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Aims and objectives
The American College of Radiology's Breast Imaging Reporting and Data System (BIRADS) is the predominant method for assessing mammographic density in the clinic.
th

When this study was conducted, we were using the 4 Edition of BI-RADS. This method
involves radiologists visually assigning the breasts into one of four categories [1]:
1.
2.
3.
4.

The breast is almost entirely fat (<25% glandular)
There are scattered areas of fibroglandular densities (approximately 25-50%
glandular)
The breast is heterogeneously dense, which could obscure detection of
small masses (approximately 51-75% glandular)
The breast tissue is extremely dense. This may lower the sensitivity of
mammography (>75% glandular)

Breast density is a strong, independent risk factor for developing breast cancer, and
increasing breast density also decreases the sensitivity of mammography [2]. Despite
the significant implications of breast density on screening mammography and the
requirement in many states to inform women there is considerable inter- and intraobserver variability in radiologists' determination of breast density [3, 4]. Even amongst
American Board of Radiology examiners, a recent study demonstrated wide variation in
the BI-RADS density assessment between them, with kappa scores ranging from 0.347
to 0.665 [5]. This study also demonstrated that technical factors, such as the x-ray system
vendor, can influence visual breast density assessment.
To improve the accuracy and reproducibility of breast density assessment, several
new methods have been developed, each with their own associated benefits and
drawbacks. For example, semi-automated methods such as Cumulus, can predict the risk
of developing breast cancer, but are too labour-intensive for widespread clinical use [6].
Fully-automated area-based methods, such as ImageJ and AutoDensity, are still being
validated clinically, but are limited by the fact that they are measuring a 3-dimensional
phenomenon, from a 2-dimensional projection [6, 7]. Fully-automated volumetric-based
methods that measure the physical amount of fibroglandular tissue in the breast are
reproducible, proven to be associated with breast cancer risk, FDA cleared and slowly
coming into clinical use [8]. We sought to study whether the use of fully-automated
volumetric breast density (VBD) software improves the visual BI-RADS inter-reader
agreement between radiologists at our clinic.

Methods and materials
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The methods used for this study are outlined in Figure 1. Eight experienced breast
imaging radiologists, from a single facility, visually assigned 100 digital screening
mammographic studies into one of four BI-RADS breast composition categories. 12
studies comprised women with breast implants and were excluded from the study, leaving
88 studies in the final analyses. For each pair of readers (i.e. 28 pairs), the inter-reader
agreement was assessed using Cohen's kappa coefficient (k).
The corresponding raw (for processing) images were processed using fully-automated
quantitative software (VolparaDensity™ v1.4, Volpara Solutions, Wellington, New
Zealand) to generate volumetric breast density and an associated Volpara Density Grade
(VDG), equivalent to BI-RADS density category. After a 2-week washout period, all
radiologists re-assessed breast density from the same 88 digital mammograms, with the
VDG scores from VolparaDensity available during the reading session. As described
above, Cohen's kappa coefficient was again used to assess inter-reader agreement for
each pair of readers.
To assess whether the inter-reader agreement improved with the use of automated
density software as an aid, the Wilcoxon rank-sum test was used to compare distributions
of kappa scores without and with VolparaDensity..
Images for this section:
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Fig. 1: Flow diagram outlining the methodology and analyses used in the present study.
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Results
The overall visual BI-RADS distributions for each reader and the VDG distributions are
shown in Table 1, without (top panel) and with (bottom panel) the aid of Volpara. Without
the aid of Volpara, there was considerable variability in the proportion of women assigned
into each BI-RADS category. For example, without the software aid, the percentage of
women assigned as BI-RADS 1, BI-RADS 2, BI-RADS 3 and BI-RADS 4 ranged from 3.4
- 27.3%, 47.7 - 71.6%, 17.0 - 35.2%, and 0 -6.8%, respectively. When the VDG scores
from Volpara were available, the range in the proportion of women allocated into each
category by the eight readers appeared to be significantly reduced i.e. 8.0 - 18.2%, 46.6
- 62.5%, 22.7 - 34.1%, and 3.4 - 10.2%, respectively. In comparison, Volpara assigned
18.2, 40.9, 28.4 and 12.5% of women into each BI-RADS category, respectively.
The percentage agreement between each pair of readers, using a four-category density
scale is shown in Table 2, without (top panel) and with (bottom panel) the aid of Volpara.
On average, the agreement between pairs of readers improved by approximately two
percentage points when the software aid was used.
Table 3 demonstrates the level of agreement without (top panels) or with (bottom panels)
using kappa statistics. The use of quantitative VBD significantly improved inter-reader
agreement in radiologists' assessment of breast density (p=0.0374) with a mean kappa
without VDG of 0.5664 and with VDG of 0.6266.
Although the above results demonstrated tha t use of a density software aid can improve
the agreement between readers, the effectiveness of the aid depends largely on the
willingness of the reader to amend their scores based on an objective measure of density.
Table 4 outlines the intra-reader agreement for each individual reader without and with
the software aid. Although there is always some inherent intra-reader variability, these
results suggest that some readers are fairly confident in their own readings , while some
are more amenable to changing their density readings. For example, having access to
the objective scores resulted in reader 4 only changing their final density assessment
in less than 10% of cases, whereas reader 3 changed their density assessment in over
30% of cases.
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Table 1: Showing the BI-RADS distributions assessed visually by each of the eight
readers, or using the Volpara software. Top and bottom panels show the distributions
without and with the aid of Volpara software density scores, respectively.
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Table 2: Showing the percentage agreement between each pair of readers using the
four BI-RADS categories, without (top panel) and with (bottom panel) the aid of Volpara
software.
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Table 3: Showing the individual and mean kappa values across all 28 pairs of readers,
without (top panel) and with (bottom panel) the aid of Volpara software, using the fourcategory BI-RADS classification system.
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Table 4: Showing the intra-reader agreement for each individual reader. Kappa values
and percentage agreements are indicative of the intra-reader agreement without or with
the Volpara software aid.
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Conclusion
Consistency in the determination of breast density is important for clinical decisionmaking regarding breast cancer risk assessment and adjunctive imaging in women with
dense breasts.
Automated breast density software significantly improved inter-reader agreement of
experienced radiologists' assessment of mammographic breast density, when using
the ACR BI-RADS 4-category classification system. The effectiveness of any particular
software aid in improving the standardization of breast density assessment in the clinic,
will depend, in part, on clinicians accepting and familiarizing themselves with objective
measurements of breast density. Reassuringly, it appears most readers in this study
accepted and used the automated scores to improve their readings.
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