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Abstract 

The evaluation of the performances of a prosthetic heart valve (PHV) is related 
to the efficiency in replacing the diseased native valve. However, critical aspects 
remain in the post-implantation stage, due to the damage on red blood cells when 
the induced mechanical stresses overcome a certain threshold; furthermore, 
undesired effects of platelets adhesion and activation could take place due to 
high residence times. 
The purpose of this study is to show how to obtain information about residence 
times downstream of a PHV by means of Particle Tracking Velocimetry (PTV), 
in virtue of the fact that there is a positive correlation between particle residence 
time and thrombogenesis. The in-vitro experiments were performed with 1 Ilmin 
mean cardiac output and 70 bpm heart rate on a 19 mm aortic valve. The test 
fluid was a 33% water-glycerine solution with 50 - 150 pm amberlite seeding 
particles. Characteristic adimensional numbers were Re = 3214 and WO = 10.6. 
The Lagrangian approach allows following spatial and tidal evolution of the 
seeding particles, tracing their trajectories and calculating their velocities during 
each phase of the cardiac cycle. In this way it is possible to classify each region 
of the aortic root in terms of the associated average particle residence time; 
consequently, the potential for thrombogenesis can be evaluated quantitatively. 
The first relevant result consists of the evaluation of the maximum residence 
time that was found to be lower than cardiac cycle duration, although a low flow 
regime was used. Moreover, the capability of the two techniques to assess both 
shear stress distribution and related exposure times, allows the determination of 
critical regions and an estimation of the amount of blood subject to potential 
damage in relation to the total mass flow. 
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