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Abstract - This work describes a platform used for 
the visualization and modelling of biological 
processes during the formation and development 
of atheroma, called ARTool. Atherosclerotic 
lesions can be visualized via imaging modalities 
like Computed Tomography (CT), Magnetic 
Resonance Imaging (MRI) as well as Intravascular 
Ultrasound (IVUS) and Angiography. The produced 
medical images are then processed by ARTool, 
generating accurate patient – specific 3 – D 
reconstructed arterial models. The arterial model 
is used to study blood flow dynamics, mass 
transfer and plaque growth. Due to the fact that 
ARTool is able to process all modalities 
simultaneously and perform the required 
calculations in parallel, results are generated 
almost in real time.  

Index Terms—3D image reconstruction, 

Atherosclerosis, Blood flow dynamics 

1. INTRODUCTION 

therosclerosis is the most prevalent 
cardiovascular disease causing the death of 

millions of people annually. Atherosclerosis is a 
vascular disease associated with the 
accumulation of lipids which results to the 
invasion of leukocytes and smooth muscle cells 
into the intima. This biological process may lead 
to the formation of plaque on the arterial wall 
resulting to arterial wall hardening. The 
development of plaque is a process influenced by 
mechanical, biochemical and biological factors. 
Initial attempts to understand the complexity of 
this process consisted of in vitro experiments. 
The process of the atherosclerotic plaque 
formation was then modelled with newly 
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developed simulation procedures. Data obtained 
from several artery imaging modalities, such 
Intravascular Ultrasound (IVUS) and 
Angiography, Magnetic Resonance Imaging 
(MRI) and Computed Tomography (CT) 
constitute the basis of arterial modeling. Fusion of 
IVUS and Angiography images was used for the 
3D reconstruction of coronary arteries by 
Bourantas et al. [1,2], whereas Zifan et al. [3] 
proposed an automated method for the 3D 
reconstruction of coronary arteries with the use of 
monoplane X–ray angiographies. High-resolution 
MRI was used for the reconstruction of 
atherosclerotic arteries by Auer et al. [4]. 
Steinman et al. [5] proposed a reconstruction 
method applicable to the carotid artery bifurcation 
from MRI data. The reconstructed 3D models 
have been employed to simulate blood flow and 
to examine the effect of shear stress distribution 
on plaque development. Blood flow affects 
endothelial function and in turn promotes 
atherosclerosis. Regions of geometries which 
create complex flows such as curvatures and 
bifurcations are more prone to plaque 
development. Canic et al. [6] performed blood 
flow simulations in compliant unrealistic arterial 
models. The Navier – Stokes equations were 
used to model blood flow whereas the arterial wall 
was described as linear viscoelastic. In other 
studies, computational models have been 
developed directly from image modalities, mainly 
from MRI [7]. The mechanical properties of the 
arterial wall have been described with several 
models, as in [8] where a comparative study on 
modeling arterial mechanics was presented.  

In this work, a powerful processing platform for 
the 3D reconstruction of coronary and carotid 
arteries called ARTool is presented using various 
imaging modalities such as IVUS, Angiography, 
MRI and CT. The proposed tool incorporates 
efficient algorithms which enable the clinician to 
perform blood flow simulations and study flow 
dynamics as well as predict the regions prone to 
plaque evolution based on the mass transport in 
the blood. The architecture, the functionalities 
and the implementation of the aforementioned 
system are presented. 

2. METHODS 

ARTool provides patient specific artery and 
atherogenesis model in three different levels (Fig. 
1): (i) 3D artery reconstruction, (ii) blood
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Figure 1: The conceptual Architecture of the patient specific 3D modeller (ARTool) 

 
flow dynamics and (iii) plaque progression. For 

the 3D artery reconstruction, three approaches 

are used First, 3 – D coronary artery 

reconstruction is provided from IVUS and 

Angiography [9-13]. Two end – diastolic 

angiographic images are used to predict the 

catheter path. The artery path is approximated 

with cubic B – Splines and the catheter path is 

evolved by the intersection of two splines. IVUS 

frames are collected at the peak of R wave and 

by using deformable models and Neural 

Networks the lumen and outer vessel border are 

identified.  

Second, carotid artery 3 – D reconstruction is 

provided using MR images [14-16]. Edge 

detection techniques, along with active contour 

algorithms are used to extract the desired 

features and reconstruct the carotid 3D arterial 

model. Graphic API’s are used in order to 

produce a smooth artery model. Finally, the 

patient – specific arterial tree can be performed 

by processing CT images [17-19]. Using similar 

techniques as above for processing CT slices, 

the tool can detect and reconstruct both coronary 

and carotid arterial trees. 3 – D artery models are 

visualized with the tool and various measures 

can be provided to the medical experts. Blood 

flow dynamics is performed in both stented and 

unstented artery models, using finite element 

modelling for the fluid flow and mass transfer 

computations, even for deformable elastic artery 

walls and further modelling is considered taking 

into account genetic factors [20,21]. Regarding 

the plaque initiation and progression, two 

approaches are employed, the first using particle 

dynamic simulations and the second using partial 

and ordinary differential equations. An example 

of the procedure from 3D arterial tree 

reconstruction to wall shear stress distribution 

and to Low Density Lipoprotein (LDL) distribution 

is shown in Figs. 2, 3 and 4 respectively. 

The ARTool software architecture is based on 

the Window Presentation Foundation technology, 

using the Windows Communication Foundation 

services approach (Fig. 5). 

The software pattern used for this approach is 

the Model-View-Presenter Design Pattern. This 

Model-view-presenter (MVP) is a user interface 

design pattern engineered to facilitate automated 

unit testing and improve the separation of 

concerns in presentation logic.  

The model is an interface defining the data to 

be displayed or otherwise acted upon in the user 

interface. The view is an interface that displays 

data (the model) and routes user commands 

(events) to the presenter to act upon that data. 

The presenter acts upon the model and the view. 

 
Figure 2: 3D reconstructed model of an arterial tree 

 

 
Figure 3: Wall Shear Stress Distribution in a 3D model 
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Figure 4: LDL distribution in a 3D model. 

 

It retrieves data from repositories (the model), 
persists it, and formats it for display in the view. 
In terms of the ARTool software engineering 
platform, the above contain the following: 

 The Model contains the data objects of the 
ARTool software. 

 The View is a user control which contains 
windows components (like text boxes and 
buttons). The view raises events during 
interaction with the viewer. 

 The Presenter deals with communication 
with the View and handles the events raised by 
the View 

In terms of software engineering layers, in 
ARTool we have the following approach: 

 The Data Storage Layer contains the 
ARTool database and the configuration files 
needed for the software operation. 

 The Data Access Layer contains the 
implementation of the data retrieval and data 
storage methods from/to the database and files 
respectively. 

 The Business Logic layer contains the 
implementation of the core methods as services 
and actual data context. 

 The Graphical User Interface Layer contains 
all the graphical user controls (Views), which can 
be used in Presentation Layer. 

In all of the above, the layers communicate 
using Services, which contain implementation of 
the business logic methods and algorithms using 
the Windows Communication Foundation 
principles and Interfaces, which deal with the 
communication of the Services. Fig. 6 presents 
an example of the interface that has been 
developed for the ARTool.  

3. RESULTS 

The tool can be used to visualize and predict 
the atherosclerotic plaque development. The 
accuracy of the underlying algorithms is 
estimated by evaluation which is based on 
medical images and experimental studies in 
animals and humans. More specifically, 3D 
reconstruction algorithms are validated using 
annotated images. The mean error of the lumen 
and media-adventitia area is −0.63 ± 8.71% and 
−2.09 ± 8.61%, respectively in the IVUS and 
Angiography reconstruction. In the case of the 
carotid artery reconstruction using MRI the mean 
error is −3.21±6.39% and 1.92±5.88% for the 
lumen and outer vessel wall, respectively. Finally,  

 
Figure 5: Architecture of the ARTool platform 

 

reconstructed lumen area of arterial trees using 

CT images is 84.1% which means that the 

algorithm performs well compared to the state of 

the art. In addition to that, the expert has the 

capability to interact with the arterial segment, to 

pan or move into the artery and make easier a 

decision for the treatment.  

Validation in blood flow modelling is achieved 

using Doppler or MRI data for coronary and 

carotid arteries, respectively. The mean error of 

the algorithm is about 4%.  

4. DISCUSSION 

The ARTool is a novel tool which provides 3D 

artery reconstruction, blood flow simulation and 

plaque formation modelling by processing 

various image modalities such as IVUS, 

Angiography, MRI and CT. All algorithms are 

incorporated into a friendly user interface. 

Coronary arteries are reconstructed fusing 

angiographic data which provide the information 

for coronary artery geometry, with IVUS data that 

reveal information about the distribution and 

constitution of the lumen and media-adventitia 

border. The user can inspect the segmentation of 

IVUS frames and the catheter path extraction 

process and visually assess the plaque burden in 

the final model.  

Moreover, ARTool allows automated, fast and 

accurate 3D reconstruction of carotid arteries 

MRI data. Finally, the tool is able to reconstruct 

the coronary or carotid arterial tree using CT 

images. CT imaging appears a relatively new 

imaging modality with high sensitivity and 

specificity for the detection of luminal narrowing. 

ARtool can be used to overcome the increased 

time needed for the processing, as it includes an 

advanced methodology able to process the CT 

data and reconstruct the coronary tree. 
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Figure 6: The interface of the ARTool platform

The quantitative analysis module that ARTool 

incorporates provides the user with important 

information such as the length of the arterial 

segment, the plaque volume, the minimum and 

the mean luminal cross sectional area, the length 

of the stenosis, and the maximum plaque burden. 

Finally, finite element method has been used to 

simulate blood flow and plaque development. 

Both methodologies provide patient-specific 

modelling facilitating the treatment decision. 

Furthermore, the methodologies are based on 

experimental results increasing the accuracy, 

while sensitivity analysis on a variety of 

parameters provides an estimation of the most 

accurate parameter values applied in the models. 
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