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Introduction: A bSSFP based non-contrast-enhanced (NCE) MRA technique using motion-sensitized driven equilibrium (MSDE or
iMSDE) or flow-sensitive dephasing (FSD) preparation has recently been shown to provide excellent arterial visualizations for anatomic
regions including distal lower extremities, hand and foot [1-3]. To guarantee excellent image quality, an ECG gated 2D phase contrast
sequence and a rapid m1 (first gradient moment) scout scan are required to provide systolic/diastolic time point and optimal m1 for blood
suppression respectively [4]. For imaging of lower extremities, each station would require 4 scans resulting in a total of 12 scans covering
all the three stations, which is complicated and poses great difficulties for the radiologists to follow clinically.

This study optimized and accelerated the iMSDE prepared NCE-MRA technique in three aspects (detailed in the following section) to
facilitate easier and faster scans in clinical practice.
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Fig 1. Diagram of the iMSDE prepared NCE MRA sequence.
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Theoretically, the value in equation (1) would be the optimal m1 for best arterial visualization without venous contamination. If the value
in equation (2) exceeds that in (1), then we suggest using the derived lowest m1 in (2), which gives adequate arterial suppression, though
the tradeoff of certain venous contamination would be introduced.

Acceleration with keyhole: Keyhole is most frequently
used in dynamic scans where only one dynamic scan
(reference scan) data is fully acquired. The rest dynamic
scans shared the same high frequency k-space data with
the reference scan to significantly reduce the scan time [6].
In theory, either the systolic or the diastolic scan can be
used as reference scan. However, it’s more advisable to
use the diastolic scan as a reference because it is often
evaluated together with the subtracted images to facilitate

Fig 4. Three stations of
the lower extremities
by iMSDE prepared
NCE-MRA using the
m1 derived from phase
contrast sequence
(score = 4).
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Fig 5. NCE-MRA of the distal lower
extremities without (a) and with
keyhole technique (b) (score = 4).
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imaging parameters as above. All images were reviewed by two radiologists on a 4-point scale [1] (1 to 4: poor to excellent).

Results: Optimal m1 was determined from 2D phase contrast scan (Fig. 3) and high image quality with scores 3 or 4 was achieved for all
the three stations of lower extremities using the derived m1 (Fig.4). The number of scans for imaging the lower extremities was reduced
from 12 to 6. By using the keyhole technique, a further 20% scan time was reduced without apparent image quality degradation (Fig. 5).
Discussion & Conclusions: An optimized and accelerated iMSDE prepared NCE-MRA technique was proposed, which allows for easier
and faster scans in practice. Further studies involving patients are required to evaluate the clinical effectiveness of this technique.
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