Comparison of magnitude and complex data fitting for quantitative water/fat imaging
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INTRODUCTION

Magnitude fitting has been proposed as an alternative to complex data fitting for quantitative chemical shift-encoded water/fat imaging. Advantages
of magnitude fitting include the removal of sensitivity to phase errors in the signal (e.g., caused by eddy currents) [1] and suppression of BO field
inhomogeneity effects (i.e., removal of one nonlinear parameter from the signal model) [2]. However, the noise performance of magnitude fitting,
relative to complex fitting, has not been established. In this work, we perform a quantitative comparison of both methods, based on the bias and
standard deviation of their estimates. The comparison uses theoretical Cramer-Rao Lower Bound (CRLB) results, simulation results and phantom
data.

METHODS

Phantom construction: A water fat phantom was constructed by mixing water and oil in separate vials, with fat fractions (%): 0, 10, 20,30,40,50,60,70,100 [3,4].
Data acquisition: Phantom data were acquired using a spoiled GRE sequence with monopolar readout (flip angle==25°, TR=2000ms), 8 TEs with initial TE=1.43ms
and TE spacing=2.23ms (the same TEs used for CRLB and simulations). The acquisition was repeated 128 times to obtain “Monte-Carlo” phantom measurements.
Simulations and CRLB used true R2* values of 42s™ and 54s™ for water and fat, respectively (means of R2*s measured in the phantom).

Processing: Data were fitted by nonlinear least-squares, both in magnitude [2] and complex methods. Magnitude fitting was performed using single-
peak and multi-peak models, and complex fitting was performed with a multi-peak model. All models were implemented both with one-R2* and with
two-R2* (independent for water and fat) decay models. Magnitude fitting was initialized with the estimates from complex fitting (as proposed in [1]),
to avoid the ambiguities for fat fractions above 50%. Phantom multi-peak fat calibration was performed from an additional 32-point acquisition.
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CONCLUSION: Complex fitting is preferable to magnitude fitting for fat quantification, both in theory and in practice.
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