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ABSTRACT 

 
Cine MRI (amplitude image and phase contrast image) has been used to represent the blood flow velocity 
on the aortic aneurysm. Acquisition of images taken perpendicular to the abdominal aorta is done in free 
breathing and breath hold at the specified location as needed. Active Contour method or Snake 
(Deformable Model) has been used to perform automatic contour on amplitude image to detect the surface 
of the aorta and obtain the required parameter values. Furthermore, image reconstruction is performed on 
the object's surface from several slices of image segmentation that results with Scalar Volume Data 
technique (isosurface) in order to obtain the value of blood flow volume. The method has been developed 
and can represent animation of aortic aneurysm with blood flow velocity on each category of thrombus. 
Keywords: Abdominal Aortic Aneurysm, Deformable Models, Scalar Volume Data, Blood Flow Velocity, 

Blood Flow Volume 

 

1. INTRODUCTION 

  

Abdominal aortic aneurysm (AAA) is a dilation 
of the aorta that has reached over 50% of the 
normal diameter. AAA rupture risk is usually 
determined by the size of the diameter of the aorta. 
The prediction on the diagnosis of AAA in the next 
5 years will be approximately 2% risk of rupture of 
AAA with diameter less than 4 cm and more than 
25% on AAA with a diameter greater than 5 cm [1]. 

Clinical actions performed at this time for the big 
AAA (diameter>5.5cm) was surgery, while on the 
small AAA (diameter<=5.5 cm) the patients are 
monitored on a regular basis (every 6 months) with 
ultrasound, CT scan, MRI or other digital 
examination tools. Besides the size of the diameter, 
the other formal indication for surgery is if the 
evolution of the diameter is larger than 1 cm/year 
[2]. However, the surgeon still need to compare the 
risk of rupture with the risk improvement, 
especially since it was reported that only 25% from 
patient of AAA repair with surgery can last the life  
[3]. It is also possible due to the occurrence of 
serious complications after open repair of the aorta 
or after endovascular aneurysm repair. 

The latest results are still doubt the suitability of 
surgical indications of improvement based solely 
on criteria of maximum diameter [4]. It is known 
that small AAA may rupture, while big AAA may 
remain stable at a certain size and not rupture. 
Therefore, the other factors than the size of the 
diameter should be considered. Some interesting 
parameter to estimate the risk of AAA rupture has 
recently emerged as an alternative to AAA diameter 
measurement parameters. These parameters include 
stress (pressure) in the aortic wall [5,6], the 
asymmetry vessels [7], an index of potential rupture 
[8], the parameters of severity [9], the growth of 
Intraluminal thrombus [10], the method for 
determining the rate of growth and rupture of AAA 
diameter are based on mathematical models [11,12] 
and finite element analysis [13]. In particular, finite 
element analysis has been used to determine the 
pressure distribution on the wall of the aneurysm 
and revealed some interesting correlations with 
asymmetry criteria [7], and the geometry of the 
AAA [14]. These criteria have all been proposed as 
an additional parameter useful in the case of AAA. 
However, all of that still require further validation 
before it can be clinically acceptable. A new 
approach to analyzing risk aortic rupture is based 
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on biomechanics and numerical models to quantify 
the threat of rupture risk. 

The description above shows that it is very 
important to do further research on how to analyze 
and estimate the time of aortic rupture. This article 
presents a method of analysis of blood flow 
velocity and volume on aortic aneurysm with 
thrombus. The idea of this study is that about 80% 
of patients with AAA have been found a thrombus 
(blood clot) inside the aorta. Presence of the 
thrombus can cause changes in the blood flow 
speed, direction of the blood flow movement and 
the volume of blood flow on the aortic aneurysm. 

2. RESEARCH METHODS 

 

In method development and testing, the author 
uses the image of the 12 patients in AAA with 
thrombus (observed in the MRI examination). Each 
patient had 1 to 3 times the inspection at intervals 
of between 6 to 12 months (depending on the needs 
of each patient). MRI technology used is-3T MRI. 

The proposed method for the reconstruction of 
4D (3D+time) consists of three processes such as 
segmentation and extraction of object (aorta) from 
amplitude image, vector analysis and determination 
of the movement of blood flow, 3D reconstruction 
and animation of the aorta and mapping the 
movement of blood flow in the aorta with 
thrombus. Analysis and determination of the 
movement vector of blood flow using methods that 
have been developed in [16], so it is not described 
in this paper. 

2.1 Image Segmentation and Extraction Aorta 

 
Segmentation is the process to determine the 

boundary between the region of interest ROI (i.e. 
the aorta) and extraction is the process of separating 
the aorta from the image and other regions. 
Segmentation is done using Active Contour method 
(Deformable Model / Snake).  

In general, segmentation algorithms with Active 
Contour method can be written as follows: 

- Determine the pixel offset between 

the center (midpoint) of the two 

sets of images 

- Discover the contour using an 

iterative snake (used 3 iterations) 

- Determine the contour where the most 

correct (most compact) 

- Use linear interpolation (from 

center) on all the image 

- Draw a line between the selected 

contours on the original image 

- Perform surgery morphology, fill the 

hole. 

- Find contour area. 

- Show the contours of the original 

image area 

Due to the original image is obtained from DICOM, 
and then the segmentation algorithm used is: 

- Read DICOM Image and convert the 

image into a gray image (grayscale). 

- Get the global threshold value and 

the value of effectiveness.  

- With this value, set the threshold 

limit value.  

• If the compactness value <= 0.65, 
then the value of the global 

threshold of a new global value 

threshold = 0.05 

• In addition, the global threshold 
value = new global threshold 

value  

- Masking images 

- Labeling images with 4 values are 

connected to obtain homogeneous 

regions selected (Region Of Interest 

/ ROI). 

- Calculate the area to determine the 

long axis of the Major, and Minor 

axis length. 

- Remove minority areas from areas 

that have a high threshold value of 

more than 100 pixels. 

- Find areas that have a minimum 

compactness as ROI area. Compactness 

value derived from the value of the 

major axis length divided by the 

length of the minor axis. 

- Improve the quality of the image at 

the end of the ROI area by using 

morphology fill and then close and 

lock off the area. 

- Determine the starting point of the 

contour area. 

- Get the boundary value with 8-

connectivity and find the center for 

the snake. 

- Show the contours of the image area   

 

 
Figure 1. (A) Amplitude Image As An Input, (B) The 

Segmentation Result (Image Of The Aorta) 

 
The example of the results of segmentation 
algorithm was given in Figure 2.  
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Figure 2. Segmentation Result From 17 Slices Of Blood 

Flow Image Of The Aorta 

2.2  4D Reconstruction from Blood Flow Image 

 
Image reconstruction aims to reshape the object 

of several slices of image segmentation results. 
Figure 3 is a series of 2D images representing 17 
image slices of the aorta objects that will be used to 
reconstruct a 3D image by adding vectors aortic 
blood flow movement which had been obtained 
previously. In this research, image reconstruction is 
performed only on the surface of the object, known 
as algorithms Scalar Volume Data (isosurface). The 
algorithm of this approach can be written as 
follows: 

- Call MRI Data  

- Transform the array 4D of data into 

a 3D  

- Indexing the data array 

- Determine the coordinates of the 

boundary 

- Show isosurface 

- Add display isocap 

- Show the image reconstruction 

results 

 
Scalar Data volume consists of a 3D array of data 
and three-dimensional coordinates on the same 
array. Array coordinates determine the coordinates 
x, y, and z for each data point. The use of scalar 
data volume can be applied to the data from 
magnetic resonance imaging (MRI). 

The algorithms described above have been 
Author implementation by using MatLab software. 
Calculation of blood flow volume has been 
processed and was obtained from the formula: 

Volume (cm3) = xt*yt*zt                                      (1) 
where: 
xt = number of slices 
yt = average cross-sectional area (cm ²) 
zt = distance between slices (mm) = 

Maximum Diameter (mm) / number of slices 

3. BLOOD FLOW IMAGING 

 

Image acquisition technology in the field of 
medicine continues to evolve, such as Magnetic 
Resonance Imaging technology (MRI). With MRI 
technology, all anatomy of the body can be seen 
and acquired without having to perform surgery. 
MRI produces images with better quality so that it 
can facilitate the detection of some abnormalities in 
the soft tissues (e.g. blood vessels). The technology 
is also able to provide a more detailed overview of 
the anatomy and from different angles without 
having to change the position of the patient. 

One type of image from cine-MRI technology is 
used to acquire MRI cerebrospinal fluid. This 
technology can also be used for the acquisition of 
blood flow in order to obtain a dynamic image. 
Cine-MRI image is the image of a amplitude and 
phase contrast image. This image has a interval on 
negative value to a positive that causes a phase 
jump and contain noise. This result makes the 
decline of image quality. Energy reduction 
techniques can be used to improve the quality of the 
image and re- adjustment of the absolute phase. 
Sample images of blood flow in the aortic 
aneurysm are shown in Figure 1. 

Image acquisition is done vertically (in three 
directions) in the abdominal aorta and performed 
when the patient is breathing freely or doing breath 
hold at the specified location as needed [15]. Three 
directions from Cine-MRI image acquisition, i.e. 
from left to right (LR), from front to back (anterior-
posterior/AP), and from the top down (top-
down/TP). 

Image acquisition results on each patient 
examination can be obtained automatically making 
it possible to instantly processed and analyzed. In 
the description of this article, the researchers used 
the image of a three-way acquisition results 
mentioned above for the analysis and determine of 
blood flow velocity, direction of blood flow 
movement along the x-axis, y-axis and z-axis for 
reconstruction and animation.  

 

 
Figure 3.  Amplitude Image (A) And Phase Contrast 

Image (B) From MRI Examination 

 

4. RESULTS AND DISCUSSION 
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The method developed in this paper has 
implemented and has given excellent results. Figure 
4, 5 and 6 show the results of aortic 4D 
reconstructions (3D+time) and 3D animation 
movement direction of blood flow. Each image is 
displayed in a 3-sided point of view, namely the 
visualization of the xz axis, in the xy axis and the 
xyz axis. Figure 4 show 3D reconstructed aorta and 
blood flow on heterogeneous thrombus categories, 
figure 5 for homogeneous thrombus categories and 
figure 6 for indefinite thrombus categories. 
 

 
Figure 4. 4D Reconstruction From Blood Flow Image 

With Heterogeneous Thrombus Categories  

 
Figure 5. 4D Reconstruction From Blood Flow Image 

With Homogeneous Thrombus Categories 

 
Figure 6. 4D Reconstruction From Blood Flow Image 

With Indefinite Thrombus Categories 

 
The colors in the image reconstruction results 

representing a movement vector direction of blood 
flow in the aorta. Direction of movement is 
expressed in the corners as shown in Figure 7. The 

blue color to the movement direction vector of 
blood flow in a vulnerable 0º-90º, the color red to 
the movement direction vector of blood flow in a 
vulnerable 90º-180º, yellow color to the movement 
direction vector of blood flow in prone 180º-270º, 
and the green color to the movement direction 
vector flow blood in the prone 270º-360º.  

    
Figure 7. Representing The Difference Color From 

Vector Direction Of The Movement Of Blood Flow 
 

Under normal circumstances the blood flow in 
aorta represented by the movement of the colors 
mentioned above. What if there is a foreign object 
in the aorta? It would have looked the other colors 
in addition to the four colors representing blood 
flow movement. For example, in Figure 8 is the 
result of the reconstruction of the image of the 
blood flow in patients with AAA where distribution 
vector color looks evenly on all surfaces aorta. This 
shows that is not found the thrombus or blood clot 
inside the aorta. At figure 4,5 and 6 show the white 
color areas in addition to color blood flow vector. 
These results indicate there is a thrombus in the 
aorta.  

 
Figure 8. 4D Reconstruction From Blood Flow Image  

Without Thrombus  
  

From 12 patients of AAA, has been measured 
against the aortic diameter, the size of thrombus 
area, blood flow velocity and volume of blood flow 
passing along the aneurysm aorta. The result is 
shown in Table 1. 
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Table 1. Measurement For Each Thrombus Categories 

 

 
  

From the Table 1, it is obtained information that 
there were 3 patients AAA with homogeneous 
thrombus, 8 patients with heterogeneous thrombus 
and 1 patient with indefinite thrombus categories. 
The maximum diameter, thrombus area and 
thrombus categories have been obtained from the 
previous article [17]. Values of blood flow velocity 
have been calculated based on the maximum speed 
data obtained from the combined 3D instantaneous 
velocity in each direction vector (x, y, and z). And 
the volume of blood flow obtained simultaneously 
with 4D reconstruction image is the ultimate goal 
of this research. 

5. CONLUDING REMARKS 

5.1 Conclusion 

Deformable models approach to image 
segmentation of dynamic blood flow has been used 
and developed in conjunction with the method of 
scalar volume data to produce image reconstruction 
which can represent the anatomy of the aortic 
aneurysm with blood flow in its every category 
thrombus. By obtaining the maximum diameter size 
and the size of the thrombus area, the value of 
maximum blood flow velocity 3D, as well as the 
presentation of the value of the volume of blood 
flow in each category thrombus, then it can be 
stated that the first thrombus will affect the volume 
and velocity of blood flow, greater the area of 
thrombus would further reduce the value of the 
speed of blood flow and vice versa, and the second  
the blood flow velocity, the presence of thrombus 
and blood flow volume have not seemed to affect 
the size of the diameter in patients with AAA. 

5.2 Future Works 

In the future it is necessary to consider other 
parameters such as the shear stress on the aortic 
wall, so the rupture of the aortic wall can be 
estimated in advance. 
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