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Target audience: Radiologists who have interest in 3D TOF-MRA and clinical diagnosis 
oriented compressed sensing (CS). 
 
Purpose: To optimize tuning parameters for NESTA algorithm in reconstruction of 3D 
TOF-MRA by compressed sensing framework and its application to cerebral aneurysms. 
  
Methods: 3D TOF-MRA was obtained at 3T MR unit (Magnetom Trio, Siemens, Erlangen, 
Germany) with 32-channel head coil: TR/TE 19/3.69ms, flip angle 18°, FOV 220 × 220mm, 
matrix size 384 × 384, in-plane resolution 0.57 × 0.57 mm, 0.57 mm slice thickness. CS 
reconstruction was conducted at off-line PC workstation based on NESTA algorithm 
modified and implemented to in-house script by Matlab.1 NESTA algorithm solves for: min 	 ‖ ‖ 	 	 ‖ ‖ 	 	 ‖ ‖ 	, s.t.	‖ ‖ ε, where A is a known 
m×n “sampling” matrix, W is a wavelet basis, and TV is a total variation. Instead of solving min ‖ ‖ 	subject to ∈ , where the primal feasible set is : 	‖ ‖ , 

NESTA solves min 	subject to ∈ , where  is the smoothed version of the 
L1 norm. The parameter μ is important since μ should be set small for high accuracy or large 
for faster performance. The stopping criteria (tolerance) is controlled by δ. The parameter ε is 
typically small and proportional to an estimate of the standard deviation of any noise in the 
measurements. This algorithm yields a fast convergence by using a feature of ‘continuation’. 
In this study, the most appropriate parameter for NESTA for visualizing cerebral aneurysm is 
investigated. CS reconstruction was performed with varying parameters for NESTA: [μ, ε, 
δ]=[10-1, 10-2, 10-3, 10-4, 10-8, 10-12,10-16], [λ1-λ2,-λ3]=[1-1-1, 1-0-0, 0-1-0, 
0-0-1], number of iterations [50], outer loop [1, 2]. In addition, different 
sampling pattern was also investigated by retrospective undersampling. For 
generating sampling mask, undersampling rate was fixed to 12.5% and 
20.0%. Sampling mask was derived from Poisson disk sampling pattern, with 
varying parameters of central diameters [48, 60, 72], the relative sampling 
ratio between central and peripheral k-space [0.5, 1.0, 2.0]. Reconstruction 
was performed with a total of 24696 parameter sets for each sampling rate for 
4 healthy volunteers. 
The optimization process was conducted with ranking of mean squared error 
(MSE) of each pattern. The sampling mask and parameters of NESTA with 
the loweset MSE were surveyed. After this, CS for clinical cases with 
cerebral aneurysms was conducted with the optimized parameters. 
 
Results: The best sampling pattern was shown in rectangle. The same 
parameter was chosen for 12.5% and 20.0%: [μ, ε, δ, λ1-λ2-λ3, iteration, 
outer loop] = [10-8, 10-4, 10-4 or 10-8 or 10-12 or 10-16, 0-0-1, 50, 1]. 
Representative clinical cases reconstructed with optimized NESTA were 
shown: 100% sampling, zero filling data, CS-reconstructed images (5 and 50 
iteration times) with 12.5% and 20.0% masks. 
 
Discussion & Conclusion: The same undersampling mask was chosen for 
both undersampling ratio. The influential parameters for NESTA were μ, ε 
and TV. Minimum iteration showed good visualization of cerebral aneurysms 
even with minimum iteration of 5, however, denoising achieved with longer 
iteration times of 50. 
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