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Application of Genetic Algorithm for Prediction of Artery Geometric
Determinant
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Abstract:  We supposed not only physiological factors but also fluid dynamic and engineering factors affect the shape of blood tubes.
Those fluid dynamic and engineering factors were examined by multi-objective optimization of blood tubes using a genetic
algorithm(GA) and two-dimensional blood flow analysis. Those supposed factors are three. We took two factors from fluid dynamics
point of view: the wall share stress(WSS) and the pressure loss. The last factor is the artery length from saving materials point of view. We
tried multi-objective optimization using the non-dominated sorting GA(NSGA-2) which is generally applying GA to solve multi-objected
search problems. Flows were calculated by a 2-dimensional unsteady incompressible flow solver using VOF method and QUICK
scheme. We set artery diameter and flow rate referred those value of carotid artery: the diameter was 5mm and Reynolds number was 810.
We performed 2-objective optimization in three cases: WSS and artery length, pressure loss and artery length, and WSS and pressure loss.
In all cases, we got the Pareto-optimal fronts, which mean the set of trade-off optimal solutions. In the case of WSS and artery length,
connecting straightly between the inlet and the outlet was gotten as the shortest artery length shape, but very high WSS value. As the WSS
value got lower, the more smoothly curved artery shape was gotten. In this case, the shape with hump of which shape was similar to an
aneurysm is obtained as lower WSS case. We confirmed the WSS increases when the hump was removed. This means humping higher
WSS area of artery vessel is effective to reduce WSS value. On the other hand, as either lower pressure loss and artery length case or WSS
and pressure loss case, we could not get the shape with hump in the Pareto-optimal front. In three sets of experiments, only the case of
WSS and artery length provided the shape like an aneurysm. These results indicate that WSS and artery length may be strong factors to
determine artery shape. We currently regard initiation of aneurysm as the wrong adaptation of blood tube.
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Fig.4 Point sequence and artery shape
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Fig.10 Pareto solutions (Casel, WSS and flow area)
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