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Objective: To evaluate quantitative measurements of

background parenchymal enhancement (BPE) on breast

MRI and compare them with observer-based scores.

Methods: BPE of 48 patients (mean age: 48 years; age

range: 36–66 years) referred to 3.0-T breast MRI between

2012 and 2014 was evaluated independently and blindly

to each other by two radiologists. BPE was estimated

qualitatively with the standard Breast Imaging Reporting

and Data System (BI-RADS) scale and quantitatively with

a semi-automatic and an automatic software interface. To

assess intrareader agreement, MRIs were re-read after

a 4-month interval by the same two readers. The Pearson

correlation coefficient (r) and the Bland–Altman method

were used to compare the methods used to estimate

BPE. p-value ,0.05 was considered significant.

Results: The mean value of BPE with the semi-automatic

software evaluated by each reader was 14% (range: 2–79%)

for Reader 1 and 16% (range: 1–61%) for Reader 2 (p.0.05).

Mean values of BPE percentages for the automatic

software were 17.56 13.1 (p.0.05 vs semi-automatic).

The automatic software was unable to produce BPE

values for 2 of 48 (4%) patients. With BI-RADS, inter-

reader and intrareader values were k50.70 [95% confi-

dence interval (CI) 0.49–0.91] and k50.69 (95% CI

0.46–0.93), respectively. With semi-automated software,

interreader and intrareader values were k50.81 (95% CI

0.59–0.99) and k50.85 (95% CI 0.43–0.99), respec-

tively. BI-RADS scores correlated with the automatic

(r50.55, p,0.001) and semi-automatic scores (r50.60,

p,0.001). Automatic scores correlated with the semi-

automatic scores (r50.77, p,0.001). The mean percent-

age difference between automatic and semi-automatic

scores was 3.5% (95% CI 1.5–5.2).

Conclusion: BPE quantitative evaluation is feasible with

both semi-automatic and automatic software and corre-

lates with radiologists’ estimation.

Advances in knowledge: Computerized BPE quantitative

evaluation is feasible with both semi-automatic and auto-

matic software. Computerized BPE quantitative scores

correlate with radiologists’ estimation.

INTRODUCTION
Background parenchymal enhancement (BPE) is the term
used to describe the enhancement of the normal breast
tissue. BPE is related to the volume and intensity of en-
hancement after intravenous contrast agent administration
of the normal fibroglandular tissue.1,2 The normal BPE of
breast tissue is categorized in the Breast Imaging Reporting
and Data System (BI-RADS) system as minimal, mild,
moderate or marked.1,2 BPE is thought to represent blood
flow in the breast tissue and may represent breast activity.1,3

As for mammographic breast density, the “extent” of BPE
varies among different females, and it is linked to the risk of
developing breast cancer.3–5 It has been suggested that the
risk of cancer increases steadily with increasing BPE.3–5

Recent studies suggest that increased BPE may also affect
both reading breast MRI and risk of cancer.4,5 Recently, it
was found that greater BPE was associated with a higher
probability of developing breast cancer in females at high
risk for cancer.5 Positive correlations between follow-up recom-
mendations and BPE and between biopsy rates and BPE
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have been shown.6,7 Also, the degree of BPE affected the detection
and staging of breast cancer using MRI.8 A recent retrospective
study9 stated that parenchymal enhancement in the contralateral
breast of patients with invasive unilateral breast cancer is signifi-
cantly associated with long-term outcome, particularly in patients
with certain subtypes at immunohistochemistry. Normally, BPE
can be classified visually on the basis of the percentage of glan-
dular tissue demonstrating enhancement on fat-suppressed or
subtracted breast MRI. According to literature and the need for
a more personalized approach to medicine, a more strict quan-
titative assessment, even with a threshold for defining the level of
signal increase for BPE, is needed.10,11 Indeed, radiologists’
agreement for BPE qualitative evaluation is fair, and it may re-
quire training. Radiologists’ assessment of BPE requires better
standardization and reproducibility.12 Therefore, the purpose of
our study was to evaluate quantitative measurements of BPE on
breast MRI using a semi-automatic and an automatic software
and compare them with standard BI-RADS scores.

METHODS AND MATERIALS
Partial support for this study was given by one company—
Hologic (Bedford, MA) and by the University of Genova. The
company provided two dedicated 5-megapixels workstations for
data analysis and image evaluation. The University of Genova
provided financial and technical support for the purpose of the
study. The authors had full access to all data in the study and the
information submitted for publication.

Study population
Consecutive patients referred to breast MRI between December
2012 and December 2014 following EUSOMA (European Soci-
ety of Breast Cancer Specialists) guidelines and enrolled in
prospective ethically approved trials were included in this
study.13 All patients provided written informed consent for re-
view of their medical records and diagnostic images. All patients
were examined in the same period of the menstrual cycle.

Inclusion criteria were:
–Negative results after MRI because the presence of breast
malignancy on the MR images could have artificially increased
BPE assessments.

–Written informed consent for review of their medical records
and diagnostic images.

Exclusion criteria were:
–Breast implants or prostheses were excluded because the
automatic software was not able to assess BPE in these cases.

–Failure to obtain written informed consent.

MRI PROTOCOL
MRI examinations were performed on a General Electric Signa
HDx 3.0-T scanner (General Electric Medical Systems, Milwau-
kee, WI) with a dedicated eight-channel bilateral breast coil. The
patient was placed in a prone position, without any compression
of the breasts. MRI scan protocol included the following standard
sequences: T1 turbo spin echo, T2 turbo spin echo, pre- and post-
contrast agent (gadobenate dimeglumine, MultiHance® 0.5M;
Bracco Imaging, Milan, Italy) VIBRANT (Volume Imaging for
Breast Assessment) as previously performed on a 3.0-T
system.14,15 Contrast material was power injected (0.1mmol kg21

of body weight at a rate of 2ml s21) and followed by a 20-ml
saline flush. All breast MRI findings were reported according to
the level of suspicion of malignancy by using the American
College of Radiology BI-RADS lexicon.16 If MRI found a patient
with MRI findings classified as BI-RADS 3, 4 or 5, lesion biopsy
and subsequent treatment in case of confirmed breast cancer were
possible. The complete MRI acquisition parameters are reported
in Table 1. After the MRI examination, the non-enhanced images
were subtracted from the first-acquired contrast material-
enhanced images on a pixel-by-pixel basis using the commercially
available software installed on the MRI scanner.

Time–intensity curves were created after contrast media in-
jection, and then, after confirmation that the enhancement was
higher in the early post-contrast fat-suppressed T1 weighted
phase, the subtracted images obtained from the pre-contrast and
from the early post-contrast fat-suppressed T1 weighted phases
were used to estimate BPE. All images of the early post-contrast
sequences were reviewed by two radiologists with 3 and 8 years’
experience in breast MRI to assess the BPE independently and
blindly to each other. The two radiologists (BB and AT) evalu-
ated the BPE using the standard BI-RADS qualitative scale and
a semi-automated software.1 Then, on the same images, BPE was
evaluated using an automated software. The volume and in-
tensity of enhancement were considered in the global assessment
of BPE and categorized, on the basis of proposed BI-RADS
criteria, as minimal, mild, moderate or marked.1,4 If the patient
had a history of mastectomy, the remaining breast was used for
assessment. In females who had both breasts, the level of MRI
BPE was recorded for each breast. All breast MR images were re-
read after a 4-month interval by the same two readers blindly
and independently to the data collected previously to assess
intrareader agreement. Images were randomly ordered to the
readers to reduce biases.

The mean values of BPE obtained by the qualitative assessment
were used to set the automatic version of the software as

Table 1. Sequence parameter settings for axial acquisitions

Sequence TR (ms) TE (ms)
Flip

angle (°)
Matrix
(mm)

Slice
thickness (mm)

Spacing
(mm)

Approximate
scan time (s)

T2 5200 103 90 3503 350 4.0 3.0 200

T1 600 9 90 3503 350 4.0 3.0 300

VIBRANT 6.2 3 10 3503 350 1.2 1.2 90

TE, echo time; TR, repetition time; VIBRANT, volume imaging for breast assessment.
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suggested in the literature for breast density evaluation.17 To
avoid the bias of evaluating BPE with the semi-automated
software immediately after the qualitative BI-RADS evaluation,
images were randomized to reading.

Background parenchymal enhancement analysis
with semi-automated software
BPE was assessed using a semi-automated software (MedDensity©,
developed by Giulio Tagliafico), which is a home-grown software
previously validated for mammography, tomosynthesis and
MRI.14,17–20 For the purpose of the present study, the software
interface was slightly adapted to assess BPE on MRI. The semi-
automated version of the software tool (Figure 1) permits to
adjust the image by manual threshold adjusting after breast
border identifications. The software recognizes the breast
boundaries on MRI images automatically by using an edge-
tracking algorithm. All slices of both breasts of the early post-
contrast sequences were evaluated. After the manual creation of
a threshold value to separate enhancing from non-enhancing
breast parenchyma, voxels were separated in two classes: voxel
values above the threshold correspond to enhancing paren-
chyma and the voxel values below the threshold correspond to
non-enhancing parenchyma. BPE was then calculated dividing
the number of voxels in the enhancing parenchyma by the total
number of voxels in the entire breast. A minimum training with
100 images was performed and considered sufficient.

Background parenchymal enhancement analysis
with automated software
To assess BPE with a fully automated software, we defined in-
dices that can be related to the reference of BPE evaluation
performed by the radiologists. To set the BPE threshold of the
automated software, we used the same cases included in the
study using both breasts. The software works on a voxel-by-voxel
analysis. The fully automated voxel-by-voxel analysis is objective
and fully reproducible, but no correction from the user is pos-
sible after starting the calculation. The software is MRI manu-
facture independent. The region of interest of the breast is
divided from the background using the edge-detecting algorithm
to exclude the noise. The BPE is finally given using an inversion
algorithm based on the correlation between the fully automated
results and the reference obtained by the radiologists’ BPE as-
sessment. This software uses an algorithm based on the maxi-
mum entropy method, which has been demonstrated to be
reliable for breast density percentage assessment on different
imaging modalities.14,17–20 This method is based on the maxi-
mum entropy thresholding developed by Shannon,14,17 in which
the threshold value corresponding to the maximum entropy
value is chosen as an index of the image density14,17 as measured
by separating enhancing and non-enhancing voxels.

The time to perform both automatic and semi-automatic eval-
uation was calculated using a commercially available stopwatch.

Figure 1. Interface of the semi-automatic software. In this figure, the computer interface is demonstrated. Edges (arrows) of the

breast are first identified, then the radiologist adjusts the threshold (in the semi-automated method) and finally the percentage of

background parenchymal enhancement (BPE) is read (black circle). In the fully automated method, there is no need to adjust the

threshold or to identify the breast edges. In this example, the BPE percentage is 13.9%.
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Statistical analysis
Statistical analysis was performed with commercially available
software: IBM SPSS® Statistics v. 19 (IBM Corp., New York, NY;
formerly SPSS Inc., Chicago, IL) and MedCalc (MedCalc 9 Soft-
ware bvba, Ostend, Belgium). Errors of the automatic software
were recorded and described. Differences between Reader 1 and
Reader 2 scores obtained with the semi-automatic software were
tested with Mann–Whitney U test, assuming a p-value ,0.05 as
significant. Images were read on per-patient basis: the multiple
images for the same individual were analysed with software. Then,
a mean value of the BPE for each patient was calculated by the
single values of each MRI image. This procedure was performed
to avoid the bias of underestimating variance. Finally, each patient
had a single value of BPE per breast.

Intrareader and Interreader agreement was defined on the basis
of Fleiss classification as follows: ,0.40, poor; 0.40–0.59, mod-
erate; 0.60–0.75, good; .0.75, excellent;21–23 kappa (k) statistics
were used. An agreement of 0.60 was considered the minimum
threshold to perform the subsequent evaluations, and this value
was selected in agreement with literature.4,12 For each observa-
tion, the mean of the values obtained by the two radiologists was
used. For the purpose of the study, the adjunct of a third radi-
ologist was foreseen only if agreement results of qualitative data
obtained by the two radiologists were considered different from
the previously published results.4,17–19

The relationship among radiologists’ BI-RADS evaluation, semi-
automatic scores and automatic scores was assessed by calcu-
lating the Spearman’s r rank correlation coefficient (r) For the
purpose of the study, to correlate qualitative BI-RADS classes
with quantitative BPE evaluation, we considered the proposed
BI-RADS criteria (minimal, mild, moderate or marked) as fol-
lowing: minimal, ,25% of BPE; mild, 25%#BPE, 50%;
moderate, 50%,BPE# 75%; or marked, .75%.

Agreement in the measurements of BPE scores with the semi-
automated and with the automated approach was assessed using
the Bland–Altman method. The mean difference between each
measurement was derived by subtracting the semi-automatic
value from the automatic value and then calculating the mean
value of this difference for all cases. The mean percentage dif-
ference was derived by expressing the difference for each case as
a percentage of the mean of the two measurements and then
calculating the mean percentage for all cases.

RESULTS
A complete set of MRI images from 48 females (mean age:
48 years; age range: 36–66 years) with no breast implants and
negative results after MRI were available for analysis. Breast MRI

was performed in the first 15 days of the menstrual cycle in 28 pre-
menopausal females, as suggested by current guidelines. 20 females
were post-menopausal. 5 patients had a history of mastectomy so
that the remaining breast was used for assessment. 6 patients were
excluded before reaching the number of 48 patients.

The number of breast MRI examinations assessed as BPE
minimal, mild, moderate or marked was:
–Reader 1: minimal, n5 38; mild, n5 7; moderate, n5 2; or
marked, n5 1.

–Reader 2: minimal, n5 33; mild, n5 10; moderate, n5 4; or
marked, n5 1.

Using the semi-automated software, the mean value of BPE was
14% (range: 2–79%) for Reader 1 and 16% (range: 1–61%) for
Reader 2 (p-value .45). Mean value data regarding BPE quanti-
tative analysis using the semi-automatic for both Reader 1 and
Reader 2 and the automated software are reported in Table 2.

However, the automatic software was unable to produce BPE
values for every image analysed. The automatic version of the
software was not able to reliably identify the edges of 2 of 48 (4%)
patients. In one patient, the error was located posteriorly, near the
thoracic wall, and in another patient, the error was located ante-
riorly, near the nipple (Figure 2 and Figure 3, respectively). In the
first case (error near the thoracic wall), the values of BPE were
underestimated by the automatic software owing to the inclusion
of background tissue below the threshold for BPE. These data were
corrected using the semi-automatic version of the software. In the
second case (error near the nipple), the values of BPE estimated by
the automatic version of the software were similar to the values
estimated by the semi-automatic software owing to the exclusion
of normal breast parenchyma which left unchanged the ratio be-
tween enhancing and non-enhancing parenchyma. The semi-
automatic version of the software, working under the supervision
and control of the radiologists, was able to evaluate all images.

Time
The mean time required for BPE evaluation was 106 2min for
the automatic software and 146 3min for the semi-automatic
software. The time reported is inclusive of all procedures needed
to obtain the final data of BPE.

Agreement using the BI-RADS was: interreader, k5 0.70 [95%
confidence interval (CI) 0.49–0.91], and intrareader, k5 0.69
(95% CI 0.46–0.93).

Agreement using the semi-automated software was: interreader,
k5 0.81 (95% CI 0.59–0.99), and intrareader, k5 0.85 (95%
CI 0.43–0.99).

Table 2. Data regarding background parenchymal enhancement (BPE) quantitative analysis using the semi-automatic and the
automatic software

Subjects (n5 48) Semi-automatic BPE (%) Automatic BPE (%)a Automatic vs semi-automatic

Images, n5 11,520 156 11.9 17.56 13.1 p. 0.05

Data are expressed in mean percentages 6 standard deviation and represent the mean percentage values of BPE of the two readers.
aThe automatic software registered errors for 2 patients (480 images).
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For the fully automated software, there was no need for intra-
observer and interobserver agreement evaluation: the software
gives the same result for the same image or image set.

Comparison of observer’s scores with the BPE given by the
automatic software yielded a positive correlation (r5 0.56,
p, 0.0001). Correlations of observer’s scores with the semi-
automatic software results gave r values of 0.62 (p, 0.0001).
Correlations of the automatic software’s scores with the semi-
automatic software’s results gave r values of 0.75 (p, 0.0001).

Figure 4 illustrates the comparison of BPE, as measured with the
semi-automatic and automatic software, throughout the study
population. The mean percentage difference between the values
calculated for each case was 3.5% (95% CI 1.53–5.22), which in
addition with a Pearson coefficient for correlation of 0.77 sug-
gests a good overlap between the two methods. Figure 5 shows
an example of BPE assessment with BI-RADS, semi-automatic
and automatic method.

DISCUSSION
The assessment of BPE is gaining importance owing to the re-
cently described links between BPE and breast cancer risk. In
a cohort of high-risk females with no history of breast cancer,
BPE has been associated with an increased risk of developing
breast cancer nine times higher in females with mild, moderate

or marked BPE than in females with minimal BPE.5 A link
between higher BPE values and breast cancer diagnoses was
already noted in the past,4 but only recently has BPE been as-
sociated with long-term outcome, particularly in patients with
oestrogen receptor–positive, human epidermal growth factor
receptor 2–negative breast cancer.9 These results suggested that
BPE could be an important biomarker of a female’s individual
breast cancer risk.5 However, the medical literature lacks simple
and reliable method to assess BPE quantitatively. A recent study
on 50 BRCA1/2 carriers retrospectively analysed reported to
have performed a fully automated quantitative measurement of
BPE from breast dynamic contrast-enhanced MRI.24 Therefore,
this study describes a quantitative BPE percentage evaluation
made with a semi-automatic and with automatic software and
compares computerized score of BPE with radiologists’ ones.
The need to evaluate BPE with software derived by the moderate
to low agreement described for BPE qualitative evaluation.4,12

Indeed, even after training, the agreement for BPE assessment
using a qualitative assessment increased from fair (k5 0.36) to
moderate (k5 0.48).12 In this study, using the semi-automatic
software, k values were higher than previously reported for both
intraobserver and interobserver agreement (k. 0.8).12 Also,
when the semi-automatic software was compared with the au-
tomatic software, the differences between BPE scores obtained
with the two methods could be considered similar and accept-
able for both clinical and research purposes.25 The drawback of

Figure 2. Error in the edge detection near the pectoral region. In this case (error near the thoracic wall, arrow), the values of back-

ground parenchymal enhancement were underestimated by the automatic software owing to the inclusion of more background

tissues. These data were corrected using the semi-automatic version of the software manually adjusting the edges.
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the automatic software was the impossibility to evaluate patients
with breast implants and errors in 2 of 48 patients near breast
edges. These problems could theoretically be solved using the
semi-automatic interface, in which the reader can adjust the
edges of the tissue to the evaluated edges. Compared with lit-
erature, our results of interreader agreement for the qualitative
evaluation (k5 0.70) were slightly better than those obtained
after training12 and from those reported in the study by King
et al4 who reported interreader agreement for BPE level between
two readers of 0.47 for ordinal BPE and of 0.57 for collapsed
BPE. However, in this study, the presence of breast malignancy
on the MR images that could have artificially increased BPE
assessments was excluded. The study by King et al4 included
patients with pathological MRI findings that could have reduced
the agreement between readers. Compared with the study by
Melsaether et al,12 our qualitative results could be considered, as
a whole, overlapping. In summary, the agreement between the
two readers involved in this study confirms that the qualitative
evaluation of BPE suffers from intrareader and interreader

variability. This result could be considered a step forward to
radiologists’ assessment of BPE towards a better standardization.
In addition, comparing the semi-automatic software with the
fully automated software, correlation values and Bland–Altman
evaluations suggest that the latter method could be considered
feasible and promising to assess BPE on MRI. On the basis of
Bland–Altman plots, it could be hypostatized that, on average,
the automatic method gave slightly higher measurements than
the semi-automatic method. In addition, for females with par-
ticularly high BPE, there was a greater degree of disagreement
between the methods with the automatic method giving lower
measurements. However, these findings have to be demonstrated
to be clinically relevant. If this trend is confirmed on larger
series, it may have clinical implications. For example, if BPE is
used in personalized medicine to estimate breast cancer risk, the
automatic software may underestimate BPE in some patients.
We believe that the adjunct of the semi-automatic interface is
useful when the automatic version of the software reports errors.
The correlation among observer scores and automated scores

Figure 3. Error in the edge detection near the nipple. In this case (error near the nipple, arrow), the values of background paren-

chymal enhancement estimated by the automatic version of the software were similar to the values estimated by the semi-

automatic software owing to the exclusion of normal breast parenchyma which left unchanged the ratio between enhancing and

non-enhancing parenchyma.
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resulted relatively low, probably owing to interobserver vari-
ability. Interobserver variability has been claimed to reduce
correlation also for breast density, which is a known risk factor
for breast cancer.26 However, we are not aware of a widely ap-
proved value of correlation coefficient on what is a sufficient
correlation in terms of the clinical importance of agreement for
a quantitative assessment of BPE on MRI owing to relatively new
research topic we are dealing with. Further research is needed to
address this issue. As for breast density, it is possible that the
difference between observer-based BPE scores and software-
based scores could be the appearance of the displayed image to
radiologists who were allowed to adjust the window width and
level of the MRI images. This adjustment can substantially alter
the image presentation to the reader. Also, in the era of person-
alized medicine, the use of quantitative imaging biomarker is
rapidly expanding. BPE calculated using BI-RADS classes is not
a quantitative imaging biomarker, so it is important to assess BPE
as a quantitative biomarker as suggested by the European Society

of Radiology and by Radiological Society of North America-
Quantitive Imaging Biomarkers Alliance (RSNA-QIBA) Metrology
Working Group.27 For this reason, it is possible that, especially for
the value of BPE near the threshold for the different BI-RADS
classes (25%; 50%; 75%), some females are classified differently.

This study has limitations. The first is that the evaluation was
made only by two readers, but for the aim of the feasibility
assessment, the involvement of two readers was discussed in the
study protocol and deemed acceptable after comparing the
results with the literature. Another limitation is that we used
only one contrast media (gadobenate dimeglumine), which is
a high relaxivity contrast material; therefore, it is not possible to
estimate whether other contrast media with different relaxivity
may give different results. It is known that gadobenate dime-
glumine increases the enhancement of benign lesions.28 For this
reason, it is possible that BPE scores also could be overestimated
by a computer-aided evaluation. Also, our method could

Figure 4. Bland–Altman plot of background parenchymal enhancement reported by the semi-automated software subtracted from

that reported by the automatic software compared with the mean of the two results. The line of the mean difference and top and

bottom lines correspond to 95% limits of agreement [62 standard deviations (SD)].

Figure 5. A comparison of Breast Imaging Reporting and Data System (BI-RADS) scale, semi-automatic and automatic evaluations.

In this example, the background parenchymal enhancement (BPE) was scored moderate using BI-RADS, and BPE percentage was

52% and 55% using the semi-automatic and the automatic interfaces, respectively.
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not perfectly match those already used in literature owing to
slight technical differences and achievements.24,29,30 Previous
studies24,29,30 tried to exclude the fat to assess BPE percentage,
considering only the fibroglandular part of the breast, whereas
our study did not. Our study considered the whole breast. It is
not known if the different methods influence the possibility to
use BPE as a biomarker. Also, a completely reliable comparison
with the previous studies may not be appropriate, considering
the differences in study population, readers and software
interfaces.9,24 Finally, we were not able to find a threshold of
percentage BPE to differentiate qualitative BI-RADS categories,
and we did not investigate a possible correlation with BPE and
breast cancer risk. Also, all patients were examined in the same
phase of the menstrual cycle, but even small irregularities in the
menstrual cycle can alter BPE: this could be a confounding

factor in this study. Further research is needed to clarify these
issues and to assess whether computerized BPE evaluation is
influenced by different contrast materials. This research is
needed especially if BPE percentages will be considered to assess
breast cancer risk.

In conclusion, computer-assisted BPE evaluation was feasible
with both semi-automatic and automatic software and corre-
lated with radiologists’ estimation. Semi-automatic evaluation
permits adjustments when breast boundaries are hard to rec-
ognize on automatic software.
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