Development and Evaluation of 3T Whole-Heart Coronary MR Angiography Technique
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Introduction:
Free-breathing, whole heart 3-dimensional (3D) coronary MR angiography (CMRA) utilizing Navigator gating at 1.5T has been shown to be a valuable technique for
coronary evaluation '?. The highest reported spatial resolution attained using these whole heart sequences was 1x1x1.5mm and were obtained in approximately 13.5
minutes . Improvements in signal by imaging at 3T field strength provides opportunities for further CMRA optimization*. With the further implementation of parallel
imaging (SENSE) at 3T, scan times can be shortened or higher spatial resolution may be achieved without perceivable deterioration of image quality. The purpose of
this study was: 1. to develop a whole heart, free breath, 3D FFE acquisition methodology at 3T; and 2. to evaluate four different acquisition schemes for optimal
coronary artery illustration. ,
Methods and Materials:

Ten healthy volunteers (4 males; 18-42
years old) were scanned on a
commercial 3.0T MR scanner (Intera,
Philips Medical Systems, Best, the
Netherlands) using a 6-element cardiac
phased-array receiver coil, and vector
electrocardiographic gating (VCG).
‘Whole heart imaging was performed
using a 3D FFE using an adiabatic T2-
Prep’ and fat saturation. When not
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Figure 1: Multiplanar reformatted image of the LD on A) W_HSA, B) HBL, C) WHHR D) WHLA. he measured

otherwise specified the typical scan lengths were 138mm, 118mm, 72mma and 77 mm respectively (note the different magnification factor to allow for entire
parameters were: TR= 4.4ms, TE= inclusion of the LAD).

1.5ms, 0=20°, pixel bandwidth= WHLA WHOBL WHSA WHHR
299.5Hz, partial echo on, TFE factor=27 and a SENSE factor of 2. RCA mean length | 131.1+26.2 | 139.4+26.7 | 141.3+24.2 | 135.4+28.6
These 3D volumes were acquired using four different acquisition LAD mean length 75.2424.5 | 104.9435.7 | 104.9+35.7 | 88.2+26.8
schemes with the following parameter differences: LCX mean length 52.7+21.1 66.1+24.0 | 104.9+35.7 | 58.1+21.3

1. Conventional axial plane with an acquisition window of 114-120 Mean reader score 1.3 3.7 3.1 1.8

msec and non-isotropic voxel size (1 x 1 x 2 mm)—WHLA; Table 1: Coronary lengths and reader scores. [Note: lengths (mm) =+ standard deviation]

2. Double-oblique, short-axis plane parallel to the course of the right
coronary artery (RCA) with an acquisition window of 114-120 msec and
non-isotropic voxel size (1 x 1 x 2 mm)—WHOBL;

WHLA- | WHLA- | WHLA- | WHSA- | WHSA-| WHHR-
Vessel WHSA | WHHR | WHOBL | WHHR | WHOBL| WHOBL

3. Conventional axial plane with a short acquisition window of 61 msec, RCA 0.03 NS NS NS NS NS
(TR=3.3, TE 1.8 and pixel bandwidth = 612.7Hz, TFE factor=16) and non-

isotropic voxel size (1 x 1 x 2 mm)—WHSA; LAD 0.018 NS 0.032 NS NS 0.035
4. Conventional axial plane with an acquisition window of 114-120 msec LCX 0 NS NS NS NS NS
and isotropic yoxel size (1 x 1 x 1 mm)—WHHR. SCORE | <0.001 | NS | <0.001 | 0027 | NS | <0.001

A qualitative blinded review of the images was performed by an experienced
cardiac imager. A score of 1-4 (1= worst; 4 = best) was assigned to each
technique within the group for each subject. Multiplanar reformatted images and length measurement of the RCA (n=40), left main and left anterior descending
coronary arteries combined (LAD, n=40) and left circumflex artery (LCX, n=40) were obtained for each acquisition using commercially available image analysis
software (Virtual Place Advance; AZE, Tokyo, Japan). A two tailed paired student’s t-test was used to compare vessel sharpness, and vessel length, while a Wilcoxon
test was used for statistical comparison of the image quality scores. Bonferroni correction was applied to all p values to account for multiple comparisons.

Results:

A total of 40 whole heart scans were successfully performed in all 10 subjects and results are shown in Table 1 and 2. Acquisition times were approximately 3-5 min for
WHLA and WHOBL, 6-8 minutes for WHSA, and 7-9 minutes for WHHR. These values approximately doubled with Navigator efficacies in the order of 40%-60%
achieved in all subjects. The measured RCA and LCX lengths were significantly improved using the WHSA compared to the WHLA techniques (p<0.05 for both
vessels) but not affect by other parameter changes. The LAD on the other hand, was significantly better visualized when using the double oblique orientation (WHOBL)
when compared to images obtain with the same acquisition window of 114-120 msec that were oriented in the axial plan using similar (WHLA) (p<0.05) or smaller
voxel size (WHHR) (p<0.05). Like the RCA and LCX, the LAD was also better seen on the WHSA than WHLA (p<0.05). The visual score was significantly higher for
the technique with the shorter acquisition windows (WHSA) in comparison to those obtained with prolonged acquisition windows whether using similar (WHLA) or
higher spatial resolution (WHHR). The double oblique oriented images (WHOBL) scored significantly higher when compared to all other methods except the images
obtained during short acquisition windows (WHSA). Improved spatial resolution does not seem to have any significant positive impact on the both the image quality
score or the measured vessel length.

Discussion and Conclusion:

SENSE abbreviated whole heart imaging was successfully implemented at high (3T) magnetic field strength. Hereby, the use of segmented k-space gradient echo
imaging avoids adverse effects of magnetic field susceptibility or SAR limitations. B1 related inhomogeneities were removed using adiabatic T2Preparation. The
longest vessel length was obtained with short acquisition windows albeit at the expense of scanning time. However, the double oblique plane allows for imaging a
comparable length of the LAD without sacrificing scan time. This is most likely due to the cross sectional position of the LAD in this plan, which minimizes curvilinear
volume averaging in the anisotropic pixels. Additionally, in this orientation the RCA and LCX are visualized within the imaging plane with the higher spatial
resolution (1x1mm) which may explain the significantly higher subjective score assigned to this technique. Whole heart CMRA at 3T is improved by shortening the
acquisition window, to permit appreciation of the acquired resolution. Overall, however, of the techniques studied, double oblique whole heart acquisitions allow for
better delineation of the LAD with good visualization of the RCA and LCX while being more reader friendly and time efficient
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Table 2: p values from statistical analyses. Significant p values are displayed.
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