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Introduction
Robust image quality is critical for reliable detection and
evaluation of myocardial oxygenation changes with
blood-oxygen-level-dependent (BOLD) imaging.
Recently, balanced SSFP methods have been employed to
overcome image quality limitations associated with myo-
cardial BOLD methods. However, the long TRs required
for BOLD contrast, can lead to unwanted flow/motion
artifacts, ultimately compromising image quality.

Purpose
To minimize flow/motion artifacts in cardiac phase-
resolved SSFP BOLD imaging.

Methods
Six dogs were studied in a 1.5 T scanner using first-order
flow/motion-compensated SSFP method over the whole
left ventricle. Basal, mid-ventricular, and apical images
were acquired in cine mode with three different
approaches: (A) TR = 3.5 ms (conventional); (B) TR = 6.2
ms (without compensation); and (C) TR = 6.2 ms (with
flow/motion compensation). Three experts used (i) Ghost
artifacts (GA), an impression of artifacts observed within
the image; and (ii) myocardial inhomogeneity (MI), a
measure of the signal homogeneity within the left-ven-
tricular myocardium, to evaluate myocardial signal char-
acteristics. One-way ANOVA was performed to ascertain
whether there were any differences in the indices with var-
ious approaches.

Preliminary myocardial BOLD studies were performed on
animals (n = 2) with controllable LCX stenosis to evaluate
the benefits of flow compensation. Studies were per-
formed under rest and adenosine stress in the absence or
presence of severe (80-90%) stenosis. Other scan parame-
ters were: matrix = 126 × 192; FOV = 157.5 mm × 240
mm; slice-thickness = 5 mm; TE = 3.1 ms; and flip-angle =
70°.

Results
Mean scores assessed over the various positions along the
left ventricle over all animals using the 3 approaches are
summarized in Figure 1. The scores of Approach (B) were
significantly higher than Approaches A and C (p < 0.01).
For TR = 6.2 ms, GA and MI increased when moving slice
position from the apex to base. There was no statistical
difference in the scores associated with Approaches (A)
and (C). Figure 2 shows a representative set of late-systolic
and late-diastolic mid-ventricular images obtained from a
dog under baseline and severe LCX stenosis (SS). With ste-
nosis, the signal loss in the LCX territories became appar-
ent; consistent with the expectation that stenoses lead to
significant reductions in myocardial oxygen reserve.
Results showed remarkable reduction in image artifacts,
permitting the visualization of signal loss in the LCX terri-
tories over the entire cardiac cycle in the presence of SS.

Conclusion
First-order flow/motion compensation strategy employed
in this study provides significant improvement in image
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quality compared to the standard cine BOLD-SSFP MRI.
The method proposed here may enable a more reliable
means for evaluating BOLD signal changes over the entire
cardiac cycle.

Expert scores (1 for best, 5 for worst) for ghost artifacts (GA) and myocardial inhomogeneity (MI) for the basal, middle (mid-ventricular), and apical slices acquired with 3 SSFP sequences A: TR = 3Figure 1
Expert scores (1 for best, 5 for worst) for ghost artifacts (GA) and myocardial inhomogeneity (MI) for the 
basal, middle (mid-ventricular), and apical slices acquired with 3 SSFP sequences A: TR = 3.5 ms, B: TR-239 
ms, (A and B acquired without flow compensation): and C: TR = 6.2 ms (with flow compensation). Ghost arti-
facts and myocardial inhomoegeneity in images acquired with Approach B are significantly higher than in images acquired with 
Approach C (p < 0.01) in all 3 slices. For TR-6.2 ms (B, C), GA are MI increase as slice position moves form apex to base. Note 
that there is no significant difference in GA or MI for images acquired with Approach A and C in the basal, middle or apical 
alice.

Representative cardiac phase-dependent short-axis mid-LV images [upper row: late-systole (LS); lower row: late-diastole (LD)] obtained from a dog model with no coronary artery stenosis under rest (left column), with severe LCX stenosis under adenosine stress (right column(using flow-compen-sated 2D SSFP sequenceFigure 2
Representative cardiac phase-dependent short-axis 
mid-LV images [upper row: late-systole (LS); lower 
row: late-diastole (LD)] obtained from a dog model 
with no coronary artery stenosis under rest (left col-
umn), with severe LCX stenosis under adenosine 
stress (right column(using flow-compensated 2D 
SSFP sequence. The scan parameters were: TR = 6.2 ms, 
FA = 70°, TRES = 12 ms. Note the discriminating signal loss in 
the LCX territories marked by arrows (short arc) in the 
presence of LCX stenosis.
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