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Target Audience: Researchers interested in vessel wall imaging, motion correction. 
Purpose: Carotid vessel wall magnetic resonance imaging (MRI) has been validated to discriminate different components in plaques and evaluate their vulnerability1. 
Patient motion such as breathing and swallow is inevitable during acquisition. In a multicenter trial, Monitoring Atherosclerotic Plaque Progression (MAPP) study2, 32.5% 
data were rejected because of their low image quality caused by motion. Navigator echo or self-gating techniques3-6 were explored by several previous works to monitor 
swallowing. However all these techniques are prospective methods and adopted accept/reject-reacquisition as their data management strategy, which interrupted data 
acquisition and prolonged scan duration. The target of this work is to develop a retrospective motion compensation method with iterative GRAPPA like convolution7 and 
optimized coil element data combination. 
Methods: Since motion induced errors are incoherent, the weighting summary in adjacent k-Space could lead to error cancellation by k-Space regeneration using GRAPPA 
like convolution. Regarding to different motion types and degree, k-Space regeneration can be imposed iteratively to adjust the range and level of weighting summary. The 
convergence of difference between images from adjacent iterations was utilized as the adaptive termination criteria. To relief the SNR reduction during k-Space 
regeneration, the original data from the coil elements with low sensitivity to motion was retained during the iteration. 
QIR T1-weighted TSE and MDIR T2-weighted TSE sequence were acquired on five volunteers with a 3.0T MR scanner (Philips Achieva 3.0T TX, Best, The Netherlands) 
and custom built 8 channel carotid coil. The main parameters used for these sequences were listed in table 1. Acquisitions were performed with following instructions to 
acquire motion corrupted images. Deep breathing scan: Breathe heavily and frequently during scan. Swallow scan: Swallow at 25, 50, 75% of the scan. 
Both left and right common carotid artery (CCA) and internal carotid artery (ICA) were studied. Motion contaminated images from 160 vessel wall cross-sectional images 
(5 volunteers, 2 sides, 2 sequences, 4 slices and 2 
motion types) were selected by an experienced 
reviewer and then reconstructed with proposed 
algorithm. Lumen signal noise ratio (LSNR) was 
measured by mean intensity in lumen divided by the 
standard deviation of adjacent muscle. The lower 
LSNR, the more motion artifacts removed. 
Results: Totally 87 images were contaminated by motion artifacts (44 corrupted by deep breathing, 43 corrupted by swallow). Figure 1 shows a typical result, where 
reconstructed image with 4 iteration (c) can eliminate the motion artifacts existed in original image (a) and that with 1 iteration (b). The difference between images from 
adjacent iterations was also converged at 4th iteration (d). Vessel wall boundary was also clear after iterative reconstruction, which is hard to be found in other images.  

 
Figure 2 is used to illustrate the proposed selective coil combination scheme. Original images from channels 1 and 2 (a and b) 
are severely corrupted by motion, while images from channels 3 and 4 (c and d) do not contain visible artifacts. After images 
k-space regeneration showed in i~l, significant differences could only be observed in reconstructed images of channels 
sensitive to motion. As described in selective coil combination scheme, channel data with differences in degree lower than the 
average change of all channels (e.g. for channels 3 and 4, RMSE were 5.4483 and 6.2404, while the average level was 6.2741) 
was maintained in the result of the current k-space regeneration. Quantitative LSNR comparison using paired t-test shown in 
figure 3 also demonstrates that proposed reconstruction algorithm could reduce motion artifacts significantly. 
Discussion: Proposed reconstruction algorithm is effective to eliminate motion artifacts of deep breath and swallow in black 
blood carotid images retrospectively. It can be performed after motion artifacts appreciated. In another word, the program 
provided a possibility to save motion corrupted vessel wall images, which usually happen during acquisition. One limitation of 
this work is overall SNR decreasing during GRAPPA like convolution. 
Conclusion: Proposed algorithm can be considered for black blood carotid imaging reconstruction for motion artifacts 
reduction without any cost of extra equipment, acquisition time or change of sequence. 
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Table 1. Main parameters of carotid vessel wall imaging 
Sequence FOV (mm2) Matrix TH (mm) SlcNum TR/TE (ms) TI (ms) Duration 
QIR-T1WI 160x160 256x256 2 4 800/10 382/138 2min44s 
MDIR-T2WI 160x160 256x256 2 4 4800/50 290 1min50s 

FIG. 2. Illustration of different sensitivities to local motion in a multi-channel 
coil, and the proposed selective coil combination scheme. a~d: Original images 
from channels 1~4 of the same image in Figure 5a. e~f: Initial result of a~d with 
a single k-space regeneration. i~l: Corresponding difference maps of the two 
image rows.  

FIG. 1. Representative result of swallowing motion compensation in carotid 
imaging. a: The motion corrupted image. b: Motion corrected image of 1 
iteration. c: Motion corrected image of proposed method. The region 
surrounding the right carotid artery is zoomed out for better visualization d: 
The Dn curve. e~f: Difference maps of b~c. 

FIG. 3. Lumen SNR comparison 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    4524.


