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Abstract—In this study, we will show the effect of thrombus 

against the value of blood flow velocity on patient with 

Abdominal Aortic Aneurysms. It is expected that blood flow 

velocity can be used as a parameter to predict the evolution of the 

diameter of the aorta. 16 patients with Small Abdominal Aortic 

Aneurysms (SAAA) have been evaluated with some MRI’s 

examination.  To process all the data, we use a homemade 

program with C++ programming that built in our laboratory. 

Processing was done in all examination in order to calculate the 

value of speed of the blood flow inside each category of thrombus 

on SAAA. The images are taken on three directions of 

examination (right-left, anterior-posterior, and through-plane). 

We can see some differences in blood flow velocity in each 

category of thrombus. For patients without thrombus, blood flow 

velocity tends to be more rapid in the next examination. For 

patients with Homogeneous thrombus it tends to have the same 

speed at the first examination, but increased dramatically at the 

last examination. For patients with Heterogeneous thrombus its 

speeds dropped dramatically at the first examination and then 

will return more quickly until they find the stable value at the 

final examination. And for patients with Indefinite thrombus 

obtained the value of blood flow velocity that decreased for each 

examination. Calculation of blood flow velocity on the axis of x, y, 

and z have been processed in accordance with the maximum 3D 

speed (cm/s). It is needed further study about Radial Velocity 

that would indicate the direction of blood flow velocity on the 

center areas of SAAA until at the border areas that expected to 

became a parameter to predicting the evolution of the diameter 

of the aorta  

Keywords-Blood Flow Velocity, Thrombus Categories, 

Magnitude and Amplitude Images, Small Abdominal Aortic 

Aneurysms.   

I.  INTRODUCTION 

Difficulty in predicting the evolution of aortic diameter that 
became trigger the outbreak of the aortic wall, has resulted in 
many studies to find holes for science to overcome the effects 
of deaths caused by the rupture of the aortic wall. Many studies 
have studied the cause from the swelling of the aortic wall 

whose very elastic, which are: study the effect of thrombus in 
Small Abdominal Aortic Aneurysms (SAAA), the effect of 
blood flow velocity along the aortic wall, the type of blood 
flow that flows along the aorta (laminar or turbulence), the 
effect of blood pressure against the aortic wall, and the effects 
of shear stress that suspected can be accelerate of the evolution 
of the aortic wall [3, 4].  

At the previous article, the authors have studied the effect 
of thrombus signal in the evolution of the aortic wall. But by 
using thrombus signal alone as parameters, the authors didn't 
found a significant relationship between high or/and low signal 
on thrombus with the evolution of the aortic wall diameter [1, 
7, 9]. 

Therefore, in this study, the author will show the effect of 
thrombus categories that have been found in previous articles, 
against the value of blood flow velocity on patient with SAAA. 
It is expected that thrombus will affect the speed of blood flow 
in patients with SAAA and also can be used as a parameter to 
predict the evolution of the diameter of the aorta [6, 10].  

    

Figure 1.  Thrombus in Aortic Aneurysms 
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II. MR FLOW IMAGING 

After using the T1 and T2 weighted images to detect the 
presence of thrombus in the aorta, for this study the author uses 
Magnitude Images and Amplitude Images from MRI 
examination to analyze blood flow in the aorta, as we see in the 
image below (figure 2). 

The acquisition is taken perpendicular at the level of 
abdominal aorta and done while free breathing or breathe hold 
in accordance with the localization [5].  

 

 (a) 

 (b) 

Figure 2.  (a) Magnitude Image, (b) Amplitude Image 

By using those images (figure 2), we can obtain the value 
of blood flow velocity on the axis x, y and z of three direction, 
such as the position from right to left (right-left), from front to 
back (anterior-posterior), and from top to down (through-plane) 
in one examination to another examination [8]. 

III. MATERIAL AND METHOD 

A. Data 

Since July 2006 until January 2010, 16 patients with Small 
Abdominal Aortic Aneurysms (SAAA) have been evaluated 
with some MRI‟s examination. Each patient has conducted 1 to 
4 times the examination within 6 to 12 months (depending on 
each patient). Magnetic Resonance Images used are 3T imager 
(TIM Trio, Siemens Medical Solution, Germany) [1, 2]. Data 
have been processed to detect thrombus with 3 categories have 
been founded, they were: 3 patients without thrombus, 5 
patients with thrombus Homogeneous, 7 patients with 
thrombus Heterogeneous, and 1 patient with thrombus 
indefinite. Based on clinical data, we have also seen some 
differences in background characteristics from each patient, 
such as: active smokers, ex smokers, high blood pressure 
(hypertension), high fat in the blood (Dyslipidemie), Gender 
and Age. 

B. Protocol SAAA 

In this research protocol, the images that used are cine-MR 
images in order to perform a 3D/4D modelisation of the aorta, 
T1 and T2 weighted images and flow imaging (Magnitude 
images and amplitude images). By using software that built in 
our laboratory, 3D/4D flow imaging, T1 and T2 weighted 
images, and Flow Data have been processed. In particular, the 
data flow images are used to calculate the blood flow velocity 
in the aortic aneurysm. For each patient, images are taken on 
three directions of examination as mentioned before (right-left, 
anterior-posterior, and through-plane) from one examination to 
another examination. 

C. Processing 

To process all the data, we use a homemade program with 
C++ programming that built in our laboratory. Processing was 
done in all examination in order to calculate the value of speed 
of the blood flow inside each category of thrombus on SAAA. 
The images that taken on three directions of examination can 
be seen in figure 3.   

 

    
 

 

Figure 3.  Data Management from 3-direction 

Automatic tracing of the borders at Magnitude and 
Amplitude Images have been done to define the Aorta Surface 
and to get some parameters that needed. 

 

(a) 
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(b) 

Figure 4.  (a) Automatic tracing of the borders at Magnitude and Amplitude 

Images, (b) Automatic tracing with zoom in view 

D. Blood Flow Velocity Decoding 

Blood flow velocity (cm/s) is a value equal to the total 
volume flow divided by the cross-sectional area of the vascular. 
The velocity located in a pixel (Pi,j) depends on acquisition 
velocity (V Acquisition) and image dynamic (4096 gray levels in 
DICOM velocity encoded images) according to this formula 
[7] :  

            P i,j x VAcquisition x 2 

Velocity Pi,j =       -VAcquisition    (1) 

        Dynamic  

 

Velocity Pi,j € [- VAcquisition , +VAcquisition ]                       (2)     

            

 Pixel Nb  

Velocity Mean (t) =    ∑  Velocityi (t) / Pixel Nb    (3)  

      i = 0 

 
Instantaneous velocity is the speed of each from the three 

spatial directions whose will be provide important information 
about the dynamics of speed. The three variations of speed are 
located on the x axis (left-right) and y axis (anterior-posterior), 
which shows the presence of turbulent flow, and the z axis 
(through-plane) that shows the existence of pulsating flow. 

The maximum 3D blood flow velocity is maximum form of 
3D velocity vectors of all images that cover the whole cardiac 
cycle.  

 

Max 3D Speed =          (max speed of x)² + 

                                     (max speed of y)² + 

                                     (max speed of z)²              (4) 

 

IV. RESULT  

TABLE I.  MAXIMUM 3D SPEED 

Patient 

 

Max 3D Speed 

(cm/s) 

Thrombus 

Categories 

P1 - Cannot be processed*) 

P2 322.291 Without Thrombus 

P3 - Cannot be processed*) 

P4 694.029 Without Thrombus 

Patient 

 

Max 3D Speed 

(cm/s) 

Thrombus 

Categories 

P5 357.499 Heterogeneous 

P6 172.198 Indefinite 

P7 215.093 Heterogeneous 

P8 230.749 Homoganeous 

P9 241.705 Heterogeneous 

P10 145.149 Heterogeneous 

P11 234.901 Homoganeous 

P12 234.613 Homoganeous 

P13 690.234 Homoganeous 

P14 235.287 Heterogeneous 

P15 245.444 Heterogeneous 

P16 274.343 Homoganeous 

 *) confidential data 

 

 
 

Figure 5.  Blood Flow Velocity for all Thrombus Categories  

Based on table 1 and figure 5 above, we have displayed the 
results of the calculation of blood flow velocity in each 
category thrombus that has been found.  

And the following, we will show some examples that 
represent some of results from image processing that has been 
done. 

 
(a). Graph Blood Flow Speed for each examination 
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(b). Representation of image 2D 

 

  
(c). Representation of image 3D 

Figure 6.  P2, Male, 82, ex smoking, Without thrombus, Max 3D speed = 322 

cm/s 

 
 (a). Graph Blood Flow Speed for each examination 

 

  
(b). Representation of image 2D 

 

      (c). Representation of image 3D      

Figure 7.  P13, Male, 73, ex smoking, hypertension, dyslipidémie, 

Homogeneous thrombus, Max 3D speed = 690 cm/s 

 

  
(a). Graph Blood Flow Speed for each examination 

 

 
(b). Representation of image 2D 

 

 
 (c). Representation of image 3D 

Figure 8: P5, Male, 53, Heterogeneous thrombus,  Max 3D speed = 245 cm/s 
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(a). Graph Blood Flow Speed for each examination  

 

  (b). Representation of image 2D 

           

(c). Representation of image 3D 

Figure 9: P6, Male, 79, ex smoking, hypertension, dyslipidémie, Indefinite 

thrombus, Max 3D speed = 172 cm/s 

 

From the results obtained and have been represented by 
some images, we can see some differences in blood flow 
velocity in each category of thrombus. For patients without 
thrombus, blood flow velocity tends to be more rapid in the 
next examination. For patients with Homogeneous thrombus 
tends to have the same speed at the first examination, but 
increased dramatically at the last examination. For patients 
with Heterogeneous thrombus obtained speeds that dropped 
dramatically at the first examination and then will return more 
quickly until they find the stable value at the final examination. 

And for patients with Indefinite thrombus obtained the value of 
blood flow velocity that decreased for each examination. 

V. CONCLUSION 

Calculation of blood flow velocity on the axis x, y and z has 
been processed in accordance with the direction of examination 
on the flow imaging (magnitude and amplitude image). The 
results from those speed value, has been used for calculate the 
maximum 3D speed which there some thrombus inside SAAA 
(adjusted for categories of thrombus that had been found in 
previous studies).  

Of all the results that have been put forward, need further 
study about Radial Velocity that would indicate the direction of 
blood flow velocity on the center areas of SAAA until at the 
border areas. It's expected that the blood flow velocity can 
became a parameter that determines the evolution of the 
diameter of the aorta (of course with due regard to the aspect 
laminar flow and turbulence). 
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