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Target audience: Those interested in developing novel methods in fast quantitative imaging. 
Purpose: The recently proposed MR Fingerprinting (MRF)1 has been shown to be extremely efficient in the quantitation of the relaxation 
parameters. By pseudo-randomly varying the acquisition parameters, such as the flip angles and the repetition times, the MRF framework 
pursues unique signal evolutions for different tissue types. Multiple parameters can be simultaneously quantified by the pattern-matching 
algorithm. In this study, we explored the extension of this concept for further accelerating the MRF acquisition along the slice direction through 
Simultaneous MultiSlice acquisition (SMS-MRF). In the traditional SMS method, the aliased pixels are unaliased with parallel imaging 
techniques along the slice direction2. Using the concept of MRF, two simultaneously 
excited slices could have their own distinguishable signal evolutions by exciting them 
with different patterns of the flip angle and RF phase simultaneously. By matching the 
mixed signal from both slices to the pre-calculated dictionary of each slice, T1 and T2 
values of each slice can be directly quantified. 
Methods: In this study we used a MRF method based on a Fast-Imaging with Steady-
state free Precession (FISP) type sequence3. A Multiband radiofrequency (RF) pulse 
was designed to excite 2 slices simultaneously with different flip angles and RF phases. 
To generate unique signal shapes for different tissue types in MRF, the flip angles were 
sinusoidally varied from 5°~45°. For an MB =2 acceleration case used in this work, one 
slice was excited by flip angle pattern 1 shown in Fig. 1a with the RF phase of zero 
degrees, while the other slice was excited by flip angle pattern 2 shown in Fig. 1b with 
alternating RF phase between 0 and 180 degrees. The repetition times were smoothly 
varied from 7 to 10 ms using a Perlin noise pattern shown in Fig. 1c. A spiral trajectory 
using the minimum-time gradient design4 was used to acquire the data, with a uniform 
density spiral that requires 48 interleaves to fully sample the 256 x 256 k-space. The in-
plane spatial resolution is 1.2×1.2 mm2 with a slice thickness of 5 mm. 2000 time points 
with one spiral interleaf per time point were acquired for MRF scan. The SMS-MRF 

scan took less than 20 seconds to acquire 2000 time points with one interleaf per time 
point. All acquired data were reconstructed using NUFFT5. 
Two dictionaries were simulated by the extended phase graph (EPG) algorithm6 with the 
same repetition times, but different flip angles and RF phases. 
The dictionaries contain the signal evolutions for a range of T1 
(20~3000 ms) and T2 (10~300 ms) values. A pattern-matching 
algorithm was applied to the mixed signal (once for each 
dictionary) to retrieve quantitative maps of each slice. All 
studies were performed on a MAGNETOM Siemens Skyra 3T 
scanner (Siemens AG Healthcare, Erlangen, Germany) with a 
20-channel head-neck receiver array. 
Results: Figure 2a shows 2 slices of T1, T2 and proton density 
maps generated from SMS-MRF acquisition. Figure 2b shows 
the maps from the corresponding single slice acquisitions. The 
mean values of T1 and T2 from white matter and grey matter 
are in good agreement with previous literature results7. 
Discussion: Here, we showed initial results in accelerating 
the MRF scan by exciting 2 slices simultaneously with different 
RF flip angle and phase patterns. Because of the unique 
signal evolutions for each slice, the quantitative maps from the 
multiple slices can be simultaneously retrieved by the pattern-
matching algorithm. Further acceleration could be achieved if 
combined with the blipped CAIPI method8 and parallel imaging 
techniques.  
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MRM 2012 Figure 2. T1, T2 and proton density maps from MRF-FISP with the 

simultaneous excitation and the single excitation. 

Figure 1. The flip angle patterns for 2 slices and 
the repetition times used in SMS-MRF method 
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