
Figure 1. The diagram for the STEAM EPI sequence with two 
ECG triggers and respiratory motion correction techniques. 
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Introduction 
Diffusion tensor magnetic resonance imaging (DT-MRI) provides an effective tool for nondestructive reconstruction of human myocardial architecture[1], which can be 
used to reflect disarray and alterations of tissue integrity in presence of disease[2]. Initially, the stimulated echo (STEAM) technique with two electrocardiogram (ECG) 
triggers was proposed to obtain cardiac diffusion imaging in vivo[1], in which the diffusion-encoding gradient pulses were located at the identical phase delays in 
consecutive cardiac cycles to avoid the signal loss originated from the bulk cardiac motion[3][4]. However, the STEAM methods with two ECG triggers are still 
suffered from human respiratory motion, hence multiple intermittent breathholds are required in the data acquisition, which may be challenging for patients. In this 
abstract, a STEAM single shot EPI sequence with two ECG triggers and respiratory motion correction (shown in Figure 1) was applied on the heart of a healthy 
volunteer to obtain the cardiac fibre tracts under free breathing. The fractional anisotropy (FA) images and fibre tractogram were obtained after the post-processing of 
raw data. 
Methods 
The STEAM single shot EPI sequence with two ECG triggers and respiratory motion correction 
was performed on a 3.0 T whole-body scanner (Siemens AG Healthcare, Erlangen, Germany) 
equipped with a 12-element matrix coil (6 anterior and 6 posterior elements). The diffusion-
encoding gradient is triggered by ECG signal, and carefully placed at the same phase of systole in 
two consecutive cardiac cycles. A motion correction method (2D Prospective Acquisition 
Correction, PACE) was combined into the sequence to reduce the influence of respiratory motion, 
then allowing patients to breathe freely during the measurement, while the previous STEAM DTI 
methods does not allow free respiration. To suppress the fat signal, two FatSat modules were 
added before the first and third RF pulses respectively. The diffusion-encoding gradient pulses 
were oriented in 6 directions with the diffusion sensitivity b = 450 s/mm2, and five 2D diffusion-
encoded MR slices in the short-axis view were acquired (each slice thickness, 8 mm; interslice gap, 4 mm). The other sequence parameters are following: fat saturation, 
the flip angles of three pulses in STEAM were all 90°, R-R duration = 850 ms, ECG triggering delay = 250 ms, TR/TE = 490/35 ms, BW = 1860 Hz/pixel, Fov = 
320×320 mm, spatial resolution = 3.0×3.0×8 mm3, average = 1, iPAT factor = 2, acquisition time approximately 5 min. The raw data was post-processed using the 
product reconstruction algorithms available at the scanner, and 2D fractional anisotropy (FA) and 3D tractograms were reconstructed using Siemens Neuro 3D software. 
 

 
Figure 2. The 2D FA maps for 5 MR slices in the short-axis view, the diffusion tract of the first slice, and the 3D fibre tractogram of the left ventricle. 

 
Results 
Figure 2 shows the DTI results for a health volunteer during systolic heart motion, the 2D FA maps in the short-axis view, the diffusion tract of the first slice, and the 
3D tractograms of the left ventricle are displayed respectively. From the diffusion tract of the first slice, it can be seen that the diffusion orientation in the subepicardium 
are almost different from that in the subendocardium in the left ventricle, and the similar result was observed in the right ventricle, which reflects the feature of 
myocardial structure. In order to show the myocardial structure of left ventricle, data from 5 slices were reconstructed to produce 3D fibre tractogram. In the resulting 
3D fibre tractogram, the basic structure of left ventricle was shown and the fibers in the subepicardium are left-handed helical structure viewed from apex to base. Since 
the 3D fibre tractogram was reconstructed from 5 inconsecutive slices with anisotropic voxels and the spatial resolution is low, there are still some noisy fibers that may 
disturb fibre architecture. 
Discussion 
A respiratory motion correction method (2D PACE) was combined with the existing cardiac STEAM DTI sequence for detecting fiber architecture of the human heart. 
The measurement was performed on a healthy volunteer with free breathing and the total scan time is about 5 min, which is comfortable for the volunteer since the 
intermittent breathhold is unnecessary and the examination was performed in clinically feasible acquisition times. The basic helical structure of the left ventricle in the 
systole is obtained from the resulting 3D tractogram. The method proposed herein provides a useful tool to depict the myocardial structure under free respiration and 
may help us understand structural correlates of functional remodeling after heart disease. However, the resulting myocardial fibre tractogram is subjected to the 
inconsecutive slices with anisotropic voxels, and the 2D PACE method still can not completely eliminate the influence of respiratory motion in our current measurement, 
hence in the following work, we will focus on further improving the performance of 2D PACE technique and using 3D acquisition technique to obtain the myocardial 
fibers with isotropic voxel coverage.  
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