
Simulating a medical device

Introduction

What does it mean? 

Who am I?

What are we  
interested in?

What did we do?

Sometimes blood vessels lose their structural 
strength and their weakened wall becomes bulgy 
and may rupture. A permanent and irreversible 
dilatation of a blood vessel by at least 50% 
is called an aneurysm and if this happens in 
the abdominal region of the aorta (the main 
artery that supplies oxygenated blood from 
the heart to the circulation (See Figure 1)), the 
risk of rupture carries a mortality rate of 90%. 
In Scotland in 2015, aortic aneurysms were the 
cause of more than 400 deaths and  in the US 
aneurysms specifically in the abdominal region 
(that is, abdominal aortic aneurysms or AAA), are 
considered to be the 13th leading cause of death 
in the general population and the 10th for men 
over 65. 

There are two treatment options for AAAs, 
namely open aortic surgery or an endovascular 
repair (EVAR). In open aortic surgery, the 
aneurysmal section of the aorta is opened and 
a graft is sutured (stitched) to healthy artery on 
either side of the aneurysm. EVAR is a minimally 
invasive procedure which involves inserting 
a stent graft into the femoral artery (the large 
artery in the thigh which supplies blood to the 
lower limbs (See Figure 1)), from where a delivery 
system directs the stent graft to the aorta and 
the area of the aneurysm (See Figure 2). Once in 
place, the stent graft alleviates pressure on the 
aortic wall to prevent the aorta rupturing. EVAR 
avoids the major complications which open 
surgery carries.

The creation of a validated computational model 
for a stent graft will enable the medical industry 
to explore the main reasons of EVAR failure. 
Migration of the stent from its intended position 
and leakage can be mitigated by optimising the 
stent graft design. By using individual patient’s 
CTA (computer tomography angiography) scans, 
which can visualise the blood vessels of a patient, 
with the model of a virtual stent prior to surgery, 
we hope to simulate how the stent would perform, 
giving insight on the EVAR outcome well before 
any failure can cost a life.

I am a 3rd year PhD student at the Mechanical and 
Aerospace Engineering Department of Strathclyde 
University. The research project I am involved in started 
in the early 2000s and will continue long after the 
completion of my degree. This is the nature of research: 
no matter how much progress you make, there is always 
something more to explore. Being involved in it you 
get to feel the frustrations that are part of research, but 
also the excitement that this realisation bears. Through 
its valuable funding, Medical Research Scotland has 
allowed me to experience this valuable insight. 

Faidon started his PhD project entitled “Development of FEA structural analysis methods for patient specific stent graft devices” in 2014 and while 
principally based at the University of Strathclyde, supervised by Dr William Dempster, he is also working closely with Vascutek Ltd, a Terumo company. 

Despite its advantages, EVAR can 
fail due to engineering reasons of 
the stent graft; moreover, EVAR may 
be deemed unsuitable for some 
patients for reasons related to the 
specific shape of their arteries, 
depriving them the opportunity of 
a simpler medical procedure. We 
want to investigate the limitations 
of current stent grafts and see if we 
can improve their design and find 
a way to tailor-make stent grafts 
for individual patients, thereby 
improving the success rate of EVAR 
and patient survival.

We are creating a computational model of a stent 
graft, i.e. a realistic PC simulation of the stent device, 
which can be used to explore current and future 
design limitations of commercial stents. In addition, 
patient specific aspects can be taken into account, 
which will allow tailor-made answers for individual 
cases. 

We have used an advanced mathematical technique 
(namely finite element technique) to allow us to 
correctly simulate the scaffolding of the AnacondaTM 
stent graft (manufactured by Vascutek Ltd) as well as 
an arterial model. We have used these simulations 
for straight and curved vessels of both circular and 
elliptical cross sections to investigate the stent 
behaviour when placed in different environments 
(Figure 3).
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Figure 3A Implementation of the finite element technique for simulating 
the positioning of an Anaconda™ stent graft section inside an artery. B In 
the cut-plane the stent rings are visible allowing for various engineering 
assessments. Herein, the color code allows for the assesment of high 
contact pressure areas (red regions) and no contact areas (blue regions). 

Figure 1  Diagram of the main human blood vessels, including the aorta and the 
renal and femoral arteries. iStock.com/chombosan 
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Figure 2  An Anaconda™ stent graft positioned in place, 
inside the aorta. Image is the copyright of Vascutek Ltd.


