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TARGET AUDIENCE: MR scientists and clinicians interested in motion correction and cardiac 
MRI. 

PURPOSE: Single-shot (SSH) pulse sequences in CMR are beneficial for rapid image acquisition 
especially in arrhythmic patients or poor breath-holders. However, this fast scanning technique 
trades scan time for lower signal-to-noise ratio and spatial resolution compared to conventional 
multi-shot acquisitions. Here we propose a motion-compensated reconstruction technique that 
improves the image quality from multiple free-breathing undersampled single-shot acquisitions. 
Simulations are used to evaluate the performance of the model by retrospectively undersampling 
the acquired data with different acceleration factors. 

METHODS: Acquisition – In 7 patients with suspected cardiovascular disease, 4 repetitions of 
fully sampled SSH Late Gadolinium Enhancement (LGE) were acquired in free-breathing 7-10 
minutes after Gd injection1. The experiments were performed on 3T MR750w and 1.5T MR450w 
systems (GE Healthcare, WI, USA). The scan time of 4 SSH LGE (8s in free-breathing) was 
shorter than the multi-shot LGE (13s in breath-hold). Simulation – Image simulation is performed 
using Golden Step Cartesian undersampling in the phase encoding direction. Spacing between 
samples is proportional to the Golden fraction 	0.618. This trajectory enables an irregular but 
almost uniform distribution of the measured data for any arbitrary number of repetitions, leading to 
incoherent aliasing. Coils sensitivities have been simulated and estimated by performing a self-
calibrating technique. Reconstruction – The aim of the method is to jointly reconstruct the image 
ρ free of noise and motion artifacts, from the simulated raw data S=(si)i=1..4 using the following 
framework: 
 argmin, ‖S ‖ Φ 						where				 	 	 
Here  is the encoding matrix composed of a sampling	 , a Fourier transform F, a coil sensitivity 
weighting  and a warping operator W. The main optimization problem is divided into 2 sub-
problems, thus alternating between a non-rigid registration and a motion-compensated 
reconstruction step2: 	argmin ‖S ‖ Φ

where    	Φ 1 | | 				 				 argmin ‖ ‖ ‖ ‖
where				  

1) For the motion correction estimation, we opt for a regularized non-rigid registration model with multi-resolution scheme. The motion model is initialized 
with the SSH images reconstructed using a regularized SENSE reconstruction. 2) For the motion compensated reconstruction3, we propose to use a 
primal-dual projected gradient approach, employing the Beltrami energy Φ as regularity prior4. This regularization was chosen because it is feature 
preserving and can greatly reduce staircasing effect. The regularization parameter λ=0.05 was tuned to preserve thin image structures. The method is 
applied off-line and is implemented in an automatic way. 

RESULTS: Example reconstructions results are shown in Fig1. One can see a result spatially blurred with a standard reconstruction-registration-average 
(RRA) method5. The benefit of incorporating a motion correction step directly into the reconstruction process6 is seen on (d). The proposed joint 
reconstruction and motion correction model exhibits significant quality improvement over each method with an acceleration factor r=2.5 while 
reconstructing shaper edges (arrows). Moreover, when r increases, the standard RRA method shows a result more blurry while our method preserves 
image quality. 

DISCUSSION: We introduced a new SSH-LGE pipeline including an optimized sampling and the associated joint reconstruction and motion correction 
algorithm designed for fast, robust cardiac imaging. By iteratively incorporating the estimated motion into the reconstruction process, we increase the 
robustness of the model and exhibit good quality images. A limitation to the method is that potential through-plane motion cannot be corrected, although 
it remains negligible compared to the slice thickness. Ultimately, this method could enable accurate motion corrected reconstruction of SSH images with 
higher spatial resolution than conventional methods, with the potential to offer a high-quality LGE examination even in challenging patients. 
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Fig. 1 Cardiac reconstructions after 4 SSH LGE 
acquisitions in free breathing with acceleration 
factors .  and . . a) One repetition 
reconstructed using a classic SENSE (192x152), b) 
Iterative Reconstruction without motion correction 
(all repetitions). c) Reconstruction-Registration-
Average, d) Iterative Reconstruction with Beltrami 
regularization and motion correction. 
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