Intrinsic Phase Sensitive Dual Inversion Recovery for Carotid Vessel Wall Imaging
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Introduction: Dual Inversion Recovery (DIR) [1] is a current standard of reference for MR dark-blood vessel wall
imaging. However, for ECG triggered DIR imaging, optimal lumen-to vessel-wall contrast is difficult to obtain since the
blood-signal nulling time (TI) depends on both T1 and the subject’s heart rate [2]. Moreover, imaging at TI limits the
window of opportunity during which black-blood images can be acquired. This makes DIR imaging rather timeinefficient and multi slice acquisition, which may be necessary for sufficient volumetric coverage, results in prolonged
scanning times. The phase sensitive (PS) technique addresses these issues by exploiting information from the phase
images [3]. In coronary imaging, not only an improved lumen-to-vessel wall contrast was reported using PS, but
constraints related to the choice of TI could be removed and time-efficient multi-slice imaging was enabled [4]. Hence,
we propose an innovative extension of PS-DIR for carotid vessel wall imaging. By probing the statistical distribution of
values in the phase image [5], carotid lumens are automatically segmented and residual signal in the lumen
DIR
suppressed.
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parenchyma (Fig.1d). By thresholding the posterior probability of the Gaussians, only voxels inside the lumens are
segmented and set to zero on the magnitude image obtaining artifact-free PS-corrected black blood images (Fig.1e).
MR imaging was performed at 3T (Siemens Trio, Erlangen, Germany), with a dedicated 4ch carotid coil in four healthy
volunteers with a Cartesian DIR-prepared gradient-echo sequence (216x240matrix, 135x150mm FoV, 0.6x0.6x3mm
resolution, TR/TE=7.4/3.6ms, α=30°). In each subject, images were acquired axiall y above the carotid bifurcations and
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Results: Original and PS-corrected images of the
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right carotid system obtained in a healthy Figure
acquired at 7 different time points including TI, in a healthy volunteer. CNRwall/ lumen
volunteer are shown in Fig.1b,c and e. Two and %VWS remain constant for the PS technique showing improved performance
images acquired 300ms and 150ms prior to TI and relative to the conventional DIR method even at TI (350ms).
one obtained exactly at TI are displayed. In contrast to the results shown in Fig.1a, effective suppression of the blood
signal can be observed for all the utilized inversion times as shown in Fig.1e. Accordingly, CNR and %VWS evaluation
of all the images acquired at 7 time points after the R-wave shows improved performance for the PS method.
Discussion: The presented technique enables black-blood imaging at multiple time points after inversion. However,
its effectiveness is limited to time points prior to (and including) TI, since the polarity of the blood signal after TI will be
positive and the signal phase in the blood-pool no longer discernible from that of its surroundings. In conclusion, we
have developed and tested a new PS-DIR method for in vivo carotid vessel wall imaging at 3T that removes the
constraint of obtaining effective black-blood suppression at TI only. This technique will be enabling for interleaved
multi-slice black-blood imaging and a larger volumetric coverage per unit time.
References: [1] Edelman RR et al. Radiol.1991; [2] Fleckenstein JL et al. Radiol.1991; [3] Huber A et al.
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