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Background
Measures of cardiac mechanics such as myocardial wall strain are better predictors of outcomes in patients with heart disease compared to traditional clinical measures and ejection fraction. Cine displacement encoding with stimulated echoes (DENSE) is an ideal method for quantifying cardiac motion which encodes tissue displacement in the phase of the MR signal and provides pixel-level resolution for quantifying cardiac mechanics. To date, DENSE has been implemented with resolution limited to 2-3 pixels across the myocardium. While this resolution is higher than most other techniques for quantifying cardiac mechanics, it may limit the ability of DENSE to quantify finer details such as transmural strains (subendocardial, midmyocardial and subepicardial) and right ventricular mechanics. We hypothesized that it is possible to efficiently increase the resolution of DENSE by a factor of 4 utilizing a navigator feedback system.

Methods
10 subjects (age 27 ± 3) with normal ECG and no history of cardiovascular disease were consented. A 3.0T Siemens Tim Trio with a 6-element chest and 24-element spine coil was configured with a navigator feedback system. The feedback system projected the navigator image of the diaphragm to the subject in real time to optimize breathold position. Standard resolution 2D cine DENSE was acquired with: 6 spiral interleaves, FOV = 340 mm, matrix = 96 × 96, thickness = 8 mm, TE/TR = 1.08/17, flip angle = 20, averages = 1, navigator acceptance window = ± 3 mm. High resolution 2D cine DENSE images were acquired by quadrupling the number of spirals to 24, increasing the matrix to 256 × 256, and increasing the averages to 3. Three short- and two long-axis images were acquired with each technique. Left ventricular strains and torsion were compared between the techniques using Bland-Altman.

Results
The high resolution images took 11 times longer to acquire but the navigator feedback system provided good efficiency (69 ± 9%) for a total acquisition time of roughly 5 minutes per slice. The high resolution images had excellent quality with a noticeable improvement over standard resolution (Figure 1). There was a systematic but negligible difference between standard and high resolution data for circumferential and longitudinal strains (Table 1). Radial strains showed the largest differences consistent with a systematic under-estimation of radial strain from standard resolution DENSE. Torsion was not significantly different between the two methods.[image: A12968_2014_Article_3539_Fig1_HTML.jpg]
Figure 1Comparison of standard and high resolution DENSE MRI.




Table 1Strain and torsion calculated from standard and high resolution DENSE MRI


	 	Standard Resolution
	High Resolution
	Bias (Mean Difference)
	95% Limits of Agreement

	
                          Circumferential Strain (%)
                        
	 	 	 	 
	Transmural average
	-20 ± 4
	-19 ± 4
	-1
	± 3

	Subepicardial
	-15 ± 3
	-15 ± 4
	-1
	± 2

	Midwall
	-20 ± 4
	-19 ± 4
	-1
	± 3

	Subendocardial
	-25 ± 4
	-23 ± 4
	-2
	± 4

	
                          Radial Strain (%)
                        
	 	 	 	 
	Transmural average
	35 ± 12
	45 ± 13
	-10
	± 21

	Subepicardial
	38 ± 13
	44 ± 12
	-6
	± 20

	Midwall
	41 ± 13
	52 ± 18
	-11
	± 30

	Subendocardial
	23 ± 15
	36 ± 18
	-13
	± 27

	
                          Longitudinal Strain (%)
                        
	 	 	 	 
	Transmural average
	-15 ± 2
	-13 ± 3
	-2
	± 5

	Subepicardial
	-15 ± 2
	-14 ± 3
	-1
	± 5

	Midwall
	-15 ± 2
	-13 ± 3
	-2
	± 6

	Subendocardial
	-16 ± 2
	-13 ± 3
	-2
	± 6

	
                          Torsion (degrees/cm)
                        
	 	 	 	 
	Transmural average
	3.5 ± 1
	3.5 ± 1
	0.1
	± 1

	Subepicardial
	2.7 ± 1
	2.7 ± 1
	-0.1
	± 1

	Midwall
	3.5 ± 1
	3.5 ± 1
	0.0
	± 1

	Subendocardial
	4.5 ± 1
	4.1 ± 1
	0.3
	± 1


Strain and torsion values are reported as mean ± standard deviation. Bland-Altman 95% limits of agreement are provided for the bias.



Conclusions
High resolution cine DENSE MRI with navigator feedback is feasible at 3T and produces high quality images with 4 times the resolution of standard DENSE. Left ventricular circumferential strains, longitudinal strains, and torsion showed negligible differences between high and low resolution DENSE. Radial strains were significantly different, potentially due to better accuracy with high resolution DENSE due to the increased number of pixels within the thickness of the myocardial wall.
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