
Table 1. Quantitative comparison between contrast-enhanced GRE-EPI and T2-prepared TrueFISP with identical spatial resolution and imaging times.  
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Fig 2.  Coronary artery images using the GRE-EPI and 
TrueFISP sequences with identical imaging times. 
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Fig. 1a: schematic of the pulse sequence 

 

Fig.1b: reordering 
scheme.  
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INTRODUCTION: Whole-heart coronary MRA [1] is a promising technique, however, it is 
challenging due to the relatively long data acquisition time on the order of 10-15 minutes. 
Gradient echo interleaved EPI (GRE-EPI) [2] can provide significant speed gain and has 
previously been reported for volume-targeted imaging at 1.5T [3, 4]. The purpose of this work 
was to optimize a GRE-EPI sequence for reducing the imaging time of contrast-enhanced whole-
heart coronary MRA at 1.5T. A previous study [5] used slow infusion of a high relaxivity contrast 
agent, gadobenate dimeglumine (Gd-BOPTA, Multihance) in conjunction with a conventional 
GRE sequence for whole-heart MRA. In this study, a more commonly used contrast agent, 
gadopentetate dimeglumine (Gd-DTPA, Magnevist) was administered. This was possible due to: 
i) shorter imaging time with GRE-EPI, and ii) use of the self-triggering [6] method to maximize 
SNR by acquiring the central k-space views during peak signal enhancement. 
METHODS:  
Sequence Design Considerations: A schematic of the GRE-EPI sequence is shown in Fig. 1a.  
Segmentation and interleaving were applied along the phase-encoding direction, eliminating 
discrete signal variations in the partition-encoding direction. The reordering scheme used in the 
phase-encoding direction is shown in Fig. 1b. Asymmetric k-space sampling was used in the 
phase-encoding direction in order to achieve a shorter TE to minimize off-resonance and flow 
artifacts. The k-space was divided into 6 regions corresponding to the echo train length, using 
the second region as central k-space region. The interleaved acquisition within a heartbeat 
initially samples the lower portion of each region (dashed line) and subsequently sequentially 
acquires the central k-space line and top of each region (dotted line). The signal varies within 
each heartbeat due to non steady-state conditions. In combination with the described reordering 
scheme, this results in amplitude modulations in k-space, leading to image ghosts [2]. These 
modulations were minimized by appropriate selection of the inversion time and flip angle, using 
simulations of the Bloch equations and phantom studies.   
Volunteer Imaging:  7 volunteers were scanned on a 1.5T scanner (MAGNETOM Espree, 
Siemens AG Healthcare Sector, Erlangen, Germany). Scan parameters were: echo train length 
= 6, TR = 11.3 ms, TE = 4.3 ms, flip angle = 25, 66 lines per heartbeat in a window of 124 ms, 
acquired k-space lines = 132, partial Fourier reconstruction, readout bandwidth = 977 Hz/pixel, 
TI = 300 ms, matrix: 256 x 189 x 60, true voxel size: 1 × 1.1 × 2 mm3. 0.2 mmol/kg body weight 
of Gd-DTPA was injected at 0.5 cc/sec. To maximize SNR, a previously described self-triggering 
method [6] was used to acquire the central k-space views during peak blood signal 
enhancement. The total imaging time for the whole-heart scan was 2 minutes (for a heart-rate of 
60 without navigator gating). For comparison, a 3D T2-prepared TrueFISP whole-heart scan 
was acquired using matched data acquisition time and spatial resolution. Parameters for this 
scan were: TR = 4.1 ms, partial Fourier factor = 6/8 and GRAPPA acceleration factor = 3. The 
image quality scores (1, poor; 2, fair; 3, good; 4, excellent) and lengths of the coronary arteries 
visualized by the 2 techniques were compared. In addition, for a qualitative comparison, a 
whole-heart T2-prepared TrueFISP protocol with longer scan time [1], representing the state of 
the art for coronary MRA at 1.5T was performed on 2 of the volunteers. Compared to the 
previous TrueFISP protocol, for this scan no partial Fourier encoding was used and the 
acceleration factor was reduced to 2. 
RESULTS: The average imaging time for contrast-enhanced whole-heart imaging was 4.7 ± 0.7 
minutes with an average navigator efficiency of 44.7 ± 6.2 %.  Fig. 2 shows coronary artery 
images from a volunteer using the GRE-EPI acquisition and the TrueFISP acquisition with 
identical imaging time. The GRE-EPI acquisition shows excellent depiction of all the coronary 
arteries. In comparison, the TrueFISP acquisition is noisy due to the high acceleration factor 
used to achieve the same imaging time. Quantitative comparison between the two sequences is 
shown in Table 1. Fig. 3 shows coronary artery images from a volunteer using the GRE-EPI 
acquisition (imaging time = 5.6 minutes, navigator efficiency = 45%) and a TrueFISP acquisition 
(imaging time = 13.2 minutes, navigator efficiency = 38%). Both the sequences show similar 
depiction of the coronary arteries, but the imaging time for the GRE-EPI technique is reduced by 
a factor of more than 2. 
CONCLUSION: A GRE-EPI sequence was optimized for contrast-enhanced whole-heart 
coronary MRA at 1.5T in a scan time less than 5 minutes. This is approximately a factor of 2 
reduction in scan time compared to whole-heart TrueFISP protocols. The reduced scan time 
made it feasible to acquire images with a more commonly used contrast agent Gd-DTPA instead 
of high relaxivity contrast agent Gd-BOPTA. 
REFERENCES: [1] MRM 50:1223-28. [2] MRM 30: 609-162 [3] JMRI 13: 676-81. [4] JMRI 10: 21-25. [5] MRM 58: 1-7. [6] ISMRM 2008: p914 
 

 
 Sequence Imaging 

time 
Navigator 
efficiency 

Image quality 
score 

RCA 
length 

LAD 
length 

GRE-EPI 4.7 ± 0.7 44.7 ± 6.2 3 ± 0.3 10.8 ± 2.1 11.5 ± 3.2 

TrueFISP 4.9 ± 0.9 45.5 ± 7.9 2.2 ± 0.3 9.1 ± 1.72 11.0 ± 4.1 

p value (n=7) 0.5 0.8 0.001* 0.01* 0.4 
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Fig 3. Coronary artery images using the GRE-EPI 
sequence and a TrueFISP sequence with longer 
imaging time. 

Proc. Intl. Soc. Mag. Reson. Med. 17 (2009) 25


