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[ ntroduction:

Attaining a high contrast to noise ratio (CNR) between the vessel wall and lumen is essential for many cardiovascular imaging applications
like atherosclerotic plague characterization. Current dark blood imaging techniques have a variety of limitationsin clinical application. Slab-
selective saturation pulses are ineffective in suppressing in-plane flow (1). Double inversion recovery Turbo Spin Echo sequences (DIRT SE)
substantially increase the overall acquisition time (2), and T2-preparation pulses result in decreased signal to noise ratio (SNR) (3). In this
study, aradial steady-state free precession (SSFP) sequence is developed with random amplitude velocity-encoding gradients applied prior to
data acquisition. The effect of the random velocity-encoding gradients is to selectively dephase flowing spins at the center of K-space and
lead to non-refocused velocity encoding over each TR so that flow signal is suppressed while preserving the high SSFP signal for stationary
tissue. This acquisition technique can achieve high SNR and CNR in dark blood imaging with an extremely short acquisition time.

Materialsand M ethods:

The true-FISP SSFP (Coherent Steady-State Free Precession) sequence acquires relatively high signal amplitude with gradient refocusing
along all three imaging axes over each short repetition time (TR). However, spins moving into the slice present with high signal amplitude
since they have experienced no prior nutation, dephasing or relaxation effects (4). To achieve the goal of high contrast between static and
moving spins, this study proposed including a random bipolar gradient prior to radial SSFP data acquisition in each TR (Figure 1). The
magnitude of the velocity-encoding gradient is randomly varied to cause the phase of all flowing spins to vary randomly for each projection.
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Results:

Figure 2a shows static and flow phantom images acquired with a traditional radial SSFP sequence. Figure 2b confirms the feasibility of SSFP
dark blood imaging via random bipolar gradient velocity encoding in aradial acquisition sequence, (Fig. 2b). Note the strong suppression of
flowing spins while maintaining the high signal for the stationary object. Figure 3a shows an in vivo image with a standard radial SSFP
sequence in comparison with the additional velocity-encoding random gradient implementation (Fig. 3b). The total acquisition time for the
true-FI SP with bipolar random gradientsiis less than 24 seconds per slice, which is 52% shorter than the standard DIRT SE, shownin Fig. 3c.

Figure2. Stationary and flow phantom images. (a) Conventional radial Figure3. Volunteer in vivo images. (a) Conventional radial SSFP (b) Radial SSFP with bipolar random gradient (c)
SSFP (b) Radial SSFP with bipolar random gradient (Center object is Standard sequence (DIRTSE) in carotid vessel wall image
stationary water phantom which is surrounded by two flowing water

Conclusions:

This study suggests that random bipolar-velocity encoding gradients with radial SSFP sequences can provide successful flow suppression and
achieve high CNR between stationary tissues and flowing blood. This study utilizes the oversampling properties of radial trajectories to
effectively eliminate the normally bright blood signal in SSFP acquisitions. At the same time, the bipolar gradients maintain the phase
properties of static spins resulting in the desired high SNR images. Appling the random velocity encoding gradients in all directions (Slice-
Select, Phase-Encoding and Read-Out) can achieve better flow suppression, especially near the carotid bifurcation where in-plane eddy-flow
exists as well. Adjusting the bipolar gradient’s first moment can achieve a higher level of phase dispersion for flowing spins at the expense of
increased TR. This simple flow cancellation technique can be applied to any other k-space trajectory that oversamples the low spatial
frequencies of k-space (i.e., rosette, multi-interleaf spiral). Radial True-FISP with randomly velocity-encoding gradients offers great promise
in rapid dark blood imaging of the carotid artery wall and achieves the goal of high vessd wall/lumen CNR for clinical evaluation of
atherosclerosis and vessel stenosisin arapid acquisition.
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