Phase and Amplitude Correction in Bipolar M ulti-Gradient-Echo Water-Fat Imaging

H. Eggers', P. Koken®, and P. Boer nert*
'Sector Medical Imaging Systems, Philips Research Europe, Hamburg, Germany

Introduction

The use of bipolar readout gradients promises to further improve the efficiency of multi-echo water-fat imaging with chemical shift-based separation.
It entails mismatches between the signal from odd and even echoes, however, which mislead generalized multi-point Dixon methods [1]. These mis-
matches are mainly caused by eddy currents and by shifts of the fat signal in opposite directions [2]. In this work, an approach to resolve this problem
is proposed, which appears particularly suited for applications in continuously moving table whole-body imaging [3]. It involves the selection of high
receive bandwidths to neglect the shift of the fat signal [4], and the acquisition of more echoes per repetition time to preserve a sufficiently long en-
coding time and thus high signal-to-noise ratio and to permit a spatially resolved estimation and subsequent correction of phase and amplitude errors.

M ethods

To accommodate the phase and amplitude differences that are caused by opposite readout gradient polarity, the composite signal § from echo k, ac-
quired at time ty, is modeled in image space by

1 k=1,3,..
B k=24, "

Sw and St denote the water and fat signal, and fye and f denote the
resonance frequency offset due to chemical shift and main field in-
homogeneity. The exponential e** serves the phase and amplitude
correction of the signal from even echoes. It may be linearized in
the same manner as e/, allowing both to be treated alike in the
water-fat separation [1], but requires a more careful choice of the
step width in the iteration. As to the field map f, a non-linear local
filter was applied to both e * and j to further stabilize the fit.

Imaging was performed on healthy volunteers with a 1.5 T Achieva
scanner (Philips Medical Systems, Best, The Netherlands). A vol-
ume of 52x30x200 cm® was covered with an isotropic resolution of
5.4 mm. Five echoes with a TE/ATE of 1.3 ms/0.7 ms were sampled
in a TR of 5.3 ms, leading to a fat shift of +0.045 pixels. The table
advanced perpendicular to the frequency encoding direction, which
was left-right, with 14 mm/s. The total scan time amounted to 146 s.
Results

Fig. 1 summarizes results of applying the proposed extended fit to
one of the acquired 3D whole-body data sets. The phase and ampli-
tude error maps demonstrate the feasibility of estimating both simul-
taneously with the field map and the water and fat signal spatially
resolved. The fit error maps underline the achieved improvement in
modeling the composite signal’s evolution and consequently in sep-
arating the water and fat signal. The phase error map exhibits not
only a linear variation in readout direction, as to be expected from
gradient delays, but also a non-linear variation both in readout and
preparation direction. The complex spatial dependence is even more
apparent in the amplitude error map, which shows noticeable varia-
tions in particular towards the head and the legs, where the asymme-
tric frequency characteristic of the body coil used for signal recep-
tion manifests itself because of varying load conditions.

Discussion

The mapping of phase and amplitude differences in image space be-
tween the signal from odd and even echoes in bipolar multi-gradi-
ent-echo imaging permits to address both gradient system and re-
ceive coil imperfections and to eliminate associated artifacts in sep-
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