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Introduction: Recently, it was shown that custom-designed spatial-spectral pulses (SPSP) using an echo-planar trajectory are suitable 
for an effective fat suppression in reduced FOV imaging (1-5). This technique takes advantage of the spatial displacement of the fat 
signals along the blipped direction in EPI due to chemical shift and does not need prior saturation pulses, special reconstruction 
algorithms nor multiple acquisitions. Furthermore, the approach tends to be less sensitive to B1 inhomogeneities compared to other fat 
suppression methods. However, the realization of an appropriate shift depends on many variables, requires long SPSP pulse durations 
and the method is prone to eddy currents, susceptibility artifacts and main field B0 inhomogeneities. The goal of this study is to 
provide a simplified implementation and to investigate the SPSP based fat suppression approach in high resolution diffusion-weighted 
imaging (DWI) in phantom and human subjects by comparing the actual 
performance with two other state-of-the-art methods. 

Methods: Fat-water phantom (Fig. 1a) and human subject experiments (Fig. 1b) 
were conducted on a 3T MAGNETOM Skyra scanner (Siemens, Erlangen, 
Germany). In-vivo reduced FOV diffusion-weighted images were obtained by an 
analytically designed SPSP, resolution =1.1x1.1x3 mm3, FOV = 69x220 mm2, 
TR = 1500 ms, TE = 96 ms and b = 50, 500 s/mm2. Note that the minimal common 
TE was set for all subsequent fat suppression methods, respectively.  

The implementation of the SPSP based fat suppression method (SPSP-FS) 
follows the proposed approach in (1) using a blipped rectilinear EPI trajectory. The 
blipped direction is set to PE. Fat signals are not excited, if the fat-
signal is shifted beyond the FOV assuming that it matches with the 
object size along PE. The resulting spatial shift SΔ  between fat and 
water in pixels is given by the frequency offset for fat fΔ  and the total 
SPSP duration SPSPT : SPSPTfS ⋅Δ=Δ . Bearing further the Nyquist 
criterion in mind, the proper SPSP can be calculated. Other 
parameters influencing the slice profile, excitation resolution or the 
selected reduced FOV are left untouched/excluded as possible within 
the design process, which results in an adjustment of the unexcited 
region between adjacent excited lobes.  The SPSP-FS approach 
is compared with two state-of-the-art fat suppression methods in DWI, 
i.e. a spectral selective saturation method (Gaussian FATSAT) and an 
IR method (SPAIR) using adiabatic inversion. Both methods used a 
SPSP pulse with minimal required field of excitation for reduced FOV 
excitation, i.e. the distance of excitation side-lobes. 

 To assess the fat suppression efficiency, SNR values are 
calculated in the phantom by computing the ratio of the mean 
magnitude value of manually selected non-overlapping areas ≥10 cm2 
of water and residual fat signals, respectively, and the standard 
deviation of the underlying noise in signal and ghost free 
regions. Subject images of the c-spine are evaluated by visual 
inspection. To assess the different acquisition speeds, the 
minimal TR and TE are reported.  

Results: Diffusion weighted images of the phantom and subject 
experiments are shown in Fig. 2. The SNR values of the former (see Table 1) reveal that all methods significantly reduce the fat signal 
magnitude and do not affect the water signal. However, FATSAT has the lowest increase of acquisition time but shows residual fat 
signal (phantom: right part of the image, subject: lower part of the image) and thus higher SNRFAT of fat regions. SPAIR and SPSP-FS 
show similar low SNRFAT values and no visible fat residuals. But the SPAIR method significantly increases the TR compared to SPSP-
FS due to the long adiabatic IR pulse. The SPSP-FS however has in general an increased TE and thus can result in a lower SNR due 
to the longer TE contribution of the SPSP. 

Conclusion: In this study, fat suppression method using solely SPSP pulses was simplified in its implementation and evaluated for 
reduced FOV DWI in phantom and subjects. The SPSP-FS approach was compared with two common fat suppression techniques, i.e. 
SPAIR and FATSAT. We have shown that SPSP-FS outperforms the other methods in terms of suppression efficiency (FATSAT) and in 
minimal acquisition time (SPAIR) depending on the actual imaging settings and necessary fat-shift with respect to the object dimensions 
in PE. Hence, SPSP-FS can offer a good compromise between fat suppression efficiency and imaging speed.  

References: 1.2. Yuan et al MRM 2010-1092, JMR 2011-38   3.4. Saritas et al MRM 2008-468, ISMRM 2011-1953   5. Chen et al. ISMRM 2011-4442. 

a)  b)
Figure 1: Full FOV gradient echo images of  
a) a fat-water phantom, b) human subject c-spine 
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Figure 2: Acquired reduced FOV DWI images with b = 500 s/mm2. 
left phantom, right subject. 

Table 1: SNR values of water and fat regions in the phantom. 
Method No fat suppr. SPSP-FS FATSAT SPAIR 

 SNRWATERSNRFATSNRWATERSNRFATSNRWATERSNRFATSNRWATERSNRFAT

b0 61 9.8 62 2.5 60 3.0 61 2.8 
b500 51 23 49 2.4 52 4.3 51 2.5 
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