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ABSTRACT

We present a novel model for coupled haemodynamics and thrombus formation in intracranial
aneurysms [1] that builds on previously proposed models of haemostatic thrombosis at the site of
vascular injury [2]. The thrombus generation model is a transport-reaction model that couples
together macroscopic blood flow, platelet activation and transport dynamics, and includes clot
solidification through an added momentum sink in the Navier-Stokes equations. Our main
contributions are: 1) the thrombosis initiation mechanism, where post-operative flow stasis acts
as the primary initiator for platelet activation, and 2) the interplay of transport of activated
platelets with fibrin generation that is key to characterising stable and unstable thrombi.

The coupled flow and thrombus formation model is simulated in ANSYS CFX until a steady state
is reached, after which point the quality of the resulting thrombus is evaluated as a combination
of platelet content and fibrin concentration within the aneurysm. We introduce the so-called
flow-induced platelet index (FiPi) for evaluating the stability of the resulting clot. Computational
predictions of thrombus quality are validated against an in vitro phantom study [3] of two flow-
diverting stents with different sizings. We demonstrate that our model accurately predicts the
lower thrombus stability that results in the oversized stent scenario and captures the overall
shape of the resulting clot. An ongoing second validation study compares model predictions
against expert neurointerventionalist evaluations in 88 patient-specific aneurysms taken from
the @neurIST database.
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