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Introduction: 
In vivo heart imaging is a challenging MRI application due to respiratory and heart motion. 
Sodium heart imaging is mainly used for research on myocardial infarction and viability 
purposes [1]. However, the necessity of ECG-triggering for low resolutions (isotropic 
6 mm, [1]) was never examined. In this work, the reasonability of ECG-triggering is 
investigated at low resolutions needed for sodium MRI. Retrospective ECG-gating with 
Golden angle increments [2] is proposed for a time-efficient acquisition and, therefore, to 
increase signal-to-noise ratio (SNR). 
 
Methods:  
Measurements were performed on a 3 T whole-body MR scanner (Magnetom Tim Trio, 
Siemens Healthcare Sector, Erlangen, Germany) with a surface transmit/receive array 
(Rapid Biomedical GmbH, Würzburg, Germany). In vivo heart measurements of a healthy 
volunteer were performed in supine position with 2D radial imaging using sampling 
density weighted apodization [3]. A slice thickness of 10 mm (sinc-pulse with time-
bandwidth product of 2) and a nominal in-plane resolution of 2.5 × 2.5 mm2 was used. The 
duration of the gradient readout was 10 ms to avoid blurring. Sequence parameters were set 
as follows: TR/TE = 40/1.95 ms, FA = 65°, projections = 640, averages = 16. The scan 
time was 6 min 50 s for the method without triggering and about 10 min with ECG-
triggering. A time delay of 200 ms was inserted after the R-wave and 15 projections were 
acquired each heart beat. 
In the second part, heart measurements were performed in 4-chamber view with constant 
azimuthal profile spacing based on the Golden ratio to allow for a more homogeneous k-
space sampling, if a sliding window reconstruction scheme is used. Radial projections were 
continuously acquired with an angle increment of 222.48° representing the Golden angle 
[2] for radial UTE sequences. The time delay tdelay between the RF excitation and the 
previous R-wave was noticed for all acquired projections to allow for retrospective ECG-
gating. 
 
Results: 
Sodium heart measurements of a healthy volunteer were performed in short-axis view. The normalized difference image of the first eight averages to the last eight 
averages was overlaid in color on the gray-scaled image reconstructed from all averages (Figure 1a,b). Figure 1a shows the difference image of two triggered 
measurements and Figure 1b of a non-triggered and a triggered measurement. It is visible that the difference signal of two triggered images is homogeneously 
distributed, while for the other case signal is mainly present at transitions between blood and myocardium indicating motion of the heart. Here, positive values mean 
that more signal is present in the non-triggered image compared to the triggered one. In Figures 1c,d, the signal (of each pixel near the transition of blood and 
myocardium) of the first eight averages is plotted against the signal of the last eight averages for the above-mentioned two methods. A sum of squared errors (SSE) of 
24.8 and 31.3 is calculated for Figure 1c and Figure 1d, respectively. 

The difference image of a non-triggered measurement to a retrospectively gated 
image is overlaid on the original image (Figure 2a) in 4-chamber view. Only 
projections with tdelay > 200 ms were used for reconstruction and compared to the 
reconstruction with the same number of consecutive projections (i.e., without 
retrospective gating). As in the previous section, it can be seen that more signal is 
present for the non-triggered image (positive values in red) indicating some blurring 
and heart motion. Figure 2b shows the nearly uniform k-space sampling using 
consecutive projections with Golden angle increments for reconstruction. The 
number of projections in a range of 5° was merged for better visualization and 
depicted in a color-coded pie chart. The relative sampling density is 0.99±0.005 and, 
therefore, only a marginal loss in SNR is expected. The k-space homogeneity using 
retrospective gating and Golden angle increments is illustrated in Figure 2c for the 
same number of projections. The sampled k-space is not as uniform (0.94±0.03) as 
for the case without triggering. However, this SNR decrease is negligible compared 
to the retrospectively gated case (0.88±0.06) with standard angle increments (Figure 
2d). 
 
Discussion and Conclusion: 
The use of ECG-triggering is a trade-off between motion artifact reduction and 
SNR. Since acquisition time during each heart beat is unchanged for prospective 
imaging, time is wasted due to different heart rate and arrhythmia during 
acquisition. Retrospective ECG-gating allows for continuous data acquisition to 
increase SNR. The use of Golden angle increments further leads to a more 
homogeneous k-space sampling. All measurements were performed with an in-plane 
resolution of 2.5 × 2.5 mm2, but should also be evaluated for lower resolutions 
(6 mm)3 [1] to show the necessity of ECG-triggering for other parameters than those 
used in this study. Signal errors (due to motion artifacts) are below 5 % in 
myocardium and, therefore, the benefit of ECG-triggering is questionable. However, 
studies on patients with myocardial infarction (i.e., increased signal in the 
myocardium) must be performed to show the reasonability of ECG-triggering.  
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