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Validation of CT-based ventilation 

The relative change of lung volumes of interest region (e.g., left lung, right lung) between two CT scans 

is commonly used for verifying the accuracy of CT-based ventilation map [1, 2]. Therefore, we used the 

same way to evaluate the accuracy of the calculated CT-based ventilation. The consecutive healthy lung 

slices in CT1 and CT2 images of COVID-19 patients were selected. To make sure these slices could 

compose 3D subsets images, the number of consecutive slices was required above 10. Twelve patients 

satisfied this requirement. Then we measured the relative changes of lung volumes between the CT1 and 

CT2 subsets images to indicate the actual ventilation, as shown in Fig. S1a. We also calculated the mean 

FV values of these CT images. The mean ± SD of the measured relative changes and the calculated mean 

FV values were 0.11 ± 0.07 and 0.10 ± 0.06, and there was no significant difference between them (P = 

0.247). 

Fig. S1b displayed the Pearson correlation analysis between the measured relative changes and the 

calculated mean FV values. There was a high degree of correlation between the measured and calculated 

results (R = 0.945), which was comparable with the reported correlations in conventional CTVI method 

(R = 0.985 in Ref. [1] and R = 0.946 in Ref. [2]). Fig. S1c showed the Bland-Altman plot of the measured 

relative changes and the calculated mean FV values. The mean bias ± SD was 0.008 ± 0.022 (95% limit 

of agreement: ‒0.036 to 0.052). These results indicated that the measured relative changes of lung 

volumes and the calculated mean FV values were in good agreement. All these findings supported the 

accuracy of our method. 
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Fig. S1 The validation of CT-based ventilation. a The measurement of relative change of lung volumes. 

The CT1 and CT2 represented the first and second CT scans. b The correlation analysis results between 

the measured relative changes of lung volumes and the calculated mean FV values. c Bland-Altman plot 

of the measured relative changes of lung volumes and the calculated mean FV values 
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Evaluation of FV in visible lesions 

To further evaluate the regional function and tissue property changes in the existed lesions due to the 

progression of COVID-19 pneumonia, the FV values and corresponding prediction map of visible lesions 

in CT2 image were also calculated. Fig. S2 showed the CT1 scan, CT2 scan, CT3 scan, and the prediction 

maps of visible lesions in CT2 for the three representative COVID-19 patients in Fig. 5. The results could 

be divided into two situations. In the first situation (the first patient in Fig. S1), the prediction map of 

visible lesions was composed of black (hypointense FV values), yellow (hyperintense FV values), and 

blue (normal FV values). Interestingly, the blue color areas were corresponded to the regional absorption 

of the visible lesions on CT2 (indicated by red cycles). This situation was rarely observed in this work. 

In 27 patients who had lesions on the CT2 image, only 5 patients (18.5%) had some regional normal FV 

values in visible lesions. In the second situation (the second and third patients in Fig. S2), the prediction 

map of visible lesions was only composed of black (hypointense FV values) and yellow (hyperintense 

FV values). This situation was commonly observed in the patients (81.5%). These findings suggested 

that the FV values of visible lesions in most patients were abnormal, which were consistent with the FV 

values of new lesions. Besides, only 5 patients had some regional normal FV values in the visible lesions, 

which may relate to the recovery of the disease. In this study, we focused on the prediction of new lesions 

in the early stage of COVID-19 disease. Whether the CTVI method could be used to evaluate the 

absorption of lung lesions in COVID-19 patients was beyond the scope of this work and could be 

explored in future studies. 
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Fig. S2 CT1 scan, CT2 scan, CT3 scan, and the prediction maps of visible lesions in CT2 for the three 

representative COVID-19 patients in Fig. 5. The CT1 and CT2 scans represented the first two CT scans 

and were used to generate the FV values and corresponding prediction map. The CT3 scan represented 

the third CT scan and was used to validate the predicted results. For the first patient, the prediction map 

of visible lesions was composed of black (hypointense FV values), yellow (hyperintense FV values), and 

blue (normal FV values). The red cycles indicated the possible regional absorption of the visible lesions. 

For the second and third patients, the prediction map of visible lesions was only composed of black 

(hypointense FV values) and yellow (hyperintense FV values), which was consistent with the FV values 

of new lesions 
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