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ABSTRACT:  
Cardiovascular disease (CVD) is the leading cause of mortality in Australia. Surgical 

intervention is often required to reduce death and uses cardiopulmonary bypass (CPB) to 

replace the heart and lungs temporarily during surgery. However, a surprising and frequent 

complication is brain injury while undergoing CPB. Clinical CPB studies have 

demonstrated that a common pathology is cerebral ischemia due to mobilised arterial 

particles called emboli, yet very little is known of its behaviour. This thesis analysed 

gaseous and solid emboli transport and investigated the CPB aortic cannula, commonly 

implicated with emboli generation. This study used numerical simulations and physical 

fluid experiments to assess several essential CPB variables. The results found that emboli 

morphology, CPB flow rate, blood viscosity, aortic cannula position and patient orientation 

affected emboli movement. Based on these variables, a novel aortic cannula was 

designed and compared to a standard cannula in a 20-patient computational study to 

determine cannula effectiveness. The novel cannula delivered a lower cerebral emboli 

load in 10 common and 10 bovine (1 in 5 human variant) aortas. The numerical model was 

verified using a grid convergence index approach, and the mathematical model was 

validated using a laser-based particle image velocimetry system. This thesis's contribution 

provides a better understanding of emboli behaviour during CPB supported cardiac 

surgery and offers a novel method to assess aortic cannula effectiveness; and highlights 

the importance of critical CPB variables and different aorta geometry. The study's findings 

can assist clinicians in better managing emboli fate to reduce the embolic load that may 

assist in minimising emboli related cerebral injury remained unexplored.  
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