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What is the problem?

What does this mean?What did we find?
Who am I?

Diseases of the heart and blood vessels is 
the number one cause of death worldwide. 
Atherosclerosis is a progressive disease 
which occurs due to the accumulation of 
fatty materials inside our arteries, gradually 
creating a narrowing, called stenosis, which 
restricts the flow of blood to different 
organs. This reduction of blood flow can 
be painful and can lead to malfunctioning 
of organs and even death. Stenotic diseases 
can be treated, however this is only done 
after the narrowing is diagnosed as being 
functionally severe and resulting in a 
significant decrease in blood supply.

The simulation results varied significantly when parameters were changed, 
especially those used at the boundaries of the model, known as boundary 
conditions. An example of such boundary conditions is determining how 
much blood goes into each artery. Some cases showed a good agreement 
with the measured blood pressures and mass flow rate distribution between 
the two vessels, while others were entirely wrong. The calculated FFR was 
also sensitive to changes in the boundary conditions and showed variations.

Our finding shows that CFD simulations can be 
heavily influenced by the boundary conditions 
used to perform the analysis. Nevertheless, our 
results show that combining high-resolution 
medical imaging with CFD has a great potential 
for creating patient-specific models which 
can replace traditional invasive techniques. 
To further investigate this, a much larger 
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What are we interested in?
Medical imaging has advanced a lot in the recent years and now allows us to make very 
accurate scans of the human arteries and also measures patient specific data, such as the 
blood flow rate in the vessels. Our goal is to see if we can take advantage of this data 
and combine it with engineering techniques to derive the blood pressures needed for 
diagnosing the disease, without the need for patients to have a catheter inserted.

What did we do?
We took a high-resolution magnetic 
resonance imaging (MRI) scan of a patient 
who was already diagnosed with a severe 
stenosis in an artery in the pelvis, called 
the right iliac artery. We then used image 
processing software to generate a three-
dimensional model of the aorta and iliac 
arteries and run a simulation of the blood 
flow in these vessels using an engineering 
technique called computational fluid 
dynamics (CFD) (see Figure 1). If done 
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Figure 1 The step by step process of creating our model, starting from the MRI images, going through the segmentation process and 
finishing with a three-dimensional surface model of the blood vessels.

Figure 2 The blood pressure field obtained from CFD simulation plotted 
on the vessel wall. The stenosis can be seen in the right artery which 
is much narrower. This results in it having lower pressures which can 
be noted from the colouring of the diagram which shows a lot more 
yellows and blue regions compared to the right artery. 

number of patients need to be examined in the 
same way and a robust way of specifying all 
simulation parameters needs to be established. 
If this is successful, it could greatly benefit 
patients, doctors and researchers by making 
the diagnosis safer, quicker and allowing the 
data to be used for further research.

correctly, this simulation can provide all the 
data needed by doctors to make a diagnosis. 
To find out the best approach to model the 
blood flow accurately, we tested different 
simulation parameters (conditions and 
variables), such as how dense blood is and 
the length of time the simulation is running. 
The final results were then compared to the 
blood pressure measured in the hospital 
using a catheter (see Figure 2).

Unfortunately, diagnosing stenotic disease 
is not always easy. Visual inspection of 
medical scans alone is often not enough to 
accurately judge the severity of the stenosis. 
For this reason, the current practice is to 
measure the blood pressure in the artery 
using a catheter (a flexible tube inserted 
in to the blood vessel), and base the 
diagnosis on the measured drop in blood 
pressure across the stenosis or on the ratio 
of measured blood pressures before and 
after the stenosis, known as fractional flow 
reserve (FFR). This procedure, however, is 
invasive, expensive and carries certain risks. 


