
Figure 2 A Bland-Altman plot comparing lumen size
measurement between SNAP and CEMRA reveal a 
very small bias(-0.3mm2) between the two 
measurement and the dotted lines indicate the 
limits of agreement around the bias.   

Figure 3 lumen area measurement between SNAP 
and CEMRA. (ICC=0.935) 
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Table 1 comparison between measurement of CEMRA and SNAP 
Name No. of 

Slices 
P 
value 

SNAP Mean 
Area(mm2) 

CEMRA Mean 
Area(mm2) 

ICC 95% CI 

ICA 133 0.392 21.63±11.19 21.15±10.84 0.828 0.766 -0.875 
Bifurcation 91 0.172 57.85±27.44 56.52±29.23 0.947 0.920 -0.965 
CCA 141 0.522 40.02±14.36 40.51±15.40 0.818 0.755-0.866 
All 365 0.458 37.77±22.56 37.45±23.16 0.935 0.921-0.947 
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Purpose:  Intraplaque hemorrhage (IPH), and lumen stenosis are important biomarkers of high-risk plaque. SNAP [1] is a 3D MRA technique which 
can simultaneously detect lumen stenosis and IPH. Currently, the reliability for lumen measurement of SNAP has not been compared to clinically 
used techniques such as contrast-enhanced MRA (CE-MRA).   
Aims: To compare lumen size measurement on SNAP MRA against lumen size measurement on CE-MRA. 
Materials and Methods: Subjects: After obtaining IRB-approved consent, 15 
patients were recruited to be scanned with SNAP and CEMRA. SNAP acquisition 
was optimized to reduce flow-artifacts. SNAP and CE-MRA images were first 
examined and slices with poor image quality were excluded. MR Imaging: Scans 
were conducted with a 3T whole body scanner (Philips Achieva, R3.21, the 
Netherlands) using a phased array carotid coil for SNAP and body coil for CE-MRA. 
Sequence parameters were as follows: For CEMRA, TR/TE: 5.46/1.69ms FOV: 
350×350×64mm³, resolution: 0.8×0.8×8mm³ interpolated to 0.4×0.4×0.4mm³. For 
SNAP, TR/TE: 9.8/4.72ms, TI 360 ms, FA: 11o. the FOV is: 160×160×32mm³, 
resolution: 0.8×0.8×0.8mm³, interpolated to 0.4×0.4×0.4mm³.  Image review and 
analysis: Coronally acquired images from both methods were reformatted to 
slices in the transversal direction with slice thickness of 2mm. Carotid lumen boundaries 
were drawn independently on SNAP and CE-MRA. For the SNAP, the boundary was drawn 
directly based on the SNAP MRA (Fig 1. a).For CE-MRA images, since the boundary is 
relatively blurry, we first generated a reference mask (Fig. 1 c) of CEMRA lumen with the 
threshold set as the 1/3 of the maximum intensity [4] within each lumen area and used it as a 
reference to draw the CEMRA lumen boundary (Fig 1. b). For each carotid artery, 21 slices 
were reviewed which include one bifurcation slice, ten slices above (Internal carotid artery 
(ICA)) and ten slices (common carotid artery (CCA)). Statistical Analysis: Paired t-test, ICC, 
Bland-Altman plot were used to compare the lumen measurements between SNAP and 
CEMRA. In addition to the whole artery, we also analyze the ICA (slice No. 3~10), bifurcation 
(slice No. -2~2) and CCA (slice No. -3 ~-10) segments separately. 
Results: 462 slices from 11 patients have both good CEMRA and SNAP images were available 
for reviewrevie. 97 slices(21%) were excluded due to low image quality of either SNAP 
image(serious flow artifact) or CEMRA image(nonideal timing). After exclusion, 365 slices 
were included in the statistical analysis. There was good correlation between SNAP and CE-
MRA when all slices were pooled together (ICC=0.935, 95% CI: 0.921-0.947) which shows a 
good consistency between these two methods. There was no difference by paired t-test 
(p=0.45). The Bland-Altman plot showed minimal bias (-0.3mm2). Table 1 lists the results 
when ICA, bifurcation and CCA slices were analyzed separately. It shows a good consistency 
and correlation between two methods for each specific part. 
Discussion and conclusion:  In this study, the lumen area measurement between SNAP and 
CEMRA was compared at a slice level. Our results show that SNAP provides comparable 
measurement to CE-MRA for lumen area. This indicates that SNAP technique has the potential 
to be a non-contrast alternative to CEMRA for lumen stenosis measurement.    

References: 1. Wang J et al. MRM 2013; 69:337-45. 2. Balu, N. et al. ISMRM 2014. 3. Wang J 
et al. ISMRM 2015, submitted. 4. de Vries et al. Invest Radiol. 2005 40:495-503. 
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Figure 1: a) lumen boundary at bifurcation of SNAP image. b) 
Lumen boundary on the CEMRA image of the same location. c) 
Reference mask based on the threshold which is 1/3 of the 
maximum magnitude within the lumen area.  
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