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TARGET AUDIENCE: Scientists and clinicians interested in high spatial resolution MR imaging, coronary MRA, and novel image acquisition techniques. 
PURPOSE: Free-breathing coronary arterial MR imaging in pediatric patients has always been very 
challenging, due to high heart rates and smaller vessel sizes. The most widely used coronary MRA 
sequence in this patient population is based on a 3D whole heart T2-prepared bSSFP protocol which 
makes use of a diyphragmatic respiratory navigator for respiratory motion gating [1]. More recently, 
navigator-gated inversion recovery gradient echo (NAV IR GRE) imaging after administration of a 
blood pool contrast agent has shown some advantages in terms of contrast to noise (CNR) as well as 
robustness to flow-related artifacts. Both these techniques, however, suffer from unpredictable 
acquisition times and low scan efficiency due to respiratory navigator variability. To overcome this 
uncertainty, respiratory self-navigation (SN) applied to 3D whole heart imaging has been previously 
introduced using a T2-prepared bSSFP radial readout [2-3]. Self-navigation enables the tracking of the 
intracardiac blood pool, rather than the diaphragm, thus resulting in highly predictable acquisition 
times and 100% data acquisition efficiency, as motion compensation can replace the simple gating. As 
such technique relies on the high contrast between blood pool and myocardium provided by the T2-
prepared bSSFP sequence, it was unclear whether this technique could be altered to allow an IR 
preparation in combination with a GRE readout (SN IR GRE), while achieveing the same benefits in 
terms of motion correction and final image quality. The purpose of this work was, therefore, to develop 
and optimize a contrast enhanced SN IR GRE based sequence. The optimized sequence was tested in 
comparison with its respiratory navigator couterpart on a population of pediatric patients. 

METHODS: A previously described prototype 3D radial SN pulse sequence [4] was modified with 
substituting a non-selective IR pulse for the T2-preparation module, while the bSSFP readout was 
substituted by a GRE acquisition. Sequence optimization was performed on three pediatric patients at 
low spatial resolution (1.7mm3, FOV 220mm, matrix 1283, TR/TE 2.6/1.3ms, acquired over 178 
heartbeats), while the final optimized protocol was tested against standard NAV IR GRE, with high 
spatial resolution, on a pediatric patient population (N=15). Data acquisition was performed on a 1.5T 
clinical scanner (MAGNETOM Aera, Siemens AG). High resolution SN IR GRE imaging parameters 
were: TR/TE and 3.1/1.5ms, FOV 220mm, base matrix 1923, acquired voxel size 1.15mm3, and 
bandwidth of 1000Hz/Px. The scans were segmented and acquired over 377 heartbeats and ECG gated 
in either end-diastole or end-systole when the heart was most quiescent. For the NAV IR GRE 
acquisitions, FOV and phase-FOV were adjusted on a case by case basis to avoid phase wrap. Slice 
thickness was 1.2mm and the base matrix was adjusted to achieve 1.2mm isotropic voxels. For each 
patient, gadofosveset trisodium was administered (0.03mmol/kg injected at 2.0-2.5mL/second). NAV 
IR GRE imaging was initiated 5 minutes after injection to allow steady state distribution, and SN IR 
GRE imaging followed thereafter (typically began 12-15 minutes after injection). Iterative testing was 
performed varying the inversion time (TI = 150, 250, 350ms) and the flip angle (FA = 12°, 15°, 18°, 
and 21°) in the low resolution acquisitions. The resulting values of blood and myocardium SNR and 
blood/myocardium CNR were then used to fit interpolated curves and extract the optimum parameters. 
The high resolution volumes, obtained with the optimized SN IR GRE protocol, were compared to the 
corresponding NAV IR GRE datasets for left and right coronary artery (LCA and RCA, respectively) 
clarity, including quantitative assessment of SNR and CNR, visual grade from an experienced 
cardiologist on a scale from 0 (not visible) to 3 (diagnostic and sharp), vessel sharpness, and visualized 
length using a method similar to that described in [5]. 
RESULTS: Blood/myocardium CNR was optimized for an inversion time of 290ms, as could be 
assessed with the construction of interpolated SNR/CNR curves based on all low resolution images 
(Fig.1). SNR and CNR were similarly optimized at a flip angle of 15 degrees. These results were 
subsequently confirmed by the full resolution scans, which showed, in general, similar quality to their 
standard NAV IR GRE counterparts. The median age of the patient cohort was 13.6 years (range 7.1 – 
17.6), with an average heart rate of 77±13 bpm. Diagnoses included Tetralogy of Fallot (5), coronary 
artery anomaly (3), bicuspid aortic valve (3), transposition of the great arteries (TGA) (3), and 
pulmonary venous anomaly (1). Acquisition duration for the SN IR GRE was extremely predictable, 
with an inverse linear relationship with the heart rate of the subjects. Image quality was excellent for all 
patients with both methodologies, achieving diagnostic visualization of the coronary origins and 
proximal courses in every case (Fig 2). On a side-by-side comparison, the SN IR GRE was qualitatively 
superior in 7, inferior in 6, and equivalent in 2 patients. Visual grading and quantitative assessment of 
vessel sharpness and visualized length are shown in Table 1. SNR and CNR were higher using the NAV 
IR GRE (p<0.01). The average length of the LCA was significantly higher for the SNR IR GRE 
approach (p=0.04), while all other values did not display significant differences. 

DISCUSSION AND CONCLUSIONS: Self-navigated IR GRE acquisitions can 
be consistently and robustly performed in pediatric patients. This technique has 
highly predictable acquisition times without the efficiency variation inherent to 
respiratory navigated sequences, and thus facilitates planning of coronary scans. 
The diagnostic quality of the images is excellent, and though SNR and CNR are 
higher with NAV IR GRE, there were not differences in vessel sharpness, length, 
or qualitative visual grading of the coronary arteries. 
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Fig. 1: Example of low resolution datasets at different 
inversion times (a) and corresponding interpolated SNR/CNR 
curves (b). Blood-to-myocardium CNR was maximized for
an inversion time of 290ms. 

Fig. 2: Comparison between the NAV IR GRE (a,c) and SN
IR GRE (b,d) acquisitions in two patients with TGA. (a) and
(b) show an anomalous origin of the coronary arteries, while
(c) and (d) show the origin and proximal part of the LCA in a
child who has undergone an arterial switch operation. 
Table 1: Quantitative results comparing the overall quality of
NAV IR GRE vs SN IR GRE in the patient population. 
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