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1 Introduction 

1.1 Purpose of the document 
The main purpose of these guidelines is to provide the partners with a common framework for 
guaranteeing the quality of the outcomes of the project, setting-up a number of double-checks of the work 
performed (scientific deliverables, software, infostructure), to make sure that the established best practices 
in the relevant field are taken into account, to ensure the scientific excellence and novelty of the goals 
achieved, and to eventually assess the usability, interoperability, reproducibility and validity of the models 
and methods produced within the project.    

To achieve these objectives, this document aims to define those activities deemed necessary to ensure the 

adherence of the project to its stated quality requirements. This document also sets out the methodology 

for identifying and managing threats to the project. 

Given the fact that, within the consortium, the partners already have established internally quality 
assurance systems, the present guidelines are not intended to overrule the current practices but to provide 
a common minimum framework of quality assurance for all the partners, to be used as guidance within the 
project. 

Unless updates are deemed necessary following a periodic assessment, this document is applicable to 

CARDIOPROOF until its end. 

1.2 Project Overview 
Previous Virtual Physiological Human (VPH) projects (as Health-e-Child, EUHeart, Sim-e-Child, and MD-
Paedigree, which is ongoing) have developed tools for computer-based modelling of various cardiovascular 
(CV) diseases, but the translation of these tools into routine clinical environment has remained challenging. 
Cardioproof, which stands for Proof of Concept of Model-based Cardiovascular Prediction, aims to address 
these last challenges, which still hinder the full usability of the implemented models in the clinical routine.  
 Cardioproof will cope with three key issues bounding the application of VPH models in the everyday clinical 
practice: 

 Validation: Are the models clinically valid? 

 Comparative effectiveness: Do they result in different treatment decisions? 

 What is the comparative effect on costs? 

 Usability and interoperability: Software application and data management do not comply with 
clinical requirements (too complex, labour and time consuming). 

CARDIOPROOF aims to overcome knowledge and technology gaps (with specific regard to validity and 
usability of the existing VPH tools, and comparative effectiveness of VPH-rooted methods and traditional 
methods) by applying advanced VPH modelling methods in clinical trials of patients with aortic valve 
disease (AVD) and aortic coarctation (CoA). 
These two diseases both affect the linked system of the left ventricle (LV), aortic valve and aorta, and, if left 
untreated, can cause irreversible heart failure. As a result, treatment becomes mandatory, but the 
optimum timing and type of treatment still remain difficult to determine. Furthermore, present clinical 
guidelines are highly complex and rely mostly on imaging diagnostics and clinical parameters, without 
benefiting, as yet, from patient-specific disease modelling based prediction.  
Finally, the two diseases have a huge socio-economic impact: currently, more than 50,000 aortic valve 
replacements are reported per year in the EU. In addition, CoA is one of the most frequent congenital heart 
diseases, often requiring repeated interventions. 
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2 Quality Assurance Guidelines for Information Technology 
The development process needs to be monitored and managed with regard to the quality requirements. 

For that reason, in the first instance, all the partners of the Consortium are fully committed to following 

their internal procedures and best practices in order to achieve the goals of CARDIOPROOF. As already 

stated before, these guidelines are a minimum common framework which does not override the existing 

quality procedures already established internally by each partner.  

Within the process of software development, the following key steps will be taken into account from a 

quality assurance point of view:  

 Requirements analysis 

 Design and development of the software 

 Testing and validation of the software prototype  

2.1 Requirements  
In order to ensure a successful software implementation, capable of meeting end-user expectations, 
requirements analysis and documentation are widely recognised as  fundamental steps. The efforts of 
gathering and documenting the end-user requirements will be complied with mainly in the initial phase of 
the project, even though a process of requirements revision and updating will span over the entire duration 
of the project. 
  
To ensure the effectiveness of the process, a specific task on WP3 (T3.3. Usability Optimization, Data as a 
Service) is devoted to requirements analysis, and desgned to ensoure that the final implementation 
provides the highest level of usability and reliability, so that it might be effectively applied to therapy 
planning in the routine clinical practice. 
In order to avoid operating errors, the clinical requirements, together with usage patterns and expectations 
of the clinicians (all of which will be gathered in WP2), will be analysed and matched with the software 
design specifications.  
 
The process of usability engineering will start from an in-depth analysis and discussion of the usual decision 
workflow and procedures which lead to a therapy decision. In this way, the software implementation will 
be based on that preliminary analysis. Furthermore, feedback from clinicians will be sought in order to 
maintain a tight feedback loop for the development process. 
 
As explained in T3.3, the analysis process will include the following activities:  

 analysis of the context and workflow in which the software is to be used;  

 analysis of clinical requirements;  

 analysis of data management and image analysis tools with respect to integration and 
interoperability; analysis of human input and feedback requirements;  

 proposals for the information architecture (user interfaces) and integration into the workflow;  

 usability evaluation of the resulting tools and incorporation of the insight in the development 
process. 

 
At the end of this process, a comprehensive document will be produced, to guide the subsequent software 
development. 

2.2 Design, development and testing 
To make the development of collaborative software successful, the ideas which lie behind the implemented 
software need to be well documented. This method is fundamental also for making it possible to have 
testing, requirement validation, manteinability, software integration, and interoperability. To ensure the 
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effectiveness of such a process, the partners of the consortium are not requested to follow a uniform 
design process, which would be both difficult to manage and unnecessarily restrictive. They are required 
only to clearly document their design processes and give the relevant WP leader overall supervision of the 
work performed.  

With regard to the development, it should be noted that all CARDIOPROOF IT partners have specific 
expertise and significative experience in software development. Therefore each partner will follow their 
own development practices to ensure high standards, tailored, as they are, to each institute’s profile and 
expertise. Still, the consortium has identified some common principles to be applied in the development 
process: 

 full source code and documentation version control 

 minimisation of the number of different programming languages and runtime environments used 

 modular development 

 use of automated test frameworks 

 following a coding standard 

Finally, with regard to the testing activities, they will be performed within T3.3, to ensure the highest level 
of usability for the end-users. Furthermore, a specific clinical testing will be performed within WP8 (Clinical 
validation of model-based prediction).  

3 Quality Assurance Guidelines for Clinical Research and Practice 

As already briefly explained in Pargraph 1.3 (Project Overview), the clinical focus of CARDIOPROOF will be 

on aortic valve disease (AVD) and aortic coarctation (CoA). 

The project will be conducted according to Good Clinical Practice, which is a standard for the design, 

conduct, performance, monitoring, auditing, recording, analysis, and reporting of clinical trials (EU Good 

Clinical Practice Directive - Brussels: European Commission, 2004). 

For the assessment of the patients, the routine methods defined by the ESC + AEPC guidelines 

(echocardiography, laboratory testing, clinical and where inidcated excersise testing) will be used.  

Furthermore, since the project will involve also children, a diagnostic coding system for paediatric heart 

diseases has been selected: the “European Paediatric Cardiac Code” by the Coding Committee of the 

Association for European Paediatric Cardiology (http://www.aepc.org/aepc/nid/European_Paediatric_Cardiac_Coding). 

As stated in the DoW, CARDIOPROOF, in performing the clinical trials on AVD and CoA, will involve both 

new patient data and the use of existing data acquired in the context of other projects and clinical studies. 

As per the specific request of the EC, dedicated clinical protocols and informed consent forms have been 

prepared and submitted before the commencement of the study. 

The patient involvement forseen in the study doesn’t, however, interfere with the patients’ regular course 
of care nor with the standard therapy.  
 
Clinical partners have already undergone an ethical review to align ethical requirements and ensure that 

local, national and international regulations are respected. Events and issues regarding ethics will be 

reported in the periodic reports and the final report. Data protection and other ethical rules and 

regulations will be derived from the World Medical Association Declaration of Helsinki and the ICH-GCP 

Guidelines on Good Clinical Practice.  

http://www.aepc.org/aepc/nid/European_Paediatric_Cardiac_Coding


D1.4 – Quality Assurance Guidelines CARDIOPROOF -  FP7-ICT-2013-10 (611232) 

 

8 
 

With regard to the treatment of personal sensitive data, CARDIOPROOF partners, supported by the ethical 

and legal committee, will ensure that all data used in the project have been properly anonymised, are of an 

acceptable quality and that the local ethical committees have approved the sharing of the data. 

Furthermore, a more detailed data protection and anonymisation policy will be implemented and described 

within a dedicated Data Protection Guidelines document, which will be adopted within the end of the first 

reporting period.  

3.1 Data and collection process quality assurance – general principles and 

minimum standards 
 The diagnoses of enrolled patients must strictly adhere to the diagnosis chosen for the project. 

 Data must be collected according to the agreed protocols and forms. 

 Instrument data must be computer-readable and the servers holding that data must be accessible 
by the MD-Paedigree platform. 

 Automatic Data Pre-processing (for noisy, outliers, and missing data) must be implemented. 

 Design the CRF to collect the data specified by the protocol.  

 Document the process for CRF design, development, approval and version control. 

 Make the CRF available at the clinical site prior to enrolment of a subject.  

 Document training of clinical site personnel on the protocol, CRF completion instructions and data 
submittal procedures prior to enrolment of a subject.  

 Design the CRF along with protocol to assure collection of only the data the protocol specifies.  

 Design the CRF to follow the data flow from the perspective of the person completing it, taking into 
account the flow of study procedures and typical organization of data in a medical record.  

 Avoid referential and redundant data points within the CRF whenever possible.  

 Make the CRF available for review at the clinical site prior to approval.  

 

3.2 Clinical Validation 
In order to assess and validate the outcomes of the project from a clinical point of view, a specific Work 
Package (WP8 – Clinical Validation) has been forecasted in the DoW, with the specific purpose of 
demonstrating if, in the results of the clinical trials, the modelling approaches actually predict in an 
accurate manner the clinical outcomes of an intervention, therefore enabling more effective clinical 
decision making.  
 
Each of the tasks of WP8 will focus on the assessment of the clinical validity of a specific model focusing 
both on the accuracy of the prediction and on the actual impact on the decision making process.  
 

For the first evaluation, i.e. the validity of the prediction, the “real data” (estimation based on imaging and 
clinical data) will be compared with the predicted data which stem from the model.  
 
For the second part of the assessment process, focussed on the impact on the decision making, a 
comparison between intermediate outcomes of patient in whom the decision to intervene was made with 
or without additional use of modelling-based prediction of outcomes. A better outcome in the patients in 
whom modelling approaches played a part in decision-making would demonstrate the benefit of modelling.  
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4 Quality Assurance Guidelines for Project Management 

4.1. Management Structure 
The management structure of CARDIOPROOF, which is given below, has been conceived in view of  

effectively taking care of key aspects of the project’s life. 

This structure, organised according to the structure illustrated in the following Figure, focuses on four 

primary managerial tasks: 

• Decision Making, implemented by the Governing Board, 

• Scientific and Technical Coordination, performed by the Management & Technical Coordination 
Board, 

• Operational Management, performed by the Management & Technical Coordination Board, 

• Advisory, carried out through two bodies: 

• the Scientific Committee, 

• the Ethical and Legal Committee 

 

Figure 1: CARDIOPROOF’s Governance Structure 

As stated in the DoW, the Coordinator and Project Manager roles have both been entrusted to the proven 

partner Lynkeus, led by Prof. Edwin Morley-Fletcher. 

Due to the innovative clinical proof of concept approach which substantiates the project, the 

CARDIOPROOF consortium partners have in fact deemed it best to choose a fully neutral and independent 

Coordinator/Project Manager acting as single administrative and financial interface vis à vis the European 

Commission, and playing the role of honest broker between clinical and technological partners within the 

consortium. The Coordinator/Project Manager aims to speedily lead the whole consortium to a successful 

outcome, relying, for its scientific leadership, on an ad hoc clinical Principal Investigator, identified in the 

partner DHZB, namely Prof. Titus Kühne, with the support of a Scientific Committee chaired by the leading 

industrial and technological partner, Siemens AG, namely Dr. Dorin Comaniciu.  

The rationale and specific roles of the above mentioned bodies (Governing Board, Management & 

Technical Coordination Board, Scientific Committee and Ethical and Legal Committee), as well as of both 

the Coordinator/Project Manager and the Principal Investigator, and their interaction towards a coherent 

management structure, have been planned to reflect the nature of the project, with the aim of enabling the 

achievement of its goals. A close cooperation between the Coordinator/Project Manager and the Principal 
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Investigator is key to securing a smooth and effective leadership of the project, capable of constantly 

keeping on track the day to day management to be consistent with the scientific vision which is 

CARDIOPROOF’s basis. 

In brief, the overall structure of the management (described in detail in the DoW), the interaction amongst 

the different bodies involved in the management of the project, as well as the individual responsibilities 

and initiative of each of these bodies, have been specifically conceived to reach the highest level of quality 

and to ensure the achievement of the project goals. 

 

4.2 Deliverables Review Process 
In order to ensure the quality of the outcomes of the project, the first and most immediate means of 

verification is the assessment of the deliverables produced within each WP. For this purpose, 

CARDIOPROOF has specifically conceived a deliverables’ review process, leading to the Annual internal 

Review (and towards the official Periodic Review with the EC),  

This review process is structured as follows: 
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Table 1: Deliverables’ lead and person entrusted with the quality assurance assessment 
Given this general scheme, the following table reports, for each deliverable, the responsible lead and the 
person entrusted of the quality assurance assessment:  
 

Del No.  Deliverable Title Lead Quality Assurance Entrusted 
to: 

D1.1 Kick-off meeting report 
 

Edwin Morley-Fletcher Titus Kühne 

D1.2 Project Presentation 
 

Titus Kühne Edwin Morley-Fletcher 

D1.3 Self-Assessment Plan 
 

Edwin Morley-Fletcher Titus Kühne 

D1.4 Quality Assurance 
Guidelines 

Titus Kühne Edwin Morley-Fletcher 

D1.5.1 First Half-Yearly Reports 
 

Edwin Morley-Fletcher Titus Kühne 

D1.5.2 Second Half-yearly 
report 

Edwin Morley-Fletcher Titus Kühne 

D1.5.3 Third Half-yearly report 
 

Edwin Morley-Fletcher Titus Kühne 

D1.6.1 First Periodic Report 
 

Edwin Morley-Fletcher Titus Kühne 

D1.6.2 Second Periodic Report 
 

Edwin Morley-Fletcher Titus Kühne 

D1.6.3 Third Periodic Report 
 

Edwin Morley-Fletcher Titus Kühne 

D1.7 Final Report 
 

Edwin Morley-Fletcher Titus Kühne 

D2.1 Requirement and recruitment 
protocol 

Titus Kühne Giacomo Pongiglione 

D2.2 Complete set of data acquired 
for AVD 

Titus Kühne Giacomo Pongiglione 

D2.3 Complete set of data acquired 
for CoA 

Vivek Muthurangu Titus Kühne 

D3.1 CARDIOPROOF Data 
Infrastructure and Information 
System (DIIS) 
deployed and configured 

Davd Manset Felix Ritter 

D3.2 Image data processing 
report; continuously 
over the projects, 
completed by M30 

Goubergrits Leonid   Davd Manset 

D3.3 Data integration into 
MD-Paedigree; continuously 
over the projects, completed 
by M30 

Goubergrits Leonid   Davd Manset 

D3.4 Prioritized functional 
specification, Personas, 
Wireframes, Usability test 
results 

Felix Ritter Davd Manset 

D4.1 Implementation of Gernot Plank Paul Groenenboom 
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mechanics-CFD interface 

D4.2 Implementation of image 
stack to FE mesh 
Generation pipeline 

Gernot Plank Paul Groenenboom 

D4.3 Implementation of full 
mechanics parametrization 
method 

Gernot Plank Paul Groenenboom 

D4.4 Implementation of activation 
repolarisation 
Sequence methods 

Gernot Plank Paul Groenenboom 

D4.5 Optimization for GPU 
execution 

Gernot Plank Paul Groenenboom 

D4.6 Patient-specific simulations of 
ventricular 
electro-mechanics 
completed 

Gernot Plank Paul Groenenboom 

D5.1 Implementation of software 
tools for the 
integration of the 
computational models of the 
morphology and 
the 4D VEC MRI 
information 

Paul Groenenboom Gernot Plank 

D5.2 Database with mechanical and 
biological aortic 
valves 

Goubergrits Leonid   Paul Groenenboom 

D5.3 Interface between 
mechanical/MRIVEC 
data and CFD 

Gernot Plank Paul Groenenboom 

D5.4 SPH simulations of 
patient-specific 
ventricle/aortic valve 

Paul Groenenboom Gernot Plank 

D5.5 Influence of the valve 
Replacements on the 
haemodynamics 
i.e. the energy loss 

Paul Groenenboom Gernot Plank 

D5.6 Description of the clinically 
relevant 
output from the meshless 
intracardiac simulations 

Paul Groenenboom Gernot Plank 

D6.1 Virtual stenting 
software 

Anja Hennemuth Olivier Ecabert 

D6.2 Computational tools for 
simulation of 
haemodynamics in 
patient-individual aortic 
coarctation model 

Anja Hennemuth Olivier Ecabert 

D6.3 Visualization and exploration 
software for 
Simulation results 

Anja Hennemuth Olivier Ecabert 

D6.4 Tools for prediction the 
Haemodynamic effect of 

Anja Hennemuth Olivier Ecabert 
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Treatment outcome 

D6.5 Reduced model and user-
friendly interaction tools 

Felix Ritter Titus Kühne 

D7.1 Computational tool for 
computing the 
pressure difference field 
from 4D Flow data 

Olivier Ecabert Anja Hennemuth 

D7.2 Computational tool for 
Estimating the regional 
Mechanical properties of the 
aortic vessel wall 

Olivier Ecabert Anja Hennemuth 

D7.3 Software tool for 
performing FSI 
simulations in ascending aorta 

Olivier Ecabert Anja Hennemuth 

D8.1 Report on clinical validation of 
model based 
prediction in aortic valve 
disease 

Titus Kühne Giacomo Pongiglione 

D8.2 Report on clinical validation of 
model-based 
prediction in coarctation of 
the aorta 

Vivek Muthurangu Titus Kühne 

D8.3 Report on Clinical 
assessment of 
fluid-structure interaction in 
the aorta 

Giacomo Pongiglione Titus Kühne 

D9.1 Systematic review of the 
clinical and cost-effectiveness 
literature findings 

Alistairs MacGuire Edwin Morley-Fletcher  

D9.2 Pilot comparative 
effectiveness 
simulation model 

Alistairs MacGuire Edwin Morley-Fletcher  

D9.3 Final comparative 
Effectiveness simulation 
model 

Alistairs MacGuire Edwin Morley-Fletcher  

D10.1 Dissemination and 
exploitation strategy plan 
and preliminary 
materials 

Edwin Morley-Fletcher Titus Kühne 

D10.2 Updated dissemination 
materials (web site public 
contents, e-brochure, 
posters and preliminary 
Dissemination Objects) 

Edwin Morley-Fletcher Titus Kühne 

D10.3 First dissemination event Edwin Morley-Fletcher Titus Kühne 

D10.4 Outcomes of the strategic 
Exploitation seminar 

Edwin Morley-Fletcher Titus Kühne 

D10.5 First Exploitation Plan Edwin Morley-Fletcher Titus Kühne 

D10.6 Final CARDIOPROOF 
Conference 

Edwin Morley-Fletcher Titus Kühne 

D10.7 Final on-line Dissemination 
Objects 

Edwin Morley-Fletcher Titus Kühne 
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D10.8 Final Exploitation Plan Edwin Morley-Fletcher  Alistairs MacGuire 

D10.9 Plan for the Use and 
Dissemination of 
Foreground 

Edwin Morley-Fletcher Titus Kühne 

 

4.3 The Self-Assessment Plan as means of quality assessment 
Beside the deliveble review process described above, another means of evaluation is the Self-Assessment 

Plan (D1.3). This should be considered as the first step towards assuring the quality of deliverables. The 

Self-Assessment Plan, which has been implemented with the support of both the Work Package Leaders 

(WPLs) and the Scientific Committee, make it possible to obtain a brief evaluation of the status of each WP 

of the project, through a number of synthetic indicators. 

These indicators have been defined at the end of a process in which each WPL was requested, in first 

instance, to clarify the main objectives of each WP, then to associate to each of these objectives a 

measurement processes/methodologies to be adopted in order to assess the level of fulfilment of the 

objectives. Finally, the WPL’s have been asked to correlate to the defined measurement 

process/methodologies a series of indicators for measuring the outcomes of the various WP activities, 

together with an approximate numerical indication of the allowed threshold limits related to each WP 

objective. 

As anticipated in D1.3, the above described process should be considered as a dynamic process, which will 

undergo, on a regular basis, an update aimed to validate/modify the chosen indicators. 

 

4.4 Project Planning and monitoring 
The CARDIOPROOF consortium has implemented a set of minimum quality assurance components, which 
will be taken into account in the project planning and monitoring process, and that will be useful to 
facilitate a common agreement of some key project’s issues: user requirements, project objectives, roles 
and responsibilities, critical success factors, risks, etc. 

In particular, the following list includes the main quality assurance components taken into account in the 
project planning processes:  
 

 Defined roles and responsibilities: identification of the roles having responsibility, 

accountability, and authority within the scope of the process. 

 Common standards and processes for use in development of the project are being 

identified and benchmarked.  

 Measures for tracking project progress and project quality have been indicated through the 

reporting mechanisms available within the Self-Assessment Plan.  

 Timing and content of planned management reviews have been identified and are being 

addressed.  

 Provision of necessary documentation for post-project review of the project is being 

ensured by the use of the PM and Communication platforms.  

 Deviations from the project’s plan are being communicated to the project management 

team and effectively addressed.  

 Management is notified when deviations and/or delays are not being addressed.  
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 Periodic reports of all ongoing activities are being provided to the project management 

team and highlighted relevant quality aspects are being gathered and reported. WP leaders 

will review the QA activities on a regular basis.  

 

4.5 Risk Assessment 

As stated in the DoW, CARDIOPROOF will build on a risk management system that has been successfully 

tested in previous projects. The risks that may potentially affect the project will be continuously monitored 

in order to refine, and if necessary set into motion, the corresponding contingency plans. As stated in WP1, 

it is one of the responsibilities of the project Coordinator to address risk issues at each project management 

meeting. The risk management tasks consist of risk identification, estimation, mitigation and follow-up. 

• Risk Identification. All project partners are concerned with risk detection. When a risk is detected, it is 

reported to the WP leader concerned, who assesses the risk. Risks that are serious, affecting the critical 

path of the project, are further reported to the project coordinator. Potential risk identification is 

conducted at the beginning of the project and allows the identification of some risks threatening the 

achievement of the project goals. 

• Risk Estimation. The risk estimation is a two dimensional process, focusing on measuring the risk 

likelihood and the risk impact on the project. The risks are estimated using a numeric scale from 1 to 

3,where 3 represents a risk that is almost certain on the likelihood scale, or a risk that is very serious, 

affecting the critical path of the project, on the risk impact scale. 

• Risk Mitigation and Follow-up. Each identified risk shall have an owner who is responsible for its 

mitigation, monitoring and reporting. In addition, the risk owner proposes a preventive and corrective 

treatment, consisting of suitable actions to reduce the severity and the probability of occurrence of the risk. 

Management risks: 

RISK RATING DISCUSSION AND MITIGATION 

Underestimation of 

the required effort 

Low 

 

This risk is handled by the WP leaders monitoring the planned 

versus actual effort required by each task. Due the proven 

experience of the partners and the focus of the project, this 

risk is rated Low. 

Turnover of key 

personnel 

Low This risk is managed by standardising the way of working 

across the various teams and by defining a backup policy, so 

that in case of unexpected departure, remaining personnel 

can temporarily compensate for the absent ones, while 

waiting for a permanent replacement. Since almost all 

partners can resort to numerous permanent staff, the risk is 

rated low. 
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A preliminary list of potential risks is presented below. The results from this analysis will be monitored 

and updated during the overall lifetime of the project (task T1.11. Risk Management) 

 

 

Scientific/Technical Risks 

RISK RATING DISCUSSION AND MITIGATION 

WP2 

Number of recruited 

patients cannot be 

obtained in 24 

months 

Low Patients will be recruited in three high-volume cardiac 

centres. The number of patients to be recruited for 

CARDIOPROOF is for trial 1 (aortic valve) app. n=20 per 

centre/year and for trial 2 (CoA) app. n=15 per 

centre/year. These are small numbers that can be easily 

recruited from normal patient throughput. It is estimated 

that in the three centers together >2000 with AVD and 

>100 patients with CoA are seen with corresponding 

inclusion criteria per year 

Imaging based 

parameters have 

large variability 

Low All key CMR imaging is based on established, validated 

and robust methods. The inter-study (before/after 

intervention) and inter-institutional variation is, 

therefore, expected to be very low. In addition, image 

processing will be done in dedicated core lab (>8 years of 

expertise) by trained experts of the German Competence 

Network for Heart Diseases. 

WP3 

The accuracy of the 

imaging derived 

parameters is 

insufficient for 

modelling. 

Low All image processing will be done in dedicated core lab 

(with >8 years of expertise) and by trained experts of the 

German Competence Network for Heart Diseases. Images 

will be sent through GAMP5 approved web-portal to the 

core lab. 

WP4 

Too expensive 

computational costs 

of biophysically 

Medium The main risk results from the computational costs of 

biophysically detailed simulations which may be too 

expensive, either in terms of hardware required or in 

Insufficient 

participation of the 

communities 

represented to the 

public review process. 

Low Progressively intensify the dissemination activity stimulating 

the participation through the use of tools like discussion 

forums and mailing lists among others. 
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detailed simulations  terms of execution time, thus impeding the integration of 

such models into a clinical workflow. This risk is mitigated 

by adding the simpler phenomenological iconic model for 

generating activation sequences, thus facilitating the use 

of coarser FE meshes for both electrics and mechanics.  

No adequate model 

parameter fit can be 

found which yields a 

sufficiently good 

match clinical data. 

 This risk can be mitigated by implementing alternative 

model formulations for critical sub components such as 

the governing passive material laws or the active 

contractile model. This is supported by the use of 

software stacks which allow swapping of any model 

component on the fly. 

WP5 

Impossibility of 

obtaining a suitable 

particle distribution 

from the voxels for 

the SPH simulations. 

Medium Alternative methods to fill the volume with particles may 

be explored. 

 

Net blood flux as 

obtained from the 

MRI-VEC data does 

not match the change 

in the volume 

available for the flow 

Low A simple correction consists in scaling the fluxes. 

Computational results 

do not match with 

the flow data 

Medium Since the possible cause of such a deviation is a-priori 

unknown, resolutions will have to be defined from 

assessment of such cases. 

WP6 

Accuracy of anatomic 

description derived 

from imaging is 

insufficient. 

Medium In case of insufficient segmentation results achieved with 

the suggested method, more time-consuming methods 

with a higher degree of interactive expert input have to 

be applied. 

Simulation results do 

not match with the 

real data. 

Low Previous work has already provided successful 

approaches 

Interaction and 

workflow concept too 

time-consuming for 

clinical practice 

Medium This would suggest that computation hardware and/or 

interaction concepts have to be changed. 
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WP7 

Noisy/missing phase-

contrast flow field 

causes errors in 

pressure estimation  

Low Methods for de-noising and smoothing will be explored 

prior to pressure computation. 

FSI simulations 

require a very high 

computational time 

Medium Alternative designs for the coupling interface will be 

considered to modify the time-marching schemes of the 

solvers and the data transfer. 

WP8 

Predicted data does 

not match the real 

data 

Medium This would suggest a failure of the modelling approach. 

Although not a positive result, failure would point 

towards improvements that must be made in order to 

create valid models. 

WP9 

Existing literature is 

inadequate to 

provide evidence on 

the comparative long-

term effects of 

different treatment 

decisions for patients 

with CoA and AVD 

Medium If the systematic review does not yield the required data 

inputs, an alternative approach will be adopted. 

Specifically, expert opinion will be elicited to obtain the 

relevant data elements using a standardised 

questionnaire. The simulation model will have the 

flexibility to subsequent revisions using data obtained 

from future efforts in determining the long-term 

effectiveness of cardiovascular modelling. 

 

 

Risks related to data privacy, security, legal, and regulatory requirements: The requirements related to 

data privacy and security must be reconciled with the applicable legislation. Therefore task T1.8 “Ethical 

Clearance and Monitoring” has been introduced in WP1 to address this issue early in the project. 

RISK RATING DISCUSSION AND MITIGATION 

Loss of patient 

data privacy 

 

Low This risk is considered low since it will be guaranteed that only 

anonymised patient data will be stored and shared. This includes 

medical images whose meta data (so called DICOM header) will be 

properly anonymised. Additionally, access to patient data will be strictly 

controlled and given only to authorised persons. 

Loss of patient 

data security 

 

Low 

 

This risk is handled by partner GNÚBILA France who was responsible for 

handling data security in Health-e-Child and Sim-e-Child, and 

successfully passed an external security audit. Due to the existing 

experience and high security standards realized in the Health-e-Child 
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and Sim-e-Child platforms, this risk is considered low. 

Delays due to 

late ethical 

approval 

 

Low There is a risk that the start of patient enrolment is delayed due to 

complex ethical approval procedures. In order to prevent this risk the 

clinical partners have started preparing the necessary documentation 

for their Ethics Committees during the negotiation phase. 

 

 
 
 
 
 
 
 
 
 

 


