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Improving Water-Fat Separation Using Object-Based Information of the B0 Field Inhomogeneity 
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Target Audience: Researchers and clinicians who are interested in chemical shift encoded water-fat separation. 
 

Purpose: The primary challenge in water-fat separation lies in estimating the B0 field map. Current algorithms assume that the field map is spatially 
slowly varying1-3. However, this assumption is empirically based and does not fully reflect the underlying mechanisms of the B0 field variation. Past 
work in electromagnetic theory has shown that the component of the B0 field that is induced by susceptibility variations can be accurately estimated 
from the underlying susceptibility distribution4,5. Notably, existing water-fat separation algorithms do not exploit this object-based information. 
Including knowledge of the susceptibility-induced field may improve the robustness of existing water-fat separation. Thus, the purpose of this work 
was to develop a framework for incorporating object-based information of the B0 field map into existing water-fat separation algorithms, to improve 
the robustness of B0 field estimation and reduce the likelihood of swaps. 
 

Theory: The signal from a voxel containing water (ρw) and fat (ρf) experiencing a B0 field (ψ) that is measured at echo time tn can be written as ( ) = + +  [1], where cn represents a known multi-peak fat spectrum and N denotes complex additive white Gaussian noise 
(AWGN). Estimating the B0 field is a nonconvex optimization problem and converging to a local minimum of ψ can result in a water-fat swap. To 
overcome this challenge, current algorithms assume that the B0 field is spatially slowly varying. However, this assumption breaks down in regions 
where the susceptibility distribution changes rapidly and in anatomical regions with irregular geometry. The B0 field can be written as ψ = ψb +ψs, 
where ψb represents the background field and ψs represents the susceptibility-induced field, which results from the interaction of the object being 
imaged with the applied magnetic field. From past work4,5, ψs can be accurately estimated if the susceptibility distribution (χ) is known: ( ) =(γB /2π)(1/3 − / ) ( ) [2]. The image domain representation,	 ( ), can be calculated by inverse Fourier transform of Eq. 2. In this work, 
we propose to estimate ψs using the multi-echo source images (see Fig. 1). A maximum intensity projection (MIP) is calculated along the echo time 
dimension; the MIP is then thresholded to form an air-tissue mask. Using the known susceptibility values of tissue and air6, the susceptibility 
distribution is assigned. The susceptibility-induced field can then be estimated using Eq. 2. The estimated susceptibility-induced field is demodulated 
from the original multi-echo source images. The resultant 
demodulated multi-echo source images serve as input into any 
existing water-fat separation algorithm. The demodulated source 
images are expected to have a majority of the B0 field 
demodulated, which should simplify the task of estimating the 
remaining B0 field for the water-fat separation algorithm. 
 

Methods: Experiments were conducted with informed consent and 
IRB approval using 1.5T and 3T scanners (GE Healthcare, 
Waukesha, WI). Six ankle, six brachial plexus, and twenty-eight 
cardiac 3D datasets were acquired using a multi-echo SPGR 
sequence. The multi-echo source images were processed using 
algorithms from the Fat-Water Toolbox7. To demonstrate the 
generality of the proposed method, the ankle datasets were 
processed using a region-merging algorithm1, the brachial plexus 
datasets were processed using hierarchical IDEAL2, and the 
cardiac datasets were processed using a graphcut algorithm3. Each 
dataset was processed a second time using the identical algorithm as the 
first time, but after the object-based field map estimate had been first 
demodulated from the original source images.  
 

Results: Without using the object-based field map information, swaps 
were observed in four of the six brachial plexus datasets (Fig. 2), three of 
the six ankle datasets (not shown), and six of the twenty-eight cardiac 
datasets (Fig. 3). In all cases, the swaps were fully resolved when the 
object-based field map estimate was demodulated from the source images 
before applying the water-fat separation algorithm. Further, the proposed method did 
not introduce any new swaps. 
 

Discussion and Conclusion: We have described a novel approach that exploits object-
based information to generate an estimate of the B0 field map. The proposed approach 
can be used to preprocess the multi-echo source images, to improve the robustness of 
water-fat separation methods. 
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Figure 3: Water-fat estimates using a graphcut algorithm, without and 
with object-based information. A swap is observed in the liver dome when 
using graphcut alone (arrow). The swap is resolved when the object-based 
field map estimate is demodulated prior to applying graphcut. 

Figure 1: Flowchart of the proposed approach. The susceptibility-induced field is estimated and
demodulated from the original multi-echo source images. The demodulated multi-echo source images
serve as input into any water-fat separation algorithm. 

Figure 2: Water-fat estimates using 
hierarchical IDEAL, without and 
with the object-based field map 
information. Swaps in the head/neck 
(arrow) are properly resolved only 
when using the object-based field 
map information. Notice the 
similarity between the object-based 
field estimate ( ) and the total field 
estimate ( ). 
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