
Modeling and simulation is 
a key driver of innovation. 
Whether it’s general manufacturing, 
consumer goods or life sciences, the 
ability to realistically model and simu-
late the response of parts, sub-systems 
and complete assemblies to increase 
accuracy and repeatability is vital in 
today’s analytical world. This can be 
done to evaluate design alternatives in 
aerospace applications, predict struc-
tural analysis for engineering concepts 
or predict the real world behavior of 
wind turbines.

The same kind of modeling and 
simulation software can be used to 
simulate the human body. Dassault’s 
Abaqus software suite was used in con-
junction with FEops, (a Belgian-based 
provider of physics-based simulations 
for minimally invasive cardiovascular 
devices), to provide a simulation tool 
that allows surgeons to pre-operatively 
visualize surgical procedures and pre-
dict the behavior of medical devices.

Transcatheter Aortic Valve 
Implantations

The heart is often compared to a pump, 
facilitating the flow of blood between 
its upper and lower chambers. The 
heart’s valves, which open and close 
with each beat, regulate the pressure 
and course of blood throughout the 
body. Unfortunately, according to the 
American Heart Association, more 
than 5 million Americans are diag-
nosed with heart valve disease each 
year. It can occur in any single valve or 
a combination of all four, but disease 
of the aortic and mitral valves is most 
common.

According to the University of Mary-
land Medical Center, up to 1.5 million 
U.S. citizens suffer from aortic valve 
disease. The aortic valve controls the 
movement of oxygenated blood from 
the left ventricle into the aorta, the 
main artery leading to the rest of the 
body. Without an aortic valve replace-
ment (AVR), 50 percent of aortic valve 
disease sufferers will not survive more 
than an average of two years after the 
onset of symptoms. An estimated 

85,000 surgical AVR procedures are 
performed every year in the United 
States.

For patients deemed too old or 
too ill to undergo AVR through tradi-
tional open-heart surgery, transcath-
eter aortic valve implantation (TAVI) 
is a growing alternative approach. It 
is much less invasive, as it avoids car-
diopulmonary bypass and requires 
less time and anesthesia than a major 
surgical procedure. TAVI involves in-
serting a catheter, usually through the 
femoral artery in the thigh, which is 
then threaded into the heart, where it 
inserts a replacement valve inside the 
native (original) one. This replacement 
valve is mounted upon a dedicated en-
dovascular prosthesis or stent.

Even with the much less-invasive 
TAVI approach, complications can still 
arise. During the deployment of the 
device, particles of calcium can break 
away from the aortic wall, travel to the 
brain and cause stroke. Calcium depos-
its on the original valve may also shift 
toward the origins of the coronary ar-
tery and restrict blood flow to the heart 
muscle. Another potentially serious 
complication is regurgitation, which 
occurs when the new implant does not 
seal completely against the aorta walls. 
The resulting leakage allows blood flow 
along the sides of the device when the 
aortic valve is supposed to be closed. 
There can also occasionally be elec-
trical conduction problems, requiring 
a pacemaker to manage the electrical 
current that travels over the heart and 
signals it to contract.

“It was clear that these complica-
tions could be mitigated by further 
improving the TAVI designs and pro-
cedure planning,” said Matthieu De 
Beule, Ph.D., co-founder of Belgian-
based FEops. “For this reason, FEops 
developed its unique TAVIguide

 
tech-

nology which aims at improving the 
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of TAVI products and procedures.”
FEops is a spinoff from the IBiTech-

bioMMeda group at Ghent University. 
Their team of biomedical Ph.D.s has 
extensive experience with advanced 
cardio- and endovascular device-and-
procedure modeling, in collaboration 
with academic researchers and clini-
cians worldwide.

TAVIguide uses pre-operative im-
ages, gathered from an individual’s CT 
scans, to create digital 3D-anatomical-
ly correct finite element models (Fig-
ure 1) of patients’ aortic roots by com-
bining Simulia Abaqus finite element 
analysis (FEA) software from Dassault 
Systèmes, with proprietary software. 
“The technology allows the study of 

different virtual procedural alterna-
tives, in order to be optimally informed 
before performing the real procedure,” 
added De Beule.

Through a collaborative retrospec-
tive pilot study with Professor Peter 
de Jaegere from the Erasmus Medi-
cal Center in Rotterdam, Netherlands, 
FEops has compared the simulation 
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Figure 1 � These images represent the progression of the TAVIguide process. On the far left is a patient’s pre-operative CT image, which is then 
used to create 3D reconstruction (center). At right is a simulation of TAVI in this specific patient’s anatomy.
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results from TAVIguide with post-op-
erative CT scans of patients who un-
derwent a TAVI procedure. There was 
excellent agreement between the sim-
ulations and the post-operative data.

“I believe this technology will have 
an important clinical implication,” says 
de Jaegere. “It will allow the selection 
of both the type and size of the valve 
for a particular patient. Such tailored 
medicine has the potential to signifi-
cantly improve current TAVI planning 
and reduce complications.

“With simulation you can gather 
so much more accurate information 
than using strictly simplified bench 
tests,” says De Beule. “Now you can 
gain greater insight in regard to what 
stresses and strains these devices can 
withstand once they are deployed into 
an individual’s anatomy (Figure 2). 

The simulations can then predict the 
behavior of replacement valves during 
transcatheter delivery, implantation, 
and even after new-valve function be-
gins in a patient’s body.”

Abaqus FEA has proven highly ca-
pable of replicating the complicated 
landscapes and methods of the TAVI 
procedure. “We have decades of ex-
perience using Abaqus specifically for 
minimally invasive cardiovascular and 
endovascular devices,” De Beule says. 
“Abaqus can accurately simulate the 
complexities of the TAVI procedure 
and products, which allows us to be 
very confident in the results,” (Figure 
3). “We are convinced that this tech-
nology and personalized approach 
can not only be applied to additional 
cardiac devices, but our simulation 
framework can also help medical de-
vice designers consider a variety of 
new cardiovascular products in real-
istic and validated patient anatomies 
early on in the pre-clinical state of de-
velopment, paving the way for virtual 
clinical trials.”

Results from a retrospective valida-
tion study on 39 patients were recently 
published in EuroIntervention (a jour-
nal read by interventional cardiologist 
all over the world), according to Peter 
Mortier, CTO and co-founder of FE-
ops. “The results show that with our 
technology, the interaction between a 
transcatheter aortic heart valve and a 

specific patient can be well predicted, 
which has the potential to improve 
clinical outcome.”

In September 2015, FEops received 
CE approval (the European equiva-
lent of the FDA) for TAVIguide. This 
advanced pre-operative planning tool 
will be available for individual patients 
in routine clinical practice in Europe 
and is expected to not only facilitate 
TAVI treatment planning for the clini-
cian, but most importantly to aid in 
reducing the occurrence of life-threat-
ening complications, such as paraval-
vular leakage and conduction abnor-
malities. “We also plan to offer similar 
pre-operative planning solutions for 
multiple cardiovascular treatments 
such as mitral valve interventions,” 
Mortier said. 
For more information:
Dassault Systèmes Americas Corp.
Phone: (781) 810-3000
www.3ds.com
FEops nv
Phone: +(32) 9 281 26 83
Feops.com

Figure 3 � Comparison of predicted (left) and observed (CT, right) calcium movement 
illustrating the predictive power of the model.
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Figure 2 � In this Abaqus FEA image, the blue 
shading represents good apposition, 
and the red incomplete apposition. 
TAVIguide simulations allow surgeons to 
compare how different stent-supported 
valves will act in their patient’s 
anatomies.
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