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Intracranial aneurysms are outpouchings of intracranial arteries that 

occur mainly on bifurcations in the vicinity of the Circle of Willis, a ring-like 

vessel structure at the base of the brain. Rupture of intracranial aneu-

rysms causes subarachnoid hemorrhage, which lead to high morbidity and 

mortality in patients. Incidentally discovered unruptured aneurysms can 

be treated by either clipping or coiling. However, the risk of complications 

during treatment of unruptured aneurysms may outweigh the risk of rupture 

of the aneurysm and therefore careful consideration whether to treat the 

aneurysm must be made. It is now widely accepted that assessment of local 

intra-aneurysmal hemodynamics can contribute substantially to the rupture 

risk estimation of the individual aneurysm. Patient-specifi c hemodynamic 

parameters such as fl ow complexity and wall shear stress can be simulated 

with computational fl uid dynamics (CFD). 

CFD is a technique that can simulate fl ow patterns with extremely high 

spatial and temporal resolution. However, CFD is a simulation technique and 

its accuracy depends on the accuracy of the infl ow boundary conditions and 

semi-automatic creation of geometries. 
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The only technique capable of measuring three-dimensional fl ow pat-

terns over time in vivo is time-resolved three-dimensional phase contrast 

MRI (PC-MRI). PC-MRI is based on the phenomenon that spins in moving 

blood in a magnetic fi eld acquire a phase shift that is proportional to the ve-

locity of the fl owing blood. With this technique it is possible to measure fl ow 

patterns in, amongst others, the aorta, the carotid bifurcation, intracranial 

arteries and intracranial aneurysms. 

The goal of this thesis is to validate and improve PC-MRI and to study 

the performance of PC-MRI in wall shear stress estimations in intracranial 

aneurysms. 

In this thesis an in vitro validation study is presented in which PC-

MRI is compared with Particle Image Velocimetry (PIV) and CFD in an 

aneurysm phantom of true size. This study showed that PC-MRI is able to 

very accurately capture fl ow patterns in an aneurysm phantom (chapter 2). 

Furthermore, PC-MRI was tested in eight in vivo intracranial aneurysms 

and compared with CFD. It was found that in systole, PC-MRI presents fl ow 

patterns that are comparable with CFD predictions. In diastole, however, the 

fl ow patterns appeared incoherent due to low  signal-to-noise ratio (SNR). 

(chapter 4) Multi-scale analysis that enabled vortex quantifi cation (chapter 

3) showed quantitative agreement between PC-MRI and CFD in diastole 

(chapter 4). 

To decrease the scan time, PC-MRI in the phantom and in an in vivo 

aneurysm was carried out in combination with two different acceleration 

techniques: k-t BLAST and SENSE. It was found that the SNR was higher for 

the former technique. However, severe smoothing of the velocity magnitude 

over time, i.e. underestimation of velocity in systole, was present in the k-t 

BLAST measurements (chapter 5).   

Another method to acquire PC-MRI images with higher SNR is to 

perform the velocity measurements in scanners with higher fi eld strengths. 

A comparison of PC-MRI data in 5 healthy volunteers acquired at 3T and 

7T was performed. The results showed that, due to higher SNR at 7T, the 

segmentation of small vessels in the Circle of Willis and the velocity vector 

directions in these vessels were more accurate than at 3T. Furthermore, 

blood fl ow from posterior cerebral artery to internal carotid artery in healthy 

volunteers was determined (chapter 6). 

An important marker for atherosclerosis and a possible indicator of an-

eurysm rupture is wall shear stress. Wall shear stress (WSS) is the tangential 
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force of blood fl ow at the vessel wall and can be calculated using the gradient 

of velocity close to the wall. In this thesis a novel method to calculate wall 

shear stress vectors from PC-MRI data in any vessel geometry in a standard-

ized fashion is presented. The technique was tested in analytical phantoms 

of the common carotid artery and the aorta under the assumption of perfect 

parabolic fl ow (chapter 7). Application of the technique in the aneurysm 

phantom and an in vivo aneurysm followed by comparison with CFD 

revealed lower WSS for PC-MRI than CFD, as a result of limited spatial reso-

lution. However, the direction of WSS vectors was very similar. Circular WSS 

patterns were found for both the in vitro and in vivo aneurysm. Such circular 

WSS may be an important parameter for rupture risk estimation (chapter 8).    

In conclusion, this thesis demonstrates that PC-MRI can be used to 

quantify and visualize intra-aneurysmal fl ow patterns and wall shear stress. 

However, PC-MRI imaging strategies can still be optimized to further im-

prove the accuracy of the technique. 
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