Chest dual energy CT to assess the effects of steroids on lung function in severe COVID-19 patients – Supplementary material
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MATERIALS AND METHODS

Study population
We analyzed clinically indicated DECT performed on patients included in a prospective observational single center study of critically ill COVID-19 patients admitted to the intensive care unit (ICU) at Uppsala University Hospital in Sweden between April 7th, 2020 and January 18th, 2021. The study was approved by the National Ethical Review Agency (EPM; No. 2020-01623) and performed according to the Declaration of Helsinki and its subsequent revisions. STROBE guidelines were followed for data reporting. Informed consent was obtained either directly from the patient or, if the patient was unable to give consent, from patient’s next of kin. Patients older than 18 years with positive PCR test for SARS-CoV2 on nasal swab specimen and available chest DECT performed during the intensive care stay were analyzed. Data gathered from patients that underwent chest dual energy CT (chest DECT, Somatom Definition Flash, Siemens AG, Erlangen, Germany) were selected for the current study. 

Dual Energy CT scans
Chest DECT scans were performed when clinically indicated and feasible, hence at different stages of the disease. The DECT scans were performed with contrast agent iohexol (Omnipaque 350 mg/ml, GE Healthcare, USA) injected in a peripheral vein at a rate of 4 ml/s and a dose of 1.5 ml/kg, with a total volume of approximately 60–80 ml. Axial CT images were used to draw a region of interest in the left atrium to compute a time versus contrast density curve. This curve was used to establish the delay between the start of contrast injection and the start of the DECT acquisition. The scans were acquired in static lung conditions, covering the whole lung parenchyma in supine position. To avoid streak artifacts due to highly concentrated contrast-mean in the superior vena cava territory, scans were acquired in the caudocranial direction. The dual-energy imaging protocol consisted of a collimation of 0.6 mm, as well as of a tube voltage of 80 or 100 kV and Sn140 kV for respective tube and a reference tube current of 190/95 mAs using automatic tube current modulation (CARE Dose, Siemens Healthineers, Erlangen, Germany). The mean CTDIvol was 15.7 ±7.0 mGy (see Figures 1 and 2). 

Laboratory, clinical and physiological variables
Comprehensive clinical data (e.g., demographics, chronic health conditions, vital signs, ventilatory settings and laboratory tests, including markers of acute inflammation were collected from the patients’ medical records. A subgroup analysis was conducted, dividing the sampled population in two groups: the group of patients not treated with steroids (No-Steroids group) and the one treated with steroids (Steroids group). The first arterial blood gas analysis collected after patient transportation to the CT lab was collected. 

DECT image analysis
The sequences of images obtained during the simultaneous rotation of the two x-rays tubes and the two corresponding detectors were stored and processed using the DECT post-processing software package (syngo.via, version VB10B, Siemens Healthcare). Two different sequences of images were obtained: the virtual unenhanced non-contrast (VNC) images and the corresponding virtual unenhanced contrast (VC) images. The VNC and VC images respectively correspond to the gas-distribution (inflation) and blood-distribution (perfusion) maps (see Figures 1 and 2). The sequences of VNC and VC images obtained were stored in DICOM format and further processed as two-dimensional matrices in MatLab environment (MatLab and Statistics Toolbox Release 2021a, The MathWorks, Natick, USA). Twenty images evenly spaced along the cranial-caudal axis and located between the apex (set as cranial limit) and the diaphragmatic dome (set as caudal limit) were selected for analysis (see Figure 1 and 2). For each image, lung parenchyma segmentation was applied to extract information from the lung parenchyma. Big vessels, heart and mediastinal structures were excluded from the subsequent analysis [1]. The collected images were two-dimensional square matrices (512 x 512 voxels) having as voxel dimensions of 0.7461 mm x 0.7461 mm x 1 mm. Each voxel was characterized by a CT number, expressed as Hounsfield units (HU). 
As regard to the inflation maps, the Hounsfield units (HU) range between –1,000 (gas) and +100 (non-aerated lung) was considered, as done in previous studies [2,3] (see Figure 2). Consequently, based on previous literature [4], four lung compartments were defined: hyperinflated (between –1,000 and –800 HU), normoinflated (between –800 and –500 HU), poorly inflated (between –500 and –100 HU) and non-inflated or atelectatic lung (between –100 and +100 HU). 
As regard to perfusion maps, a HU range between -100 (corresponding to non-perfused lung) and +150 (corresponding to high perfused lung) was analyzed (see Figure 2). Based on previous studies [5,6], zero HU was defined as limit to separate non-perfused (HU lower or equal to 0) from perfused lung (HU higher than 0). To quantify the extension of each HU compartment, each area was separately computed and expressed as both cm2 and percent of the total area in a given perfusion (or inflation) map. The kurtosis of the bell-shaped curves characterizing the HU distribution of perfusion maps was also estimated [7,8] (see Figure 3A). A reduced kurtosis corresponds to a lower homogeneity of perfusion within the analyzed lung parenchyma. Based on previous evidences [9], a reduced homogeneity in regional perfusion can be interpreted as hypoxic pulmonary vasoconstriction (HPV). To assess HPV, in which a reduced blood volume is mainly expected in the hypoinflated area compared to the whole lung parenchyma, perfusion distribution was separately assessed for the whole lung and for the hypoinflated lung, the latter characterized by poorly inflated and not inflated lung regions (HU between -500 and +100) (see Figure 3). 

Lung weight analysis
Based on previous literature [10–13], for each selected inflation map, lung volume (ml), gas volume (ml) and lung weight (g) were calculated according to the following equations:
1) Gas volume (ml) = slice thickness (mm) * voxel area (mm2) * voxel attenuation (HU) /-1000 (HU);
2) Lung weight (mg) = slice thickness (mm) * voxel area (mm2) * (1 - (voxel attenuation (HU)/-1000 (HU))).
Hence, the total lung volume (ml), the total gas volume (ml) and the total lung weight (g) were calculated as follow: 


Where N was the number of slices, t was the slice thickness, f the distance between slices and Mi the lung mass in the i slice. This equation was used for both total lung parenchyma and for each lung compartment. The latter were reported as absolute value as well as percent of the total lung parenchyma. The analysis of the lung weight was performed for the whole patients’ population as well as for the two studied subgroups: the No-Steroids and the Steroids group. 

Statistical analysis
Data analysis and statistical tests were performed using dedicated MatLab scripts (MatLab and Statistics Toolbox Release 2021a, The MathWorks, Natick, USA). Continuous variables were reported as medians and interquartile range (25th – 75th percentiles). All statistical tests were two sided; p < 0.05 was considered statistically significant. The Wilcoxon signed rank test was chosen as nonparametric test for two populations when the observations were paired (all parenchyma vs hypoinflated lung parenchyma). The Wilcoxon rank sum test was used as a nonparametric test in case of two independent patients’ populations (Steroids vs No-Steroids group). Fisher’s exact test (𝛼 = 0.05) was used, instead, to test statistically significant differences in case of categorical variables. 
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Table E1
Table E1. Descriptive statistics for HU distribution for inflation and perfusion maps. Whole population (n = 60). Comparison between the whole parenchyma and hypoinflated areas. Data were reported as median values (25th – 75th percentile) as well as percent. Wilcoxon rank sum test was used to test statistical differences between the whole parenchyma and the hypoinflated one (ⲁ=0.05); *: to mark statistically significant differences.
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Table E2. Descriptive statistics for HU distribution for inflation and perfusion maps. Separately for the No-Steroids group (n = 17, Panel A) and the Steroids group (n = 43, Panel A) Comparison between the whole parenchyma and hypoinflated areas (Panel A and B) as well as between No-Steroids and Steroids group (Panel C). Data were reported as median values (25th – 75th percentile) as well as percent. Wilcoxon rank sum test was used to test statistical differences (ⲁ=0.05); *: to mark statistically significant differences.
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WHOLE POPULATION

WHOLE LUNG HYPO/NON-INFLATED LUNG
Gas Volume MEDIAN o5 75" MEDIAN 25" 75"
Hyperinflated area (cm2) 848 396 2484 X X X
Normoinflated area (cm2) 1271 983 1436 X X X
Poorly inflated area (cm2) 903 607 1520 903 607 1082
Non-inflated area (sz) 293 107 1082 293 107 507
Hyperinflated area % 24 13 37 X X X
Normoinflated area % 37 28 44 X X X
Poorly inflated area % 26 19 32 76 64 85
Non-inflated area % 9 3 14 24 15 36 Wilcoxon rank
sum test. Whole
WHOLE LUNG HYPO/NON-INFLATED LUNG vs Hypoinflated
Blood Volume MEDIAN o5'" 75" MEDIAN o5 75" p (a = 0.05)
Non-perfused area (cm2) 390 245 570 131 73 228 0.74
Perfused area (cm’) 2864 2477 3514 1000 715 1396 <0.01 *
Non-Perfused area % 12 8 17 11 8 20 0.06
Perfused area % 88 83 92 89 80 92 0.06
Kurtosis 2.88 2.39 3.56 2.33 1.90 2.75 <0.01 *
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No-Steroids

WHOLE LUNG HYPO/NON-INFLATED LUNG
Inflation Maps MEDIAN 05" 75" MEDIAN 25" 75"
Hyperinflated area (cm”) | 1014 711 1476 X X X
Normoinflated area (cm”)| 1396 1021 1963 X X X
Poorly inflated area (cm2) 881 719 1233 881 719 1233
Non-inflated area (sz) 485 354 538 485 354 538
Hyperinflated area % 25 20 33 X X X
Normoinflated area % 36 29 42 X X X
Poorly inflated area % 25 20 28 68 59 76
Non-inflated area % 10 8 17 32 24 41 Wilcoxon rank
sum test.
Whole vs
WHOLE LUNG HYPO/NON-INFLATED LUNG Hypoinflated
Perfusion Maps  [MEDIAN 05" 75" MEDIAN 05" 75" p (a = 0.05)
Non-perfused area (sz) 458 327 706 235 143 347 0.01 *
Perfused area (sz) 3485 2643 4328 1079 792 1495 <0.01 *
Non-Perfused area % 12 9 19 15 13 26 <0.01 ~
Perfused area % 88 81 91 85 74 87 <0.01 *
Kurtosis 2.41 1.97 2.85 1.85 1.68 2.03 <0.01 *

Steroids
WHOLE LUNG HYPO/NON-INFLATED LUNG No-Steroids vs Steroids
Inflation Maps MEDIAN 25" 75" MEDIAN 25" 75" Inflation Maps p (e = 0.05)
Hyperinflated area (cm2) 755 382 1389 X X X Hyperinflated area (cm2) 0.24
Normoinflated area (cm2) 1261 948 1424 X X X Normoinflated area (cm2 0.23
Poorly inflated area (cm?)| 911 587 1038 911 587 1038 Poorly inflated area (cm®)  0.30
Non-inflated area (cm2) 225 92 432 225 92 432 Non-inflated area (cm2) 0.01 *
Hyperinflated area % 23 13 40 X X X
Normoinflated area % 37 28 44 X X X
Poorly inflated area % 26 15 36 80 69 88
Non-inflated area % 7 2 12 20 12 31 Wilcoxon rank
sum test.
Whole vs
WHOLE LUNG HYPO/NON-INFLATED LUNG Hypoinflated
Perfusion Maps  [MEDIAN 25" 75" MEDIAN 25" 75" p (a = 0.05) Perfusion Maps p (a = 0.05) Perfusion Maps p (a = 0.05)
Non-perfused area (sz) 361 218 556 106 56 176 <0.01 * Non-perfused area (cm2) 0.09 Non-perfused area (cm2 <0.01 ~
Perfused area (cm2) 2810 2425 3297 983 648 1333 <0.01 ~ Perfused area (cm2) 0.09 Perfused area (cm2) 0.25
Non-Perfused area % 11 8 16 10 7 13 042 * Non-Perfused area % 0.11 Non-Perfused area % <0.01 *
Perfused area % 89 84 92 90 87 93 <0.01 * Perfused area % 0.10 Perfused area % 0.25
Kurtosis 3.09 2.65 3.96 2.51 2.26 2.91 <0.01 * Kurtosis <0.01 * Kurtosis <0.01 *
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