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TARGET AUDIENCE — Researchers and clinicians interested in reducing artifacts of susceptibility weighted imaging (SWI), e.g. when applying SWI in the base of the
brain.

PURPOSE — Susceptibility weighted imaging (SW1)*? is anovel imaging technique that exploits the MR phase information to delineate venous vessels and brain lesions.
The SWI processing involves, first, high-pass filtering of the complex-valued gradient echo (GRE) data (homodyne reconstruction) and then, second, multiplicative
combination of the filtered complex phase with the magnitude image.” As a commercially available imaging technique SWI is established in neuroimaging protocols
throughout the world. However, conventional SWI processing is subject to severe off-resonance artifacts due to the strong field gradients induced, e.g., by the air-tissue
interfaces above the nasal cavities.*® The high-pass filtering is supposed to eliminate phase wraps (phase aiasing) and large-scale field gradients. However, if the fidd
gradients are too strong, phase wraps can till remain in the filtered image resulting in dark bands
in the SWI image (Fig. 1, right column). Various approaches have been presented to avoid these
artifacts*”; however, all of these techniques involve rather complex and laborious data processing
based on raw complex-valued MR images, which are usualy not available in commercial SWI
implementations.

In this contribution we present a simple and robust post-processing technique that allows
eliminating the wrap-artifacts in SWI. The technique may be applied both retrospectively on
filtered phase images (commercial SWI) and prospectively on raw complex-valued images.
THEORY — The wrap-insensitive trigonometric calculus of the Laplace® is known to effectively
eliminate phase wraps in phase images®'. This calculus may also be used to eiminate residual
phase wraps in the high-pass filtered phase images. Two scenarios will be discussed in the
following: In the research scenario wrapped complex phase images are available. In this case the
Laplacian unwrapping technique may be applied to resolve phase aliasing prior to high-pass
filtering. Then, filtering only the unwrapped phase rather than the complex-valued MR image
allows attenuating background contributions and, finally, calculation of a wrap-artifact-free SWI.
In the commercial scenario only the high-pass filtered phase is usually available with residual
phase wraps, and the magnitude images, as in commercial SWI implementations. In this situation,
the Laplacian unwrapping may be applied directly to the high-pass filtered phase.

METHODS — Data Acquisition: Whole-brain data were acquired from 15 pediatric patients (aged 3
years to 15 years, 8 male, 7 female) on a 1.5 Tesla whole-body MRI scanner (Magnetom Sonata
and Magnetom Vision, Siemens Medical Solutions, Erlangen, Germany) using a single-channel
receive head coil. A fully flow compensated 3D gradient echo (GRE) sequence was applied with
the following sequence parameters: TE=40 ms, TR=60 ms, FA=25°, BW=60 Hz/px, 0.5x0.5x2
mm? image resolution, and 75% partial Fourier along phase and slice encoding direction. FIGURE 1. Two examples (top and bottom row, respectively) of
Processing: For all patients the two situations described in the Theory section were simulated: For wrap-artifacts in conventional SWI. Left: Raw wrapped phase
the research scenario, the Laplacian unwrapping was applied to the wrapped phase images images (unavailable in commercial Swi). Middle: High-pass
followed by high-pass filtering of the resulting images using a 32x32 Hanning-window* and four- filtered phase. Right: Conventional SWI calculated from the high-
fold multiplication of the resulting images into the magnitude image using a positive phase mask™’.  pass filtered phase. Arrows mark residual phase wraps in the high-
To mimic the commercial scenario the complex-valued MR data were high-pass filtered using a pass filtered phase and wrap-artifactsin the SWI.

32x32 Hanning-window. Subsequently, Laplacian unwrapping was applied to the high-pass filtered phase images,
the resulting image was again high-pass filtered and the resulting phase was combined with the magnitude as
described above. Processing was performed on a conventional workstation computer in MATLAB (2011b) with a
computation time below one minute.

RESULTS — The figures exemplarily show images from two representative patients (I and I1). Figure 1 shows the
raw wrapped phase images (left; unavailable on commercial SWI implementations), the conventional high-pass
filtered phase image (middle), and the SWI magnitude image (right) calculated based on the high-pass filtered phase
and the magnitude images (not shown). Both the high-pass filtered phase and the SWI image suffer from wrap-
artifacts insde the hemorrhage (arrows in bottom row) and in the vicinity of air-tissue interfaces (arrows in top
row), respectively, due to incomplete elimination of phase wraps. Figure 2 shows results of applying the proposed
Laplacian-based processing to the high-pass filtered phase images (commercial scenario, Fig. 1-middle column).
Wrap-artifacts in the SWI were successfully resolved, resulting in a hypointense appearance of the hemorrhage
(bottom row) and no band-artifacts at the edges of the brain (top row), respectively. Almost identical results were
obtained when the Laplacian-based processing was applied to the raw phase images (research scenario; not shown).
In this case the SWI images were slightly more homogeneous in hormal parenchyma. Similar results were obtained
in al other patients.

DiscussioN AND CONCLUSION — The presented technique enables SWI in regions of the brain that were so far
difficult to assess, such as regions above the nasal cavities, close to the petrous portion of the temporal bone or
inside and in the vicinity of hemorrhagic brain lesions allowing to identify brain lesions or vascular malformations
in these regions. The approach can be applied both in a research scenario, when SWI is reconstructed from raw
complex MRI data, and in a commercial scenario where usually only high-pass filtered phase images are available.
No loss of image quality or resolution is associated with the processing. Nevertheless, it has to be pointed out, that
the proposed technique does not completely resolve the issue of artifacts on SWI images due to strong background
gradient fields (hypointensities; arrowsin top rowsin Figs. 1 and 2), which is still an active fidd of research®>*,
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SWI processing using the high-pass filtered
images in Fig. 1-middle (commercial scenario).
Left: Image after applying the Laplace and
subsequent  high-pass filtering. Right: SWI
calculated from the image in the left column.
Arrows point to the same locations as in Fig. 1
marking resolved phase-wraps and suppression of
wrap-artifacts, respectively.



