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SUMMARY 
Doppler Ultrasound is a usual method to estimate the 
stenosis percentage in large arteries such as carotid by 
measuring non-invasive velocity of blood flow. Based on 
clinical investigations, because of vessel wall motions, 
Doppler positioning and angle correction, some times 
there are some errors in Doppler results which lead to 
incorrect diagnosis. The aim of this study, is to compare 
the results of Doppler test and the numerical simulation of 
transitional blood flow in the same case. An 87 years old 
man suffering from stenosis in the internal carotid artery is 
selected for this evaluation. First, clinical information of 
this patient such as CT-Scan images and Doppler 
Ultrasound results on different locations of the stenosed 
artery were obtained. Then, the geometry was 
reconstructed and numerical simulation was done using 
ANSYS software.  
Results show that velocity profile of Doppler test and 
numerical simulation are in good agreement at the regions 
of pre- and post-stenosis. But, the value of maximum 
velocity at the stenotic region has significant difference.  

INTRODUCTION 
Doppler Ultrasound is by far the most common imaging 
test performed to aid in the diagnosis of carotid disease. 
This disease caused by atherosclerosis can cause a 
blocked-vessel stroke. During a Doppler test, because of 
vessel wall motions, there are some fluctuations in 
reflexive signals. Because of these fluctuations sometimes 
wrong estimation of the stenosis percentage in clinical 
practice are obtained. The other common error in this test 
is the error of Doppler positioning and angle correction 
which lead to serious errors in diagnosis [1]. 
Hemodynamic simulation studies have been frequently 
used to gain a better understanding of functional, 
diagnostic and therapeutic aspects of the blood flow. The 
objective of this study is to compare the results of Doppler 
Ultrasound and numerical simulation of transitional blood 
flow. In recent researches in order to increase the accuracy 
of the blood flow simulation in arteries the fluid-solid 
interaction (FSI) method is developed [2,3,4,5,6].  
This simulation is based on FSI method and the blood is 
treated as a non-Newtonian fluid based on the Carreau 
model. By the way, moderate and severe arterial stenoses 
can produce highly disturbed flow regions with transitional 
and or turbulent flow characteristics. Neither laminar flow 
modeling nor standard two-equation models are suitable 
for this kind of blood flow. According to the previous 
researches, low-Reynolds number k   model is the best 
model among other turbulence models (e.g. RNG k   and 

the standard k  ) when compared against experimental 
data [7]. In addition, this model has a transitional variant 
because blood flow is not completely turbulent throughout 
the entire pulse cycle.  
 
METHODS  
Three main steps were involved in developing the stenosis 
model: (1) Gathering the DICOM (Digital Imaging and 
Communication in Medicine) format of CT angiography 
images of the stenotic carotid of the patient; For this 
purpose an 87 old man suffering from stenosis at internal 
carotid artery was selected and a series of 420 slices with 
0.025 mm thickness were obtained by Department of 
Radiology, TABA imaging center, Shiraz, Iran. (2) 
Reconstructing the 3-D carotid model; in this study 
MIMICS and CATIA softwares were used to reconstruct 
the geometry and prepare it to use in simulation software. 
The arterial wall was assumed to be uniform and the wall 
thickness of 0.6 mm was added to the geometry. Figure 1 
shows an image of the series of CT images, reconstructed 
artery for preparing to simulate and also the 3D 
reconstructed artery by the help of medical software name 
K-PACS that is a Dicom Viewer. It can be seen in this 
Figure that the reconstructed artery is exactly based on 
physiologic anatomy of the patient stenosed artery. (3) 
Simulation of transient hemodynamics and arterial 
motions requires solution of the coupled solid and fluid 
domains. ANSYS Multiphysics was used to generate mesh 
for both fluid and structural domain and after that to solve 
the Navier- Stokes equations. 
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Figure 1: (a) one of the CT images series in DICOM 
format (b) reconstructed carotid artery (c) the 3D view of 
the artery by K-PACS Dicom Viewer 



 

 

The boundary conditions were considered based on 
physiological data. The inlet velocity waveform was 
obtained based on in vivo recording data by Doppler test at 
the region far from the bifurcation in the common carotid 
artery as shown in Figure 2. The outlet pressure at the end 
of internal and external carotid artery was set to be 11148 
Pa that is the value of gauge pressure. This pressure is 
obtained by the average of systolic and diastolic pressure 
of the patient. The heartbeat of the patient is 58 beats per 
minute that is consistent with the value of time period 
equal to 1.05 sec. 
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Figure 2: Pulsatile time-averaged inlet mean velocity 
waveform  

RESULTS AND DISCUSSION 
Figure 3 shows the comparison of velocity profile obtained 
from Doppler Ultrasound and numerical simulation of 
blood flow based on real physiological data. The left hand 
side of the figure shows the results of Doppler sonography 
at three region of pre-stenosis, stenosis and post-stenosis. 
The right hand side of the figure shows the comparison of 
velocity profile vs. time between Doppler results (lower 
curves) and simulation results (upper curves). As the 
results show the velocity profile in the regions of pre- and 
post-stenosis are in near good agreements with the 
Doppler results. But the value of maximum velocity which 
is the velocity to estimate the percentage of stenosis, at the 
stenotic region have had significant differences.  
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Figure 3: Comparison of velocity profile obtained from 
Doppler and numerical simulation at the regions of (a) pre-
stenosis (b) stenosis (c) post-stenosis. 

This differences given by Doppler may be coming from 
sonographer action in estimating of stenosis percentage, 
because the real stenosis percentage in this artery was 
more than the value of stenosis estimated by sonographer. 

CONCLUSION 
By the comparison of the results of velocity profile and 
simulation, it can be considered that the maximum values 
of velocity at the stenotic region are different with the 
maximum value obtaining from Doppler test. It can be 
emphasized on Doppler error because the real percentage 
of stenosis reported by doctor and angiography test was 
more than the value of stenosis estimated by Doppler test. 
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