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• Description détaillée du projet :  
 
1. Positionnement médical/Contexte 

 

Many patients in the intensive care unit require mechanical ventilation (MV) to take over the work 

of breathing. Although MV is vital for patient survival, it can induce potentially life-threatening 

ventilator-induced lung injury (VILI) (1). This development is primarily caused by exaggerated 

and highly heterogenous mechanical loading of the lung during MV, which can lead to lung tissue 

damage due to local overdistention (i.e. volutrauma or barotrauma) or due to repeated opening and 

closing of the alveoli (i.e. atelectrauma) (2). The highly inhomogeneous loading of the lung can 

be attributed mainly to the derecruitment of lung tissue, gravity effects or to local variation in 

mechanical properties of the lung due to inflammation (2,3). 

 

Mathematical models of the respiratory system can give local insight into lung mechanics and 

mechanical loading during MV (4,5). As such, when properly tuned, these models may provide 

new insight in VILI development. Currently however, most respiratory mechanics models assume 

homogeneous lung behavior. This assumption conceivably results from the fact that local lung 

properties are difficult to assess in vivo. However, since lung properties can vary considerably 

within the lung, the applicability of such models to investigate VILI development may be limited. 

Some methodologies have been described in the literature to implement more realistic compliance 

distributions in respiratory modelling. For instance, Roth et al. assumed a linear relation between 

CT image intensity (i.e. Hounsfield units) and local lung compliance (5). Unfortunately, the 

general validity of such assumptions is difficult to verify.  

 

Recently, methods have been developed at STROBE (Grenoble) and CREATIS (Lyon) 

laboratories in collaboration with CHU Lyon & Grenoble to track local lung deformation using 

CT image registration (6). These methods have been applied to a dataset of almost 100 

mechanically ventilated patients (Figure 1), who were all imaged at two known airway pressures. 

Since in this approach pressure increments and resulting local lung tissue deformation are known, 

it may be possible to use these analyses to derive realistic patient-specific distributions of lung 

material properties. Subsequently, these patient-specific distributions can be used to create more 

realistic models of respiratory mechanics during MV, paving the way for a “Digital Twin” that 
could ultimately allow in silico personalized optimization of the mechanical ventilator 
settings in order to minimize the risk of VILI.  
 

2. Méthodologie envisagée 
 

To estimate local lung mechanical parameters, several approaches can be taken. First, a purely 

data driven forward modelling approach can be used to directly derive local mechanical metrics 

from the deformation field. An initial approach to achieve this could be to simply compute local 

lung compliance using 𝐶 = Δ𝑉/ Δ𝑃, where Δ𝑉 represents the registration based local lung 

deformation and Δ𝑃 the pressure increment between the two images. Note however that in this 

approach, amongst others, mechanical interactions between neighboring regions are difficult to 

account for, which may limit the general applicability of this method.  

 

Alternatively, inverse modelling techniques may be considered to estimate local lung mechanical 

parameters. Here, a mechanical model of the lungs is first created. Subsequently, local material 

properties in the model are fitted such that at equal pressure loading, simulated deformations match 

those observed in the CT image registration. When the observed and simulated deformation fields 



 
match, it can be assumed that the fitted local material parameters are similar to the real values. A 

possible methodology that may be interesting in this context is presented in Poree et al. (7).  

 

 
Figure 1. Axial views of a 3D atlas based on image-registration analysis between respiratory pressures 

of 5 – 15 cmH2O, in 91 patients with ARDS due to COVID-19, under mechanical ventilation. 

Unpublished data.  

 

3. Objectifs du stage 
 

In this 6-month project you will perform your work at STROBE, Grenoble, France, in 

collaboration with CREATIS, Lyon, and the Department of Biomedical Engineering, Eindhoven 

University of Technology (TUE). You will develop methods to derive local lung material 

properties from registration-based deformation maps. Subsequently, the derived local mechanical 

parameters may be implemented in a 0D modelling framework of respiratory mechanics developed 

at the Eindhoven University of Technology to investigate patient-specific lung mechanics during 

MV.  
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