SMART - Additional File 2
EIT model and image reconstruction
EIT was employed to regionally validate the model’s ventilation predictions. It should be emphasized that the EIT measurements collected during patient ventilation were used solely for validation purposes and were not involved in the calibration of the digital twins.
Only some patients wore the EIT sensor belt during the CT scan, allowing for direct identification of electrode positions based on their visibility in the CT images.
For the remaining patients, electrode positions were estimated according to a standard clinical configuration, aligned along the costal arc based on the belt size and corresponding electrode spacing.
In this study, the EIT-based regional validation method described by Roth et al. (1) was implemented with modifications to accommodate the clinical measurement setup. The EIT validation procedure was implemented in the open source software package holoshed (2) which is based on the EIDORS toolbox and the GREIT reconstruction algorithm (3). The EIT model is based on a three-dimensional thorax model segmented from the patient CT scan and uses the finite element method for the electrical simulations. At its surface, the thorax model was equipped with 32 rectangular electrodes (10x40 mm) using a refined finite element mesh size 2 mm in contrast to 10 mm in the remaining domain). 
Following Roth et al. (1,4) we mapped the locally simulated lung tissue strains, and hence air content in the mechanical model to the electrical resistivity of the lung tissue in the EIT model. Applying the same electrode stimulation pattern as in the clinical setup to this EIT model, we calculated virtual EIT electrode measurements that aim to mimic the behavior in the clinical measurements. Figure 1 shows the virtual EIT pipeline as a more detailed version of the virtual EIT module shown in Additional File  1.
As shown in Additional File 1,  the virtual EIT module consists of two blocks ("Resistivity mapping" and "EIT simulation") and shares the EIT reconstruction block with the clinical EIT module. From the mechanical lung model, we get locally resolved values of the air, tissue, and fluid volume in the terminal units (, , and ). From these quantities, the corresponding filling factor  and effective resistivity  can be obtained via

where  is the mean tortuosity, and   is the alveolar conductivity  (1,3). The effective resistivity  is then mapped from the terminal units to tetrahedral elements of the EIT thorax mesh. Outside the lung regions, a constant conductivity of  is considered.
The next big block is the actual forward simulation of the EIT problem, meaning calculating the voltage field  given the resistivities. At all non-electrode surfaces, Neumann boundary conditions are set to zero, while the electrodes follow the Complete Electrode Model (CEM) described by Cheng et al.  (5). As for the clinical EIT device, we use a 32-electrode belt, with a skip4 electrode pattern for stimulation, meaning there are 4 electrodes between two stimulating ones, and a stimulating current of Istim=5 mA. The voltage field u can then be described by the governing Laplace equation as

where ρ is the resistivity distribution in the thorax mesh. As for the stimulation, the measuring electrodes are also paired with the skip4 pattern resulting in an array of 32 x 32 = 1024 measurements.  

	Parameter
	Value

	Tortuosity 
	1.71

	Alveolar conductivity 
	0.7284 

	Electrode current 
	5 mA

	Electrode pattern
	skip4

	Electrode size
	10 x 40 mm

	Hom. thorax resistivity 
	

	Training points GREIT 
	1000

	Target size GREIT 
	0.05

	Weighting radius GREIT 
	0.15

	Boundary distance GREIT 
	

	Background conductivity ratio 
	

	Target density ratio 
	

	Noise Figures  are chosen according to EIT measurement quality:

	Pat.
	1
	2
	5
	7
	8
	9
	10

	
	0.21
	0.2
	0.2
	0.18
	0.16
	0.16
	0.16


Table 1 Parameters of the virtual EIT module. The nomenclature is consistent with the work of Ludwig et al. (6)
[image: ]
Figure 1 Detailed view of the virtual EIT module introduced in Appendix 1. 
These electrode voltages  from the virtual EIT forward model could directly be compared to the results of the clinical EIT measurements to assess the accuracy of the mechanical model predictions. However, as reconstructed EIT images are better to interpret than raw electrode voltages, we reconstructed the EIT images from both simulated and clinical EIT measurements using the reconstruction approach of Ludwig et al. that is based on the commonly used GREIT algorithm (3,6). 
All necessary parameters for the virtual EIT module are summed up in Table 1. The nomenclature is consistent with the work of Ludwig et al. (6).
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