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The development of innovative circulatory support systems for paediatric
congenital heart failure patients is highly needed because they still poses a unique set of
challenges, despite successfull advances in cardiovascular surgical treatment with artificial organs

for adult patients. The present project exhibited the integrated research and development of an
artifical pulmonarg heart valve conduit and a right ventricualr circulatory support device based on
the international biomedical and medical physics approaches with Macquarie University in Australia
and the University of Sheffiled in the UK. Consequently, the fluid dynamics evaluation for
complicated structural flow analysis based on the vascular wall-fluid structure and the valve
leaflet numerical reconstraction for dynamic analysis were achieved for more sophisticated
congenital circualtory support device design.
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Fig. 1 Measurement of vascular structure Fig. 2 3D-reconstructed vascular
with ultrasound imaging; a longitudinal(left) structure by photopolymersation
and a short-axis (right) images. with an elastic membrane.

Fig.3 An example of the pressure distribution Fig. 4 Intra-vascular imaging achieved
with the changes of vascular structural walls. in the transparent vascular models

2 3D ePTFE Heart Valve Leaflet Deformation Analysis Using Multi High-Speed Camera
Digital Image Correlation
The expanded polytetrafluoroethylene (ePTFE) conduit with fan-shaped leaflets and
bulging sinuses is widely used for the surgical reconstruction of right ventricular
outflow tract in congenital heart failure children. The purpose of this study was to
investigate the dynamic motion of the leaflets with opening and closing function in the
pulse duplicator using multi high-speed cameras by the digital image correlation methods.
The 0.1mm-thickness ePTFE leaflet membrane sheet was colourised with speckle patterns
and fixed on the valve annulus of the holder at the head of the pulse duplicator. The
three cameras were used for the measurement, and each image was captured at an angle of
every 32 degrees in the same plane with the distance from the subject by 140mm. Prior
to the measurement, the surface data validation was performed and the filtering
coefficient. The closed and opening leaflet structures were observed by the digital image
correlation method at 960 fps. The motion design parameters of the leaflet can be evaluated
by the 3D image reconstruction modelling under the dynamic changes in the pulsatile flow
test conditions.
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Fig. 5 Multi digital image detection Fig. 6 Reconstructed images from the 3D
with multiple synchronized cameras measurement of the leaflet structure under the
water using multi-camera image correlation
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