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Introduction 
 Cardiac and respiratory motions cause severe motion artifacts in cardiac MR (CMR) images. In order to avoid the motion artifacts, additional devices of ECG and 
respiratory-belt gating for detection of cardiac and respiratory motions, respectively, are commonly attached. However, preparation time to set up these additional gating 
devices and discomfort of patients during imaging are burden for clinical applications[1]. The self-gating (SG) method that directly obtains the motion information from 
MR signals can substitute for the gating devices. In this work, a novel SG method using the phase information of MR signal in aorta for cardiac gating and in body for 
respiratory gating is proposed which offers very similar results compared to those from gating devices and successfully reconstructs the CMR images.  
Methods 
 A modified fast low angle shot (FLASH) sequence is implemented (Fig.1). First, the conventional FLASH 
sequence is used for cardiac imaging. After every cardiac imaging scan, DC line for SG is additionally 
acquired from an abdominal axial-slice. When the DC line is acquired, the bi-polar gradients in z-direction are 
applied for flow coding in aorta, since flow velocity in aorta depends on cardiac phases. The readout direction 
is set in the vertical y-direction for DC line. The first reason for the vertical readout direction is to prevent 
accumulation of projection data of heart and aorta as shown in Fig. 2. The second reason is to increase 
sensitivity of respiratory motion. The respiratory motion dominantly occurs in both y (vertical)- and z 
(longitudinal)- directions, thus the readout gradients play the role of bi-polar gradients for flow coding in y-
direction, and the bi-polar gradients for cardiac gating in z-direction also help to detect respiratory motion as 
shown in Fig. 1. When the gradient is applied, the phase of MR signal from moving spins is described as 

follows, ( ) ( ) ,
t
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where γ is the gyromagnetic ratio and G is magnitude of gradient, and X is location of spins. According to Eq. 
(1), the phase variation due to cardiac and respiratory motion appears in projection data which is inversely1D-
Fourier transformed from DC line for SG. Although projection data is not an image, location of aorta in 
projection data can be easily found by intensity-based thresholding[2]. Then, the information of cardiac motion 
is extracted from phase variation of aorta in the projection data. On the other hand, the respiratory motion is 
obtained from phase variation of whole projection data using correlation coefficients[3]. Since the proposed 
method should acquire the DC line for SG after every imaging scan, the repetition time increases, thereby 
increasing the imaging time. To reduce the imaging time, the proposed method selectively acquires the high-
frequency components of k-space when the imaging is repeated for retrospective gating, as shown in Fig. 3. 
Finally, a CMR image with same cardiac and respiratory phase is obtained using an Eigen value approach to 
autocalibrating parallel MRI (ESPIRiT) method[4]. In-vivo CMR imaging were performed at a 3.0 T scanner 
(Siemens Verio, Erlangen, Germany) with a flexible surface coils and spine coils using the following 
parameters: TR1/TE1 = 4.7/2.3 ms, TR2/TE2 = 5.2/2.8 ms, FOV = 256×256 mm2, slice thickness = 8.0 mm, 
VENC = 65 cm/s, matrix size = 256×256, and repetitions = 200. 
Results 
The phase variation of projection data is shown in Fig. 4(a), and the information of cardiac and respiratory 

motions from Fig. 4(a) is represented in Fig. 4(b). The time resolution for gating is TR1 + TR2 = 9.9, which is 
sufficient for Nyquist sampling rate to represent cardiac and respiratory motion. Especially, the information of 
cardiac motion is very similar to that of ECG signal. The measured cardiac cycle and respiratory cycle are 
898 ms/cycle and 3.92 s/cycle, respectively. The timing difference between the proposed method and the 
cardiac/respiratory gating devices is negligible. Figure 5 shows the reconstructed CMR images representing 
various cardiac phases (Fig. 5(b-c)). From the comparison with Fig 5(a) which was directly obtained without 
any gating methods, the performance of the proposed method is valid. Furthermore, the arrows in Fig 5 (c) 
show that the small structures in heart are successfully reconstructed. 
Conclusion and Discussion 
As demonstrated by the in-vivo experiments, the CMR images without any gating devices can be 

obtained by the proposed method. The proposed method was compared with the results from 
ECG/respiratory gating devices. The proposed method can help to easily resolve cardiac phases, since it 
offers the information of T-wave and S-wave as well as R-wave of cardiac cycle (Fig. 4(c)). Cardiac 
imaging of other slices of sagittal, coronal, and oblique views will be further studies. 

 

 
Figure 1. The proposed sequence diagram for cardiac and 
respiratory gating. α is a flip angle and ω is a RF frequency.  

 
Figure 2. Acquisition scheme of DC line in gating slice. 

 
Figure 3. Acquisition scheme in k-space with selective high-
frequency components. 

 
Figure 4. (a) Projection data with phase variations from the DC 
lines for SG, (b) Cardiac and respiratory motion signal from (a). 
The dashed lines in (b) represent the trigger points from gating 
devices. (c) Extraction of cardiac signal for about 1 cycle from the 
proposed method.  
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Figure 5. Reconstructed axial CMR images of various cardiac phases. (a) a cardiac image without any gating 
method, (b, c) different cardiac phase images from the proposed method. 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    2702.


