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Summary
The growing progress in cardiac and medical modeling opens broad opportunities for the
development of tools and software packages that enable simulations for both research and
clinical purposes. Mathematical modeling and numerical simulation have become essential for
understanding cardiac arrhythmias, testing hypotheses in silico, and supporting the development
of medical devices and therapies (Jaffery et al., 2024; Trayanova et al., 2024).

We present Finitewave, a lightweight and extensible Python framework designed for fast,
reproducible, and accessible simulations of cardiac electrical propagation using finite difference
methods. Finitewave significantly lowers the entry barrier for students, researchers, and users
without a strong technical background. Its modular structure, fast numerical core, and seamless
integration with Python’s scientific ecosystem allow for both rapid prototyping and advanced
analysis using standard tools for visualization and post-processing.

Statement of need
Over the past decades, numerous tools have been developed to simulate normal and pathological
cardiac activity, including electrical propagation, contraction, and anatomical features (Africa,
2022; Clerx et al., 2016; Cooper et al., 2020; Finsberg et al., 2023; Kabus et al., 2026; Plank
et al., 2021). As cardiac models have become more detailed and biophysically accurate, their
computational cost and complexity have increased. Some existing frameworks provide powerful
capabilities for large-scale and physiologically detailed simulations, but are often designed with
high-performance computing workflows in mind and may require substantial setup effort and
domain-specific expertise, which can limit accessibility for users without a strong computational
background. Other tools provide a more lightweight and user-friendly environment, but tend
to focus on reduced-complexity or single-cell workflows.

Finitewave addresses this gap by offering a lightweight, transparent, and Python-native
framework for cardiac modeling. It is designed to enable early user engagement in the modeling
process, with a clear and modular structure that supports experimentation, learning, and
customization. Its Python foundation allows smooth integration with other libraries (e.g.,
NumPy, Matplotlib, SciPy, Jupyter) and makes it ideal for use in educational and research
settings.

Finitewave is particularly suited for:

• Research: Studying wave propagation, reentry, or arrhythmias under various physiological
conditions (e.g., fibrosis).

• Hypothesis testing: Rapid prototyping of ideas and simulation protocols.

• Education: Teaching modeling concepts through its modular and readable design.
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• Custom development: Creating tailored solutions via native Python integration.

• Dataset generation: Producing synthetic data for machine learning or statistical analysis.

This positions Finitewave as a complementary and accessible alternative to existing platforms,
offering a more flexible and user-friendly environment for cardiac modeling and experimentation.

Usage philosophy
Finitewave supports both 2D and 3D simulations, offering an open and interactive space for
implementing a wide range of computational experiments. A minimal working script requires
only a few lines of clearly structured code, making it easy to get started. For exploratory use,
simulations can also be run inside Jupyter notebooks, enabling immediate visualization and
interactive analysis.

Advanced users can easily extend base scripts with custom metrics, animations, or protocol
logic. This makes it possible to scale from simple demonstrations to complex simulations while
retaining full transparency and control over each step.

The repository includes detailed examples, covering the main features of the framework, as
well as tutorials demonstrating how Finitewave can be used for different types of research tasks.
Our goal is to make Finitewave not only convenient for experienced users but also an accessible
and modern entry point into cardiac modeling for students and early-career researchers.

Despite being a relatively new open-source project, Finitewave has already been used as the
primary simulation tool in at least two peer-reviewed publications (Nezlobinsky et al., 2021;
Okenov et al., 2024).

Acknowledgements
The authors thank Bjorn Verstraeten, Sebastiaan Lootens, Viktor Van Nieuwenhuize, and
Robin Van Den Abeele for helpful discussions, testing, and feedback during the development
of Finitewave.

References
Africa, P. C. (2022). lifex: A flexible, high performance library for the numerical solution of

complex finite element problems. SoftwareX, 20, 101252. https://doi.org/10.1016/j.softx.
2022.101252

Clerx, M., Collins, P., Lange, E. de, & Volders, P. G. A. (2016). Myokit: A simple interface to
cardiac cellular electrophysiology. Progress in Biophysics and Molecular Biology, 120(1–3),
100–114. https://doi.org/10.1016/j.pbiomolbio.2015.12.008

Cooper, F. R., Baker, R. E., Bernabeu, M. O., Bordas, R., Bowler, L., Bueno-Orovio, A.,
Byrne, H. M., Carapella, V., Cardone-Noott, L., Cooper, J., Dutta, S., Evans, B. D.,
Fletcher, A. G., Grogan, J. A., Guo, W., Harvey, D. G., Hendrix, M., Kay, D., Kursawe, J.,
… Gavaghan, D. J. (2020). Chaste: Cancer, heart and soft tissue environment. Journal of
Open Source Software, 5(47), 1848. https://doi.org/10.21105/joss.01848

Finsberg, H. N. T., Herck, I. G. M. van, Daversin-Catty, C., Arevalo, H., & Wall, S. (2023).
Simcardems: A FEniCS-based cardiac electro-mechanics solver. Journal of Open Source
Software, 8(81), 4753. https://doi.org/10.21105/joss.04753

Jaffery, O. A., Melki, L., Slabaugh, G., Good, W. W., & Roney, C. H. (2024). A review
of personalised cardiac computational modelling using electroanatomical mapping data.
Arrhythmia & Electrophysiology Review. https://doi.org/10.15420/aer.2023.25

Nezlobinsky et al. (2026). Finitewave: a lightweight and accessible framework for cardiac electrophysiology simulations. Journal of Open Source
Software, 11(122), 9310. https://doi.org/10.21105/joss.09310.

2

https://doi.org/10.1016/j.softx.2022.101252
https://doi.org/10.1016/j.softx.2022.101252
https://doi.org/10.1016/j.pbiomolbio.2015.12.008
https://doi.org/10.21105/joss.01848
https://doi.org/10.21105/joss.04753
https://doi.org/10.15420/aer.2023.25
https://doi.org/10.21105/joss.09310


Kabus, D., Dierckx, H., & De Coster, T. (2026). Pigreads: The Python-integrated GPU-
enabled reaction-diffusion solver using OpenCL for cardiac electrophysiology and other
applications. Computer Physics Communications, 323, 110088. https://doi.org/10.1016/j.
cpc.2026.110088

Nezlobinsky, T., Okenov, A., & Panfilov, A. V. (2021). Multiparametric analysis of geometric
features of fibrotic textures leading to cardiac arrhythmias. Scientific Reports, 11. https:
//doi.org/10.1038/s41598-021-00606-x

Okenov, A., Nezlobinsky, T., Zeppenfeld, K., Vandersickel, N., & Panfilov, A. V. (2024).
Computer based method for identification of fibrotic scars from electrograms and local
activation times on the epi- and endocardial surfaces of the ventricles. PLOS ONE, 19(4),
1–21. https://doi.org/10.1371/journal.pone.0300978

Plank, G., Loewe, A., Neic, A., Augustin, C., Huang, Y.-L., Gsell, M. A. F., Karabelas, E.,
Nothstein, M., Prassl, A. J., Sánchez, J., Seemann, G., & Vigmond, E. J. (2021). The
openCARP simulation environment for cardiac electrophysiology. Computer Methods and
Programs in Biomedicine, 208, 106223. https://doi.org/10.1016/j.cmpb.2021.106223

Trayanova, N. A., Lyon, A., Shade, J., & Heijman, J. (2024). Computational modeling of
cardiac electrophysiology and arrhythmogenesis: Toward clinical translation. Physiological
Reviews, 104(3), 1265–1333. https://doi.org/10.1152/physrev.00017.2023

Nezlobinsky et al. (2026). Finitewave: a lightweight and accessible framework for cardiac electrophysiology simulations. Journal of Open Source
Software, 11(122), 9310. https://doi.org/10.21105/joss.09310.

3

https://doi.org/10.1016/j.cpc.2026.110088
https://doi.org/10.1016/j.cpc.2026.110088
https://doi.org/10.1038/s41598-021-00606-x
https://doi.org/10.1038/s41598-021-00606-x
https://doi.org/10.1371/journal.pone.0300978
https://doi.org/10.1016/j.cmpb.2021.106223
https://doi.org/10.1152/physrev.00017.2023
https://doi.org/10.21105/joss.09310

	Summary
	Statement of need
	Usage philosophy
	Acknowledgements

	References

