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Highlights 

• Lung weight is significantly increased in all COVID+ ARDS patients 

• Lung potential for recruitment of COVID+ ARDS patients may be 

lower than COVID- ARDS 

• a substantial proportion of COVID+ patients exhibit large amount of 

tidal hyperinflation
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ABSTRACT 

Purpose 

The aim of this study was to assess whether the computed tomography (CT) features 

of COVID-19 (COVID+) ARDS differ from those of non-COVID-19 (COVID-) 

ARDS patients. 

Materials and Methods 

The study is a single-center prospective observational study performed on adults with 

ARDS onset ≤ 72 hours and a PaO2/FiO2≤200 mmHg. CT scans were acquired at 

PEEP set using a PEEP-FiO2 table with VT adjusted to 6 ml/kg predicted body 

weight.  

Results 

22 patients were included, of whom 13 presented with COVID-19 ARDS. Lung 

weight was significantly higher in COVID- patients, but all COVID+ patients 

presented supranormal lung weight values. Noninflated lung tissue was significantly 

higher in COVID- patients (36±14% vs. 26±15% of total lung weight at end-

expiration, p<0.01). Tidal recruitment was significantly higher in COVID-patients 

(20±12 vs. 9±11% of VT, p<0.05). Lung density histograms of 5 COVID+ patients 

with high elastance (type H) were similar to those of COVID- patients, while those of 

the 8 COVID+ patients with normal elastance (type L) displayed higher aerated lung 

fraction. 

Conclusions 

COVID+ ARDS patients share similar CT features with COVID - patients (increased 

lung weight, increased noninflated lung fraction), but with a lower tidal recruitability.  
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INTRODUCTION 

COVID-19 has emerged as a major public health problem, with a death toll 

amounting to several hundred thousand worldwide during the first months since 

epidemic onset. 14 to 26% of hospitalized patients for COVID-19 require intensive 

admission in intensive care units (ICU) [1,2], and preliminary reports suggest that 

ICU mortality is high in patients under invasive mechanical ventilation [1–3]. 

Duration of invasive mechanical ventilation in ICU survivors exceed 10 days [4], and 

virtually all patients under invasive mechanical ventilation fulfill acute respiratory 

syndrome (ARDS) criteria [5]. However, based on remarkably preserved lung 

elastance and evidence of high shunt fraction in 16 patients, it was hypothesized that 

COVID-19 does not lead to a “typical” ARDS [6]. The same author reported that 70-

80% of the patients in his center presented with normal lung elastance (type L) 

(suggesting that the amount of gas in the lung is nearly normal in this group of 

patients [7]), and 20-30% presented with high elastance (type H) [8]. The 

consequence of this is crucial for mechanical ventilation management, as this would 

preclude the use of high positive end-expiratory pressure (PEEP) levels in the 

majority of COVID-19 ARDS patients. 

Computed tomography (CT) is an appealing tool to explore COVID-19 

ARDS, as it provides information on spatial heterogeneity of ARDS lesions and 

allows regional analyses of tidal recruitment and hyperinflation, both being related to 

impaired ARDS outcome [9,10].  

The aim of this study was 1- to assess with CT whether lung weight and 

aeration of COVID-19 (COVID+) ARDS differ from those of non-COVID-19 
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(COVID-) ARDS; 2- to compare the amount of tidal hyperinflation and recruitment 

in both groups of patients. 
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MATERIAL AND METHODS 

Study design and setting 

The study is an ancillary study of an ongoing single-center prospective 

observational study performed in an ICU of a university hospital, aiming to validate a 

semi-automatic software for lung segmentation with CT. The trial was registered at 

ClinicalTrials.gov (NCT03870009) and the protocol approved by an ethics committee 

(CPP-Ouest3-IRB2019-A00024-53). Patients were enrolled between May 2019 and 

May 2020. 

Patients 

Eligible participants were aged 18 years or older, under invasive mechanical 

ventilation, with ARDS [11] and a PaO2/FiO2≤200 mmHg, already implanted with an 

esophageal catheter, and had an indication for CT. 

Exclusion criteria were ARDS onset>72hr, requirement for contrast agent 

injection during CT, chronic obstructive pulmonary disease, pneumothorax, contra-

indication to the transport to the imaging facility (PaO2/FIO2 < 60 Torr, mean arterial 

pressure < 65 mmHg, or intracranial hypertension), patient under any extracorporeal 

oxygenation technique, previous inclusion in present study, advanced directives to 

withhold or withdraw life-sustaining treatment, pregnancy, exclusion period related 

to inclusion in another clinical trial, patient under a legal protective measure, lack of 

affiliation to social security, lack of informed consent by patient’s relative. 

Protocol description 

Optimal inflated volume identification and placement of the esophageal 

balloon (C7680U-Marquat, Boissy-St-Leger, France) was performed as 

recommended [12]. Patients were ventilated with tidal volume (VT) 6 ml/kg of 

predicted body weight, and PEEP set using a PEEP-FiO2 table [13]. Respiratory 
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measurements and arterial blood gas were performed 1 hour after adjustment of 

ventilatory settings. Patients were transferred to the imaging facility using their ICU 

ventilator to avoid patient-ventilator disconnection. However, 7 patients were 

transferred using a transport ventilator (ELYSEE 150 -Air Liquide Medical Systems, 

Antony, France) because of excessive workload during COVID-19 epidemic. They 

were switched back to their ICU ventilator before CT acquisition. The endotracheal 

tube was transiently occluded with a Kocher clamp during each ventilator change to 

avoid derecruitment. Ventilator settings were kept unchanged during transport and 

imaging. 

Data collection 

The following variables were recorded at inclusion: demographic and 

anthropometric data, time of ARDS identification, ARDS severity and risk factors, 

SAPS2 [14] and SOFA [15] scores, ventilatory settings, and arterial blood gas. 

Measurements 

Total PEEP of the respiratory system (PEEPtot,rs), plateau pressure of the 

respiratory system (PPlat,rs), end-expiratory and end-inspiratory esophageal pressures 

were measured at the end of 3-s end-expiratory and end-inspiratory pauses. 

Transpulmonary total PEEP (PEEPtot,L) and transpulmonary plateau pressure (Pplat,L) 

were computed as airway pressures minus esophageal pressures. Airway driving 

pressure (∆Prs) and transpulmonary driving pressure (∆PL) were computed as PPlat,rs 

minus PEEPtot,rs, and PPlat,L minus PEEPtot,L, respectively. Respiratory system (Ers) 

and lung (EL) elastances were computed as ∆Prs and ∆PL divided by VT, respectively. 

Elastance-derived end-inspiratory transpulmonary pressure (TPPEl) was calculated as 
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Pplat,rs × EL/Ers. COVID+ patients with Ers>20 cm H2O.L-1 were classified as type H 

patients, and those with Ers≤20 cm H2O.L-1 as type L, as recently proposed [16]. 

Theoretical lung weight was computed as follows [17]: lung weight (g)=-

1,806.1+1,633.7×subject’s height (m). 

CT measurements 

CT acquisitions were performed in the supine position with an iCT 256 or 

Ingenuity CT (Philips Healthcare, Eindhoven, The Netherlands) using the following 

settings: voltage 140 kVP, slice thickness 1 mm, matrix size 512×512. Field of view, 

pixel size and mAs were adapted for each patient. 

Lung scanning was performed from apex to base during both end-expiratory 

and end-inspiratory pauses, and lack of respiratory efforts during the pause was 

visually checked on the ventilator pressure-time curves. Image reconstruction was 

performed using a smooth filter (kernel B). The lungs were manually segmented by 

some of the authors (FD, LC, JCR) with a CreaTools-based software [18], excluding 

pleural effusions, hilar and mediastinal structures. Segmented lung volumes were 

analyzed using MATLAB (MathWorks, Natick, MA). 

Tissue and gas fraction were computed as follows [7]: 

- Tissue fraction = 1−CT number/−1000 

- Gas fraction = CT number/−1000 

Tissue and gas volume were computed as the product of tissue and gas fractions with 

voxel volume, respectively. 

CT analyses on the whole lung 

Lung parenchyma was then classified into four compartments, according to 

CT number: noninflated (density between +100 and -100 Hounsfield units (HU)), 
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poorly inflated (density between -101 and -500 HU), normally inflated (density 

between -501 and -900 HU), and overinflated tissue (density between -901 and -

1,000 HU). The volume of each compartment was measured at end-expiration and 

end-inspiration. Total lung weight and weight of each compartment was estimated 

using lung tissue volume, assuming a tissue density of 1 g.ml-1 [19]. 

Tidal hyperinflation was defined as the volume of the overinflated 

compartment at end-inspiration minus the volume of the overinflated compartment at 

end-expiration [9]. Tidal recruitment of the noninflated compartment and of the 

poorly inflated compartment were defined as the volume of the noninflated and 

poorly inflated compartments at end-expiration minus their volumes at end-

inspiration [9], respectively. They were expressed as a percentage of the tidal 

inflation–related change in CT lung aeration. 

Regional CT analyses 

Both lungs were divided into 10 sections along the apico-caudal dimension. 

Each section was divided into 10 ventro-dorsal levels of equal height [20]. Level 1 

refers to the most ventral region, while level 10 refers to the most dorsal. The height 

of each level was measured as the distance from the most ventral to the most dorsal 

surface of the level in examination. The hydrostatic pressure of each level [20] was 

then computed as: 

Hydrostatic pressure=(1-CT number)/-1000×h, with h being the height of the level. 

The superimposed pressure on a given level was defined in each lung as the sum of 

the pressure of the level plus the pressures of the levels above. The total 

superimposed pressure was defined as the superimposed pressure in the most dorsal 

level, i.e., level 10. 
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Statistical analysis 

Statistical analysis was performed using R with packages PropCIs [21], 

emmeans [22], Lme4 [23], lmerTest [24], boot [25,26] and gamm4 [27]. A p-value 

below 0.05 was chosen for statistical significance. 

Data were expressed as mean±standard deviation. 95% confidence intervals 

(CI95%) of quantitative variables were computed with the bias corrected and 

accelerated-bootstrap method with 10,000 replicates [28]. CI95% of proportions were 

computed with the Wilson score method. Data were compared between groups with 

the Fisher’s exact test for categorical variables and t-test, Mann-Whitney U test or 

ANOVA for continuous variables. Comparison between the mean of a quantitative 

variable and a theoretical mean was performed using one-sample t-test. Correlations 

between variables were assessed with the Pearson method. The weight of each 

compartment was compared between groups by a linear mixed model using COVID 

status, respiratory phase (inspiration and expiration) and compartment as fixed 

effects, and patient as random intercept. Interactions were analyzed by testing 

contrasts on estimated marginal means. Lung voxels were classified in 11 intervals of 

equal size between -1000 and + 100 HU as a function of their CT-density. Voxel 

number in each compartment was expressed as a percentage of lung volume and 

fitted using a generalized additive mixed model using COVID-19 status, HU interval 

and their interaction as fixed effects, HU interval as random slope and patient as 

random intercept. Regional analyses of CT parameters were performed with linear 

mixed models using COVID-19 status and lung level with their interaction as fixed 

effects and patient as random effect. Estimation of sample size was not computed as 

the study is exploratory, and data collection stopped with the control of COVID-19 

epidemic in our area.  
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RESULTS 

Characteristics at inclusion 

23 patients were included, of whom 13 presented with COVID+ ARDS. 

Reasons for non-inclusion are listed in Supplementary material 1. Patients 

characteristics at inclusion are reported in table 1. 

Physiological variables 

Respiratory mechanics and arterial blood gas are reported table 2. PEEP, VT, 

and respiratory rate were not significantly different between COVID+ and COVID- 

patients. Five (38%) of the COVID+ patients presented with abnormally elevated 

elastance of the respiratory system, as compared to 8 (80%) of the COVID- patients 

(p=0.09). EL was significantly lower in COVID+ patients 14±6 vs 22±8 cm H2O.L-1, 

p<0.05). Consequently, end-inspiratory TPPEl was significantly lower in COVID+ 

patients (13±4 vs. 17±3 cm H2O, p<0.05).  

Global analysis of CT-derived variables 

CT scan was performed 48±25 min after respiratory mechanics assessment. 

Lung weight normalized to theoretical lung weight was significantly higher in 

COVID- ARDS patients (195±46% [CI95%: 172-226%] vs 163±26% [CI95%: 149-

176%], p< 0.05, Figure 1). All COVID+ patients presented supranormal lung weight 

values (p<0.05 for the comparison with theoretical normal lung weight). Tidal 

recruitment of the noninflated compartment was significantly higher in COVID- 

ARDS (20±12 vs. 9±11% of VT, p<0.05). Tidal hyperinflation was greater than 20% 

of the VT in 6 (46%) COVID+ and 3 (30%) COVID- patients. 

Noninflated tissue was significantly higher in COVID- patients (36±14% vs. 

26±15% of total lung weight), while normally inflated tissue was significantly lower 
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(27±12% vs. 35±14% of total lung weight), as compared to COVID+ patients (Figure 

2). 

Correlation matrix of respiratory mechanics, blood gas and CT variables is 

presented in Supplementary material 2. The only significant association between 

respiratory mechanics and CT-derived variables was a positive correlation between 

PEEP and tidal hyperinflation. 

Regional analyses of CT-derived variables 

Regional superimposed pressure increased significantly more from level 1 to 

level 10 in COVID- ARDS patients (p<0.05 for interaction, Supplementary material 

3). However, the total superimposed pressure was not significantly different in 

COVID- and COVID+ patients (9±2 vs 8±1 cm H2O, p=0.27). 

Supplementary analyses based on COVID subtype 

According to their Ers, 5 COVID+ patients (38% [CI95%: 18%-54%] were 

classified as type H and 8 (62% [CI95%: 36%-82%] as type L. Respiratory, blood gas 

and CT variables as a function of COVID-19 subtypes are presented in 

Supplementary material 4. ARDS severity, Pplat,rs, ∆Prs, ∆PL, and noninflated 

compartment at end-expiration were lower in the L subtype, while normally inflated 

compartment at end-expiration was significantly higher.  

Representative CT scans of 3 patients are presented Figure 3. On lung density 

histograms, type H and COVID- patients presented with similar patterns (Figure 4), 

while type L patients presented with higher percentage of lung volume within the 

normal inflation rage and lower in the non-inflation range, as shown by a clear 

separation of the 95% confidence interval of the fitted values per group. 
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DISCUSSION 

The main findings of the study are the following: 1- lung weight is 

significantly increased in all COVID+ ARDS patients as compared to normal values, 

although significantly lower than in COVID- ARDS; 2- tidal recruitment and non-

inflated lung volume are significantly lower in COVID+ ARDS patients suggesting 

that lung potential for recruitment may be lower in this group; 3-a substantial 

proportion of COVID+ ARDS patients exhibit large amount of tidal hyperinflation, 

suggesting that PEEP level and/or tidal volume may be excessive, despite plateau 

pressure and driving pressure within acceptable range. 

Respiratory mechanics and blood gas 

The study identified near-normal respiratory system elastance in 62% of the 

COVID+ patients at the early phase of ARDS, in keeping with a previous report [8]. 

Therefore, lung elastance was significantly lower in COVID+ patients, suggesting 

that response to PEEP increase would mainly increase aeration of normally inflated 

lung regions. However, PEEP and PaO2/FiO2 ratio were similar in both group of 

patients, since a PEEP-FiO2 table to standardize ventilation parameters. As the 

amount of noninflated lung was significantly higher in COVID- patients with similar 

oxygenation, it may be hypothesized that ventilation-perfusion mismatch may be 

greater in this group as a possible consequence of the endothelial tropism of SARS-

CoV2 [29]. This relative discrepancy between arterial oxygenation and the amount of 

non-inflated lung was also identified previously [8]. 

CT data 

Scarce data have been published to date on quantitative CT features in 

COVID+ ARDS patients. On 2 COVID+ ARDS patients, Gattinoni et al. identified 

one pattern with near normal lung weight, low non-inflated tissue volume, high 
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venous admixture and normal respiratory system elastance, and one pattern with 

increased lung weight, high percentage of non-inflated tissue, high venous admixture 

and high elastance [16]. In the present study, we demonstrate a substantial increase in 

lung weight in all COVID+ patients as compared to theoretical value, suggesting that 

these patients exhibited either lung edema and/or an increase in lung blood volume, 

as it is unlikely that inflammatory cells alone could achieve such an increase in lung 

weight. Furthermore, while the amount of noninflated lung (26% of total lung 

weight) was significantly lower in COVID+ patients as compared to COVID- 

patients in the present study, this amount was similar to ARDS with low recruitment 

potential in the study of Gattinoni et al. [30].  

As tidal recruitment was significantly lower in COVID+ patients (i.e. 

increased pressure over PEEP level related to tidal inflation does not lead to 

substantial recruitment in these patients), it may be hypothesized that these patients 

present a low potential for recruitment. Indeed, Caironi et al. have shown that tidal 

recruitment is lower in patients with lower recruitment potential, while patients with 

high recruitment potential presented high fractions of lung volume with tidal 

recruitment [10]. The lower amount of non-inflated lung tissue in COVID+ patients 

is in accordance with this hypothesis. However, using tidal recruitment to infer on 

recruitment potential is only speculative, as we did not specifically measure 

recruitment potential in the present study.  Furthermore, as superimposed pressure 

was substantially increased in COVID+ patients as compared to normal values (2.6 ± 

0.5 cm H2O [17]), this suggest that a minimal amount of PEEP is required to 

counteract gravitational forces and maintain arterial oxygenation within acceptable 

range.  
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We observed that tidal hyperinflation was greater than 20% in more than 30% 

of both COVID+ and COVID- ARDS patients, a rate similar to previously published 

data on COVID- ARDS patients [9]. While existence of a safety threshold regarding 

this parameter is currently unknown, it was previously shown that tidal hyperinflation 

is independently related to ARDS prognosis [9,10], and that a subgroup of ARDS 

patients with impaired prognosis presented with tidal hyperinflation greater than 20% 

of the VT [9].  It may be hypothesized that PEEP and/or VT may be excessive in this 

subgroup of patients, although plateau pressure, driving pressure and TPPEl were kept 

within acceptable range. 

Finally, we observed that a subtype of COVID+ ARDS patients with high 

elastance has similar CT features than COVID- ARDS, suggesting that their 

ventilatory management should be similar. To the opposite, the subtype of COVID+ 

with low elastance has low tidal recruitment, lower amount of non-inflated lung (i.e. 

derecruited lung potentially re-aerated by PEEP increase), higher normally inflated 

lung compartment, and should respond to higher PEEP by an increase in normally 

and over-inflated lung, without significant recruitment of nonaerated lung. 

Strengths and limits 

Some limitations of the present study should be acknowledged. First, the 

small sample size limits the generalizability of the results. This small sample size 

makes the study underpowered to detect small differences between COVID+ and 

COVID- patients, or between type H and type L subtypes. Second, the use of a 

transport ventilator in 7 patients of the study may have promoted alveolar 

derecruitment, although this was prevented by clamping of the tracheal tube during 

ventilator change. Third, a major limitation of the study is that potential for 

recruitment could not be assessed as CT acquisition at both low and high PEEP were 
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not performed to minimize radiation exposure. Fourth, as contrast agents injection 

was not used for CT acquisition to avoid bias in measured gas and tissue fractions 

[31], we cannot rule out pulmonary embolism as a potential factor implicated in 

hypoxemia. Five, owing to well-known limitations of the current ARDS definition 

[32], it is virtually impossible to confirm that all included patients presented with 

permeability type pulmonary edema, although this would apply to both COVID+ and 

COVID- ARDS patients.  

Nevertheless, this study is the first CT scan study with quantitative analysis 

on a small cohort of COVID+ ARDS patients. CT acquisitions were performed early, 

mostly within 1 day of ARDS onset, thus minimizing potential confounding effects 

related to ventilator-induced lung injury or ventilator-associated pneumonia. 
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CONCLUSION 

COVID+ ARDS patients share similar CT features with COVID - patients 

(increased lung weight, increased noninflated lung fraction). A subtype of COVID-19 

ARDS patients with near-normal elastance present with low tidal recruitment, low 

amount of non-inflated lung, and high amount of normally aerated lung, questioning 

the relevance of high PEEP levels in this subgroup. 
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FIGURE LEGENDS 

Figure 1. CT measurements in non-COVID-19 and COVID-19 ARDS patients. 

ARDS=acute respiratory distress syndrome; CT=computed tomography; EELV=end-

expiratory aerated lung volume; theor = theoretical lung weight; VT = CT-derived 

tidal volume. Open circles are individual datapoints. * p<0.05 between groups. 

 

Figure 2. Proportion of total lung tissue classified according to the level of inflation. 

Values are provided at both end-expiration and end-inspiration in COVID-19 ARDS 

patients (COVID+) and non-COVID-19 ARDS patients (COVID-). Yellow, green, 

blue and red bars refer to noninflated, poorly inflated, normally inflated, and 

overinflated lung tissue, respectively. Error bars are standard deviations. * p<0.01 for 

noninflated tissue between COVID+ and COVID- patients. † p<0.05 for normally 

inflated tissue between COVID+ and COVID- patients. 

 

Figure 3. Representative CT scans of 3 patients. 

Left panel: patient with non-COVID-19 ARDS; middle panel: type-H COVID-19 

ARDS patient; right panel: type-L COVID-19 ARDS patient. 

For each patient, 3 CT slices are presented at the level of the aortic arch (top panel), 

the main bronchi division (middle panel) and immediately above the right 

diaphragmatic dome (bottom panel). At each level, a grey color scale is presented as 

well as the corresponding parametric CT with red representing overinflated voxels, 

blue normally inflated voxels, yellow poorly aerated voxels, and green nonaerated 

voxels. Lung weight assessed on CT, PaO2/FiO2 ratio and PEEP level are provided 

for each patient on top of their corresponding CT images. 
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Figure 4. Lung density histograms. 

Value are provided for COVID- (n=10 patients, panel a), type H (n=5 patients, panel 

b) and type L (n=8 patients, panel c) ARDS patients. 

Histograms represents the volume of all the voxels belonging to each interval of 100 

Hounsfield units width, normalized by total lung volume. Bars are mean values and 

error bars are standard deviations. Red bars represent intervals within the over 

inflation range, blue bars intervals within the normal inflation range, yellow intervals 

within the poor inflation range, and green intervals within the non-aeration range. 

Panel d represent the fitted values in each group, with R2 of the general additive 

mixed model (red, green and blue lines refer to COVID-, Type H and type L groups, 

respectively). Grey shade areas represent 95% confidence interval of the fitted values. 
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Table 1. Characteristics on the day of inclusion. 

Variables Whole dataset COVID – 

(n=10) 

COVID + 

(n=13) 

Sex male 20 (87%) 8 (80%) 12 (92%) 

Age (yr) 62±15 60±15 64±15 

Height (cm) 170±11 170±14 170±9 

BMI (kg.m-2) 30±6 30±8 29±5 

Delay between ICU admission and 

inclusion (day) 

2±2 2±2 2±2 

Delay between inclusion and ARDS 

onset (day) 

1±1 1±1 1±1 

SAPS 2 at ICU admission 42±15 49±18 38±12 

SOFA score at inclusion 12±3 13±3 11±2 a 

ARDS risk factor 

• pneumonia 

• aspiration 

 

20 (87%) 

3 (13%) 

 

7 (70%) 

3 (30%) 

 

13 (100%) 

0 (0%) 

ARDS severity 

• moderate 

• severe 

 

12 (52%) 

11 (48%) 

 

3 (30%) 

7 (70%) 

 

9 (69%) 

4 (31%) 

Prone position 15 (65%) 7 (70%) 8 (62%) 

NMBA 23 (100%) 10 (100%) 13 (100%) 

RRT 0 (0%) 0 (0%) 0 (0%) 

Inotropes administration 0 (0%) 0 (0%) 0 (0%) 

Vasopressor administration 19 (83%) 8 (80%) 11 (85%) 

Values are mean ± standard deviation or count (percentage); a p<0.05 between groups. 

ARDS= acute respiratory distress syndrome; BMI = body mass index; COVID- = non-COVID-

19 ARDS patients; COVID+ = COVID-19 ARDS patients; ICU = intensive care unit; NMBA= 

neuromuscular blocking agents; RRT =renal replacement therapy; SAPS2 = simplified acute 

physiology score 



Table2. Respiratory mechanics and arterial blood gas. 

Variables COVID – 

(n=10) 

COVID + 

(n=13) 

PEEP (cm H2O) 9±3 11±2 

VT (ml.kg-1 PBW) 6.0±0.2 6.0±0.0 

RR (min-1) 25±5 23±3 

Ti/Ttotal (%) 33±1 32±2 

PEEPtot,rs (cm H2O) 11±3 12±2 

Pplat,rs (cm H2O) 21±2 20±3 

∆Prs (cm H2O) 10±3 8±2 a 

∆PL (cm H2O) 8±2 5±2 a 

Ers (cm H2O. L-1) 28±13 21±7 

Ers > 20 cm H2O. L-1 8 (80%) 5 (38%) 

EL (cm H2O.L-1) 22±8 14±6 a 

Ecw (cm H2O.L-1) 6±5 7±3 

EL/Ers (%) 81±11 65±14a 

End-inspiratory TPPEl 17±3 13±4 a 

pH 7.34±0.09 7.36±0.10 

PaO2/FiO2 (Torr) 122±41 130±28 

PaCO2 (Torr) 48±8 46±8 

Bicarbonates (mmol.L-1) 25±6 26±4 

Lactate (mmol.L-1) 4.8±4.4 1.8±0.5 a 

Values are mean ± standard deviation or count(percentage); a p<0.05 between groups. 

COVID- = non-COVID-19 ARDS patients; COVID+ = COVID-19 ARDS patients; ∆Prs = 

driving pressure of the respiratory system; ∆PL = transpulmonary driving pressure; Ecw = chest 

wall elastance; EL = lung elastance; Ers = elastance of the respiratory system; FiO2 = inspired 

fraction of oxygen; PaO2 = oxygen partial pressure in arterial blood; PaCO2 = carbo dioxide 

partial pressure in arterial blood; PBW = predicted body weight; PEEP=positive end-expiratory 

pressure; PEEPtot,rs = total PEEP of the respiratory system; Pplat,rs = plateau pressure of the 

respiratory system; RR= respiratory rate; Ti/Ttotal = ratio of inspiratory time over total time of 

the respiratory cycle; TPPEl = elastance-derived transpulmonary pressure; VT=tidal volume. 






