High-resolution Proton Density weighted Dixon sequences maximize precision of breast density measurements
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Introduction: Percent-water (% Water) calculation derived from high resolution Dixon fat-water separation techniques has been suggested for a volumetric
measurement of breast density; an established risk factor for breast cancer [1]. Recent studies have demonstrated that Dixon %Water calculations differ significantly
from percent density measurement derived from clustering algorithms [2], but have not assessed measurement reproducibility or the influence of resolution and T,/T,»
weighting. Here, we evaluate the reproducibility of %Water measurements from a high-resolution proton-density (PD) weighted two-point Dixon sequence, and error

arising at lower spatial resolution and with T,/T, weighting.
Materials & Methods:
MRI Protocols: Ten female volunteers (21-50 yrs) gave their
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automated breast volume segmentation was performed on the in- % represented by central and outer dashed lines, respectively.
phase PD weighted dataset using in-house software (IDL 8.3, § 200
ITTVIS, Boulder, USA) via a combination of noise thresholding 80.0
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Statistical Analysis: High-resolution PD weighted data were assumed to provide the most accurate calculation of N T; Weighted

% Water (Figure 1): measurement reproducibility was calculated using Bland-Altman statistics. Differences in 100 =~

coil positioning between volunteer datasets and % Water differences between left and right breasts were evaluated 100. 12008 00K W00 [300F 600 OO 800
using the paired Student’s r-test. Values of %Water at low spatial resolution and with T,/T, weighting were
compared against high-resolution PD weighted data using the Pearson product-moment correlation coefficient
and the paired Student’s #-test (two-sided 0=0.05). Differences in water volume and total breast volume between
high and low resolution PD weighted sequences were also assessed using the paired Student’s z-test.

Results & Discussion: % Water measurement from PD weighted high resolution Dixon sequences was found to have a reproducibility coefficient of 4.0% with no
significant difference between the two volunteer datasets (Figure 2). No significant difference in coil position was observed between volunteer datasets, with a mean
absolute difference in coil position of 1.4 mm anterior-posterior and 1.0 mm left-right, indicating a robust radiographer protocol. The segmentation method is likely to
be the largest contributor to measurement error due to differences in chest wall position between the volunteer datasets. No significant difference in % Water was
measured between right and left breasts. Figure 3 displays the differences in %Water measured at different resolutions and T,/T, weightings. Low resolution PD
weighted Dixon data over-estimated breast %Water by 1.0% (p=0.045) in comparison with high-resolution PD weighted data. This appeared to arise largely from
significant over-estimations in total water volume of 8.7 cm® and in total breast volume of 15.0 cm® at low resolution (p=0.004 and p=0.006, respectively). Whilst both
T, and T, weighted data were strongly correlated with PD weighted data (r=0.99 and 0.97, respectively) (Figure 4), each weighting also resulted in a mean over-
estimation of breast %Water by 2.7% (p<0.0001) and 15.8% (p<0.0001), respectively. The over-estimation of % Water due to T, weighting was considerably increased
at lower breast densities (Figure 4).

Conclusions: Significant differences in %Water measurement can arise at lower spatial resolutions and with the introduction of T, or T, weighting, even with
correction for fat/water signal differences. The over-estimation of %Water observed with T, weighting is particularly significant considering the measured
reproducibility coefficient of 4.0% calculated for this methodology. MRI protocols for Dixon measurement of % Water should be carefully considered in order to ensure
the reliability of breast density measurement, with particular relevance to breast density studies performed in a multi-centre setting.
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%Water: PD Weighted Data

Figure 4: Correlation between low resolution %Water
measurement from PD weighted data and T,/T, weighted data.
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