
Fig.3 Comparison result of CS+PI and PI alone. Upper: Coronal MIP, Lower: 
Angled coronal MIP. 
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Target audience 
Scientists and physicians interested in cardiovascular MR and wishing to know the application of compressed sensing to non-contrast 
MRA. 
Introduction: 3D Time of Flight (3D TOF) is a clinical routine application to visualize 
vascular structures without the need for contrast agents. However there is an improvement 
opportunity in scan time for 3D TOF that has longer scan time than other brain routine 
applications such as T1w, T2w, FLAIR and DWI. Compressed sensing (CS) has shown 
benefit on accelerating scan time utilizing sparsity in compressable images1. 3D TOF with 
maximized signal difference between flowing blood and static tissue is favorable to 
applying CS. Parallel imaging technique (PI) with multiple channel receiver coils can 
reduce scan time by combining with CS, which allows greater acceleration than only PI2,3. 
But reconstruction time burden for CS iterative reconstruction and high channel count 
datasets may prevent CS technique to penetrate into clinical practice. In this work, we 
implement CS+PI4 3DTOF for brain managing reconstruction processing time and 
demonstrate feasibility for aiming to clinical practice.  
Materials and Methods: Segmented center-out view ordering in Cartesian is chosen with 
elliptical shape of ky-kz plane (Fig.1). In each segmented views, firstly fat saturation pulse 
(Fat SAT) is applied around the center of k-space. Spatial saturation pulse (SpSAT) and 
Magnetization transfer pulse (MT) follow to suppress vein and brain static tissues before 
SGPR data acquisition. The timing of MT and SpSAT between the data acquisitions is 
optimized to be efficient for reducing SAR and keeping background suppression. The 
sampling pattern is uniformly undersampled with auto-calibration signal (ACS) points for PI 
and further randomly undersampled with Gaussian pattern for CS. The 
acquired data set is reduced in size with coil compression technique (CC)5 
about half. The downsized data is reconstructed using L1-norm minimization 
forcing sparsity in an iterative manner to recover uniform k-space in parallel 
imaging domain. Finally data driven PI produces complete k-space. A volunteer 
was scanned on a 3.0T GE scanner with 12 channel head receiver array coil 
under IRB approval. PI 2 acceleration in phase direction was used for reference. 
Net acceleration is to be defined as #full sampling data / #undersampling data. 
The following scan parameters were used: Obl axial scan plane, TR/TE = 
30/2.5 msec, Matrix = 320x256x80, FOV = 22x16.5x80 mm, slice thickness = 
1.0mm, flip angle = 15 deg with ramped pulse, single slab acquisition. Image 

reconstruction performance of single thread was measured on Intel@Xeon 
3.2GHz, 4cores, 32 GB DDR3 and 64 bit linux. CC on and off was compared 
with scan matrix 320x320x80 in PI 2x1 + CS 2 acceleration.    
Results: CC provided 1.8 faster reconstruction time in total than no 
CC by reducing coil channel of 12 down to 6 even although CC itself 
requires additional time (Fig.2). Processing time of CS greatly 
decreased. Volunteer scan showed that both main and distal 
vessels are visualized identically between CS+PI and PI-only in 
Fig.3. Slice by slice image comparison was also comparable with 
good background suppression with three preparation pulses. Scan 
time was accelerated by 43 % in CS+PI. 
Discussion: CS successfully reduces scanning time without image 
degradation. Further acceleration could be achievable with 
increased channel count while total reconstruction time is prolonged. 
Coil compression and more powerful CPU with multi-threading help 
processing speed-up into clinical use. But additional work is needed 
to evaluate the application in clinical. 
Conclusion: We demonstrated the feasibility of 3D TOF with CS+PI. 
CS provides equivalent image quality with faster scan time 
compared to PI only. 
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Fig.2 Reconstruction time reduction with coil compression 
(CC). 

Fig.1 Segmented center-out Gaussian 
random sampling in ky-kz. Colors show 
preparation pulse timing just before data 
acquisition. Red : FatSAT, Blue : SpSAT and 
Yellow : MT pulse. 

PI only (3:53) 

Accel. 1.7 

CS + PI (2:12) 

Accel. 2.6 
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