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Purpose: Besides luminal stenosis level, other biomarkers like intraplaque hemorrhage (IPH), calcification and lipid core will help better stratification vulnerable 
plaques. Multi-contrast black-blood (BB) MRA has been shown to be an effective method for lumen stenosis and vessel wall biomarkers analysis. Currently major BB 
imaging methods are 2D based which are constrained by both FOV and SNR compared with 3D BB methods. Also, several sequences required for multi-contrast 
images may generate registration errors between images of different contrast [1]. SNAP [2] and 3D-MERGE [3] are newly developed 3D BB methods. SNAP could detect 
IPH and lumen stenosis by providing an MRA simultaneously while 3D MERGE has good blood suppression efficiency for vessel wall imaging and is used for 
identification of Lipid-rich necrotic core (LRNC). SNAP reconstruction was further developed to provide a proton density weighted black-blood weighting that can 
identify calcification and provide plaque burden [4]. Together these two sequences can identify luminal stenosis, plaque burden, calcification, LRNC and IPH. In this 
study, we propose a new sequence sequence which combines the advantages of 3D-MERGE and SNAP into a single 3D sequence (Large coverage 3D Combined 
Angiography and Plaque Risk Identification (3D-CAPRI)) that provides large-coverage plaque imaging to visualize MRA, lipid core, calcification and IPH simultaneously. 
Methods: In this scheme, three images (I1, I2 and I3) are obtained with a segmented low flip angle gradient echo acquisition. The first segment is acquired after an 
MSDE preparation and the second segment is acquired after an inversion recovery preparation. No preparation is used for the third image. This scheme is equivalent 
to 3D-MERGE unit (Fig. 1) followed by a SNAP unit. Inversion time (TI) after inversion pulse was optimized such that the polarity of lumen and IPH are negative and 
positive in I2 respectively. The phase map of I3 was used to correct 
the background phase error of I2. Since I3 is PD weighted, lumen 
map of SNAP MRA defined as I2<0 was extracted and for each 
lumen area, the intensity is rescaled from [Imin, Imax] to [1, a].  Imin 
and Imax are the minimum and maximum intensity value within the 
lumen area and a is a negative constant. In this study, a is set as -1.8. 
This weight map is multiplied to the magnitude part of I3 to get a BB 

PD weighted image which can be used to detect calcification. 
Simulation: Bloch simulation was carried out with initial 3D-MERGE 
and SNAP parameters in[1,2] with the goal to choose an optimum 
TFE factor that preserves signal and vessel/lumen contrast of 
previously optimized 3D-MERGE and SNAP. MRI Scan: Scans were 
conducted on healthy volunteers with a 3T whole body scanner (Philips Achieva, R3.21, the Netherlands) using a 16-channel neurovascular coil using optimized 
parameters. For SNAP unit, TR/TE: 10/5.0ms, FA: 8o; for 3D MERGE unit, TR/TE: 8.1/3.8ms, FA: 6o. Other sequence parameters are as follows: FOV: 250×250×40mm³, 
Resolution: 0.91×0.91×0.9mm³, interpolated to 0.45×0.45×0.45mm³, TFE factor 90. Total scan time was 6 min. 
Results: The simulation shows that for TFE factors between 60 and 150, the vessel wall signal from 3D MERGE improved around 15% compared with original 3D-
MERGE (Fig. 3a). The SNAP images also benefits from improved lumen/vessel wall contrast compared with original SNAP(Fig. 3b). The performance improvement was 
maintained across TFE factors. Therefore a long TFE factor of 90 was chosen as optimum to retain long IRTR for effective SNAP angiogram. Our results showed that 
the longer relaxation time when the two units are interleaved benefits both 3D signal (due to longer T1 relaxation between MSDE pulses) as well as increased SNAP 
vessel/lumen contrast due to longer SNAP IRTR allowing more time for inverted blood to flow into the imaging slab. Fig. 2 shows representative images from a 
volunteer.  
Discussion and conclusion: In this study, we developed 3D-CAPRI with which major vulnerable plaque biomarkers within a large FOV could be simultaneously 
detected with a single scan. This method has the potential to help the physicians to efficiently detect vulnerable plaques within a short 6 minute scan. This scheme 
could be further optimized in the future by reducing the acquisition time with the help of the fast imaging methods like SENSE. 
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Fig. 1 is the sequence of the 3D-CAPRI sequence, 3DMERGE unit is followed by SNAP unit. I1 is 
BB vessel wall imaging. Fat signal is suppressed before I1 acquisition. At TI, the polarity of 
lumen and IPH is negative and positive respectively. The phase map of I3 is to correct the 
background phase error of I2 and the magnitude part of I3 is used to calcification detection.  

Fig. 2: a) BB PD 
weighted image 
which can be used for 
calcification detection 
b) 3D-MERGE image 
which can detect lipid 
core and measure 
plaque burden and c)  
SNAP image which 
can visualize IPH and 
lumen stenosis. 

Fig. 3: a) Simulated relative signal intensity of vessel wall of 3D MERGE unit.  Signal intensity 
is higher compared to single 3D-MERGE method. b) Simulated vessel wall/lumen contrast of 
SNAP. Vessel wall/lumen contrast is improved with the proposed scheme compared with 
the original SNAP. 
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