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Fig 1: Comparison of SMs of the modeled data with various processing techniques and real data. 

Images show part of basal ganglia surrounded by WM, GM and CSF. a) SM of real data (TE=20ms, 

3T, HP filter size 64*64), b) SM of modeled data (HP filter size 64*64), c) Modeled SM with no HP 

filter used, d) SM of SHARP processed phase, e), f) and g) are iterative results of (b), (c) and (d). 

                                          a)                                                                              b) 

Figure 2: a) Edge profile of susceptibility distribution from globus pallidus to the crus 
posterius region of internal capsule where the dark region appears in the SMs [red line 

shown, for example, in the Figure 1(b), 1(c)]. b) Plot of the mean susceptibility value inside 

the internal capsule structure at different high pass filter sizes. 

Introduction: Susceptibility mapping using phase information from the MRI signal has been immensely useful in elucidating the magnetic properties of different 

tissues. One of the methods to produce susceptibility maps (SMs) from phase images is through regularized inverse of the Green’s function [1]. Removing background 
field effects in the phase images is the first step to tackle before using them for any susceptibility mapping procedure. Homodyne high-pass-filtering (HP filtering) of 

the original raw phase is one of the frequently used methods for this purpose [2]. SMs produced from these filtered phase images are widely used to quantify iron 

deposits or calcium deposits in breast tissue [1]. However, using HP filter can affect the accuracy of determining the region of interest for quantification since it leads to 

loss of phase information. In this abstract, we study the effect of HP filtering on susceptibility mapping, particularly focusing on the 'dark/bright bands' that are seen 

around large structures such as putamen and globus pallidus in HP filtered SWI phase images and the corresponding SMs. We simulated a 3D model of these grey 

matter nuclei. SMs generated from the phase of this simulated model are compared with the real data to understand whether these 'bands' are representative of 
underlying anatomical structure or merely an artifact from HP filtering. The results of HP filtering are then compared with results obtained using SHARP (Sophisticated 

Harmonic Artifact Reduction on Phase data), which is another method used to remove the background field variations [3]. 

Method: To prepare the 3D model, we collected in vivo data at 3T using a 3D SWI sequence and another two DIR sequences, one with grey matter (GM) and 
cerebrospinal fluid (CSF) suppression (TE=1.46ms, TR=3100ms), and the other with white matter (WM) suppression (TE=1.57ms, TR=2800ms). Susceptibility maps 

were generated using the SWI phase images. Grey matter structures were extracted using magnitude images, phase images as well as SMs. The geometry of the 

structures was further compared with the anatomy of the brain in literature [4]. Susceptibility values (in ppm) were assigned to different structures: red nucleus=0.13, 
substantia nigra=0.16, thalamus=0.01, caudate nucleus=0.06, putamen=0.09, globus pallidus=0.18, crus cerebri= ‒0.03, GM= 0.02, WM=0 and CSF= –0.014, to 

generate susceptibility maps χ(r) [5, 6]. Simulated phase is produced using the fast forward method as: φ=-γB0TE.FT-1{FT [χ(r)].g(k)}, where g(k)=1/3-kz
2/k2, 

TE=20msec, and B0=3T[7]. White Gaussian noise was added to both real and imaginary channels to get magnitude SNR of 20:1. After this, the phase images are 
filtered with HP filters of different sizes (32x32, 64x64, 96x96, and128x128). SHARP algorithm (kernel size=7pixels) was applied to the phase images to compare it 

with the results of HP filtering. Susceptibility maps were further produced using the regularized inverse of Green’s function [g(k)-1] approach using either the high-pass 

filtered or SHARP processed phase images [2]. This leads to streaking artifacts due to the unreliable values in the singularity regions of k-space defined by kx
2+ky

2-
2kz

2=0 [2]. Iteration algorithm (two iterations) was applied on the SMs which replaced the erroneous data in the singularity region by the kspace value of the structure 

model which was extracted from the SMs [8].  

Results: Simulated SMs, after using HP filter, showed a negative susceptibility region outside structures. This dark region, which resembles the internal capsule, 

actually has a susceptibility of 0ppm in the model (Fig 1(b)). With the increase in the size of HP filter, this dark region changes in its extent and intensity (Fig 2(a)). 

These results can be compared with the real data which show a similar dark region around basal ganglia after using HP filter (Fig 1(a)). SMs from the pure phase 

images show a marginal area with negative susceptibility in the internal capsule region (Fig 1(c)). Iterative algorithm is used on SMs with different HP filter sizes; and 
without applying HP filter. The mean of the susceptibilities 

around the “internal capsule region” changes with different 
filter types (Fig 2(b)). For SHARP processed SM, structures 

tend to preserve the phase information showing better contrast, 

and the dark region is less intense (Fig 1(d), 2(a)). The dark 
region in SMs of the filtered phase images does not appear to 

be affected after the usage of the iterative algorithm as much as 

SHARP processed data (Fig 1(e), 1(g)). 
Discussions and conclusions: HP filter changes the phase 

around the geometries due to the high frequency component. 

This effect is carried forward in SMs showing dark band 
around the boundaries. Iterative algorithm is used to reduce the 

streaking artifacts. But, it does not identify and remove effects 

induced by HP filter. Hence, in HP data, dark region are still 
seen after using the iterative algorithm. For unfiltered data, 

there is no HP effect at the edges; the artifacts would be due to inverse 

function and Gibbs ringing [9]. The reason of the slight dark region 
still present in SHARP data, after iterative algorithm, is because it 

works on the principle of removing the harmonic information from the 

phase data makes it sensitive to edges. 3D model has sharp boundaries 
creating some Gibbs ringing effect. This effect might be enhanced 

after using SHARP, which appears as the dark region. Hence, the 

knowledge of the contribution of the processing techniques in 
changing the phase behavior around the structures causing 

aforementioned negative susceptibility regions can be crucial; 

especially in the studies like iron detection in the progression of 
multiple sclerosis where iron containing regions appear similar to 

these dark regions. 
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