Liver iron content measurement using quantitative susceptibility mapping
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TARGET AUDIENCE: Researchers interested in quantification of fat, iron and magnetic susceptibility (QSM) in the liver.
PURPOSE: The liver is known to allow various degrees of iron (hemochromatosis) and triglyceride (steatosis)
accumulation within its cells, which strongly affect the MRI signal. Iron deposition is normally evaluated via
R2* mapping [1]. However, R2* provides only an indirect measure of the iron stores which is affected by local
tissue oxygenation, local vessel distribution and field inhomogeneity such as those near the lung-liver interface.
These confounders also affect the necessary separation of fat and water signals and consequently the estimation
of the fat fraction, which is relevant for liver disease treatment. By capitalizing on the difference between iron
and fat susceptibilities, quantitative susceptibility mapping (QSM) may be used for the characterization of liver
composition [2]. However, QSM requires an estimation of the total susceptibility field as an input and several
confounding factors must be taken into account when applying this technique to abdominal studies: i) sharp air-
tissue susceptibility interfaces (~9 ppm) and signal voids, ii) the presence of fat, which makes field estimation a
nonlinear problem, iii) scan time constraints due to the necessity of using breath holding. In this work, we
propose to use a multi-echo flow compensated 3D spiral acquisition, combined with an adaptive determination
of fat content and magnetic susceptibility to quantify iron content in healthy livers.

METHODS: 1) Data acquisition: With IRB approval and informed consent, 8 healthy volunteers were scanned
on a 1.5T MRI system (GE Excite HD, Milwaukee, WI), using an 8-channel cardiac coil and a 4-echo flow-
compensated spiral sequence (TE = 0.6ms, ATE= 6.6ms, 4 echoes, TR = 25 ms, FA=30°, BW=+62.50 kHz, 48
spiral leafs, breath hold ~45 seconds and voxel size = 1.4><1.4><3mm3). As a comparison, the 2D multi-echo
SPGR sequence that is currently used in our clinical practice for the estimation of R2* and iron content was
performed as well. Imaging parameters were TE = 1.3ms, ATE= 1.5ms, 16 echoes, TR = 28 ms, FA = 20°,
BW=+62.50 kHz, 5 slices). 2) Total susceptibility field estimation: A linear fitting of the signal phase was  Fig.1 Axial (A) and coronal (B) slices of the
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chemical shift, n is an integer and m = 0 or 1. Both of these steps were performed with a magnitude-guided field R2* 1/s
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p, the water and fat contributions to the complex signal of a voxel at TE = 0. In the next step, both water and fat 0.15

were assumed to have constant chemical shifts and magnetic susceptibilities. With this assumption, a piece-wise *

constant inversion of the magnetic field distribution [3] was used to estimate the water and fat susceptibilities and £ 02 *
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computed and linearly correlated across volunteers against the liver susceptibility value from QSM. 027

RESULTS: Liver QSM results are illustrated in Fig.1: axial plane shows a middle liver slice with vena cava, £

aorta, and branches of the right and middle hepatic veins visible (Fig. 1a); a coronal plane shows branching of the 2 023
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DISCUSSION AND CONCLUSIONS: The proposed algorithm successfully reconstructed a susceptibility map in 017

the liver, while minimizing the number of streaking artifacts typical for incomplete solutions of QSM. Features of 015 B
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