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Breathe in, breathe out—ventilation of virtual patients
Mechanical ventilation (see Figure 1) is necessary to save the lives of, e.g., severely

ill covid-19 patients. At the same time, the ventilation has negative side effects. The
lungs and the respiratory muscles are damaged increasingly with the time spent in the
ventilator [3]. Due to this damage, the patients need to be weaned slowly from the
ventilator, and therefore stay longer in intensive care (IC). Since no experiments may
be performed on IC patients, it is difficult to investigate the ventilation process and to
investigate potential interventions to decrease ventilator induced damage. In this context,
numerical simulation becomes an attractive alternative. If we can create a virtual patient
that can be subjected to mechanical ventilation, we can investigate different aspects of
ventilation in a controlled setting. This allows us to learn more about ventilator damage
as well as develop ventilation methods that are less damaging.

Figure 1: Ventilation of an intensive care patient. The darker gray area below the lungs represents
the diaphragm. Animation: Eleanor Lutz, CC0, via Wikimedia Commons. (The animation works
in Adobe reader, but not all pdf viewers.)

Project description

The proposed project is part of the larger INVIVE project https://www.it.uu.se/

research/scientific_computing/project/rbf/biomech, with the aim of creating a
faithful representation of the human respiratory system that can be used for medical ex-
ploration. The main focus is on modelling the diaphragm which is the muscle that drives
the respiratory cycle (see Figure 2).

Figure 2: Reconstruction of the diaphragm from a 3D medical image using a meshless RBF method.

https://www.it.uu.se/research/scientific_computing/project/rbf/biomech
https://www.it.uu.se/research/scientific_computing/project/rbf/biomech
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Modelling the diaphragm numerically presents a number of challenges. The geometry
is non-trivial and the muscle is very thin. The constitutive laws of the muscle tissue are
not well understood. The diaphragm interacts with the rib cage and other organs in the
thorax and the abdomen leading to complex boundary conditions. There are also significant
individual variations in geometry and physiology between patients.

The methods that we are developing in the project are based on meshless radial basis
function (RBF) methods [2, 5]. These are good at handling complex geometries and
boundary conditions and can provide high-order convergence rates for smooth problems,
potentially leading to cost efficient methods. Some tasks that have already been undertaken
are the development of a smooth reconstruction method, see Figure 2, and the development
of RBF methods that are well suited for thin geometries [4]. Some preliminary results are
given in [1]. Potential directions of the proposed PhD project can be, but are not limited
to

• Algorithms: The simulation methods we develop should (eventually) run in real
time and be robust with respect to our specific application challenges. Therefore,
we gradually develop a new set of highly efficient algorithms and solutions.

• Numerical analysis: For each of the new algorithms that we develop, we want to
prove error bounds and stability properties to make sure that the methods are robust.

• Modelling: There are still many components missing from our numerical model.
One important aspect is the active muscle contraction that requires modelling of
fiber directions within the tissue as well as the muscle activation function.

• Inverse modelling: Given individual patient data, can we calibrate the model to be
patient specific. How do we calibrate the numerical model and which data is the
most important?

The interdisciplinary collaboration

The PhD student will be employed at the Division of Scientific Computing at the De-
partment of Information Technology, Uppsala University. The main advisor will be Elisa-
beth Larsson (elisabeth.larsson@it.uu.se), Professor of Scientific Computing. Co-advisors
will be Nicola Cacciani, Karolinska Institutet (nicola.cacciani@ki.se), Medical Doctor and
Intensive Care specialist, and Pierre-Frédéric Villard, University of Lorraine, France (pier-
refrederic.villard@loria.fr), Associate Professor and expert in Medical Image Analysis and
Biomechanical Simulation.

In the project, the main advisor and the PhD student develop numerical methods
that can manage the challenges of the application problem. Nicola provides the medical
knowledge about the respiratory system as well as real patient data. He is involved both
in the modelling and in the validation of the results. Pierre is the main responsible person
for processing the image data, but also contributes to the work on simulation methods and
the validation. To have a good connection to the project, Pierre visits Uppsala for one
month each spring.

Funding

The salary of the PhD student will be covered by CIM 50%, by the Division of Scientific
Computing, Dept. of Information Technology 25%, and by Elisabeth Larsson’s project, RE-
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mailto:pierrefrederic.villard@loria.fr
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VIVE: Reliable and efficient virtual ventilator experiments, granted by the Swedish Research
Council 25%.

Contact

For more information about the project, please contact any of the advisors by email.
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