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Figure 2.  Magnitude (a) and phase (b) sagittal breast images.  Slowly 
varying phase (b) is removed from the fibroglandular tissue through 
SWI processing (c) potentially allowing for greater sensitivity to 
phase changes indicative of microcalcifications within the fibrous 
tissue.   
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Figure 1. Magnitude (a) and phase (b) images from phantom 
containing Ca++ pieces ranging from 0.5 to 5 mm (red 
arrows).  SWI processing removes slowly varying phase
allowing susceptibility due to calcium to be detected in the 
phase image (c).  Phase variation (d) for line across phantom 
at yellow arrow in image c.   
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INTRODUCTION:  Clustered microcalcifications can be a strong indicator of malignancy in breast cancer and are clearly depicted in x-ray 
mammography. One of the limiting factors in breast MRI, particularly in terms of aligning diagnostic information with that from mammography, is that 
microcalcifications are not presently detected [1].  While calcium should demonstrate a signal void due to its very short T2, the sizes of 
microcalcifications as well as the highly heterogeneous nature of fiborglandular breast tissue make the task of detecting these voids difficult.  
Susceptibility Weighted Imaging (SWI) [2] is a contrast mechanism which is based on the magnetic susceptibility of tissues.  This technique has been 
shown to be effective at depicting veins, vessel walls, and calcifications in vessels [2, 3, 4].  However, the breast presents a particularly challenging 
imaging environment, due to the heterogeneous fibrous tissue, multiple fat-water interfaces, and cardiac and respiratory motion.  Further, depiction of 
microcalcifications would require very high resolution as malignant microcalcifications as small as 0.2 mm are visible in mammography.  In this work we 
present our first steps in the application of SWI in the breast.   
 
THEORY AND METHODS:  The success of SWI depends on separating locally 
induced phase shifts from unwanted phase shifts due to slowly varying B0 inhomogeneity and 
other phase errors.  Therefore, a majority of unwanted phase can be eliminated through a 
high pass filter (IF = I0/IL, where I0 is the complex original data, IL is the complex low pass 
filtered data and IF is the resultant high pass filtered data) thus allowing for detection of phase 
variation due to magnetic susceptibility of tissues [3].   
 
Phantom images were acquired to confirm that the susceptibility effects of small pieces of 
calcium on the order of microcalcifications could be detected against homogeneous signal 
background using SWI.  The phantom consisted of Ca++ tablets that were ground down to 
pieces ranging in size from 0.5 to 5 mm and suspended in gelatin.  Based on previous SWI of 
calcium [4], 3D SPGR datasets were acquired (16 cm FOV, 192 x 192 matrix, TR/TE/FA 
30/15.6/15, 1 mm slices, rbw 15.6 kHz, scan times, 292 sec). SWI processing was performed 
and resultant high-pass filtered phase images were analyzed to determine minimum 
discernable calcium fragments.   
    
SWI was then performed on SPGR acquisitions from three healthy breast volunteers after 
obtaining IRB approval and informed consent. The volunteers contained no known 
microcalcifications, the goal of this work being to first determine the validity of the assumption 
that unwanted phase effects were mostly slowly varying in the breast.  The imaging 
parameters were as follows: 2D sagittal slice, 192 x 192 matrix, 16 cm FOV, 1.3 mm slice, 
TR/TE/FA 36/15/30, 6.94 kHz rbw, NEX 4-6, scan time 28-42 sec.  Frequency encoding was 
performed in the S/I direction while a breath hold was used to minimize respiratory motion. Both phantom and volunteer scans were performed 
unilaterally on a GE Signa Excite HDx 3.0 T scanner (GE Healthcare, Waukasha, WI) with a GE 8-channel HD breast coil. Chemical saturation was used 
to suppress the fat signal in the volunteers.  SWI processing was performed on each dataset. To determine the optimal filter to best eliminate unwanted 
phase effects in the breast, SWI was performed with Hanning filters [3] with FWHM of 1 to 64 k-space samples.  The optimal filter width was selected as 
the narrowest k-space filter which removed broad phase variations in fibroglandular tissue.   
 
RESULTS AND DISCUSSION:  The susceptibility effects of calcium on the 
surrounding gelatin in the phantom were confirmed in the SWI processed phase 
images using a Hanning filter with a FWHM of 32 k-space samples (Figure 1).  The 
slowly varying phase (Figure 1b) was removed through SWI allowing for the 
susceptibility effects of calcium to be more clearly depicted (Figure 1c).  For the three 
breast volunteers, a Hanning filter with a FWHM of 32 k-space samples was adequate 
for minimizing phase variation in the fibrous tissue (Figure 2).   
 
To robustly apply SWI for the detection of microcalcifications in the breast, it is 
necessary to characterize other sources of phase variation in breast tissue.  Besides 
fibroglandular tissue, the phase of other malignant and benign tissue structures must  
be characterized to determine whether SWI would provide consistent removal of 
unwanted phase on a patient by patient basis. Further complications exist and will be 
addressed as we continue this work.  Flow susceptibility effects, for example, will also 
appear in the SWI datasets and will not be removed by the high pass filter.   
 
CONCLUSIONS:  We performed several initial steps to determine the feasibility of using SWI to detect microcalcifications in the challenging 
environment of the breast.  The proper removal of slowly varying phase creates a uniform background across the fibroglandular tissue, thus rendering 
the phase image more amenable to the detection of small susceptibility effects due to calcifications.  This work lays the foundation for designing a SWI 
protocol in patient volunteers with known calcifications identified through mammography. 
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