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Purpose 
Multiband (MB) imaging has recently been attempted for arterial spin labeled (ASL) perfusion MRI in conjunction with EPI readout [1-3].  It was 
found that MB-EPI can reduce T1 relaxation of the label, improve image coverage and resolution with little penalty in SNR.  However, EPI still 
suffers from geometric distortion and signal dropout from field inhomogeneity effects especially at high and ultrahigh magnetic fields.  Here we 
present a novel scheme for achieving high fidelity distortion-free quantitative perfusion imaging by combining pseudo-continuous ASL (pCASL) 
with MB-Turbo-FLASH (TFL) CAIPIRINHA readout at both 3 and 7 T.  The image quality of MB-TFL was evaluated and compared to a standard 
2D TFL and EPI pCASL sequence. Background suppression (BS) was further implemented in 
conjunction with MB-TFL at 3T to assess its effect on temporal SNR. The results demonstrated 
the feasibility for distortion-free quantitative CBF mapping at high and ultrahigh magnetic fields. 
                                                                                            

Methods 
Figure 1 illustrates the relative positioning of the labeling plane (purple), shimming volume (yellow 
box), the dielectric pad (pink) and the imaging slices (read, blue and green lines) for MB-5.  The 
3rd-order shimming and the dielectric pad were only applied for 7T imaging. Using a 32-channel 
head receiver coil, ten (23±3 yo) and five (33±14 yo) healthy volunteers were imaged on a 
Siemens 3T Tim Trio and 7T whole-body Magnetom system, respectively.  3, 9 and 15 slices 
were acquired using MB-TFL with MB-1, MB-3 and MB-5 slice accelerations, respectively. 
The imaging parameters were (3/7T): voxel size=2x2x5mm3, TE=1.14ms, TR=3450/5000ms, 
FA=10°/7°, post label delay=1.2s, slice acquisition time=250/330ms, pCASL label 
duration=1.5/1s, labeling offset=90/75mm, measurements=80. Due to SAR 
limitation, BS was only implemented at 3T with a delay time of 850ms. To 
improve the g-factor, the CAIPIRINHA [4] technique was implemented with a 
FOV/3 shift along the PE direction for MB-3 and MB-5. For the same spatial 
resolution, pCASL 2D EPI was performed with TR/TE=4150/27ms and slice 
acquisition time=60ms. The aliased slices were then reconstructed using the 
slice-GRAPPA algorithm [5] with a kernel size of 3x3. The performance of 
the MB-TFL image acquisition was evaluated by quantifying the temporal 
SNR (tSNR) of the perfusion images—the mean signal intensity of the gray 
matter divided by the standard deviation of the image intensity time series.   
 

Results & Discussions 
Figure 2 shows the root-mean-square (RMS) of the raw image intensity 
difference between each image volume and the time series mean 
(a) without and (b) with BS for a MB-3 scan at 3T. Non-BS images 
showed a greater level of temporal variation in RMS values, which 
was improved significantly after applying the BS pulses. With BS, 
the tSNR of MB-TFL pCASL relative to that of standard TFL 
pCASL increased from 0.70±0.05 to 0.84±0.09 for MB-3, and from 
0.65±0.05 to 0.79±0.10 for MB-5, respectively. Representative 
CBF maps from the MB-TFL with MB-5 and the EPI acquisition are 
shown in Fig. 3(a, b) and (c, d) for 3 and 7T, respectively. Due to 
the short TE in the TFL readout, CBF maps show virtually no 
distortion or signal dropout, as shown in Fig. 3(a, c).  In contrast, 
severe geometric distortions are clearly visible on the EPI images, 
especially near the orbitofrontal and inferior temporal lobe, see Fig. 
3(b, d). The tSNR of MB-TFL ASL (3T: 0.70±0.05/0.65±0.05 for 
MB-3/5; 7T: 0.76±0.10/0.74±0.11 for MB-3/5) are significantly 
higher than that of EPI ASL (3T: 0.44±0.14; 7T: 0.21±0.05). 
 

Conclusions 
In this study, we presented a novel imaging technique by 
combining pCASL and MB-TFL readout with CAIPIRINHA for 
whole brain distortion-free CBF mapping at both 3 and 7T. 
Superior image quality with no geometric distortion and signal 
dropout near the orbitofrontal and inferior temporal lobes can be 
attained from the MB-TFL pCASL perfusion images.  The relatively 
slower image acquisition speed of the TFL readout (as compared 
to EPI) was compensated by the MB acquisition scheme.   
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 Figure 3. Example CBF maps acquired using (a, c) MB-TFL with MB-5 
slice acceleration and (b, d) a standard 2D EPI readout.  (a, b) CBF maps 
at 3T.  (c, d) CBF maps at 7T.   

 
Figure 2. Root-mean-square (RMS) of the raw image intensity 
difference between each image volume and the time series 
mean (a) without and (b) with BS for a MB-3 scan at 3T. 
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Figure 1. MB imaging and the labeling scheme at 
7T. Slices with the same colors denote imaging 
planes that were simultaneously excited by the MB 
pulse and readout by the same 2D TFL sequence.  
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