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Abstract To investigate the hemodynamics parameter of stress phase angle (SPA) in different stenosis states, 

the high-frequency ultrasonic imaging system was employed to obtain ultrasound contrast images of stenotic 

plaques, and the value of SPA was calculated through echo particle image velocimetry and cross-correlation 

algorithms. The experimental results showed that when the stenosis was 30%, 50% and 70%, the mean SPA 

was 162.88°, 201.99° and 222.89°, respectively. The study may suggest that the bigger stenosis, the 

more negative the SPA and the more asynchronous between the wall shear stress and circumferential stress. 
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Fig. 1 The components of phantom mould
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Fig. 2 Vevo 2100 high-frequency ultrasonic imaging system

3

Fig. 3 The extracorporeal circulation system
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Fig. 4 The schematic diagram of wall shear stress and

circumferential stress
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Fig. 5 The schematic diagram of stress phase angle
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Fig. 6 The ultrasonography of 30% stenosis
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Fig. 9 The changing curves of inferiorwall and shearrate in

30% stenosis

30%

SPA 184.24° 169.41° 135.0°

SPA 162.88° 50%

SPA 201.24° 202.5° 202.22°

SPA 201.99° 70%

SPA 232.5° 221.54° 214.64°

SPA 222.89°

Sadeghi
[15]

2011

SPA 30% SPA

120° 40% SPA 195°

50% SPA 205° 60% SPA

220° 70% SPA 230° 2012

Belzacq
[18]

WSS

0.5

0

0.5

5

0

5
0 1 2 3 4 5 6

(s)

 SPA

(m
m

)

(1
/s

)

10 50%

Fig. 10 The changing curves of inferiorwall and shearrate

in 50% stenosis
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Fig. 11 The changing curves of inferiorwall and shearrate

in 70% stenosis
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Fig. 7 The ultrasonography of 50% stenosis
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Fig. 8 The ultrasonography of 70% stenosis
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