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INTRODUCTION Arterial spin labeling (ASL) is a completely non-invasive MRI-based perfusion imaging technqiue that has been successfully applied to brain 
imaging1. Application of ASL to measure myocardial blood flow (MBF) has been shown to be feasible2 and would provide an alternative to contrast-enhanced 
perfusion imaging, which is restricted for patients with renal problems. Nevertheless, transition of this technique to routine patient measurements is hampered by low 
accuracy of the resulting MBF values. While errors due to non-negligible arterial transit times were recentely investigated3, the effect of blood bolus dispersion between 
the point of labeling and the measurement slice has not yet been adressed for myocardial ASL. In this contribution, we employ Computational Fluid Dynamics (CFD) 
simulations in a realistic coronary artery model to evaluate the extent of dispersion in myocardial ASL and its impact on MBF measurements.  
 
METHODS A model of the left anterior descending (LAD) artery was reconstructed using a high-resolution computed 
tomography scan of a coronary corrosion cast specimen (Fig. 1). To study the influence of stenosis on blood bolus 
dispersion, a concentric stenosis with an area reduction of 95% was inserted at the beginning of the vascular model in the 
main branch (inset figure in Fig. 1). Hexahedral meshes containing around 3,5 million elements were created for both the 
stenosis-free and the stenotic model. Blood flow and blood bolus transport were simulated using the open-source 
software OpenFOAM (OpenFOAM 2.2.0, ESI Group, Bracknell, United Kingdom). A realistic pressure profile4 was 
assigned at the inlet. Resistance boundary conditions based on the structured tree model by Olufsen5 were applied at all 
outlets. A flow-sensitive alternating inversion recovery (FAIR) labeling scheme was simulated by setting the 
concentration in all cells upstream of the control inversion slice (red box in Fig. 1) to 1 at the beginning of the 
simulation. Inflowing inverted spins were accounted for by employing an inlet boundary condition of 1. The 
diffusion coefficient of water in human blood was estimated based on an effective medium theory by Latour et al.6. 
Using values of the intra- and extracellular diffusion coefficients that were determined by Stanisz et al.7 the effective 
diffusion coefficient of water in blood was calculated as eff 1.53 · 10  (T=37°). All simulations were carried 
out on the High Performance Cluster Elwetritsch (Elwetritsch, RHRK, TU Kaiserslautern, Germany).  
To determine MBF errors due to dispersion, first the ‘correct’ magnetization difference ∆  was calculated according to 
the standard equation given by Buxton et al.8 using the dispersed AIF, disp, from the simulations and a reference flow 

value of MBF 1.0 ml min g : ∆ 2 MBF disp . In a second step, the 

erroneous MBF value was calculated using the ‘correct’ ∆  and a box-car shaped AIF (i.e., plug flow). Errors due to 
delay were excluded by shifting the box-car shaped AIF to the time of bolus arrival as determined from the simulations. 
The influence of dispersion was evaluated at three outlets: two at locations within a typical imaging slice in a single-slice 
measurement, and one at a distal location in case of multi-slice measurements (cf. Fig. 1). 
 
RESULTS For all outlets and both models, dispersion of the blood bolus was observed. The resulting MBF errors that 
arise if dispersion is neglected are depicted in Fig. 2, showing marked underestimation of the true MBF value in all 
cases. Dispersion-related errors declined with increasing acquisition time because retained parts of the blood bolus 
gradually reached the outlets at later times. Due to different transport effects along the path from the inlet, errors at the 
three outlets differed considerably, with the highest underestimation arising at outlet 3. In all cases, inclusion of the 
stenosis further increased the MBF errors.  
 
DISCUSSION Our analysis reveals that blood bolus dispersion in the coronary arteries may be a substantial source of 
error in myocardial ASL. The different extent of MBF underestimation between the healthy and the stenosed model 
indicates that the accuracy of myocardial ASL may be affected by atherosclerotic plaques. Moreover, the observed 
deviations between outlet 1 and 2 suggest that dispersion-related variations of blood flow 
values may occur within a single slice due to different paths from the tagged region to the 
myocardial tissue. Fig. 2 shows that dispersion-related errors may be reduced by using longer 
delay times. In general, however, overall SNR in the images will be low in this case. 
The observed MBF errors in our simulations were much larger than those obtained by other 
authors in cerebral ASL, probably due to the relatively low blood velocities in the coronary 
arteries. Future studies should focus on correction strategies for bolus dispersion to avoid 
large inaccuracies in the MBF determination. This is especially true for possible extensions 
of existing sequences to multi-slice imaging, where our simulations predict even larger 
dispersion-related errors. 
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Fig. 1. The 3D model of the LAD artery. 
The boxes show the region of inverted 
spins during labeling (red), the inversion 
slice during control (blue), and the 
imaging slice (green). The inset figure 
shows the inserted stenosis. The numbers 
indicate the outlets that were evaluated. 
 

Fig. 2. MBF errors that arise if dispersion is neglected for all outlets 
and both models. 
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