
Black Blood CINE Imaging of Common Carotid Artery 

Erpeng Dai1, Zhe Zhang1, Juan Wei2, Xihai Zhao1, Li Dong3, Chun Yuan1,4, and Hua Guo1 

1Center for Biomedical Imaging Research, Tsinghua University, Beijing, Beijing, China, 2Philips Research China, Beijing, China, 3Department of Radiology, 

Beijing Anzhen Hospital, Capital Medical University, Beijing, Beijing, China, 4Department of Radiology, University of Washington, Seattle, WA, United States 

 

Target audience: Researchers and clinicians interested in cardiovascular imaging. 
Introduction: Artery dynamics have always been of importance clinically since it can reveal characteristics of vasculature and indicate diseases related with 
vascular degeneration. Previous studies[1] have used balanced steady-state free precession (bSSFP) to acquire bright blood cine images and measured common 
carotid artery (CCA) dynamics. Compared with bright blood imaging, black blood imaging can reduce flowing artifacts and improve the contrast between blood 
and vessel walls. Among all black blood techniques, motion-sensitized driven-equilibrium (MSDE) stands out as it can provide effective blood suppression[2, 3]. 
In this study, a MSDE prepared spoiled gradient (SPGR) sequence was proposed to image CCAs and investigate its dynamics quantitatively. 
Methods: Imaging procedures: Five healthy young volunteers ( 23 3± years old) undertook the MRI experiments on a Philips 3T Achieva scanner using a 
16-channel NeuroVascular coil. All the subjects underwent the following scans: a) 3D TOF to determine the location of carotid bifurcation; b) bSSFP to acquire 
bright blood cine images; c) MSDE-prep SPGR sequence to acquire black blood cine images. The imaging parameters were: FOV = 3160 160 9 mm× × , 
resolution = 30.8 0.8 3 mm× × , cardiac phases = 15~18, NSA = 2, ECG triggered. For bSSFP, TE/TR = 3.2/6.4ms, FA = 45° , while for MSDE-prep SPGR, 
TE/TR = 4.3/8.6 ms, FA = 13° . Both cine images were obtained 1 cm below the carotid bifurcation. Other parameters related to MSDE were referred from 
previous reports [2, 3].  
Data analysis: 3 parameters related to CCA dynamics, including lumen areas, wall areas and distension were quantified. Distension is calculated 
as ( )max min min/ 100%A A A− × , where maxA and minA are the maximum and minimum lumen area, corresponding to systolic and diastolic stages. Distension values 
from the left and right CCAs are calculated using either inner or outer lumen areas. Besides, wall areas of both-side CCAs are calculated as −outer innerA A , 
where outerA and innerA are the outer and inner lumen areas at the same time point, respectively. 
Results and Discussion: Comparisons between bright blood and 
black blood images are shown in Fig. 1 a and b. It can be clearly 
seen that black blood images offer better structure delineation, 
which allows inner and outer artery walls to be distinguished and 
analyzed separately. Fig. 1c shows 6 out of 18 frames of 
zoomed-in black blood images of the right CCA from one 
subject, where the blood signals were effectively suppressed. Fig. 
2 shows the waveforms of the lumen areas. All the lumen area 
plots reveal the pulsatile behavior of CCA clearly and those 
calculated from bright blood cine images are consistent well with 
previous reports[1]. Notably, at the same cardiac phase in the 
measured cardiac period, lumen areas calculated from bright blood images are between inner lumen areas and outer lumen areas from the black blood images. 
This can be explained by the fact that CCA from bright blood images cannot be segmented very precisely, leading to lumen areas calculation errors. Average 
lumen areas, wall areas and distension values from all subjects are shown in Table 1. We can see there are small distension differences between left and right 
CCAs (from inner area: P=0.785; from outer area: P=0.469). However, significant distension differences from inner lumen areas and outer lumen areas are 
observed (P<0.013 for left CCA and P<0.004 for right CCA). The mean wall areas of left CCA at systolic and diastolic are 31.26 mm2 and 27.22 mm2, and the 
right CCA are 30.60 mm2 and 27.58mm2, while previous report[4] has shown the mean wall areas were 52.6 mm2

 in patients ( 51 7± years old) with carotid 
stenosis. This difference might indicate that wall area changes have a strong relationship with cardiovascular diseases and aging. Further investigation is needed 
in future work.  
Conclusion: In this study, we proposed a MSDE-prep SPGR method to acquire black blood cine images for the CCAs. With this method, contrasts between 
blood and vessel wall are improved conspicuously which allows to measure artery lumen areas dynamically along with the artery pulsation. Based on this, artery 
lumen dynamics and wall dynamics can be evaluated quantitatively, both of which may be valuable for investigating biomechanical and functional properties of 
the vasculature, monitoring vessel stiffness changes, and diagnosing related cardiovascular diseases. 
References: [1] Chow TY, et al. JMRI. 2008;28(6):1527-1532. [2] Wang J, et al. Magn Reson Med. 2007;58(5):973-981. [3] Wang J, et al. JMRI. 2010;31(5): 
1256-1263. [4] Zhang S, et al. Magn Reson Imaging. 2001;19(6):795-802.  

Table 1. Lumen areas, wall areas (WA) and distension ( mean value SD± ) of left and right CCA. 
Side Systolic area 

(mm2) 
Diastolic area 

( mm2) 
Area change  

( mm2) 
Distension  

(%) 

Left  Inner 35.67 9.00±  26.33 6.97±  9.34 2.28±  36.00 5.75±  
Outer 66.93 15.61±  53.55 12.59±  13.37 3.76±  25.17 4.94±  
WA 31.26 6.67±  27.22 5.69±    

Right  Inner 37.14 6.03±  27.59 5.07±  9.55 1.25±  35.07 4.47±  
Outer 67.74 11.94±  55.17 9.14±  12.57 3.88±  22.77 5.08±  
WA 30.60 6.42±  27.58 4.35±    

Fig. 1. Comparison between a) bright blood images and b) black blood images. c) 6 
out of 18 frames of zoomed-in black blood images of the right CCA from one subject.

Fig. 2. Lumen area waveforms of CCA from one subject. Top row: 
lumen areas of left CCA, Bottom row: lumen areas of right CCA. a)
and d), lumen area from bright blood cine images; b) and e), inner 
lumen area from black blood cine images; c) and f), outer lumen area 
from black blood cine images. 
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