied during the examination. Results: Our study identified a significant
correlation between the amount of pressure applied during the examination and the BPE (Spearman’s
p = 0.546). Additionally, a significant but weak correlation was observed between BPE and BMI
(Spearman’s p = 0.421). No significant associations were found between BPE and menopausal status,
cardiovascular preconditions, hematocrit, hemoglobin levels, breast density, or age. Conclusions:
Patient-related and procedural factors significantly influence BPE in CESM images. Specifically,
increased applied pressure and BMI are associated with higher BPE.
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1. Background

Contrast-enhanced spectral mammography (CESM) was first introduced in the early
2000s. Therefore, it is a relatively recent advancement in breast imaging. It is an alternative
to breast MRI and is particularly beneficial for patients with dense breast tissue, offering
enhanced sensitivity compared to conventional mammography and ultrasound alone [1,2].
Since its introduction to the market, numerous studies have assessed the diagnostic accuracy
of CESM, demonstrating a high sensitivity of approximately 90% and a commendable
specificity of around 85% [3-5]. Before the examination, an iodine-based contrast agent
is applied intravenously (1.5 mL/kg body weight). With a mammography device, two
images are acquired during one round of compression—one image at a low energy level
(26-33 kVp), and one at a high energy level (44-50 kVp). The low-energy image resembles a
conventional digital mammogram. Using a complex recombination process with weighted
logarithmic subtraction, a recombined image is produced, highlighting areas of increased
contrast uptake. Pathological findings typically exhibit some degree of iodine uptake on
CESM due to their neoangiogenesis [6-8].
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CESM is performed without regard to the menstrual cycle to avoid delaying therapy in
cases of suspicious findings. Consequently, some patients may exhibit benign parenchymal
enhancement [4]. Elevated background parenchymal enhancement (BPE) in CESM images,
like in breast MRI, can reduce the sensitivity of breast cancer detection [9]. Recent studies
have introduced two approaches for analyzing background enhancement: a quantitative
method involving the placement of a region of interest (ROI) in the CESM image to measure
pixel intensity enhancement within a selected section [10,11] and a qualitative method used
in routine clinical practice, where a radiologist evaluates the image on a numerical scale
from 1 (minimal) to 4 (marked background enhancement) [12].

Currently, there are limited studies investigating the potential factors that influence
BPE in CESM images. Similar to findings related to MRI, there are studies indicating that
menstruation cycle timing could influence BPE in CESM images [13]. In addition, recent
findings suggest that premenopausal status, high breast density, and younger age are
associated with higher BPE [12,14]. However, the study situation remains unclear, as other
studies investigating the same question found contradictory results [15].

Furthermore, a higher BPE might be associated with a higher risk of developing breast
cancer, as implied by previous studies [15,16]. Similarly, studies on BPE in MRI found
a higher risk of developing breast cancer in patient with a higher BPE [17,18]. There-
fore, a comprehensive understanding of potential influencing factors and their possible
interactions is essential.

Recent findings have demonstrated that the mammography machine can impact BPE
in CESM images [19]. This suggests that operational and procedural factors during the
mammogram could also affect BPE. However, to our knowledge, thus far no studies have
examined these potential influencing factors.

In CT, MRI, and CESM, body mass index is a known influencing factor of tissue
contrast, such that the volume of the applied contrast agent is adapted to the BMI [20]. In
breast MRI, obesity is known to correlate with a higher BPE [21]. Thus, there might be a
similar influence on BPE in CESM images.

Several potential influencing factors have not been investigated yet. In CT imaging,
it is well known that cardiac preconditions can influence the timing of contrast agent ad-
mission [22]. This suggests that operational and procedural factors during mammography
could also affect BPE. However, to our knowledge, thus far no studies have investigated
these potential influencing factors. The potential effects on background enhancement in
CESM, whose causes remain largely uninvestigated, are still unclear. As seen in abdominal
CT imaging, the appropriate timing of contrast administration is potentially influenced
by cardiac conditions such as a reduced left ventricular ejection fraction which could also
affect soft tissue contrast [23].

Additionally, hematocrit and hemoglobin levels are parameters that are known to affect
measurable blood flow, a relationship that is primarily examined in brain imaging [24,25].
The possible effects of these parameters on CESM images, which must be carefully timed
to achieve optimal image quality, have yet to be determined.

The aim of this study is to evaluate the correlation between BPE and various patient-
related and technical factors on recombined CESM.

2. Material and Methods

This is a retrospective observational study of patients who underwent CESM at a
single center. This study was approved by the ethics committee for medical research of the
University of Tuebingen (No. 159/2020 BO2). This study followed the regulations of the
declaration of Helsinki.

2.1. Inclusion Criteria

From May 2016 to October 2019, a total of nn = 65 patients who underwent clinically
indicated CESM were retrospectively included in our study. No subjects were pregnant or
lactating. Most of the patients (n = 47) underwent CESM because of suspicious findings
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on a mammography, ultrasound, or both (BI-RADS 4 or 5). In n = 15 cases, CESM was
implemented because of an intensified follow-up after breast cancer therapy (n = 12) and
within early detection programs for high-risk patients, who had contraindications for MRI
examination and whose ultrasound findings were equivocal (n = 3). One patient had to be
excluded because of implants, which might have influenced the quantitative results. Two
patients had to be excluded because of missing clinical details. This resulted in a final total
of n = 62 subjects.

2.2. Imaging Technique

All CESM images were acquired using Selenia® Dimensions® (Hologic, Marlborough,
MA, USA) mammography machine. The patients received 1.5 mL/kg iodine-based contrast
agents, injected intravenously with a flow rate of 3 mL per second. n = 43 patients received
iopromid (Ultravist® 300, Bayer, Leverkusen, Germany), while 7 = 19 patients were given
iomerol (Imeron® 350, Bracco, Milano, Italy). The first image was obtained 2 min after the
application of the contrast agents; all images were acquired within less than 5 min. All
examinations were performed by the same radiological technicians.

2.3. Image Analysis

For image evaluation, a dedicated workstation (Centricity RA1000, General Electric,
Boston, MA, USA) was used. Image analysis was performed by setting an oval-shaped ROI
of a size between 0.75 and 1.0 cm? in the image sections with the highest BPE, whereby
pathologic findings and known artifacts were not included. Within the ROI, a dimen-
sionless value was measured and averaged, enabling the quantification of pixel intensity
enhancement [13]. All images, which encompassed the two craniocaudal views as well
as the two mediolateral views, were evaluated separately. Qualitative image analysis
was performed by rating each view on a Likert scale from 1 (minimal BPE) to 4 (marked
BPE) according to the CESM BI-RADS scoring system [26,27]. Quantitative and qualitative
image analysis was performed independently by two radiologists with more than 3 years
of experience in breast imaging after training with a senior radiologist with more than
10 years’ experience in breast imaging. Within the ROI, the maximum, minimum, average
and standard deviation of the pixel intensity enhancement were determined. Breast density
was determined for every patient (Figure 1).

Figure 1. Example of qualitative BPE measurement using an oval-shaped ROI (red circles with
numbering illustrating the number of ROIs within the image) in CESM images of the left breast of
a 75-year-old woman in a mediolateral oblique (A) and craniocaudal projection (B). The contrast
uptake of the histologically confirmed invasive carcinoma (arrows) can hardly be detected due to an
extensive background enhancement.
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2.4. Data Acquisition

All data were obtained from existing medical records. Patients with incomplete
medical records were excluded from the final analysis, as stated above. The laboratory
parameters were used only if the interval between the examination and the laboratory was
no longer than 3 months. No postoperative laboratory parameters were used. Medical
history data were used to identify cardiovascular preconditions that might lead to a higher
BPE; hypertension, present coronary disease, heart insufficiency, cardiomyopathy, and
ischemic heart disease were determined as cardiovascular preconditions. Menopausal
status was divided into premenopausal and postmenopausal, whereas patients who were
partaking in ongoing antihormonal therapy were categorized as postmenopausal.

2.5. Statistical Analysis

Statistical analysis was performed using MedCalc Statistical Software version 18.10
(MedCalc Software bvba, Ostend, Belgium; http:/ /www.medcalc.org; 2018, accessed on
2 June 2022) and jmp (MP®, Version 15 SAS Institute Inc., Cary, NC, USA, 1989-2019). Data
were tested for normal distribution using the Kolmogorov—Smirnov test.

In order to test the correlation between the first and the second reader, we used
Spearman’s rank correlation test to determine the correlation of the quantitative data of
both readers. The inter-reader correlation was then used to test for the correlation of the
qualitative analysis. The strength of association was scaled with values < 0 indicating no
agreement, 0.01-0.30 indicating negligible agreement, 0.21-0.50 indicating weak agreement,
0.51-0.70 indicating moderate agreement, 0.71-0.90 indicating strong agreement, and
0.91-1.00 indicating perfect agreement [28].

First, we tested for correlation between our qualitative and quantitative results using
Kendall’s t. The strength of association was scaled as described above. For the correlation
of the patient-dependent parameters, we averaged the pixel intensity enhancement of
all images of one patient. Then, all numeric variables, including the applied pressure
in Newtons, the hemoglobin (g/dL), hematocrit (%), and BMI (kg/m?), were tested for
correlation with the qualitative and the quantitative BPE using Spearman’s rank correla-
tion coefficient. The strength of association was scaled as described previously. For the
correlation of the quantitative background enhancement and the categorical values (cardiac
preconditions and menopausal status), a point biserial correlation was used. Ordinal data
(breast density) and qualitative BPE were correlated using a Chi square test. To determine
the strength of correlation, Spearman’s rank correlation test was used. For the comparison
of the qualitative BPE, each image was correlated separately; Spearman ‘s correlation was
used to determine the strength of the correlation. Ordinal parameters and the qualitative
BPE were tested for correlation using Spearman ‘s rank correlation test.

3. Results
3.1. Image Analysis

We examined CESM images from a cohort of 62 patients with a median age of 61.29
(£13.81 years). Among these, five patients had only one breast examined, resulting in a
total of two images per patient. In one instance, only two MLO (mediolateral oblique)
images were obtained to minimize radiation exposure. Additionally, in one patient, two
images were taken of one breast with a suspicious finding, while only one MLO view
was acquired for the other breast, which was for radiation protection purposes. For the
remaining 55 patients, 4 images per patient were obtained, leading to an overall analysis of
235 images.

3.2. Background Parenchymal Enhancement (BPE)

The inter-reader reliability for the quantitative assessment of BPE demonstrated a
strong correlation, with a Spearman’s correlation coefficient (p) of 0.804, as depicted in
Figure 2. Similarly, the qualitative assessment showed a high intraclass correlation (p = 0.766).
The first reader’s results are illustrated in Figure 3.
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Figure 2. Comparison of the quantitative BPE of both readers.
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Figure 3. Scatter plot of the comparison of qualitative and quantitative BPE analysis.

3.3. Quantitative BPE

We quantitatively analyzed 235 images, observing pixel intensity enhancements rang-
ing from 1999.7 to 2114.3. The median quantitative BPE was revealed to be 2092, with an
average of 2089. Detailed results are presented in Table 1.
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Table 1. Quartiles and distribution of the quantitative BPE.

100.0% Maximum 2114.3
99.5% 2113.076
97.5% 2102.73
90.0% 2098.48
75.0% Quartile 2094.8
50.0% Median 2092
25.0% Quartile 2086.6
10.0% 2081.36

2.5% 2069.59
0.5% 2004.632
0.0% Minimum 1999.7

3.4. Qualitative BPE

The median qualitative BPE was 2, with an interquartile range (IQR) of 1-3, and
the mean qualitative BPE was 2.299. As shown in Table 2, over 60% of the images were
categorized as having mild or moderate BPE. A moderate and statistically significant
correlation (T =0.529, p <0.001) was observed between qualitative and quantitative analyses,
as measured by Kendall’s T. An example of the qualitative assessment of BPE is illustrated
in Figure 4.

Table 2. Distribution of qualitative background enhancement.

BPE n %
1 46 19.83
2 105 44.30
3 52 21.94
4 32 13.92
All 235

Figure 4. Comparison of the MLO projections of a 46-year-old premenopausal woman (A,B) and a
45-year-old premenopausal woman (C,D). While images (A,B) were acquired with a compression of
194 and 203 Newtons, a compression of 110 and 76 Newtons was used for the acquisition of images
(C,D). BPE was rated qualitatively as 4 (marked) for image (A,B) and as 1 (minimal) for image (C,D).

3.5. Hematologic Parameters

No statistically significant correlation was found between hematocrit and hemoglobin
levels and quantitative BPE (p = 0.8213 and p = 0.456, respectively). Similarly, no significant
association was observed between qualitative BPE and hematocrit (p = 0.328, Spearman’s
p = 0.072) or hemoglobin (Spearman’s p = 0.199).
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3.6. Cardiovascular Conditions

Of the 62 patients, 36 (60.57%) had pre-existing cardiovascular conditions, with data
unavailable for 1 patient. No significant correlation between qualitative BPE and cardio-
vascular conditions was found (p = 0.282; r = 0.072). In addition, there was no significant
correlation for the qualitative BPE (p = 0.530; Spearman’s T = 0.042).

3.7. Breast Density

As illustrated in Table 3, most patients exhibited scattered (48.39%) or heterogeneously
dense (38.71%) breast tissue. No statistically significant differences were found between
groups with varying breast densities (x*= 0.843). However, a statistically significant but
negligible relationship was identified between breast density and qualitative BPE (p = 0.001,
Spearman’s p = 0.214).

Table 3. Patient characteristics.

Age n Y% ACR n %
20-30 0 0 A 2 3.23
3040 4 6.45 B 30 48.39
40-50 9 14.52 C 24 38.71
50-60 17 27.42 D 6 9.68
60-70 11 17.74
70-80 17 27.42
8090 4 6.45

All 62

Breast density according to classification of the American College of Radiology (ACR): A = almost entirely fatty
tissue, B = Scattered areas of fibroglandular denisty, C = Heterogenously dense tissue, D = Extremely dense tissue.

3.8. Body Mass Index (BMI) and Age

A statistically significant correlation (p = 0.004, Spearman’s p = 0.421) was observed
between BMI and quantitative BPE. No correlation was found between BMI and qualita-
tive BPE.

3.9. Age

Age showed no significant correlation with quantitative BPE (p = 0.566, Spearman’s
p = —0.037) but a negligible negative correlation with qualitative BPE. Patient characteristics
are illustrated in Table 3.

3.10. Applied Pressure

The analysis revealed a significant (p < 0.001) and moderate (Spearman’s p = 0.546) cor-
relation between applied pressure during CESM imaging and quantitative BPE, suggesting
an approximately linear relationship (Figure 5). The correlation between applied pressure
and qualitative BPE was also statistically significant (p < 0.001) but weaker (Pearson’s
p=0.273).

3.11. Menopausal Status

In our patient cohort, 42 patients were postmenopausal, 2 were undergoing anti-
hormonal therapy and 18 were premenopausal. There was no statistically significant
correlation between menopausal status and quantitative BPE (p = 0.562; r = 0.039). Accord-
ingly, no significant correlation between qualitative BPE and menopausal status could be
found (p = 0.490, Spearman’s T = 0.0458).
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Figure 5. Correlation between applied pressure and quantitative BPE in CESM images.

4. Discussion

In this study, we analyzed the impact of procedural and patient-dependent factors on
background parenchymal enhancement (BPE) in contrast-enhanced spectral mammogra-
phy (CESM) images. Contrary to previous studies, our analysis did not show a statistically
significant correlation between age or menopausal status and BPE within our study popu-
lation. However, we identified a statistically significant correlation between the applied
pressure during CESM imaging and BPE. This finding indicates that operating factors can
influence BPE. To the best of our knowledge, this is the first study to investigate the impact
of applied pressure on BPE. This novel insight accentuates the importance of considering
procedural factors, such as the amount of pressure applied during imaging, as they can sig-
nificantly affect the imaging outcomes. Further research is needed to verify these findings
and investigate the underlying reasons through which applied pressure influences BPE.

In breast MRI, a higher amount of compression can impede the contrast uptake due
to increased resistance within the intramammary blood vessels. Our study found that
applying higher pressure during CESM leads to a higher amount of BPE. In CESM, the
contrast agent is applied prior to clamping the breast in a mammography machine [3,29].
Therefore, there is enough time for the contrast agent to reach the intramammary blood
vessels and the soft tissue. Due to the higher pressure, the tissue is compressed to a
smaller volume, which may lead to overlays of the contrasted tissue that might lead to the
impression of increased BPE. Furthermore, the pressure might cause extravasation of the
contrast agent from the small venules to the soft tissue.

The significant impact of BMI on BPE could be explained by the correlation between
the amount of pressure needed and the patient’s body mass index. Obese women, who tend
to have larger breasts, often require higher pressure during imaging to obtain artifact-free
images. Additionally, as obesity is a known precondition for cardiovascular diseases, this
could further influence BPE. Therefore, it is reasonable to assume that multiple factors have
an influence on background enhancement.

In accordance with previously published studies in MRI research, which demonstrated
the influence of hematocrit on contrast dynamics, we investigated the influence of hemat-
ocrit and hemoglobin levels on BPE in CESM images [30]. Our analysis did not reveal any
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significant correlation. The contrast agent dosage in CESM imaging is adjusted according
to the patient’s body weight, which may contribute to the lack of association.

Yu et al. found that a high measurable pixel intensity enhancement within a lesion could
be essential in decision-making regarding the necessity of a biopsy. This suggests that while
BPE itself may not be a risk factor, a notably higher pixel intensity enhancement within lesions
provides valuable diagnostic information that could guide clinical interventions [11,31]. As
only a few studies have investigated the factors influencing BPE, our findings emphasize
the need for further verification of previously published findings. Some studies indicated a
significant impact of age and breast density on BPE. However, our study did not find such
correlations, suggesting that a larger cohort might be necessary to definitively determine the
relationships between these factors and BPE. This highlights the importance of expanding
research in this area to better understand the determinants of BPE and improve CESM
imaging protocols.

Similar to findings related to MRI of the breast, a high BPE in CESM images can mask
benign and malignant findings [9,32,33] and therefore reduce the sensitivity of the imaging
process. Thus, it is essential to reduce BPE to a minimum. Studies have shown the potential
influence of the menstrual cycle on BPE [13]. This would necessitate precise timing of
the examination to minimize BPE. Consistent with other studies examining the impact
of the menstrual cycle on BPE in MRI, our study found no significant correlation [34].
This suggests that larger cohort studies are required to validate the findings. Should
the menstrual cycle have a lesser impact on BPE than anticipated, it would simplify the
scheduling of examinations.

A synopsis of our evaluation with current studies suggests the influence of various
factors on the background enhancement in CESM images, some of which are mutually
dependent. With the pressure applied during mammography, we were able to identify a
patient-independent influence factor. The results indicate that the performing mammogra-
pher, mostly a specially trained radiology technician, could directly influence the amount
of BPE in the CESM images. In patients with otherwise high BPE due to other influencing
factors, this would allow the mammographer to manually reduce the BPE and thereby
improve the sensitivity. Furthermore, this could call other assumptions into question; for
example, the assumption that BPE could be a potential risk factor for developing breast
cancer [16].

Our study has some limitations. First of all, the study cohort was quite small; this
limited the predictive power of the correlation between BPE and the patient-dependent
factors, which should be tested in a more sophisticated study with a larger number of
patients. Some of our patients had breast cancer therapy before the examination, which
could impede the results. Regarding the cardiovascular preconditions, the pathophysiology
of the included pathologies is known to be different. Thus, it would be necessary to
distinguish these factors in a larger cohort to see whether there are differences between the
different underlying diseases.

5. Conclusions

Higher pressure during contrast-enhanced mammography and a higher BMI corre-
late with a higher amount of background parenchymal enhancement in CESM images.
Therefore, patient-related and operating factors influence the amount of BPE in CESM im-
ages. Age, menopausal status, breast density, hematologic parameters, and cardiovascular
conditions did not correlate with BPE in CESM images.
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