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Abstract 
St. Jude Medical (SJM) Bileaflet Mechanical Heart 

Valve is one of the most widely used valves for 

replacement of native diseased heart valves. Despite 

long-term mechanical durability they are associated 

with complications such as thrombosis or haemolysis 

leading to lifelong anticoagulants intake by patients 

with MHVs. It has been suggested that complications 
are related to non-physiological flow due to valve 

geometrical features.  In this study we investigate the 

flow near hinges during the leakage phase in a clinical 

SJM valve model. The time-resolved particle image 

velocimetry (TR-PIV) optical technique is used to 

measure the flow at high spatial and temporal 

resolution. A flow features such as vortices and shear 

stress zones exceeding platelets activation level were 

found.  

 

1. Introduction 
  Mechanical Heart Valves (MHVs) are one of the 

alternative treatments for diseased native valves. In 

flow through cardiovascular implants, haemolysis and 

thrombosis may be initiated by non-physiological shear 

stress on blood elements. The hinge mechanism in 

bileaflet MHVs has been shown to play a significant 

role in blood damage 1, 2. The diastolic phase of the 

cardiac cycle is of particular interest, when the valve 

leaflets are fully closed and reverse leakage flow occurs 
through the hinges. The leakage flow provides some 

benefit by preventing prolonged residence of blood 

elements in the hinge region. However, the leakage 

flow also results in elevated shear stress, flow 

separation, stagnation and recirculation, introducing 

non-physiological loading of blood elements. 1, 2, 3  

  To decrease complication risk, patients need life-

long anticoagulation therapy1. Therefore, in the present 

study we investigate the flow near hinges during the 

leakage phase in a model of the clinical SJM valve. 

Time-resolved 2D Particle Image Velocimetry (TR-

PIV) is used to visualize the flow. 
 

2. Materials and Methods 
  A replica of a clinically available 23 mm SJM 

Regent valve obtained from the manufacturer was used 

in this study. The valve model with transparent housing 

and pyrolytic carbon leaflets is enclosed in an acrylic 

transparent chamber to enable optical access for 

measurements with PIV technique.   

  In order to reproduce diastolic leakage flow 
conditions a steady flow was driven by a constant 

hydrostatic pressure of 100 mmHg across the closed 
valve.   

  As a blood-mimicking fluid a mixture of 100 % 

saturated sodium iodide (NaI) solution, glycerine and 

deionized water with the respective concentration ratio 

of 79:20:1 by volume. To visualize and measure the 

flow, fluid was seeded with 10-µm diameter silver 

coated glass hollow spheres particles (LaVision, 

Germany).  DaVis 8.2 (LaVision GmbH) software was 

used for image acquisition and processing.  Cross-

correlation of two consecutive images with a window 

size of 32 x 32 pixels, giving an effective spatial 
resolution of 390 µm and temporal resolution of 222 µs, 

was performed to calculate vector fields. The velocity 

field was measured downstream of the hinge at four  

x   ̶ y planes at 0 mm, 0.5 mm, 1 mm and 1.5 above the 

hinge. 

 

3. Results 
 An example of an instantaneous velocity contour 

downstream from the hinge, measured at 0.5 mm above 
the flat level, is shown in Fig. 1. A high velocity jet 

with a maximum velocity of 0.75 m/s can be observed 

at x=4mm, y=6mm downstream from the hinge. 

Vortices and flow separation were found in all 

measurement planes.  The level of the viscous shear 

stress does not exceed the threshold for red blood cell 

damage. However it exceeds the range for platelet 

activation. 

 
Figure 1. Velocity contour downstream of the valve at 0.5 mm above the 

flat level.  
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