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Dear readers, welcome to the 
Second Issue of the Cardioproof 
Annual Newsletter.

During the past year, CARDIOPROOF 
could attain significant progress in all 
its key working areas, being supported 
by substantial data acquisition and 
constant clinical validation. Some of 
the most interesting achievements 
reached during the last twelve 
months are highlighted in the current 
Newsletter issue, and I have now the 
pleasure of briefly introducing them.

Our partners at the Graz 
Medical University have greatly 
progressed towards achieving the 
haemodynamical modelling of the 
left ventricle and aortic valve 
(see more at p.4), as precondition for 
enabling the simulation of the impact 
of interventions, be it the repair of an 
aortic valve or the stenting of an aortic 
coarctation. An important contribution 
to the completion of these models was 
provided by the team at ESI, to obtain 
a simulation of the ejection of the 
blood flow out of the left-ventricle. 

At the same time, the Virtual Stenting 
tool, developed by the Fraunhofer 
Mevis group, was furtherly refined 
(see more at p.9), while close 
cooperation with Cardioproof’s 
clinicians allowed to gather some 
preliminary results - still on a limited 
number of patient-specific coarctation 
data - highlighting the benefits of 
using such a tool for deciding on an 
optimal stenting procedure.
In parallel, also the Siemens team 

could achieve significant results in 
the modelling of blood flow and 
wall deformation (details at p.7), 
assessing the role of haemodynamics, 
wall mechanics, and anatomy in the 
dilatation of the ascending aorta, by 
computing patient specific arterial wall 
properties using information derived 
exclusively from non-invasive exams 
such as MRI.

Finally, with the key contribution of 
our partners at the London School of 
Economics (LSE), it has been possible 
to set a novel way of assessing the 
potential impact of image-based 
modelling on clinical decision making, 
in comparison with the outcomes 
obtained through normal clinical 
procedures, by means of a randomized 
controlled experiment (see more at 
p.13).  This experiment will be organised 
within the Annual Meeting of the 
Association for European Paediatric 
Cardiologists (AEPC – Rome, June 
2016), directly engaging interventional 
cardiologists attending the meeting to 
have a go, on the spot, at the trial. 

If successful, Cardioproof will 
prove to have been a cornerstone 
in proof-of-concept demonstration 
of the comparative effectiveness of 
in silico simulation and modelling, 
providing initial concrete evidence 
of the benefits to be expected from 
introducing model-based innovation 
in the clinical practice, as essential 
clinical support tool for optimising 
clinical outcomes in the treatment 
of the addressed cardiovascular 
diseases.

EDITORIAL
EdWIN 
MORLEy-FLETchER
Project Manager, 
President 
of Lynkeus SRL,
cardioproof’s 
coordinator
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BAckgROunD AnD mOTIvATIOn:
CARDIOPROOF focuses on 
patients with aortic valve 
disease (AVD) and coarctation 
of the aorta (CoA), disorders that 
are characterized by LV pressure 
and/or volume overload. Such 
overload induces a complex 
cascade of myocardial and 
vascular wall remodelling 
(eccentric/concentric 
hypertrophy, myocardial fibrosis, 
etc.), which if left untreated 
can progress to heart failure. 
In severe cases of AVD and 
CoA, treatment is necessary, 
however the optimum timing 
and the best type of treatment 
are difficult to determine. 
Guidelines of the European 
Society of Cardiology (ESC) 
and Association for Paediatric 
and Congenital Cardiology 
(AEPC) are complex and rely 
mostly on gross parameters 
from echocardiographic 
measurements (global ventricular 
pump function), arterial blood 
pressures and clinical symptoms. 
A potentially powerful approach 
to improve diagnosis, patient 
selection and therapy delivery 
is the use of patient-specific 

computational models, which 
are built using data routinely 
recorded in the clinic.  
The overall objective of 
CARDIOPROOF is the 
development of tools and 
workflows for model building, 
customization and validation 
with clinical data. Once these 
models are capable of simulating 
a given patient’s physiology in its 
pre-treatment condition with high 
fidelity, it is assumed that they 
can also be employed to predict 
the acute impact of a planned 
intervention and perhaps also 
allow predictions of mid to long 
term outcomes.  It is believed that 
such patient-specific models 
will augment existing diagnostic 
tools by allowing the prediction 
of post-treatment outcomes and 
thus improve clinical decision 
making by better informing 
patient selection and optimizing 
therapy delivery. 
Cardiac MRI in particular 
already provides a large 
amount of patient-specific 
pathophysiological information 
that has been used to produce 
models and test treatment 
strategies.

HAEmODynAmIcAL 
mODELLIng Of THE vEnTRIcLE 
AnD AORTIc vALvE
dR. GERNOT PLaNk 
MEdical Univsersity of Graz 
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BuILDIng A gEnERIc 
cOmpuTATIOnAL mODEL 
Of THE HEART:
An electro-mechanical model of 
the heart consists of four major 
building blocks: i) a geometric 
model describing a patient’s 
individual cardiac anatomy; 
ii) a model representation of 
the electrical signalling, which 
regulates the pumping function; 
iii) a biomechanical model which 
allows the computation of the 
contraction and relaxation of the 
heart; and iv) a fluid flow model 
that computes blood flow in 
the cavity of the heart and the 
attached aorta. Model equations 
describing the different physics 
have to be solved to compute 
the physiological quantities of 
interest. A set of such quantities 
is used to validate the model by 
assessing the match between 
computed signals and clinically 
recorded observations. 
A validated model can then be 
used to predict physiological 
alterations in response to 
planned interventions, but also to 
predict physiological signals that 
cannot be measured invivo, such 
as stresses.

pATIEnT-spEcIfIc 
cusTOmIzATIOn:
Building on such generic models, 
customization processes referred 
to as “parameterization” or “data 
assimilation” are needed so that 
model results match the specific 
clinical observations recorded 
for a patient. In particular, the 
anatomy of a patient has to be 
represented with high geometric 
fidelity. A fully automatic method 

for converting a tomographic 
image stack into a finite element 
model has been developed during 
the first year of CARDIOPROOF 
(see Fig. 1). Electrical activity of 
the heart recorded on a patient’s 
body surface in the form of an 
electrocardiogram (ECG) is used 
to parameterize the electrical 
model. The main differences in 
the electrical activation stem 
from inter-individual variations 
in the sites of earliest activation 
of the inner surface of the heart, 
the “endocardium”, which is 
excited by a network of fibres 
in the specialized conduction 
system. Further differences are 
due to variations in myocardial 
conduction velocities and the 
presence of non-conducting 
structures such as fibrosis or scar. 
The ECG recorded at the body 
surface is a global cumulative 
reflection of these processes in 
which the QRS depolarization 
signal reflects the activation 
process and the T-wave reflects 
electrical recovery. A methodology 
has been developed to find an 

electrical pattern for a given 
patient, which is consistent 
with the recorded ECG signals. 
The main advantage of this 
approach is that no invasive 
measurements are necessary for 
the parameterization electrical 
model components. The overall 
concept is outlined in Fig. 2.
The most demanding task is 
the parameterization of the 
mechanical model components. 
Four model components have to 
be parametrized: i) a constitutive 
model describing the passive 
mechanical properties of 
ventricular tissue; ii) an active 
stress model, which drives 
contraction and relaxation of the 
ventricles; iii) a haemodynamic 
model of pressure and volumetric 
flow in the cardiovascular system 
during the ejection phase. All 
these components require 
patient-specific parameterization, 
which is based on pressure-
volume (PV) data measured 
clinically prior to treatment. 
The model components, their 
parameterization and the relative 

Figure 1 | Tomographic MRI data (left panel) of a patient heart are converted into a geometrically 
accurate finite element model (right panel).
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role they play over a full cardiac 
cycle are summarized in Fig. 3.

cOmpuTATIOnAL 
cOnsIDERATIOns:
Such biophysically detailed 
simulations, if performed 
with the highest possible 
fidelity, are computationally 
expensive to the degree of 
severely impeding application 
in the clinic. This issue has been 
addressed in CARDIOPROOF 
in two complementary ways. 
First, the developed software 
framework allows us to swap 
model components and thus 
control the level of detail. 
Simpler computationally cheaper 
model components can then 
be used if computing resources 
are limited or time constraints 
are more severe. Alternatively, 
the underlying numerical 
machinery has been optimized for 
supercomputers and acceleration 
devices, enabling sufficiently 
short simulation-analysis 
cycles for the envisioned clinical 
workflows.

cOncLusIOn:
In the final phase of the project, 
models will be built for a larger 
number of cases. Additional 

measurements, which are not 
standard in clinical routine, are 
being performed to facilitate a 
rigorous model validation. The 
impact of interventions, either 
the repair of an aortic valve or the 
stenting of an aortic coarctation, 
will be simulated and compared 
to additional post-treatment 
clinical data, thereby gauging the 

power of these models to predict 
clinical outcomes. If successful, 
computational models will 
become an indispensable 
complementary clinical modality 
over the next decade, contributing 
to significantly improved clinical 
outcomes for these types of 
interventions.

Figure 2 | Shown is the electrical state of the heart shortly after transduction of the electrical 
impulse from the specialized conduction system (light blue cables) to the ventricles. Wavefronts 
are rendered in gray. The electrical model is parameterized to achieve a good match with a 
patient’s ECG (shown are clinical ECG leads I and II).

Figure 3 | Mechanics model components and 
parameterization based on pressure and 
volume data. Components to be parameterized 
include the passive mechanical properties of 
the ventricular muscle, described by a strain-
energy function ψ; the active force model and 
a lumped model of the cardiovascular system.
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mOTIvATIOn
Within CARDIOPROOF Siemens is 
interested in validating coupled 
computational models of blood flow 
and wall deformation for assessing 
the role of haemodynamics, wall 
mechanics and anatomy in dilatation 
of ascending aorta. Aortic arch 
dilatation occurs frequently and at 
a young age in patients with aortic 
disease, such as aortic valve disease 
(AVD) and aortic coarctation (CoA) 
specifically addressed in the project. 
Moreover, independently of the type 
of aortic disease, aortic dilation is a 
significant predictor of dissection and 
rupture (acute cardiovascular events 
leading to death if untreated), thus 
evolution of aortic arch dilation is 
important for prognostics.
Information on pressure and 
velocity of blood flow in the human 
cardiovascular system can be 
decisive for clinical evaluations 
(initial and post-procedural) and 
procedure planning. For example, 
the severity of the cardiovascular 
diseases targeted in this project 
can be assessed by intraluminal 
pressure gradients (Currie, et al. 
1985). Furthermore, local arterial wall 
properties are important indicators 

for the development and assessment 
of cardiovascular diseases. More 
specifically, increased aortic arch 
stress (of both tensile and shear type) 
plays a role in pathogenesis of aortic 
wall remodelling and dilation.
However, to date local aortic pressure 
measurements are only acquired 
invasively through catheterization, 
and local arterial wall properties 
are not directly measurable. Within 
CARDIOPROOF, we investigate the 
feasibility of combining non-invasive 
magnetic resonance imaging (MRI) 
with computational models of blood 
flow and wall deformation to derive 
both pressure and local arterial 
wall properties. The outcome of our 
research could provide cardiologists 
with enriched data from state-of-the-
art non-invasive imaging to support 
them in their complex decisions.

cOmpuTIng THE pREssuRE-
DIffEREncE fIELD fROm pHAsE 
cOnTRAsT mRI
In the first part of the project we 
focused our efforts on a method to 
compute relative pressures within 
the aorta non-invasively from MRI. 
To this end, we developed a two-
step approach. In the first step, the 

fLuID-sTRucTuRE 
InTERAcTIOn mODELLIng 
fOR AssEssIng DILATATIOn 
Of AscEnDIng AORTA
OLIvIER EcabERT
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blood velocity field acquired 
by phase contrast MRI needs 
to be reconstructed as it is 
subject to measurement errors. 
In particular, it is important to 
regularize the measured data 
to ensure that the corrected 
blood velocity field complies 
with the law of physics such 
as incompressibility and 
boundary conditions at the 
vessel walls. In the second step, 
the reconstructed velocities 
can be used to derive the time-
varying 3D relative pressure 
within the aorta using Poisson’s 
equation. Together with our 
clinical partners, we are now 
in the process of validating 
the approach by comparing 

the simulation results with 
invasive measurements. This will 
extend our understanding of the 
applicability and the limits of the 
approach in a real clinical setting. 
Exemplar simulation results are 
shown in the figure above.

OuTLOOk: EsTImATIng REgIOnAL 
mEcHAnIcAL pROpERTIEs Of 
THE vEssEL wALL
More recently we started 
investigating an automated 
method to compute patient-
specific local and regional 
arterial wall properties solely 
using information from non-
invasively acquired MRI data 
of the aorta. The framework 
is based on a fluid-structure 

interaction (FSI) blood flow 
model, whose parameters are 
estimated through an advanced 
personalization procedure to 
ensure high goodness of fit 
between the computational 
output and the patient-specific 
measurements. 
The computational results are 
being integrated in the same 
clinical prototype as shown 
above to facilitate interpretation 
and validation by the clinical 
users. 

BIBLIOGRAPHy

Currie, P.J., et al. «Continuous-wave Doppler 
echocardiographic assessment of severity 
of calcific aortic stenosis: a simultaneous 
Doppler-catheter correlative study in 100 adult 
patients.» Circulation 71, n° 6 (1985): 1162–9.

Figure 1 | Screenshot of the clinical prototype developed within CARDIOPROOF showing the computed pressure along the aorta of a patient in time 
step 2. The upper view visualizes the color-coded pressure ranging from 51 mmHg (blue) to 82 mmHg (red). The user can view the computed relative 
pressures in every time frame of the computed heart cycle. Furthermore, we provide different types of 2D plots for the computed pressure in a format 
familiar to the clinical partners (lower viewports).
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mOTIvATIOn
Aortic coarctation is a condition 
where the narrowing of the aorta 
takes place in the region of transition 
between the aortic arch and the 
descending aorta, occurring in about 
7% of all congenital heart defects. 
The high afterload induced by the 
stenosis can lead to ventricular 
dysfunction and thus a major therapy 
goal is to remove the pressure 
gradient. According to the AHA 
Guidelines, balloon angioplasty 
with stenting is a minimally-invasive 
recommended therapy for patients 
with a systolic pressure gradient of 
more than 20 mmHg (Feltes, et al. 
2011). The optimal stent placement 
is however a non-trivial task. Care 
must be taken with respect to several 
associated complications such as 
occlusion of the subclavian artery,  
(Waltham et al. 2005), stent migration, 
formation of aneurysms, and aortic 
dissection, (Godart 2011), to name 
a few. It is therefore desirable to 
simulate treatment options prior to 
the intervention in order to decide 
on an optimal  stent placement that 
would result in  reasonable changes 
in diameter  and acceptable  post-
interventional hemodynamics 
provided by the guidelines.  

pIpELInE
The CARDIOPROOF study aims to 
provide beyond the state of the 
art computational models that 

can predict the haemodynamical 
(i.e. blood flow) effects of surgical 
or catheter-based treatment of 
aortic coarctation, including flow 
rates, pressures, shear stress and 
workload of the left heart. Moreover, 
these models aere adapted to the 
individual patient using anatomical 
and functional MRI data as well 
as cuff pressure measurements. 
We are currently testing these 
models in order to bring them to 
validation and make them useful, 
easy to use everyday tools for the 
hospital physician. We are currently 
investigating to provide a clinically 
applicable framework for planning 
and assessment of therapies in aortic 
coarctation.

OvERvIEw Of THE pIpELInE
CARDIOPROOF developed a Virtual 
Stenting prototype that works 
with arbitrary 3D datasets of the 
patient’s anatomy and 4D PC (flow) 
MRI data of the patient’s blood flow. 
The software enables the extraction 
of the vessel geometry using an 
interactive approach that combines 
the watershed transformation 
with manual correction tools. The 
extracted anatomy is then fused 
with the pre-processed PC MRI 
data that contains the blood flow 
velocity information for one heart 
cycle. With these data blood flow 
as well as pressure differences 
can be visualized and quantified.  

ADvAncEmEnT In vIRTuAL 
sTEnTIng sOLuTIOns
haNIEh MIRzaEE
Fraunhover Mevis 
institute
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Simulation and Pressure Comparison

(Hennemuth, et al. 2011) (Drexl, 
et al. 2013) (Meier, et al. 2013). 
In order to explore intervention 
strategies, it is then possible to 
interactively change the aorta 
anatomy through simulating a 
stenting procedure.

The extracted anatomy is 
converted into a high quality 
surface mesh and the centerline 
of the vessel is computed. The 
user selects pre-, post- and 
stenosis locations by interactively 
placing cross-sectional 
contours on the vessel surface. 
Hemodynamic data is provided as 
contextual information. 

A pressure map and the pressure 
curve along the centerline allows 
for a detailed qualitative and 
quantitative analysis of the 
pressure gradient.

All necessary parameters (e.g. 
stent length, balloon diameter) 
are derived from these contours. 
The vessel segment affected by 
the stent is deformed accordingly. 
The user can interactively alter 
the suggested deformation by 
changing the stent parameters 
(stiffness, radial force), relocating 
the stent or change its diameter. 
The resulting geometry as well 
as the inflow conditions derived 

from the 4D PC MRI data are then 
used as input information for a 
simulation of the hemodynamic 
situation after stenting.

After the user performs virtual 
stenting, the next and the last 
step as can be seen from the 
pipeline is the simulation. At 
this stage, all the necessary 
information including the virtually 
treated geometry along with 
derived boundary conditions are 
fed to a blood flow simulator. The 
computation is done on a remote 
server and when it returns the 
pressure map and the centerline 
pressure curve are loaded side by 

Interactive Segmentation Virtual Stenting

Pressure Exploration
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side to the original (before virtual 
treatment) aorta geometry. This 
way, the user is able to analyze 
the altered hemodynamics after 
a potential treatment. 
The description of the virtual 
stenting procedure along with 
detailed explanation was recently 
published in Neugebauer et al., 
which received the best paper 
award at the 29th International 
Congress for Computer Assisted 
Radiology and Surgery (CARS) 
held in Barcelona, Spain.

cLOuD ImpLEmEnTATIOn
The virtual stenting tool is 
implemented as a cloud based 
solution in order to support the 
interdisciplinary collaboration in 
therapy planning. The users are 
provided with a web interface, 
where they can select a specific 
case and perform the interactive 
steps of the virtual treatment 
planning. All the associated 
computations including the 
data import and the relevant 
preprocessing, voxel mesh 
generation for the blood flow 
simulation, and the ultimate 
blood flow simulation based on 
the lattice Boltzmann method 
(LBM) will be done on a cloud and 
are invisible to the user.

cOncLusIOn AnD REmARks
Currently, the virtual stenting 
tool has been applied to a 
number of coarctation patients 
data provided within the EU 
Cardioproof project, which are 
gathered from multiple clinical 
centers in Europe. Thanks 
to the efficient and heavily 
parallelized flow simulator, 

Cloud based Solution

the user is able to assess the 
result of a virtual treatment 
in less than an hour which is 
a considerable improvement 
to the conventional simulation 
techniques. Our preliminary 
results on the limited number of 
patient-specific coarctation data 

clearly demonstrate the benefits 
of using such a tool to decide on 
an optimal stenting procedure. 
The comprehensive evaluation of 
the tool is currently being done 
in collaboration with the clinical 
project partners.

REFERENCES

Feltes TF, Bacha E, Beekman RH 3rd, Cheatham 
JP, Feinstein JA, Gomes AS, Hijazi ZM, Ing FF, de 
Moor M, Morrow WR, Mullins CE, Taubert KA, 
Zahn EM. „Indications for cardiac catheterization 
and intervention in pediatric cardiac disease: a 
scientific statement from the American Heart 
Association.” Circulation, 2011: 2607-52.

Godart, F. „Intravascular stenting for the 
treatment of coarctation of the aorta in 
adolescent and adult patients.” Archives of 
Cardiovascular Diseases, 2011: 627-635.

Waltham, M., V. Agrawal, L. Bowman, C. 
Hughes, und G.H. White. „Right arm ischemia 
following intentional stent-graft coverage of an 
anomalous right subclavian artery.” J Endovasc 
Ther, 2005: 110-4.

Hennemuth, A., Friman, O., Schumann, C., 
Bock, J., Drexl, J., Huellebrand, M., et al. “Fast 
interactive exploration of 4D MRI flow data.” 
SPIE Medical Imaging 2011.

Drexl, J., Mirzaee, H., Harloff, A., Hüllebrand, 
M., Hennemuth, A., Hahn, H. ,,A Software Tool 
for the Computation of Arterial Pulse Wave 
Velocity from Flow-sensitive 4D MRI Data.” Cinc-
Computing in Cardiology Conference 2013.

Meier, S., Hennemuth, A., Drexl, J., Bock, J., 
Jung, B., & Preusser, T. “A fast and noise-
robust method for computation of intravascular 
pressure difference maps from 4D PC-MRI 
data.” Statistical Atlases and Computational 
Models of the Heart 2013: 215–224.

Neugebauer, M., Glöckler, M., Goubergrits, L., 
Kelm, M., Kühne, T., Hennemuth, A.  “Interactive        
Virtual Stent Planning for the Treatment of Aortic 
Coarctation. „International Journal of Computer 
Assisted Radiology and Surgery 2015: 1-12.



12 CARDIOPROOF NEWSLETTER

Accounting for 5-8% of all congenital 
heart defects, coarctation of the 
aorta is associated with increased 
morbidity and mortality even years 
after treatment. [1,2] Percutaneous 
catheter interventions are attractive 
treatment alternatives to surgical 
repair in patients with suitable 
anatomy and include balloon dilatation 
and stenting. As part of the FP7-funded 
CARDIOPROOF project, researchers 
Maximilian Salcher and Huseyin Naci 
of the London School of Economics 
and Political Science (LSE) led a recent 
systematic review and meta-analysis of 
clinical studies to assess whether one 
of these intervention strategies leads 
to better results. [3] Both researchers 
are based at LSE Health, one of the 
largest research centres of the LSE. 
The Centre’s unique research base 
contributes to the LSE’s established 
world presence and reputation in 
health policy and health economics. 
Meta-analysis is a statistical method to 
combine results from individual studies 
of the same treatment. Relevant 
studies to include in meta-analyses 
are often identified through systematic 
searches of scientific databases 
using pre-determined criteria. 
Pooling of the results from included 
studies gives an overall estimate of 

the effectiveness of the intervention. 
Contrary to narrative, narrow overviews 
of the scientific literature, systematic 
reviews and meta-analyses take into 
account all relevant evidence available 
in a reproducible and transparent 
manner. [4]  In this meta-analysis of 
balloon dilatation and stenting for 
aortic coarctation, LSE researchers, 
in collaboration with experts from 
the German Heart Institute, pooled 
results from 57 stenting studies and 62 
balloon dilatation studies, the majority 
of which were case series without a 
control group. (Figure 1) 
Researchers found better immediate 
relief of the stenosis after stenting 
compared to balloon dilatation. There 
was an excess risk of aortic wall 
injuries and other severe complications 
for patients undergoing balloon 
dilatation compared to stenting. 
Balloon dilatation involves positioning 
the deflated balloon across the 
stenotic site and subsequent inflation, 
stretching the intimal and medial 
layers of the aorta. 
This mechanism bears the risk of 
damaging the aortic wall and can lead 
to aneurysm formation. Implantation 
of a stent across the coarcted segment 
possesses advantages, including lower 
risk for aortic wall injuries and more 

TRAnscATHETER 
InTERvEnTIOns fOR 
AORTIc cOARcTATIOn: TAKING A CLOSER LOOK 

AT THE ExISTING EVIDENCE

hUSEyIN NacI
London School 
of Economics
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Figure 1 | Evidence base for meta-analysis

marked relief of the obstruction. 
Results of this meta-analysis 
show an advantage for stenting 
regarding immediate treatment 
success and patient safety in 
patients with aortic coarctation. 
However, researchers caution 
that treatment decisions 
remain complex and long term 
complications such as arterial 
hypertension have only been 
incompletely understood. 
Several patient specific factors, 
including the anatomy of the 
aorta, associated conditions, 
the patient’s age and previous 

treatments need to be taken into 
account in an informed decision 
making process. Individualized 
treatment approaches, such as 
those developed in CARDIOPROOF, 
have been suggested. The 
researchers highlight that 
the overall evidence base 
for interventions for aortic 
coarctation remains weak and 
methodologically rigorous studies 
are required to thoroughly assess 
the comparative effectiveness of 
stenting and balloon dilatation in 
this patient group.

vIRTuAL sTEnTIng: DOEs IT 
mAkE A DIffEREncE?
Clinical decision-making in 
patients with congenital heart 
disease is increasingly complex, 
taking into account a multitude 
of factors, including patient’s 
condition, anatomy, lifestyle, and 
the range of available treatments. 
Against this background, Virtual 
Physiological Human (VPH) 
modeling holds the promise 
of providing cardiologists with 
crucial information to support 
far-reaching treatment decisions. 
The overall implication of these 
technological developments is 
that the application of modeling 
and simulation tools may 
allow clinicians to obtain early 
diagnosis, prediction of disease 
behavior and evolution and 
treatments outcomes in patients 
with aortic coarctation. Potential 
benefits reach beyond improved 
outcomes in patients, and 
include reductions in avoidable 
costs associated with the 
treatment of aortic coarctation.

Using powerful personalized 
models of organ and disease, 
CARDIOPROOF focuses on 
patients with aortic coarctation, 
which, if left untreated, can 
result in irreversible heart failure. 
The CARDIOPROOF consortium 
has developed an image-based 
simulation tool that models blood 
flow profiles in these patients. 
Using individual patient data, 
the tool models pre-treatment 
hemodynamics and the impact 
that stenting has on post-
treatment blood flows, providing 
the cardiologist and his team 
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with key information for clinical 
decision-making. 

ImpAcT On cLInIcAL 
DEcIsIOn-mAkIng
The CARDIOPROOF simulation 
tool was developed to aid 
decision-making particularly 
in patients where no 
straightforward treatment 
course is available, so-called 
‘borderline cases’. The simulation 
tool was demonstrated to 
accurately model hemodynamics 
of individual patients. However, it 
remains unclear to what extent it 
affects clinical decision-making 
of the treating cardiologist. 
A key question in the 
development of VPH models and 
their translation into clinical 
practice is: do clinicians make 
different (and potentially better) 
treatment decisions after 
consulting a decision-support 
simulation tool compared to 
when the additional information 
provided by the tool is not 
available?

RAnDOmIzED ExpERImEnT
To evaluate the impact of image-
based modeling on clinical 
decision-making, researchers 
at the London School of 
Economics and Political 
Science in the UK are planning 
a randomized experiment. 
The planned design of the 
experiment is shown in Figure 1. 
In the experiment, researchers 
will ask cardiologists to 
make hypothetical treatment 
decisions for patients with 
coarctation of the aorta. 
Participating cardiologists 

will be randomly allocated to 
receive either a limited dataset 
of imaging parameters currently 
recommended by clinical 
practice guidelines (group A) or 
an expanded list of parameters, 
including simulation modeling 
(group B). Proportions of 
cardiologists making different 
types of intervention decisions 
in the two randomly allocated 
groups will then be compared. 

The experiment will be 
administered online and at 
the annual meeting of the 
Association for European 

Paediatric and Congenital 
Cardiology (AEPC) in Rome in 
June 2016.

The randomized experiment 
will allow the research team to 
assess the impact that virtual 
stenting has on clinical decision-
making in borderline cases. The 
implications of potentially better 
treatment decisions through 
simulation modeling are far-
reaching and include improved 
outcomes in patients as well 
as reduction of avoidable costs 
associated with complications 
and sub-optimal treatment. 

Figure 2  |   Set-up of randomized experiment
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At the German heart institute in 
Berlin, clinicians face many situations 
in clinical everyday practice in which 
the decision-making process is 
not always straightforward. This is 
the case of a six years old boy, who 
we had in cure, with a combined 
disease of bicuspid aortic valve and 
coarctation of the aorta. He came to 
us after having undergone already 
two balloon angioplasties in the past. 
He wasn’t taking medication and 
presented arterial hypertension. When 
measuring his blood pressure around 
both arms and both legs we found 
a gradient of 11mmHg, and by ECG 
examination we found  a gradient of 
43 mmHg: these are very high values 
compared to normal blood pressure 
values  In the MRI scans we detected 
that there were two situations where 
the narrowing of the aorta took place. 
That circumstance put us in front of 
two choices: place a stent or not in 
these two locations? Where to exactly 
place it? 

Thanks to the CARDIOPROOF models 
and simulation tools, we have now not 
only the chance to detect the diameter 
alterations in a three-dimensional 
way, but also to simulate the flow 
across the entire vessel. Thanks to 
those simulations, we can see the 
alterations and turbulences in the 
flow that originates from his bicuspid 
aortic valve.  Additionally, we have 
a chance to look at the centre line 
diameter of the vessel and simulate 
where the stenosis actually originates. 
Finally, the specific tool for Virtual 
stenting simulations, based on the 
patient individual geometries, can 
tell us the haemodynamic outcome 
after the stenting procedure, prior to 
proceeding to the real intervention, 
thus allowing us to understand 
whether the intervention would help or 
not the patient. 

We can conclude that such tools can 
really help the clinician in his decision 
making process! 

HOw cARDIOpROOf HELps In 
THE DEcIsIOn mAkIng pROcEss: 
A cOncRETE cLInIcAL scEnARIO
MaRcUS kELM, 
deutsche 
herzzentrum berlin 

See the image above  |  flow simu-
lation

Virtual stenting software
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The 50th Annual Meeting of the 
Association for European Paediatric 
and Congenital Cardiology (AEPC) 
will be held in Rome on June, 1st-4th 
2016.  The AEPC meeting is the only 
congress specifically dedicated to 
Paediatric and Congenital Cardiology, 
which gathers specialists in the field 
from all over Europe and from around 
the world. Also for this edition, as for 
the former one, the attendance of more 
than one thousand among Paediatric 
Cardiologists, Surgeons, Intensivists, 
Cardiologists involved in the care of 
adults, is expected. CARDIOPROOF 
will take this opportunity to present 
its main achievements to this highly-
qualified, and international audience, 
by organising a number of initiatives 
within this event. CARDIOPROOF 
will organise a workshop aimed at 
disseminating its basic concepts, 

clinical challenges and goals, 
and will also have a dedicated 
showcase in which the tools and 
services implemented during the 
project will be demonstrated to the 
interested attendees. Furthermore, 
CARDIOPROOF will ask the 
interventional cardiologist attending 
the event to participate to a specific 
randomised trial aimed at exploring 
and assessing the impact of the 
application of in silico models in 
the clinical decision-making 
process. During the trial, through 
a computerized random-sample 
function, interventional cardiologists 
will be randomly allocated into 

two separate groups. Each group 
will be then provided with one set 
of imaging data, either the limited 
dataset (including the imaging 
parameters currently recommended 
by clinical practice guidelines) or 
the image-based modelling dataset 
(strengthening by additional simulation 
modelling parameters.). Thus, it is 
possible to check whether the two 
groups come with different treatment 
decisions, due to the information 
made available by the image-based 
modelling dataset, eventually 
understanding the potential positive 
impact of the modelling in determining 
better clinical outcomes.

nETwORkIng InITIATIvEs:

cARDIOpROOf AT IcT 2015 
AnD AEpc 2016
The biggest ICT event in the EU 
calendar, ICT 2015 - Innovate, Connect, 
Transform- will be held in Lisbon, 
Portugal, on October 20th - 22nd, 2015. 
The ICT 15 event, organised by the 
European Commission, will present 
interesting debates, the latest news 
on the European Commission’s new 
policies and initiatives with regard 
to R&I in ICT, and will also represent 
a great networking opportunity to 
start partnerships with international 
experts and actors in the ICT domain.  
CARDIOPROOF will attend to this 
important event by organising, in 

collaboration with its cognate project 
MD-PAEDIGREE, winner of the last 
event ICT 13 held in Vilnius, and 
with the GÉANT network, a booth in 
which novel applications to support 
clinical diagnostic and decision 
making directly at the point of care 
will be showcased. Furthermore, 
CARDIOPROOF will take part to the 
networking session “Enhanced 
Consent: a vision for Patient Data 
Protection and Data Management” 
(Wednesday 21st, 9-9:45, Room 13), 
during which the new privacy and 
regulatory issues related to the 

process of data-intensive scientific 
discovery and the associated new 
emerging scenarios will be discussed. 
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upcOmIng 
EvEnTs

EVENT DESCRIPTION
WHEN

WHERE

CARDIOTECHNIX 2015 
Third intenational 
Congress on 
Cardiovascular 
Technologies 

Leveraging on the latest cardiac technoliges, the 
congress areas will focus on: Cardiovascular Imaging, 
electrocardio,logy and biological signal processing, surgical 
technologies and advanced robotics, electrophysiology, 
new pacing and ablation technics, computing and 
telecommunications in cardiology.

November 
16-17, 2015

Lisbon, 
Portugal

EuroEcho-Imaging 2015

EuroEcho-Imaging is the annual congress of the EACVI, 
representing members around the world with an interest in 
all modalities of cardiovascular imaging. The EACVI’s mission 
is “to promote excellence in clinical diagnosis, research, 
technical development, and education in cardiovascular 
ultrasound and other imaging modalities in Europe.”

December 
2-5, 2015

Seville, 
Spain

Innovations 
in Pediatric Heart 
Disease Symposium

Nationally recognized faculty members from various 
institutions will cover challenging heart failure topics 
related to: Cardiomyopathies, end-stage congenital heart 
disease, heart transplantation, ventricular assist devices, 
interventional cardiology, cardiac ICU management, nursing 
care, genomics, cardiac imaging, pharmacotherapeutics and 
electrophysiology.

December
3 - 5, 2015

San Diego, 
CA USA

Pediatrics 2040 
Emerging Trends 
and Innovations 
for the Next 25 Years

This meeting is a clarion call for clinicians and nurses as well 
as children’s hospital associates and administrators, patients 
and parents, scientists and entrepreneurs all over the world 
to promote innovation for children and their health. It aims to 
engender and support an ecosystem of pediatric innovators 
to improve health care for all children.innovators to improve 
health care for all children.

January 
6-9, 2016

Dana Point, 
United States

PICS 2016
Pediatric & Adult 
Interventional

PICS-CSI Asia will give a comprehensive overview of the 
major topics in catheter therapy of congenital, structural 
and valvar heart disease and is designed for adult and 
pediatric interventional cardiologists, cardiothoracic 
surgeons, anesthesiologists, imaging specialists, nurses, 
technicians and any other medical specialty involved in these 
procedures.

March 3-5, 
2016

Dubai, 
UAE
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EVENT DESCRIPTION
WHEN

WHERE

11th European 
Molecular Imaging 
Meeting

The meeting will present and share main research findings 
and excellence in Imaging science New concepts for 
multimodality imaging and reporter probes, to novel 
concepts and probes for MRI Imaging technology and 
Methodology & Software are the main topics of the 11th 
European Molecular Imaging Meeting.

March 8 - 10, 
2016

Utrecht, 
Netherlands 

XIV Mediterranean 
conference on 
medical and biological 
engineering and 
computing

Medicon 2016 solicits original contributions in non-
exclusive tracks such as Biomedical Imaging & Image 
Processing; Bioinstrumentation; Biosensors & Bio-Micro/
Nano Technologies; Bioinformatics; Computational Biology 
and Systems Biology; Therapeutic and Diagnostic Systems 
Devices and Technologies & Clinical Engineering.

March 31 - 
April 2,
2016

Paphos, 
Cyprus

CSI, Imaging 
& Innovation 2016
Annual congress about 
catheter interventions in 
congenital, structural and 
valvular heart disease

CSI, offers a comprehensive overview of the major topics 
in catheter therapy of congenital, structural and valvular 
heart disease in children and adults. CSI caters for adult 
and pediatric interventional cardiologists, cardiothoracic 
surgeons, anesthesiologists and imaging specialists.

June 22 - 25, 
2016

Frankfurt, 
Germany

ESC Congress 2016 
“Spotlight 2016: The 
Heart Team”

The cross-collaboration spirit of the ESC and its constituent 
bodies will be highlighted by the spotlight of ESC Congress 
2016 ‘The Heart Team’, emphasising the importance of 
teamwork and interactions between all professionals and 
specialties involved in the fight against cardiovascular 
disease. The Congress Programme will present, share, debate 
and conclude on the latest science and research in cardiology 
and enhance cardiology practice through more than 500 
scientific sessions. 

August 
27 - 31, 
2016

Rome, 
Italy

upcOmIng 
EvEnTs
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puBLIcATIOns fOcus

Fraunhofer MEVIS researcher 
Dr. Ing. Mathias Neugebauerwas 
awarded with the Best Paper 
Award (1st Prize) at the 29th 
International Congress for Computer 
Assisted Radiology and Surgery 
(CARS), held from June 24 to 27 in 
Barcelona, Spain. He received the 
award endowed by KUKA for his 
submission “Interactive Virtual Stent 

Planning for the Treatment of Aortic 
Isthmus Stenosis”, which focuses 
on a specific implementation within 
CARDIOPROOF, the virtual stenting 
software. The paper results from 
joint work between the Pediatric 
Cardiology at the University Hospital 
Erlangen, the German Heart Institute 
in Berlin, and Fraunhofer MEVIS. 

TITLE DETAILS/AUTHORS

Pressure outflow boundaries for SPH and coupling 
SPH to Finite Volume methods

Paper by P. Groenenboom and A. Mezentsev (ESI GROUP), submitted for the special 
session on meshless methods at IAHR2015 (International Association for Hydro-
Environment Engineering and Research), which has been held in La Hague from 
28th June to 2nd July 2015.

Image-based Interactive Assessment 
and Therapy Simulation of Aortic Coarctation.

Paper by Neugebauer, M., Schumann, C., Mirzaee, H., Chitiboi, T., Kühne, T., 
Hennemuth, A. (MEVIS), submitted for the IMIC Workshop at MICCAI 2014.

Noninvasive measurement of intravascular pressure 
gradients based on 3D anatomy and 4D flow image 
fusion.

Paper by Mirzaee, H., Hennemuth, A. (MEVIS).  Submitted for ISMRM 2015.

MRI as a Tool for Non-Invasive Vascular Profiling: 
a Pilot Study in Patients with Aortic Coarctation

Kelm M.*, Goubergrits L.*, Fernandes JF., Biocca L., Pongiglione G., Muthurangu V., 
Khushnood A., Secinaro A., Chinali M, Schubert S., Berger F., Kuehne T.
* Equally contributing authors

Balloon angioplasty vs stenting: systematic review 
of the effectiveness of two interventions for native 
and recurrent aortic coarctation

Maximilian Salcher, Huseyin Naci (LSE)

Bicuspid aortic valve disease: 
a systematic review of the clinical literature

Maximilian Salcher, Huseyin Naci (LSE)

ONE OF THE CARDIOPROOF PARTNERS WON 
CARS BEST PAPER AWARD!
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cARDIOpROOf cOnsORTIum

Lynkeus
www.lynkeus.eu

Deutsches Herzzentrum Berlin
www.dhzb.de

University Collecge 
of London (UCL) 
www.ucl.ac.uk

Bambino Gesù 
Paediatric Hospital (OPBG) 

www.ospedalebambinogesu.it

Fraunhofer MEVIS, Institute 
for Medical Image Computing (FME) 

www.fraunhofer.de

Siemens AG 
www.siemens.com

ESI 
vjc@esi-group.com

Medical University of Graz (MUG) 
www.medunigraz.at

LSE Health and Social Care
www.lse.ac.uk

Gnúbila France (ex maatG) 
www.maatg.fr
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