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Background: There is renewed interest in capturing information from the local macroscopic magnetic field in MRI, especially with the
increasing availability of higher field systems. Phase contrast imaging techniques (1), positive contrast sequences for visualizing iron oxide
nano-particles (2), as well susceptibility weighted imaging (3) all have a component of sensitivity to local magnetic field perturbations.

Purpose: We are interested in extracting information about the presence of a local dipole field in an MRI dataset. There has been much
work on sequence-based, post-processing-based and combination methods to detect dipole fields such as the approach of Mills and Ahrens
(4). An important subset of this effort has been focused on obtaining “positive” contrast (3) from paramagnetic contrast agents such as iron
oxide nano-particles (5)

Methods: We have implemented the combination of the SWIFT sequence (6) on a Varian Inova console utilizing vamrj “classic” software.
SWIFT has very short excitation to acquisition delay, in this case 4 ps. There is no time for intra-voxel dephasing so that signal is
preserved as long as the frequency shift or T," broadened linewidth stays within the acquisition bandwidth.

We combine this with the post-processing-based of a multiplicative or “matched” (7) filter in K-space. The filter is the secular dipole field
pattern (8). The filter in K-space has the advantage of being scale invariant (it is a function of angle only, not radius). It also has “high
pass” property of suppressing a uniform background signal, in other words the “dc” spatial frequency response is zero. The filter function
in k-space is:  A(8) =[3 cos’(6)-1]/ 2,

where @1is the polar angle
with By as the axis (see
figure 1). Experiments
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applications utilizing Figure 1 Secular dipole pattern in k-space.
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LabVIEW G (National

Instruments).

Figure 2: Ti ball-bearing phantom with plastic mesh (when
Results: Phantom data at 4 T are shown in figure 2. Figure 2 A-B shows visible) in 50mL centrifuge tubes containing agar gel.

a 62.5 kHz SWIFT image with 96,000 radial views (8 min) and 4 deg

nominal flip. The complex image is presented in magnitude mode. The phantom consists of 7 centrifuge tubes (50 mL) containing 1%
Agar gel. In addition some of the tubes contain Ti ball bearings, which due to their spherical shape and material homogeneity form an ideal
dipole field pattern outside their volume. The tubes are submerged in water in a 500mL tapered cylindrical plastic container. Some of the
tubes also contain a horizontal patch of plastic mesh. By comparing figues 2 A and B to the filtered dataset in figures 2 C and D it is
clearly seen that the uniform signal from Agar and water is suppressed. Locations of the dipole artifact are greatly enhanced relative to the
background, and their size is slightly increased. The simple and easy to implement approach works with non-SWIFT sequences as well,
with reduced signal at the center of the dipole area.

Conclusion: The combination of SWIFT and a secular dipole amplitude filter in k-space (dipole matched filter) is a novel way to obtain
positive contrast from local dipole field perturbations in MRI.

Acknowledgments: We gratefully acknowledge NIH BTRR - P41 RR008079. Thanks to Troy Kopischke of Steady State Imaging for the Ti ball bearings.
1) Duyn, J. H.; van Gelderen, P.; Li, T.; de Zwart, J. A.; Koretsky, A. P. & Fukunaga, M. High-field MRI of brain cortical substructure based on signal phase. Proc Natl Acad Sci,
2007, 104, 11796-11801

2) Stuber, M.; Gilson, W. D.; Schér, M.; Kedziorek, D. A.; Hofmann, L. V.; Shah, S.; Vonken, E.; Bulte, J. W. M. & Kraitchman, D. L. Positive contrast visualization of iron
oxide-labeled stem cells using inversion-recovery with ON-resonant water suppression (IRON). Magn Reson Med, 2007, 58, 1072-1077

3) Mills, P. H. & Ahrens, E. T. Enhanced positive-contrast visualization of paramagnetic contrast agents using phase images Ma.g Resonance in Medicine, 2009, 62, 1349-1355
4) Wycliffe, N. D.; Choe, J.; Holshouser, B.; Oyoyo, U. E.; Haacke, E. M. & Kido, D. K. Reliability in detection of hemorrhage in acute stroke by a new three-dimensional
gradient recalled echo susceptibility-weighted imaging technique compared to computed tomography: a retrospective study. J Magn Reson Imaging, 2004, 20, 372-377

5) Bulte, J. W.; etal., T1 and T2 relaxometry of monocrystalline iron oxide nanoparticles (MION-46L):. Acad Radiol, 1998, 5 Suppl 1, S137-40; discussion S145-6

6) Idiyatullin, D.; Corum, C.; Park, J. Y. & Garwood, M. Fast and quiet MRI using a swept radiofrequency. ] Magn Reson, 2006, 181, 342-349

7) Barrett, H. H. & Myers, K. Saleh, B. E. A. (ed.) Foundations of Image Science, Wiley-Interscience, 2003, p. 836

8) Corum, C. A. Magnetic Resonance with the Distant Dipolar Field University of Arizona, Optical Sciences Center, 2005 arXiv:physics/0507103

9) Merkle, H.; DelaBarre, L.; Bolan, et al., Transceive Quadrature Breast Coils and Applications at 4 Tesla ISMRM, 2001, 1114

10) P. Andersen et al., paper presented at the Proc. Int. Soc. Magnetic Resonance Medicine 1996.

Proc. Intl. Soc. Mag. Reson. Med. 18 (2010) 5113



