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SUMMARY 

To investigate detailed blood flow information through a 
stentic lesion can provide us the fundamental pathogenetic 
information related to thrombosis formation which plays 
major role to cardiovascular disorders. Generally 
hemorheologic features near vessel wall is well known as most 
important key factors for thrombosis generation. From this 
sense, direct measurement on blood flow as a fundamental 
hemodynamic investigation may be suggested for non-
invasive coronary artery disorder diagnostic method. 
Hemorheologic features can be calculated from blood flow 
profile using mathematical procedure. In-vitro experiments 
were carried out using PDMS micro-channel simulated with 
coronary artery hemorheological parameter calculation was 
stenosis. The hemodynamic feature was investigated using 
high resolution micro PIV technique. The red blood cells were 
used as tracer particles for instantaneous velocity profile 
measurement based on cross correlation method.  

INTRODUCTION 

Circulatory disorders, one of the leading mortality factors in 
the modern society, is closely related with various risk factors 
including smoking, hypertension, hyper-lipidemia, diabetes 
and so on. The hemodynamic characteristics of human blood 
flow passing through a stenotic throat for Coronary Artery are 
thought to contain important information that can be used for 
the early detection of cardiovascular disorders. From this 
sense, the biophysical description of hemodynamic and 
hemorheologic behavior of blood flow have received large 
attention in recent decades.  
In this study, we tried to get the hemodynamic information of 
blood flow in a Coronary Artery with stenosis through in-vitro 
experiment, for non-invasive clinical diagnostic application. 
The hemodynamic characteristics including velocity fields of 
blood flow were measured using a high-resolution micro-PIV 
technique. To provide more detailed hemodynamic 
information through PDMS micro-channel model simulated 
with coronary artery stenosis was also carried out using red 
blood cells as tracer particles. Therefore, the hemodynamic 
characteristics of blood flow and the transport of RBCs in the 
stenosis were experimentally investigated in this study. 

 
Figure 1 Schematic Diagram for hemodynamic feature 

investigation consisted with vertical microscope, 
light illuminator, high speed CCD camera and 
synchronizing system 

METHODS 

Fig.1 shows the schematic diagrams of Micro-PIV system for 
the measurement of 2D velocity field and PDMS channels. 
The blood cells as tracer particles were introduced into 
channel by syringe pump (KDS scientific) with flow rate of 5 
ml/min. The flow field was illuminated by halogen light 
attached to the microscope with 4 times objective lense and 
red blood cell images were acquired through a high speed 
camera consecutively with speed of 1000 to 2000 fps by the 
flow rate condition.  The whole channel view was divided to 
six sections due to the limitation of view size of 7 x 5.6mm 
and each flow field was calculated from individual section by 
post-processing. Whole flow field was finally reconstructed by 
uniting every flow field with linear interpolation. 

The high-speed CMOS camera employed to acquire 
temporally resolved blood flow information can capture flow 
images at up to 636 fps (frame per second) at a full resolution 
of 1,280 × 1,024 pixels. Since a continuous halogen lamp was 
used as the light source, the time interval (Δt) between two 
consecutive images was adjusted by varying the frame rate.  

To calculate instantaneous velocity vectors from two 
consecutive flow images, the FFT based cross-correlation 
algorithm was applied. The size of the interrogation window 
was 16 × 16 pixels, with 50% overlap. A total of 1,000 flow 



images were captured for each experiment. The instantaneous 
velocity fields were ensemble-averaged to obtain the spatial 
distributions of mean velocity. The frequency characteristics 
of the arterial blood flow and the variation of velocity 
waveform were assessed by FFT analysis of the temporally 
resolved instantaneous velocity field data. 

Fig.2 shows the post-processing procedure for the 
calculation of velocity field in PIV. The two adjacent particle 
images taken by camera with known duration of time were 
subdivided into small areas called interrogation windows and 
the degree of match between two images was estimated for 
each window by locally cross-correlating two images. The 
highest value in the correlation plane indicates the 
displacement of particles and when dividing it by duration 
time, the velocity vector was extracted. Through the repeat of 
this procedure in every subdivided area, the whole flow field 
was finally calculated. To minimize the calculation time, the 
FFT base cross correlation method was used instead of direct 
spatial correlation in this experiment 

        
Figure 2 Post-processing procedure of particle image 

velocimetry based on FFT cross correlation 
method 

RESULTS AND DISCUSSION 

Blood flow in blood vessel model simulated in diseased 
coronary artery with stenotic lesion was optically visualized 
using a high resolution blood flow visualization technique. 
Blood flow was measured in each measurement sections and 
each measurement sections have overlap. Because the RBCs’ 
flow has so rapid velocity passing through a stenotic throat, 
the observing resolution must be controlled adequately. The 
steady flow rate employed in this experimental study was 
controlled as 5 ml/min. This velocity data was used to 

determine the mean velocity field of blood flow in the blood 
vessel model, as well as the successive instantaneous velocity 
fields. A total of 1,000 flow images were captured for each 
experiment. The instantaneous velocity fields were ensemble-
averaged to obtain the spatial distributions of mean velocity. 
The flow rate with 5㎕/min in this study was controlled by 
using a syringe pump. Because the flow has low speed in 
upstream and downstream section, resolution was controlled 
as 5,000 fps and the spatial resolution was approximately 
3mm × 3mm. As flow goes downstream, the velocity 
decreases rapidly. From this phenomenon, the appropriate 
image resolution was controlled as 6000 fps. The maximum 
velocities for each cases and the tendency have similar feature. 
As the alignment angle increasing, the velocity in each 
measurement section leans to the inclined area. The velocity 
for opposite site as a basis for the vessel center has been 
considered that the momentum loss then the recirculation 
region will be growth. These mean the inclined angle for 
vessel geometry will influence the recirculation region size 
related with stenosis growth. 

CONCLUSIONS 

Flow characteristics through a coronary artery with stenotic 
lesion were measured in-vitro high resolution flow 
visualization technique with a high speed CMOS camera. 
Measurement technique employed in this study may be 
applied as non-invasive circulatory disorder’s diagnostic 
equipment. Temporally resolved velocity fields information 
would be useful for understanding the hemodynamics and 
hemorheologic feature related with pathogenetic information 
and the stenosis growth related with cardiovascular diseases.  
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