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Aim of the project 

Cardiovascular disease is a leading cause of morbidity and mortality. It often disrupts 

electrophysiological mechanisms in the heart leading to cardiac arrhythmias, affecting the blood 

supply to vital organs, and greatly increasing risks of thrombus formation and stroke. However, the 

underlying mechanisms are incompletely understood, resulting in suboptimal treatments. 

Mechanistic and statistical models emerged as powerful tools for improved understanding. These 

models – digital twins of the heart – are themselves mathematically and computationally complex 

software. To trust them in clinical contexts, their relation to the real world and validity of predictions 

need to be carefully considered. Currently, such considerations are left implicit or, at best, expressed 

in natural language that is difficult to validate automatically.   

This project, aims to 1) understand typical argument structures in support of the validity of 

computational models of the heart, 2) develop a formalisation of and tool support for such 

arguments that supports semi-automated validation of arguments, and 3) explore usability 

implications of using such arguments in the context of research and product development.  

 

Project description  

Cardiovascular diseases (CVD) are a leading cause of morbidity and mortality, accounting for 
over 30% of all deaths in recent decades. Mechanisms of such diseases are often linked to the 
occurrence of cardiac arrhythmias – common pathologies caused by disruptions in electrical 
activity in the heart. Several mechanisms contribute to arrhythmogenesis, such as disruptions 
in the propagation of cardiac action potentials (APs) by re-entry. However, the precise spatio-
temporal mechanisms of most arrhythmias are still poorly understood, and the success rate 
of their treatments remains suboptimal. Computational models of cardiac electrophysiology 
(cardiac digital twins) emerged as a quantitative framework that can integrate clinical and 
experimental data, dissect complex mechanisms of arrhythmias and improve therapy [1].   
 

AP generation is typically modelled using ordinary (ODEs) and partial (PDEs) differential 
equations that are solved numerically. To trust such models in clinical contexts, many 
questions need to be answered, for example: Do the ODEs and PDEs capture all relevant 
aspects of the real heart? How precisely do they capture these aspects, in particular relating 
to predictions to be made by the model? What range of parameters are correctly represented 
by the model and when does the model stop to be valid? How does the implementation of 
the model in a particular computer program affect its validity? Even more broadly, 
trustworthiness is also an issue when considering the European Union’s General Data 



Protection Regulation (GDPR), as any algorithmic decision used in patient care requires an 
explanation for transparency [3].  Answering these questions requires providing explicit 
arguments drawing on a wide range of literature, explicit design decisions, calibration and 
validation experiments, test suites, etc. Moreover, the arguments need to be constantly 
maintained and evolved as the software model, or the scientific understanding and literature 
evolve.   
 

Currently, such models of validity are not captured explicitly or, at best, as natural-language 
arguments which are difficult to validate and maintain over time.   
 

In Software Engineering, engineers of safety-critical systems have long been using structured 
arguments [2] to capture their assessment of the safety of a given system. More recently, 
these ideas have been translated informally into the area of computational modelling [6][7]. 
This project will explore these ideas in the concrete context of cardiovascular modelling and 
will develop a tool that can support the formal capture of structured arguments, their 
maintenance and evolution, and their semi-automated validation. To this end, the project will 
draw on ideas from safety assurance, domain-specific modelling, model-driven engineering, 
and agile software engineering. The work will follow a design-science methodology, using our 
cardiovascular models for predicting patient-specific ablation therapy [5] and risk of 
thrombogenesis [4] as case studies.  
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