Hemodynamic forces in the progression of intracranial aneurysm change as assessed using MR-based methods
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INTRODUCTION: Hemodynamic forces have long been thought to be important in determining what features drive changes in
aneurysm morphology over time. However, which specific properties of hemodynamic factors that lead some aneurysms to grow
rapidly while others remain stable, remain controversial. We have reported elsewhere on a study in progress where we are
following patients with untreated aneurysms [1] over time. 15% of those subjects have shown increases in aneurysm volume that is
significantly greater than measurement error. This presentation reports on MR-based analyses of velocity fields and hemodynamic
forces in this patient population. The aim of this study was to determine whether it was possible to identify hemodynamic features
that were different in aneurysms that changed, in comparison to those that remained stable over time.

MeTHODS: We have studied 78 patients with 88 aneurysms of the intracranial circulation with serial imaging using an IRB-approved
protocol. Of these, 14 aneurysms had intralumenal thrombus [2]. Of the aneurysms that remained thrombus-free, studies were
performed at intervals from 6 months to 1 year for a total of 226 interval measurements. At each imaging session MRA and MRI
studies were conducted at 1.5T to assess
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(Fig. 1). In order to validate the CFD predictions, exact replica flow models were constructed of four representative aneurysms and
the full four-dimensional velociity field was measured for physiological flow using 4D MR velocimetry.

REesuLTs: Excellent agreement was found between experimentally measured velocity fields and CFD predicted velocity fields, even
for highly complex flow fields. For the CFD analysis, large regions of slow and recirculating flow were predicted by CFD in regions
that were found to layer thrombus. In the 74 aneurysms that remained thrombus-free, 11 were found to grow. Histograms of the
frequency of wall shear stress as a fraction of the total surface area of the aneurysm indicated that aneurysms that grew had a
substantially larger fraction of the surface area of the aneurysm exposed to low wall shear stress than aneurysms that remained
stable over time. In aneurysms that grew, the mean surface area exposed to wall shear stress lower than 0.3 N/m? was found to be
38% compared to 6% in aneurysms that remained stable (Fig. 2). Furthermore, regions of observed growth were found to be co-
located with regions of low wall shear stress.

DiscussioN: MR-based CFD studies provide the means to evaluate the link between hemodynamic forces and the evolution of
vascular disease. Experimental MR velocimetry indicates that CFD predictions are accurate. An approach using MR methods to
assess growth and to provide boundary conditions for CFD analysis, indicates that low wall shear stress is related to an increased
rate of aneurysm growth. ldentifying those factors that indicate which aneurysms are at risk for rapid disease progression would be
of great importance in helping clinicians
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