
Abstract. Background/Aim: Despite the popularity of
contrast enhanced spectral mammography (CESM), univocal
classification of the background parenchymal enhancement
(BPE), a bilateral enhancement of the normal breast
parenchyma after contrast administration, is lacking. The
present study aimed to evaluate the application of BPE
Breast Imaging Reporting and Data System Magnetic
Resonance (BI-RADS-MR) score for the CESM BPE.
Moreover, a pictorial review of four different cases with
CESM is provided. Patients and Methods: A single-center,
retrospective study from a prospectively maintained database
of all women undergoing digital mammography (DM) and
CESM in our institution between 2016 and 2019. DM and
CESM were classified by two experienced radiologists.
Results: No statistically significant difference between DM
breast density and BPE CESM classification was found.
Agreement between readers ranged from substantial to
almost perfect. Conclusion: BIRADS-RM score for the CESM
BPE represents a handy option for radiologists with high
inter-reader and DM agreement.

Breast cancer (BC) is the leading cause of neoplasm
affecting 2.1 million women per year worldwide (1). Despite
the epidemiologic burden, deep knowledge of cancer

biology, early detection and reduction of surgical impact
have provided steady improvement in long term outcomes in
the recent years (2-4). 

In Europe, early detection has been provided through
mammographic screening programs, which alone provided
reduction in morbidity related with locally advanced breast
cancer (LABC) diagnosis, and cancer-specific mortality
between 12% and 58% (5, 6), with reduction of locoregional
lymph nodes involved (7, 8) and distant metastasis (9, 10).

However, during screening when mammography is not
sufficient, additional second level imaging such as digital
breast tomosynthesis, ultrasound, magnetic resonance (MR)
and/or contrast enhanced spectral mammography (CESM)
are required (11).

Within the last few years, CESM gained popularity as a
diagnostic technique for BC detection. When compared with
breast MR, CESM is a faster and cheaper technique, which
is characterized by greater patients’ comfort (12).
Additionally, it has also been proven that CESM has a very
low learning curve for imaging specialists (13). 

Thanks to these advantage, current CESM indication
shifted from second level imaging alternative to MR in case
of contraindication (e.g., patients with metallic prosthesis or
claustrophobic) to evaluate inconclusive findings on
mammography, and assess breast symptoms, cancer staging,
and the response to neoadjuvant chemotherapy (12, 14).
Moreover, a recent use as an alternative examination to MR
for high-risk screening has also been reported (13-15).

Regarding the method, CESM can be performed using two
different techniques, temporal subtraction (between pre- and
post-contrast acquisition) and dual-energy subtraction. The
latter one combines an iodinated contrast agent with dual-
energy subtraction technique, consisting of a pair of low-
energy and high-energy images acquired after contrast
administration and used to construct the final combined
image (16). 
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Contrast agent administration, which is selectively
concentrated in the tumor bed due to tumor tissue neo-
angiogenesis, provides better neoplasm visualization
compared to the traditional mammography (12). 

However, CESM limitations consist of artefacts in patients
with breast implants (17, 18), the radiation dose associated
with CESM, and the background parenchymal enhancement
(BPE) phenomenon. BPE, previously described in RM, is a
bilateral enhancement of the normal breast parenchyma after
contrast administration, depending on tissue venous blood
pool and its permeability to the contrast agent.

Despite the fact that the BPE phenomenon has already
been studied and higher grade BPE has been associated with
higher risk of BC (16),  univocal BPE in CESM classification
is lacking. Therefore, the aim of the present study was to
assess a proposal of classification of BPE in CESM and a
pictorial review of our case series. 

Patients and Methods

Study design and patient selection.A single-center, retrospective study
from a prospectively maintained database was designed. The local
Institutional Review Board waived the need of a formal approval due
to the retrospective design. Patients with higher risk of BC development
according to the Gail Score (>15% lifetime risk) (19) were enrolled in
our high risk screening program with mammography and CESM
between 2016 and 2019. Before admission in the high-risk screening
program, our patients routinely sign written informed consent for
retrospective study. If digital mammography (DM) or CESM was not
performed in our facility, patients were excluded from the analysis. 

All exams were blindly evaluated by two experienced radiologists
with 15 years of interpretation experience in mammography and five
years in CESM, who are not routinely involved in our high-risk
screening program.

DM was graded separately according to the breast imaging reporting
and data system (BI-RADS) density classification as predominantly fatty
(BIRADS 1), scattered fibroglandular (BIRADS 2), heterogeneously
dense (BIRADS 3), or extremely dense (BIRADS 4) (20).

After evaluation of DM, blind evaluation of CESM was
performed. BPE in CESM was firstly defined as absent or present.
When BPE CESM was detected, BPE was classified as  BI-RADS-
RM score according to localization (symmetric or asymmetric) and
amount [absent, grade 1 (minimal), grade 2 (mild), grade 3
(moderate) or grade 4 (marked)] (21). 

When radiologists assigned different scores in DM evaluation,
collegial discussions were performed in order to obtain unique
CESM BPE classification and unique BPE CESM evaluation. 

CESM protocol. In our clinical practice, DM is routinely performed
with GE Healthcare Dual Energy Mammography System (Milan,
Italy). Moreover, our high-risk screening protocol of CESM was
performed with GE Healthcare Dual Energy Mammography System
after intravenous administration of 1.5 ml of iohexol Omnipaque
350 (GE, Shanghai, PR China) per kilogram of body weight at an
injection rate of 3 ml/s. Once the injection was completed, the
patient was positioned to acquire the first mammographic image,
which was obtained approximately 2.5 minutes after injection. All

four images (craniocaudal and mediolateral oblique images of each
breast) were obtained within 5 minutes. For each view, a low-energy
exposure (26-30 kVp) and a high-energy exposure (45-49 kVp)
were acquired. A recombination algorithm was used to subtract the
unenhanced breast tissue and provided a subtracted image on which
areas of contrast enhancement were highlighted. The low-energy
exposure images were used to determine breast density. All four
views were used for BPE evaluation.

Statistical analysis. All data were recorded onto an EXCEL database
(Microsoft, Redmond, WA, USA). Dummy variables reported as
numbers and percentages: Chi-squared and Fisher’s exact tests for
statistical significance were performed. Variables with a p-value
<0.05 were considered statistically significant. 

A ĸ coefficient was calculated to assess pairwise agreement
between each pairing of the two readers for categorization of BPE
and assessment of overall agreement; the mean ĸ value was
calculated from these pairs. Strength of ĸ agreement was defined as
less than 0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60,
moderate; 0.61-0.80, substantial; and 0.81-1.00, almost perfect.

Results

Among 170 patients, who performed CESM in the study
period, 15 were excluded: five patients performed CESM as
assessment of neoadjuvant chemotherapy response and 10
patients performed DM and CESM as postoperative follow-
up. Consequently, the final cohort consisted of 155 patients. 

Regarding the DM pattern, 65/155 (42%) were classified
in BIRADS 1, 28/155 (18%) in BIRADS 2, 51/155 (33%) in
BIRADS 3, and 11/155 (7%) in BIRADS 4. CESM BPE
showed that 38/155 (25%) were BPE absent, 55/155 (35%)
BPE grade 1, 30/155 (20%) BPE grade 2, 22/155 (14%) BPE
grade 3, and 10/155 (6%) BPE grade 4. No statistically
significant difference between DM breast density and CESM
BPE was found (p>0.05). 

Overall agreement for categorization of BPE among the
readers ranged from substantial to almost perfect (ĸ=0.60-
0.96) with a mean ĸ value of 0.743. As pictorial review, we
present 4 examples of different BPE. 

Clinical cases.
Case No 1: Contrast-enhanced spectral mammography
characterized by minimal BPE. A 59-year-old woman was
called back to our institute to perform CESM in order to
investigate a palpable lump, located at the upper outer
quadrant of the left breast, neither identified by DM nor by
ultrasound examination (US). Breast composition, defined by
the visually estimated content of fibro-glandular dense tissue
was classified as BI-RADS C.

Mammography (MG) showed a micronodular glandular
pattern, spread bilaterally. Cranio-caudal (CC) and medio-
lateral oblique (MLO) CESM projections didn’t show focal
contrast enhancement bilaterally and documented a minimal
BPE (Figure 1).
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Case No 2: Contrast-enhanced spectral mammography
characterized by mild BPE. A 62-year-old woman performed
a CESM because of high familiarity risk. She was
claustrophobic so she refused MR. Past medical history
reported transthoracic repair of Morgagni’s hernia (22). DM
breast density was graded as high BI-RADS C. CESM didn’t
show any pathologic findings; small scattered areas of
enhancement attributed to a mild CESM BPE were identified
(Figure 2).

Case No 3: Contrast-enhanced spectral mammography
characterized by moderate BPE. A 54-year-old woman
performed a CESM as a diagnostic integration DM and US.
Past medical history included kidney transplant in 2015, one
abortion (23), and percutaneous coronary intervention
(PTCA) after non-ST elevation myocardial infarction
(NSTEMI) (24). Moreover, the patient reported irregular
menstrual cycles and secretions from the left nipple. The
patient’s breast density DM was defined as high (BI-RADS
C/D). CESM showed a widespread progressive and
persistent enhancement in absence of focal pathological
enhancement. These imaging features were compatible with
moderate CESM BPE (Figure 3).

Case No 4: Contrast-enhanced spectral mammography
characterized by marked BPE. A 48-year-old woman
performed a CESM as a diagnostic integration DM and US.
Patient’s past medical history included Hepatitis C treated
using a direct-acting antiviral (DAA) drug (25). The patient’s

breast density was high BI-RADS D. Because to the familiar
risk, the patient was enrolled in our BC screening program
with CESM.
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Figure 1. Case 1: 59-year-old woman DM and CESM with palpable
lump in the upper outer quadrant of the left breast; DM and CESM. A,
C: CC and MLO DM of fibro-glandular density tissue (BI-RADS C) B,
D: CC and MLO CESM projections with minimal BPE (grade 1). DM:
Digital mammography; BI-RADS: breast imaging-reporting and data
system; BPE: background parenchymal enhancement; CC:
craniocaudal projection; MLO: mediolateral oblique projection; CESM:
contrast enhanced spectral mammography.

Figure 2. Case 2: 62-year-old woman high risk screening for BC; DM
and CESM. A, C: CC and MLO digital mammography of fibro-
glandular density tissue (BI-RADS C) B, D: CC and MLO CESM
projections with mild BPE (grade 2). BC: Breast cancer; BI-RADS:
breast imaging-reporting and data system; BPE: background
parenchymal enhancement; CC: craniocaudal projection; DM: digital
mammography; MLO: mediolateral oblique projection; CESM: contrast
enhanced spectral mammography. 

Figure 3. Case 3: 54-year-old II level CESM as II level imaging after
DM and US; DM and CESM. A, C: CC and MLO digital mammography
of high-density tissue (BI-RADS C-D). B, D: CC and MLO CESM
projections with moderate BPE (grade 3). BI-RADS: Breast imaging-
reporting and data system; BPE: background parenchymal enhancement;
CC: craniocaudal projection; DM: digital mammography; MLO:
mediolateral oblique projection; MLO: mediolateral oblique projection;
US: ultrasound; CESM: contrast enhanced spectral mammography.



CESM showed multiple focal areas of early and persistent
enhancement, with micro and macronodular patterns, spread
bilaterally across all quadrants. These imaging features were
compatible with marked CESM BPE (Figure 4).

Discussion

CESM, firstly introduced in 2003 as alternative techniques
to MR, is currently gaining popularity thanks to its
feasibility, compliance of patients, and shorter procedural
time (12). When compared with breast MR, CESM has
higher specificity and negative predictive value (NPV)
(100%), but a lower sensitivity (88%) and a positive
predictive value (PPV) of 76% (16).

Because to the shorter learning curve (13), many authors
have proposed this imaging method as a solving tool for
inconclusive findings on screening mammography, which is
limited by the glandular density. Moreover, concerning
cancer staging, CESM has repeatedly shown a comparable
sensitivity value but a higher specificity compared to MR,
which nowadays represents the gold standard (13, 16, 26).
Despite this popularity, due to the novelty of the procedure,
standardized lexicon, recommendations, and classification
are missing in CESM, as for CESM BPE. Moreover, after
the first wave of COVID-19 pandemic (27, 28), unification
of the classifications of the CESM technique is even more
urgent to provide a faster approach, with a potential

reduction in the time spent in hospitals by patients and an
access of a greater number of patients to diagnostic
procedures (29, 30). 

BPE, the bilateral enhancement of the normal breast
parenchyma after contrast administration, was firstly
described in MR. Higher grade of BPE has been related to
many factors such as radiotherapy and breast density, and
hormone levels (26). Other factors linked to higher grade of
BPE are the phase of menstrual cycle for women in the
reproductive age, premenopausal status, and hormonal
therapy (31). For this reason, some authors recommend
performing MR between days 7-14 to minimize the masking
effect in cancer detection (32). 

Recently Sogani et al. showed that CESM BPE is
comparable to MR BPE and is influenced in the same way
by different and already known factors; moreover they
reported a moderate intra-reader and inter-reader agreement
(31). Furthermore, BPE is an important imaging aspect to
evaluate, considering that it has been demonstrated to be an
independent predictor of breast cancer risk, proportional to
its grading. CESM BPE could be useful as an additional risk
factor to detect women who need close surveillance. In a
recent analysis, CESM BPE was more strongly correlated to
cancer risk than other known risk factors, such as
mammographic breast density, MR BPE, and fibroglandular
volume (32).

As mentioned before, a common CESM BPE lexicon is
still lacking and some authors suggested to use BIRADS-RM
score for the MR BPE, with a visual score of the
enhancement volume (minimal, mild, moderate, marked) and
of its symmetric or asymmetric localization (21). In the
present study, BIRADS-RM score for the CESM BPE
represented a handy option for radiologists with high intra-
and inter-reader agreement and early experience in CESM.

We are aware that our research has some limitations. First,
the retrospective and monocentric design may have influenced
our results and no recommendations in clinical practice may
rise from this analysis. However, the prospectively maintained
database and the blind revision may have led to a reduction in
this bias. In our pictorial essay, through a review of our
clinical cases and a retrospective analysis, we proposed four
different stages of CESM BPE from minimal to marked, using
the dual-energy subtraction technique. Larger prospective
trials may provide useful information on the role of BPE in
CESM in terms of clinical outcome. 

The state of art is unavoidable considering the emerging
importance of this technique in breast cancer diagnosis and
follow-up, based on the recent proof that CESM has similar
sensitivity to RM and the higher specificity (16). 

We consider it worthwhile that future radiologists get
increasingly involved with CESM and its correlate imaging
tools, as the BPE. This represents one of the most interesting
and emerging approaches to evaluate in CESM exams. 
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Figure 4. 48-year-old II level CESM as II level imaging after DM and
US; DM and CESM. A, C: CC and MLO digital mammography of high
breast density tissue (BI-RADS D). B, D: CC and MLO CESM projections
with marked BPE (grade 4). BI-RADS: Breast imaging-reporting and
data system; BPE: background parenchymal enhancement; CC:
craniocaudal projection; DM: digital mammography; MLO: mediolateral
oblique projection; US: ultrasound contrast; CESM: contrast enhanced
spectral mammography.
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