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Target Audience: Researchers working in the field of atherosclerotic plaque- and vessel wall- MR imaging. Clinicians interested in cardiovascular diseases. 
Introduction: Atherosclerosis is a chronic inflammatory disease of large arteries, leading to cardiovascular diseases such as stroke and myocardial infarction. Multi-
contrast MRI has become a well-recognized tool to study the complexity of atherosclerotic plaques in order to predict lesion vulnerability2,3. Recently, diffusion MRI, 
has shown great potentials by discriminating between normal and pathological vessel tissue utilizing the apparent diffusion coefficient (ADC)4-6. Moreover, the unique 
architecture of vessels makes them accessible for the investigation of diffusion anisotropy by diffusion tensor imaging (DTI), which has already been shown in an ex 
vivo study where the fibrous structure of porcine aortas has successfully been visualized7. However, one limitation for using DTI to access diffusion parameters of 
carotid arteries in vivo is the low spatial resolution when using a conventional single-shot EPI (ss-EPI). Another limitation is given by the scan time, which dramatically 
increases with the number of sufficient diffusion gradient directions needed for DTI.  
Purpose: In this work we set out to measure tangential and radial diffusion in carotid arteries by means of read-out segmented EPI (rs-EPI) 8, a pulse sequence that 
enables sufficient spatial resolution. In combination with a special gradient direction scheme we demonstrate the feasibility of measuring diffusion in the vessel wall of 
carotid arteries in vivo and provide initial results from five healthy volunteers. 
Methods: High-resolution diffusion weighted imaging of five healthy volunteers (30-45years) was performed using rs-EPI on a 3T whole body MR scanner (Tim Trio, 
Siemens Medical Solutions, Erlangen, Germany) with a 4 channel multifunctional coil (NORAS MRI products GmbH, Germany). FOV=(201x201) mm2, 
matrix=404x404, slice thickness=20 mm, TR=2 RR intervals, trigger delay=350-500 ms to acquire images in the diastolic phase, TE=96 ms, GRAPPA=2, number of 
readout segments=17, b-values=(0/1000) s/mm², acquisition time=~12 min. 18 gradient directions were defined on a hemicycle within a plane oriented perpendicular to 
the longitudinal axis of the carotid artery. To minimize artifacts, introduced by pulsatile vessel motion, ECG-triggering was performed using the systems’ internal 
physiological monitoring unit. Measured DWI data with an in-plane resolution of (0.5x0.5) mm2 were interpolated to (0.2x0.2) mm2 using zero-filling. 
Results:Figure 1 shows diffusion weighted images (1b0 and 18 diffusion sensitizing gradients images b=1000 s/mm2) in the vessel wall of the carotid artery. Given that 
a signal drop can be observed in the direction of the applied diffusion gradient direction and a signal enhancement perpendicular to the diffusion gradient direction, a 
diffusion process perpendicular to the vessels’ longitudinal axis is assumable. To estimate the optimal b-value, a vessel wall ADC map was generated from multiple 
measurements with increasing b-values (nine b-values from 0-2000 s/mm²) for a certain diffusion direction. Two pools of ADC values could be identified (mean ADC: 
blue box = 1,312e-3 mm2/s and green box = 0,893e-3 mm²/s) with a maximum difference of both pools at a b-value of about 920 s/mm² (Figure 2). 
 
 
 
 
 
 
 
 
 
 
                                            
 

 
Given the fact that diffusion gradients were applied within a plane perpendicular to the vessels’ longitudinal axis, a two 
dimensional representation of the Stejskal-Tanner equation was used to estimate eigenvalues (λ) and eigenvectors (ε) revealing 
tangential and radial diffusion within the vessel wall. It was found consistently for all five volunteers that the largest eigenvalue 
corresponds to tangential diffusion while the second component corresponds to radial diffusion. Based on the eigenvalues 2-
dimensional fractional anisotropy maps (FA) were generated with ellipses, representing the diffusion strength (shape) and 
diffusion direction (color) overlain (Figure 3). Table 1 summarizes mean λ and FA values for five subjects. 
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Figure 3: FA maps (gray scale 
image) with superimposed 2D 
diffusion ellipses. Color code: red: 
left-right; green: up-down;     

Table 1: Mean eigenvalues (λ) and FA 
values for 5 healthy volunteers   

Discussion and Conclusion: In this work, we demonstrate the feasibility to investigate 
the orientation of diffusion anisotropy in human carotids in vivo. In contrast to previous 
works that aim for quantitative diffusion imaging (DWI, ADC values) along the z-
direction our results suggests that tangential and radial diffusion is accessible by using a 
pulse sequence that enables high-resolution DWI measurements in combination with a 
2D gradient direction sampling-scheme orientated perpendicular to the vessel’s 
longitudinal axis. Future work will investigate the influence of plaque components on the 
diffusion process, which may help to understand the formation of a complex disease. 
 

Figure 2: Vessel wall ADC 
map generated from nine b-
value images along a certain 
gradient direction (white 
arrow). mean ADC of 
bluebox=1,312e-3 mm²/s and 
greenbox=0,893e-3 mm²/s.    
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Figure 1: Diffusion weighted images (b0+18 images with b-value 1000 s/mm²) of the carotid vessel with applied diffusion gradients lying within a 
plane perpendicular to the vessel’s longitudinal axis (white lines). 
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