
Table 1 P value of Dunnett t-test and ICC for Ktrans and Uptake between 
the reconstructions from undersampled data and fully sampled data.

Accelerating Dynamic Contrast-Enhanced MRI Using K-T ISD 
Na Zhang1,2, Guanghua Song1,2, Weiqi Liao1,2, Weijie Tao1,2, Leslie Ying3, and Dong Liang1,2 

1Paul C. Lauterbur Research Centre for Biomedical Imaging, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen, Guangdong, 
China, People's Republic of, 2Key Laboratory of Health Informatics, Chinese Academy of Sciences, Shenzhen, Guangdong, China, People's Republic of, 3Department of 

Electrical Engineering and Computer Science, University of Wisconsin-Milwaukee, Milwaukee, WI, United States 
 

INTRODUCTION  
The trade-off between the achievable temporal and spatial resolutions limits the practical impact of dynamic contrast-enhanced magnetic resonance 
imaging (DCE-MRI) in the diagnosis, grading, and classification of tumors. Some methods have been proposed to accelerate imaging speed by 
exploiting spatial and/or temporal correlations in the image series. Among which, the sliding window (SW) method is used ubiquitously in clinics [1]. 
The emerging CS-based methods have shown promising performance for accelerating DCE-MRI [2-5]. In this work, we investigate the potential of 
recently proposed k-t Iterative Support Detection (k-t ISD) in accelerating DCE-MRI. This method has shown its superiority to conventional CS 
methods on cardiac cine imaging by exploiting the additional prior information on the support of x-f space [6]. The objective of the present work is 
to demonstrate the feasibility of k-t ISD in accelerating DCE-MRI in comparison to the SW method.    

THEORY AND METHOD  
K-t ISD is a novel method to improve the CS 
reconstruction for dynamic MRI by 
incorporating additional information on the 
support of the dynamic image in x-f domain 
based on the theory of CS with partially 
known support (CS-PKS). Experiments 
demonstrate that k-t ISD improves the 
reconstruction quality over the basic CS 
methods in which support information is not 
exploited. In this study, we apply k-t ISD to 
reconstruct DCE images. Fully sampled DCE-
MRI datasets of 9 patients with histologically 
confirmed high grades of gliomas (7 males, 
age range, 45–75 years with mean of 55.11±9.42 years) were acquired on a 1.5T MRI system (Sonata, SIEMEN, Germany) using a 2D Turbo Flash 
sequence, after giving written informed consent. The dataset was decimated to simulate acceleration factors of R=3.6 and R=6.3. For k-t ISD, the 
data were undersampled randomly in the k-t space with central 8 phase encoding lines fully sampled. For sliding window, a sheared grid 
undersampling pattern was used with the same number of fully sampled central lines for fair comparison. Based on Tofts’ model [7], uptake rate and 
trace kinetic parameter Ktrans calculated from the reconstructions by different methods were compared using analysis of variance (ANOVA) and 
dunnett t-test (post hoc). Values of P<0.05 were regarded as statistically significant. Intra-class correlation coefficient (ICC) and box-plot were used 
to evaluate the agreement between the reconstructions from undersampled and fully sampled data. 

RESULTS AND DISCUSSION 
Fig.1 showed one reference frame, true uptake curves (dashed line), uptake curves reconstructed by k-t ISD (solid line) and SW (dotted line) 
methods, from a tumor area (indicated by red box). The results demonstrated that the uptake curves reconstructed by k-t ISD were closer to the true 
curves compared to those reconstructed by SW method for all different reduction factors. P values of Dunnett t-test (for comparing Ktrans and 
Uptake) and ICC between the reconstructions from undersampled and fully sampled data were summarized in Table 1. The results manifested that 
most of Ktrans derived from the SW reconstruction had a P value above 0.05. It suggested this quantitative parameter was not sufficiently accurate 
and was not applicable to quantitative diagnosis of gliomas grades clinically. ICC results indicated that the k-t ISD gave much more accurate Ktrans 
than SW. The dependence of Ktrans and uptake on these image reconstruction methods was shown in Figure 2. ICC and box-plot (Fig. 2) 
demonstrated that although both k-t ISD and SW methods could offer reliable estimation of semi-quantitative parameters (uptake), only 
reconstructions by k-t ISD could estimate quantitative DCE parameters (Ktrans) as accurately as that from the fully sampled data. These results 
indicated that k-t ISD could faithfully reconstruct the uptake curves and improved temporal resolution of DCE-MRI without compromising the 

spatial resolution. 

CONCLUSION 
In this work, k-t ISD method was used to reconstruct DCE image 
series from undersampled k-space and compared with the SW 
method. The feasibility of k-t ISD and improvement over SW were 
demonstrated by experimental results and statistical analysis. 
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P value ICC 

Ktrans Uptake Ktrans Uptake 
k-t ISD R3.6 1.000 1.000 0.810 0.947 
k-t ISD R6.3 0.988 0.997 0.595 0.833 

SW R3.6 0.145 1.000 0.310 0.834 
SW R6.3 0.032 1.000 0.131 0.765 

Fig.1 One reference frame and uptake curves by different methods and different reduction factors. 

Fig.2 The dependence of Ktrans and uptake on different methods/parameters. The statistics 
was derived from patients with high grades of gliomas studies (n = 9). Reconstruction 
methods have no significant effect on uptake (P = 0.996) based on ANOVA. 
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