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Take home messages: Phase can be used for a variety of studies in MRI, these include 
measuring flow, susceptibility, separating water and fat, etc.. 
 
Background: Magnetic resonance imaging (MRI) bases its clinical applications mostly on 
conventional anatomical imaging using spin density, T1, T2 and T2* type contrasts. Phase is not 
used in many applications, but does have its special roles. Phase information has been used 
almost since the beginning of MRI in chemical shift imaging experiments especially in water and 
fat separation techniques(1,2). The phase information has also been utilized in measuring 
temperature and pH changes in tissue (3,4). And a more recent use of phase is in susceptibility 
weighted imaging (SWI) (5) and quantitative susceptibility mapping (QSM) (6).  
 
Objectives: There are several objectives in this presentation. The first is to assess the current 
state-of-the-art processing of phase information for methods such as SWI, QSM and water/fat 
separation. The second is to show some examples of the clinical applications of phase imaging.  
 
Methods:Phase images generally contain information from a number of sources including but 
not limited to: static background fields, eddy currents, air/tissue interface fields, chemical shift, 
local field changes, temperature, pH and motion. Extracting the phase of interest can be difficult 
and can require special sequences to accomplish the goal of interest. One of the major efforts in 
obtaining local fields has come from the study of SWI and QSM (6).  
 
The first step in most studies using phase information is to unwrap the phase. Phase 
unwrapping algorithms can be categorized as spatial domain algorithms and temporal domain 
algorithms. The former category includes algorithms such as image quality guided phase 
unwrapping (7), 3D best-path phase unwrapping (8), Laplacian based algorithms (9,10), and 
optimization based phase unwrapping (11). The selection of the phase unwrapping algorithm is 
usually a trade-off between robustness and time-efficiency. A thorough review of the phase 
unwrapping techniques is given in (12). For temporal phase unwrapping, phase images 
collected with multi-echo sequence are required (13,14), and the phase at short effective TE is 
utilized, in which the phase aliasing can be largely avoided. This offers pixel-wise phase 
unwrapping in a time-efficient fashion.   
 
With single echo approaches, special filters have been designed to remove low spatial 
frequency phase such as a homodyne high pass filter. Apart from high-pass filtering, there are 
three other methods being used in recent years: geometry dependent artifact correction (15), 
dipole fitting (16) and methods based on the spherical mean value property of the background 
field (17,18–21). But there are other means to accomplish this in a more data intensive way and 
that is fitting the phase to a quadratic function. In the latter approach, the areas with local field 
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variation must be removed from the image and the remaining areas are used as constraints to 
fit the low spatial frequency field. Then this field is subtracted from the original field to generate 
local field information (22).  
 
With methods such as three point Dixon (1,2) the added phase from chemical shift can be 
extracted. Methods to extract flow using the usual flow quantification schemes will be presented. 
Finally, how to handle phase from multi-coil systems will also be discussed.  
 
Results: Example phase images from both single echo and multi-echo gradient echo data will 
be presented, both with and without special anti-aliasing and background field removal 
approaches. The resulting phase images can then potentially be used to quantify things like iron 
content, flow, and water/fat fractions for example.  
 
Discussion and Conclusion: The use of phase is becoming more and more important. As field 
strengths increase and signal-to-noise ratio increases, so do the opportunities to use phase 
information especially when collecting data with higher resolution. Therefore, methods for phase 
data processing are also taking on a more critical role. New methods are being developed to 
better handle this need for culling out all the different contributing factors to phase.  
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Question 1: 
 
Why is it important to unwrap phase before calculating the magnetic field or susceptibility? 

a. An aliased image reveals how bad the field is shimmed. 
b. Unwrapping the phase leads to a loss of signal-to-noise and is a bad idea.  
c. Reducing T2* signal decay obviates the need for phase unwrapping. 
d. Unwrapping the phase leads to the correct local field estimate.  

 
(Answer d) 
 
 

Question 2: 
 
Phase can be used to quantify or identify: 

a. Iron content 
b. Flow 
c. Water versus fat 
d. All of the above 

(Answer d) 
 
 
 
 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    


