Laboratory set-up and numerical modelling of systolic
compression of coronary arteries caused by myocardial bridges
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ABSTRACT

The aim of the research is to identify the flow patterns that are promoting deposition of the
atherosclerotic plaque in coronary arteries using Computational Fluid Dynamics (CFD). It has
been identified that prevalent localization of the plaque deposition coincides with the region of
low-oscillatory flows. In coronary arteries, such flow behaviour is characteristic to situations
where the vessel lumen is compressed by myocardium (heart muscle) due to systole. The reason
for this lies in the pathological situation where the vessel is overlaid by muscle, named myocardial
bridge (MB). During systole, the artery is compressed yielding milking effect, i.e. ejection of blood
in down- and up-stream direction causing bidirectional blood flow proximally (upstream) to the
compressed vessel [1]. As a result, a proatherogenic oscillatory flow, resulting in low—oscillatory
endothelial shear stress (ESS) is observed. MB can be found most commonly in the middle part
of the left anterior descending artery (LAD) [2].

In the current research, the laboratory set-up that is capable to reproduce pulsatile flow through
the dynamically compressed vessel is presented. The pulsatile blood pump (Harvard Apparatus,
MA, USA) is used to force quasi-real flow through the model vessel undergoing artificial MB-like
compression. The three-element Windkessel[3| is used as a lumped model of the entire systemic
arterial tree. The Windkessel model mimics the load on the heart, including peripheral resistance,
total arterial compliance, and characteristic impedance. Recorded measurement data (i.e. flow,
pressure) are used to validate the enhanced 3D numerical model in simplified geometry.
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