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Computational models  
in healthcare
Computational models (also referred 
to as ‘in silico’ models) are digital 
representations of a physical object or 
a phenomenon. Computational models 
can be used in healthcare for a variety of 
reasons, including:
• running in silico clinical trials to study 

the safety and efficacy of new medical 
devices and drugs

• developing digital twins of patients to 
tailor specific treatments or therapies 
in the context of personalised medicine

• accelerating the development of new 
products by reducing the number of 
prototyping-testing iterations.

As digital technologies are more 
widely available and powerful, using 
computational models in healthcare 
becomes a clear and straightforward 
decision. Indeed, computational models 
have the potential to meet opposite 
constraints: on the one side, the quest 
for improving the safety and efficacy of 
new medical devices and drugs; on the 
other side, the urge to reduce time-to-
market and developing costs.

Fostering adoption of 
computational models
Accepting computational models as 
streamlined elements to support the 
certification of new medical devices 
and drugs constitutes a paradigm shift 
for regulatory bodies and certification 
agencies.

Until recently, most of the evidence 
supporting the safety and efficacy 
of new medical devices, drugs, and 
therapies consisted of real-world data. 
This includes in vitro experiments, in vivo 
preclinical (animal), and clinical studies.

Nowadays, more and more computational 
models are used at some stage in the 
development of new medical devices and 
drugs. Some computational models may 
even constitute the product itself (in the 
case of ‘software as medical device’) if 
they can play a role in the clinical pathway.

Gaining credibility on the computational 
model and its predictions is paramount 
for its adoption by all stakeholders 
(Lesage et al., 2023). Model credibility 

is achieved through verification and 
validation (V&V) activities (ASME V&V 
40, 2018; Viceconti et al., 2021). V&V 
of computational models is a complex 
task for several reasons, including, for 
instance, having access to or creating 
the necessary data for proper validation 
and accounting for the large number 
of parameters potentially involved in a 
given model.

International guidelines  
for verification and  
validation of  
computational models
Landscape
Only recently, international efforts led by 
regulators, academia, and industry started 
to progressively address the impelling 
need for harmonised guidelines and 
standards concerning in silico methods.

Late in 2023, the FDA issued a final 
guidance for assessing the credibility of 
computational models used in medical 
device submissions (FDA, 2023). This 
guidance was issued after a two-year 
period during which academics and 
industry were called for feedback.

Similar community efforts led to a 
white paper defining “Good Simulation 
Practice” guidelines for developing 
computational models to assess the 
safety and efficacy of medical devices 
and drugs (Viceconti, 2023).

ASME V&V40 standard is undoubtedly 
the most established document 
in this field, creating a consistent 
framework for assessing the credibility 
of computational models in healthcare 
(ASME V&V 40, 2018).

That said, the healthcare community is 
still lacking thorough, worked-out V&V 
examples of complex computational 
models. Examples reported in VV40 are 
definitely a good start. However, they are 
not exhaustive, as they only approach 
selected aspects of the required V&V.

Key notions in model V&V
A model is, by definition, a simplification 
of the real-life phenomenon we want to 
replicate, and it is the result of a trade-off 
among several factors, including the:

• quality and quantity of information we 
dispose to develop the model

• finality for which the model has been 
developed, and the context in which it 
should be valid

• risk inherent in accepting that the 
model may result in a wrong prediction.

The credibility of a computational model 
measures the trust we can put in the 
prediction capability of such a model for 
a specific context of use (COU), i.e. the 
perimeter in which the model is operated.

ASME V&V40 proposes that the credibility 
of a computational model is inferred 
through verification and validation 
activities. Each activity is associated 
with a well-defined credibility factor. The 
computational model is evaluated for 
each activity, and the obtained score is 
weighted against the model risk, which 
is the risk incurred by the patient in case 
the model fails to predict the question of 
interest it addresses.

Verification and validation are key terms 
in the development of computational 
models and are unambiguously defined 
within the V&V40 standard.

Given a mathematical model that aims to 
replicate a real-life phenomenon, model 
verification comprises all activities 
intended to demonstrate that the 
numerical implementation of the model 
is robust and accurate. Activities include 
software quality assurance, evaluation of 
numerical and discretisation errors, and 
procedures to minimise use errors.

Model validation comprises all 
activities meant to show how well 
the computational model represents 
reality. Since the quantities of interest 
needed to validate the model behaviour 
in its context of use may not be readily 
accessible, we often rely on comparators 
to obtain real-world data instead.

Consequently, there may be a gap 
between the space in which the 
computational model is validated and the 
space in which the model (once validated) 
is used to predict real-life phenomena 
(context of use). The magnitude of such 
a gap constitutes the applicability of 
the validation activities. It needs to be 
addressed and weighted (once again) 
against the model risk.
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SimCardioTest

The SimCardioTest project, funded by 
the European Commission (2020–2024), 
focuses on developing a cloud-based 
platform for the virtual testing of cardiac 
medical devices and drugs (Barbier et al., 
2021). Three different use cases (UCs) are 
addressed within the project, covering 
several domains in cardiovascular 
medicine.

• UC1 [active implants] 
 Pacing devices used to deliver electrical 

stimuli to the heart and treat cardiac 
arrhythmias.

• UC2 [passive implants] 
 Left atrial appendage occluders (LAAO) 

used to reduce the risk of stroke.

• UC3 [drugs] 
 Evaluation of new molecules to 

ensure their safety against malignant 
arrhythmias and assess their efficacy.

Computational models developed 
within each use case need to go through 
extensive V&V activities before being 
implemented in the cloud-based platform. 
V&V activities ensure that all models have 
gained a satisfactory degree of credibility 
before being included in in silico trials 
and used to make predictions about the 
quantities they are meant to model.

SimCardioTest aims to be a precursor in 
establishing a clear path to streamline 
V&V of computational models, offering 
a consistent template applicable across 
various fields in cardiovascular medicine, 
one which may positively serve to 
guide future work of both industry and 
regulators.

SimCardioTest also has the ambition to 
seek dialogue with regulatory bodies 
and certification agencies, collecting 
constructive feedback on their perspective 
and expectations in this emerging field.

Focus on V&V activities

We now present a few examples to 
illustrate typical V&V activities within 
SimCardioTest addressing both medical 
devices (UC2) and drugs (UC3) in 
cardiovascular medicine.

Figure 1: SimCardioTest UC2 – discretisation error assessment using commercial software (Ansys, 2023) or 
open source software (Oasis FEniCS (Mortensen and Valen-Sendstad, 2015)).

Figure 2: SimCardioTest UC2 – Validation of left atria (LA) fluid simulations using the in vitro test in 
Massachusetts Institute Technology (MIT) in Roche Lab (Mendez et al., 2022).

Use Case 2 (medical devices)

Verification example

Figure 1 shows space and time 
convergence analysis performed on the 
computational model. Based on the 
results, the best time-space combination 
was then selected for model validation.

Validation example

Figure 2 shows an example of validation 
activity for LAAO applications. In this 
example, mitral valve velocity (MV) was 
used as the quantity of interest for the 
comparison.

Use Case 3 (drugs)

Verification example

Due to the model complexity, the 
electrophysiological signals do not have 
a unique true solution. To verify the 
computational model, we ensured that 
action potential and calcium transient 
traces replicated real electrophysiological 
recordings and that the derived biomarkers 
were within physiological ranges.

In Figure 3, the biomarkers were 
computed for increasing coarser time 
and space resolutions starting from a 
set of sufficiently small values (0.025 ms 
and 0.1 mm, respectively). The small 
relative convergence error associated 
with changes in discretisation values 
shows stability in the selected temporal 
and spatial ranges.

Validation example

For validating the model’s capability to 
predict the effect of drugs, data from 
the scientific literature was selected as 
the comparator. Selected data included 
experiment results at the cellular and 
organ level. Changes in action potential 
duration (APD90) was the index used to 
quantify the prolongation of the action 
potential, and the QT interval was the 
biomarker used to evaluate changes in 
ECG duration.

Figure 3: SimCardioTest UC3 – Convergence tests of cellular electrophysiological properties on a slab of size 
3x7x20 mm with the software Simcardems (Finsberg et al., 2023). APD90: action potential duration at 90 
per cent of repolarisation; SystCa: systolic intracellular calcium concentration.

Figure 4: SimCardioTest UC3 – Validation of the 
prolonging effects of drugs A) at the cellular level 
(action potential) and B) at the ventricular level (ECG). 
Examples with A) Clarithromycin (experimental 
data from (Gluais et al., 2003)) and B) Sotalol 
(experimental data from (Himmel et al., 2012)).
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Conclusion
Computational models are meant to 
become an essential tool in the healthcare 
sector for developing new medical 
devices and drugs. Consequently, gaining 
credibility on the computational model 
and its predictions is paramount for its 
adoption by all stakeholders. Credibility 
is achieved through V&V activities.

SimCardioTest is committed to exploring 
in-depth V&V aspects of computational 
models addressing several safety and 
efficacy aspects in cardiovascular 
medicine through three different use 
cases (active implants, passive implants, 
and drugs). Results will be shared with the 
larger community to provide systematic 
and harmonised examples of how to gain 
credibility on computational models.

PROJECT SUMMARY
Cardiovascular diseases affect 15 million 
people in Europe and digital solutions 
are now seen as very useful tools in the 
search for new drugs and medical devices. 
SimCardioTest is a 4-year project funded 
by the European Commission that aims to 
develop credible computer modelling and 
simulation approaches on a cloud-based 
platform for testing cardiac drugs and 
devices in silico. 

PROJECT PARTNERS
SimCardioTest brings together leading 
experts in the field of cardiac simulation, 
drug effect, medical devices and regulatory 
process. It includes large companies 
(Microport – CRM), SMEs (ExactCure 
and InSilicoTrials), research organisations 
(Inria and Simula), universities (University 
of Bordeaux, University Pompeu Fabra, 
Polytechnic University of Valencia) and 
international non-profit organisation (The 
Virtual Physiological Human Institute).

PROJECT LEAD PROFILE
SimCardioTest is led by Inria, the French 
national research institute for the digital 
sciences, world-class research and 
technological innovation organisation, 
developing and supporting scientific and 
entrepreneurial projects that create value in 
France and Europe. Dr Maxime Sermesant, 
head of Computational Cardiology at Inria 
Epione and Chair of AI & biophysics at 
3IA Côte d’Azur, ensures the scientific 
coordination.
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