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Study on Spatiotemporally Encoded Multi-slice Ultrafast
Magnetic Resonance Imaging

Ting Zhang
ABSTRACT

In recent years, single-shot magnetic resonance imaging (MRI) has been widely
used in biomedicine, such as diffusion imaging, functional imaging, and real-time
three-dimensional imaging, owing to its excellent temporal resolution. Among
single-shot MRI approaches echo-planar imaging (EPI) stands out most. However,
EPI still faces several limitations, particularly as a result of field inhomogeneity and
of chemical shift effects that can become severe in high fields. A novel single-shot
MRI method was proposed based on spatiotemporal encoding, which provides a way
to effectively alleviate the effects of field inhomogeneity and chemical shift while
retaining high temporal-resolution character. The usage of chirp pulse increases the
specific absorption rate (SAR) in imaging. This is not a prominent problem for
single-slice spatiotemporally encoded (SPEN) MRI. However, for multi-slice SPEN
MRI realized by the repetition of single-slice SPEN MRI, the SAR problem is
exacerbated, which greatly limits its value in clinical application. To relieve the SAR
limitation, a novel multi-slice SPEN method was proposed by Frydman and coauthors
in 2013. The drawback of this method is the signal loss induced by T; relaxation
effect. This signal attenuation would decrease the signal-to-noise (SNR) and put a
limitation on its affordable slice number. The main work of this thesis is listed below.

1. ASPEN MRI method with slice-selective dimension segmented was designed
for multi-slice MRI to lower the SAR and slow down the signal loss caused by T;
relaxation so that more slices can be scanned.

2. To image several slices in one scan, simultaneous echo refocusing was used in
spatiotemporal encoding. With several slices spatiotemporally encoded
simultaneously, simultaneous echo refocusing SPEN MRI lowers the SAR and holds
the robustness to field inhomogeneity and chemical shift effects.



Keywords: MRI; spatiotemporal encoding; segmented excitation; simultaneous echo

refocusing
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