
Figure 2: SWI phase shifts vs. the MFC for the 
selected ROI. The two quantities are moderately 
correlated (R2 = 0.62), but the large scatter suggests 
they are physically distinct. 
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Introduction  

Susceptibility weighted imaging (SWI) and magnetic field correlation (MFC) imaging are two recently introduced MRI techniques that yield image 
contrast sensitive to magnetic field inhomogeneities (MFIs) [1, 2]. Being unaffected by dipolar relaxation, the image contrast for these methods 
provides a more specific indicator of MFIs than do conventional parametric maps based on the relaxation rates R2 and R2*. An important potential 
application of both SWI and MFC techniques is the detection and quantification of non-heme brain iron, which maybe relevant to Alzheimer’s 
disease as well as other neuropathologies [3-6]. However, since SWI and MFC imaging utilize substantially different pulse sequences and post-
processing methods, the relationship between the two approaches is not self evident.  Here we compare SWI and MFC imaging for two normal 
subjects in order to assess the methods’ similarities and differences.  

Methods  

Two normal subjects (ages 35 and 37 years) were imaged on a 3T MR system (Tim Trio, Siemens Medical Solutions). SWI data were acquired using 
a flow-compensated, three-dimensional, gradient echo SWI sequence with the imaging parameters: repetition time = 40 ms, echo time = 30 ms, voxel 
size = 0.9×0.9×1.7 mm3, and averages = 1. MFC data were acquired using an asymmetric spin echo (ASE) sequence with refocusing pulse time shifts 
of 0, –4, –16 ms, a segmented echo planar imaging (EPI) readout, and the imaging parameters: repetition time = 4910 ms, echo time  = 40 ms, voxel 
size = 1.7×1.7×1.7 mm3, EPI factor = 33, and averages = 4. In both cases, the field of view was 220 × 220 mm2. 

Data processing: SWI images were processed using the SPIN software from Wayne State University (http://www.mrc.wayne.edu ) with a 32×32 k-
space low pass filter applied to create the high-pass filtered phase images, as described in Ref. 1. The MFC data were processed using in-house 
MATLAB scripts (Mathworks, Natick, MA) with parametric maps being derived following the method of Ref. 2.  Regions of interest (ROI) were 
drawn on three adjacent slices within the globus pallidus, putamen, head of caudate nucleus, thalamus, and frontal white matter, examples of which 
are shown in Fig. 1a. SWI phase shifts were calculated for each ROI by subtracting the mean SWI phases within the ROI from the mean phases for 
cerebral spinal fluid, which serves as a convenient reference, according to the procedure of Ref. 3. 

Results  

Figure 1 shows a) a representative ASE image (zero time shift) with sample ROI, b) enhanced SWI image created by multiplying the magnitude 
image by a phase-contrast mask [1], c) a high-pass filtered SWI phase image, and d) the corresponding MFC map. For both the SWI and MFC 
images, the basal ganglia stand out as indicated by the blue arrows, reflecting their high iron content.  Figure 2 shows, for the selected ROI, the 
correlation between the SWI phase shifts derived from the phase maps and the MFC values.  

 

 

 

 

 

 

 

 

Discussion  

Although SWI and MFC are related imaging techniques, they each measure distinct 
properties of the MFIs. This is apparent from the qualitative differences between the SWI 
and MFC maps of Fig. 1, as well as from the quantitative comparison of Fig. 2 which shows 
only a moderate correlation between the SWI phase shift and the MFC. These differences 
likely reflect, in part, that the SWI phase shifts are primarily sensitive to MFIs with length 
scales large compared to the voxel size, while the MFC is dominated by MFIs with length 
scales smaller than the voxel dimensions [7]. The combined use of both SWI and MFC 
imaging may allow for a more complete characterization the MFIs and hence the underlying 
pattern of iron deposition. 
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Figure 1: a) sample ROI b) 
enhanced SWI image c) SWI phase 
map d) MFC map. The basal 
ganglia (arrows) stand out in both 
the SWI and MFC images, but 
clear differences between the two 
image types are also apparent.  

a d 

b 

c 

Proc. Intl. Soc. Mag. Reson. Med. 17 (2009) 4524


