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Introduction: In the conventional processing of susceptibility weighted imaging (SWI)-based MR venography, the contrast between 
venous blood and parenchyma in the phase images and in the magnitude images are combined to achieve enhanced contrast of the veins [1]. 
Complex division of the original images and low-pass filtered images is used to generate high-pass filtered phase images in which the 
slow-varying background phase is removed and phase difference in the venous blood is preserved. This conventional process, however, 
suffers from off-resonance artifact in regions with severe field inhomogeneity. Furthermore, the signals of veins and brain tissue are often 
obscured in the peripheral regions of the brain in the minimum-intensity projection (mIP) display of the 3D SWI data [2]. In this study, we 
present an image-domain high-pass filter based on the second-order phase difference (SPD) to enhance the visibility of venous vasculature 
and suppress the off-resonance artifact in SWI. In addition, this filtering technique generates venography with a positive venous contrast.  
Methods: The cylindrical nature of the veins provides a unique feature for the enhancement of their visibility in venogrpahy. The voxel 
that contains a vein has a relatively negative phase compared to its neighboring voxels that are not occupied by a vein. This phase 
difference can be detected by second-order phase difference (SPD). A SPD operator can be defined in a 3x3x3 kernel as SPDij=φj(i+1)+φj(i-
1)-2φj(i), where φ(i) is the phase at voxel i, φ(i+1) and φ(i-1) are the phase at a neighboring voxel along a direction j, respectively. This 
kernel has 27 voxels and 13 discrete directions passing through the central voxel. An image-domain high-pass filter based on SPD was 
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of SPD, linear background phase introduced by off-resonance effect in regions with severe field inhomogeneity can be effectively 
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air. In the Fermi weighting function, 
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iσ is the STD of magnitude, and 
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iM is the mean of magnitude in the kernel centered at voxel i. 

The Fermi weighting function has a value near 1.0 in tissue and near zero in air. The 3D map of Fermi weighting function, smoothed by a 
7x7x7 median filter, was multiplied to the 3D filtered venography prior to MIP display. A 3D SWI dataset was acquired using a head 
volume coil on a GE 3T scanner with a field of view (FOV)=26cmx19.6cm, 1.0 mm slice thickness, 512x318x64 matrix, full echo 
acquisition, and TR/TE/α=34ms/20ms/20o. Sixty-four slices were acquired. Zero-filled interpolation was applied to the slice direction to 
generate a 3D dataset of 512x384x128, resulting in a nearly isotropic apparent voxel dimension of 0.51x0.51x 0.5mm3. Ninety-three 
interpolated slices were used in the display. 
Results: For comparison, Figure 1a shows the mIP of the 3D SWI dataset processed with a conventional processing procedure with a 
64x48 low-pass filter [1]. Off-resonance artifact is apparent in a region with severe field inhomogeneity, as indicated by an arrow. The 
image-domain high-pass filter was applied to the 3D complex data. The maximum-intensity projection (MIP) of the 3D filtered venography, 
as shown in Fig. 1b, has positive venous contrast and near complete suppression of the off-resonance artifact. The high noise level in air, 
however, obscures the visibility of veins in the peripheral regions of the brain. The map of Fermi weighting function (R=0.07, W=0.1R) 
smoothed by a 7x7x7 median filter shows excellent suppression of the noise in air in a slice (Fig. 1c). Fig. 1d shows the MIP of the 3D 
filtered venography after multiplying the 3D map of Fermi weighting function to the 3D filtered data. The veins are well depicted even in 
regions with severe field inhomogeneity and in the peripheral regions of the brain. 
Discussion: The proposed image-domain high-pass filter using a second-order phase difference provides enhanced display of venous 
vasculature with positive venous contrast and nearly complete suppression of the off-resonance artifact. The Fermi weighting function is 
effective in suppressing the noise in air.  
References:  [1] Haacke EM, et al., MRM 2004;52:612-8; [2] Jin Z, et al., JMRI 2008;28:327-33. 

 

Fig. 1. (a) the mIP of SWI processed with a conventional procedure; (b) the MIP of the filtered 3D venography processed with the proposed 
image-domain high-pass filter; (c) the map of Fermi weighting function in a slice showing the delineation of tissue and air regions; (d) the 
MIP of the filtered 3D venography, as shown in (b), multiplied with the 3D map of Fermi weighted function. 
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