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Background: There is a lack of data on extravascular lung water index (EVLWi), pulmonary vascu-
lar permeability index (PVPi), and global end-diastolic volume index (GEDVi) during prone position 
ventilation (PPV) in coronavirus disease 2019 (COVID-19) patients. The objectives of this study 
were to analyze trends in EVLWi, PVPi, and GEDVi during PPV and the relationships between these 
parameters and PaO2/FiO2. 
Methods: In this preliminary retrospective observational study, we performed transpulmonary 
thermodilution (TPTD) in seven mechanically ventilated COVID-19 patients without cardiac and 
pulmonary comorbidities requiring PPV for 18 hours, at specific times (30 minutes pre-PPV, 18 
hours after PPV, and 3 hours after supination). EVLWi, PVPi and GEDVi were measured. The rela-
tionships between PaO2/FiO2 and EVLWi, and PVPi and GEDVi values, in the supine position were 
analyzed by linear regression. Correlation and determination coefficients were calculated. 
Results: EVLWi was significantly different between three time points (analysis of variance, P=0.004). 
After 18 hours in PPV, EVLWi was lower compared with values before PPV (12.7±0.9 ml/kg vs. 
15.3±1.5 ml/kg, P=0.002). Linear regression showed that only EVLWi was correlated with PaO2/FiO2 
(β =–5.757; 95% confidence interval, –10.835 to –0.679; r=–0.58; R2=0.34; F-test P=0.029). 
Conclusions: EVLWi was significantly reduced after 18 hours in PPV and values measured in su-
pine positions were correlated with PaO2/FiO2. This relationship can help clinicians discriminate 
whether deterioration in gas exchange is related to fluid overload or disease progression. Further 
clinical research should evaluate the role of TPTD parameters as markers to stratify disease severity 
and guide clinical management. 
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INTRODUCTION 

Among patients hospitalized for coronavirus disease 2019 

(COVID-19), from 5 to 20% meet Berlin’s acute respiratory dis-

tress syndrome (ARDS) definition criteria with hypoxemia and 

bilateral infiltrates on chest X-ray [1-3]. Atelectasis, consoli-

dation, impaired pulmonary blood flow, pulmonary vascular 

obstruction, and shunting/increased ventilation-perfusion 

mismatch result in hypoxemia and/or impaired decarboxyl-

ation [4]. Prone position ventilation (PPV) and appropriate flu-

id management represent the cornerstones for the treatment 

of patients with COVID-19-associated ARDS (CARDS) [5,6] 

and have been widely adopted as standard clinical practice for 

patients with severe CARDS [7]. 

PPV reduces mortality in patients with ARDS and is recom-

mended in patients with moderate to severe CARDS [6]. How-

ever, fluid overload, causing pulmonary edema, can reduce the 

positive effects of PPV on gas exchange, leading clinicians to 

consider the patient to be poorly responsive to PPV [8]. Fluid 

restriction in patients with ARDS results in improved pulmo-

nary function and fewer ventilator days [9,10]. In contrast, un-

controlled and inadequate fluid administration are associated 

with poor outcomes [5]. 

In patients requiring multiple cycles of PPV, the quantifica-

tion of pulmonary edema related to fluid overload can help 

clinicians understand whether deterioration in gas exchange 

is related to inappropriate fluid management or represents the 

evolution of disease severity. Hemodynamic monitoring based 

on transpulmonary thermodilution (TPTD) provides useful 

indexes to help clinical management in CARDS patients. In 

detail, TPTD allows clinicians to calculate the (1) extravascular 

lung water index (EVLWi), which is the volume contained in 

the interstitium and alveoli [11], and (2) the pulmonary vascu-

lar permeability index (PVPi), a marker of lung vascular injury 

[12,13]. At the same time, TPTD allows clinicians to estimate 

volumetric preload index, the global end-diastolic volume 

index (GEDVi) that represents the volume of blood in cardiac 

chambers at the end of the diastolic phase. 

There is a lack of data in the literature about trends in EVL-

Wi, PVPi and GEDVi during PPV in patients with CARDS. The 

primary purpose of the present preliminary retrospective 

study was to analyze the effects of PPV on EVLWi, PVPi and 

GEDVi trends. The secondary purpose was to study the re-

lationships between these parameters and PaO2/FiO2 in the 

supine position.   

MATERIALS AND METHODS 

The local Ethics Committee of University of Naples Luigi Van-

vitelli approved this analysis (No. AOC-0016235-2020) and 

waived the need for informed consent due to the observation-

al nature of the study.

Study Design and Patients 
We followed the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) recommendations. The 

present study was a preliminary retrospective observational 

study based on seven patients, without severe cardiac and 

pulmonary comorbidities, with confirmed Severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) infection (pos-

itive reverse-transcriptase polymerase chain reaction testing 

on nasopharyngeal swab) requiring mechanical ventilation in 

intensive care unit (ICU) for CARDS, from May to September 

2021. 

On admission, all patients underwent arterial blood gas 

(ABG) analysis and blood chemistry tests, cell-blood count, 

coagulation (activated partial thromboplastin time, prothrom-

bin time, international normalized ratio, D-dimer, fibrinogen), 

kidney (urea, creatinine), heart (troponin I, creatine phos-

phokinase-MB), and inflammation and infectious (C reactive 

protein, interleukin 6, ferritin, procalcitonin) marker mea-

surements. Laboratory tests were daily performed or repeated 

based on clinical changes and therapeutic adjustments. A 

12-lead electrocardiogram was performed and reviewed by 

an intensivist. Furthermore, an experienced and certified 

intensivist performed transthoracic echocardiography to pro-

vide information about right and left ventricular functions on 

admission and during the length of ICU stay. Chest computed 

tomography (CT) was performed to report lung disease severi-

ty, signs of pulmonary thromboembolism, pneumothorax and 

■ During prone position ventilation, extravascular lung 
water index (EVLWi) values decrease, while pulmonary 
vascular permeability index and global end-diastolic 
volume index variations were not statistically significant.

■ EVLWi values showed a statistically significant relation-
ship with PaO2/FiO2 values in the supine position.

■ EVLWi evaluation can help clinicians determine whether 
deterioration of gas exchange is related to fluid overload 
or worsening disease.

KEY MESSAGES
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pneumomediastinum [14]. Heart rate (HR), invasive blood 

pressure, SpO2, body temperature, and diuresis were moni-

tored continuously. 

Sedation, Ventilation and Therapy Protocol 
We used continuous infusion of propofol (2–4 mg/kg/hr) or 

dexmedetomidine (0.8–1.5 μg/kg/hr) and/or remifentanil 

(0.1–0.5 μg/kg/min) to sedate patients connected to mechani-

cal ventilators (model SV 600; Mindray, Huntingdon, UK). Ac-

cording to the bispectral index (BIS; Medtronic, Minneapolis, 

MN, USA) monitoring value, the infusion rates were adjusted 

stepwise to provide adequate sedation (BIS range, 40%–60%). 

In case of mismatch to the ventilator, PPV, or high plateau 

pressures (Pplat), we used deep sedation plus neuromuscular 

blockade (bolus 0.7 mg/kg iv, followed by continuous infu-

sion of rocuronium, 0.4–0.7 mg/kg/hr). Furthermore, when 

neuromuscular blockade was required, we adjusted infusions 

according to the nociception level index (Medasense, Ramat 

Gan, Israel; target value <25), with BIS or alone (prone ventila-

tion) to obtain an optimal level of analgosedation. 

We adopted a protective ventilation strategy [15] using pres-

sure-controlled ventilation. Inspiratory pressure (Pinsp) was 

set to reach the targeted tidal volume (6 ml/kg of predicted 

body weight, estimated by Devine formula), keeping Pplat ≤30 

cm H2O and positive end-expiratory pressure (PEEP) values 

titrated to maintain low driving pressures (estimated as the 

difference between Pplat and PEEP, target value <15 cm H2O). 

We calculated static respiratory system compliance (Crs) as the 

tidal volume and driving pressure ratio. 

In patients with PaO2/FiO2 <100 mm Hg, and in the absence 

of contraindications (i.e., hemodynamic instability), we per-

formed PPV for 18 hours continuously and repeated PPV in 

case of necessity. Pronation maneuvers were performed ap-

plying face, chest, and leg protective systems (cap for the head: 

Nizell Medical, Schwyz; Z-Flo Fluidized Positioners Molnlycke 

for chest and legs). 

We adopted a conservative fluid strategy to reach daily nega-

tive/near-zero fluid balance, avoiding increase in “lung water.” 

However, slight positive fluid balance may be allowed to pro-

tect renal function. Drugs such as inotropes, vasoconstrictors, 

and vasodilators were used only when fluids alone were not 

sufficient to optimize hemodynamics. For specific SARS-CoV-2 

infection treatment, our protocol provided the administration 

of antiviral drugs (remdesivir: first dose 200 mg, then 100 mg, 

iv, once a day for 5 days), immunoglobulins (Pentaglobin:  

5 ml/kg for 12 hours, iv, once a day for 3 days) and glucocorti-

coids (methylprednisolone: 0.5 mg/kg, iv, twice a day). Due to 

the high risk of thromboembolic events, all patients received 

low weight molecular heparin (enoxaparin), subcutaneous, 

following this protocol. Patient’s weight <60 kg: 4,000 IU, twice 

a day; 60–80 kg: 6,000 IU, twice a day; >80 kg: 8,000 IU, twice a 

day. In addition, antiplatelet agents were administered. 

TPTD Timing and Variables of Interest 
We monitored all patients using the hemodynamic platform 

EV 1000 (Edwards Lifesciences, Irvine, CA, USA) with the 

VolumeView system. This monitor computes all parameters 

derived by the TPTD and arterial pressure waveform analysis. 

To perform TPTD, we injected a cold saline bolus (20 ml) by 

a central venous catheter placed in the internal jugular vein. 

With time, the blood temperature changed and was registered 

on the arterial side by a thermistor tipped arterial catheter (5 

Fr) placed in the femoral artery [16]. TPTD was performed in 

triplicate according to the manufacturer’s recommendations, 

discarding measurements where cardiac output differed more 

than 10% from the two other measurements. The mean values 

of each variable were used for analysis. 

Adjusted body surface area volumetric parameters were the 

cardiac index, the stroke volume index (SVI), GEDVi, the intra-

thoracic blood volume index (ITBVi, representing the whole 

blood volume in the chest), and EVLWi. TPTD was performed 

under stable hemodynamic conditions and the following 

measurements were taken: (1) hemodynamic parameters: 

HR, mean systemic arterial pressure, central venous pressure 

(CVP), cardiac index and SVI; (2) volumetric preload index: 

ITBVi and GEDVi; and (3) lung water volumetric index: EVL-

Wi and PVPi. At the same time, ABG was performed and pH, 

PaO2, PaCO2, lactate concentration, and PaO2/FiO2 were noted. 

Moreover, clinicians noted ventilation settings at the time of 

TPTD and reported Pinsp, PEEP, respiratory rate, driving pres-

sure, Crs, and FiO2.  

Study Objectives and Statistical Analysis 
The primary objective was to analyze how PPV modified pa-

rameters obtained by TPTD at specific times: (1) pre-prona-

tion: 30 minutes before pronation; (2) pronation: 18 hours after 

pronation; and (3) post-pronation: 3 hours after supination. 

The secondary objective was to analyze the relationships be-

tween EWLVi, PVPi, and GEDVi, and PaO2/FiO2 in the supine 

position. Age, sex, weight, height, body mass index, comor-

bidities, laboratory, and blood gas analysis data were noted on 

admission. 
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We used Microsoft Excel 2016 (Microsoft Corp., Redmond, 

WA, USA) and MedCalc Statistical Software version 19.6 (Med-

Calc Software, Ostend, Belgium; https://www.medcalc.org; 

2020) for analyses. Categorical variables and frequencies are 

reported as absolute numbers and percentages (%). Contin-

uous variables were tested for normal distributions with the 

Shapiro-Wilk test. Normally distributed data are presented as 

mean±standard deviation. In contrary cases, we reported data 

as median and first and third quartile (q1–q3). 

To analyze the effects of PPV on parameters obtained by 

TPTD, we performed analysis of variance (ANOVA) for re-

peated measures or the Friedman test according to data dis-

tribution. For ANOVA, to verify the equality of variances of the 

differences between measurements, sphericity (ε) was esti-

mated by the Greenhouse-Geisser method. When the estimat-

ed ε>0.75, then the Huynh-Feldt correction was used, while 

in contrary cases, the more conservative Greenhouse-Geisser 

correction was preferred. We performed post hoc analysis to 

compare inter-group differences with Bonferroni correction 

for ANOVA or Conover for Friedman. 

We performed a single variable linear regression analysis to 

analyze the relationships between PaO2/FiO2 (dependent vari-

able) and EVLWi, PVPi, and GEDVi (independent variables). 

To avoid bias related to patient position, we considered only 

TPTD values noted in the supine position. Intercepts, beta co-

efficients (β), 95% confidence intervals (CIs), Pearson correla-

tions (r), and determination coefficients (R2) were computed. 

The F-test was performed to test for the presence of a linear 

relationship between variables and the regression equation 

was reported for significant results. Residuals were tested for 

normal distribution with the Shapiro-Wilk test. All tests were 

performed with an α=0.05 and P-values <0.05 were considered 

statistically significant. 

RESULTS 

Our sample consisted of six male patients and one female 

patient with severe CARDS (mean PaO2/FiO2 on admission 

63.1±17.8 mm Hg) requiring endotracheal intubation and ICU 

admission. Chest CT on admission showed severe CARDS pat-

terns, without signs of pulmonary thromboembolism, pneu-

mothorax, or pneumomediastinum. Table 1 shows the main 

characteristics of the sample. 

Before pronation, transthoracic echocardiography showed 

no signs of right or left ventricular impairment, and pronation 

maneuvers were performed without adverse or traumatic 

events. All patients received neuromuscular blockade during 

the PPV. No critical events such as hemodynamic instability or 

sudden desaturation occurred during the observational time. 

All patients followed our fluid management protocol, keeping 

a negative/near-zero fluid balance without the development 

of oligoanuria or increase in creatinine level. No patients re-

quired catecholamines infusion.  

TPTD was performed at mentioned times for all patients, and 

Table 2 reports values for all parameters noted. During TPTD, 

all patients were properly sedated according to our protocol. Re-

garding TPTD parameters, ANOVA for repeated measurements 

showed a significant trend only for EVLWi (P=0.004) (Figure 1). 

After 18 hours in PPV, EVLWi was lower compared with values 

before proning (12.7±0.9 ml/kg vs. 15.3 ±1.5 ml/kg; mean differ-

ence, –2.54±0.15 ml/kg; 95% CI, –3.83 to –1.26 ml/kg; Bonferroni 

corrected P=0.002). EVLWi increased after 3 hours in supine 

position, although the change was not statistically significant 

(13.5±0.6 ml/kg; mean difference, +0.79±0.20 ml/kg; 95% CI, 

–0.67 to 2.24 ml/kg; Bonferroni corrected P=0.381). No other 

significant trends were noted for CVP, SVI, cardiac index, GED-

Vi, or PVPi, except for HR (Friedman P=0.038). Inter-group 

analysis showed that HR was higher only 3 hours after supine 

positioning (corrected P<0.05). 

Table 1. Population characteristics
Variable Value (n=7)
Female 1 (14.3)
Age (yr) 63.7±11.3
Body mass index (kg/m2) 27.4±2.7
Hypertension 6 (85.7)
Arrythmiaa) 1 (14.3)
Obesity 1 (14.3)
eGFR (ml/min) 115.1±24.1
Troponin I (ng/L) 99.1 (39.2–263.1)
Ferritin (ng/ml) 2,408±826
Interleukin-6 (pg/ml) 40.6 (27.7–74.1)
C-reactive protein (mg/dl) 12.2±7.0
Procalcitonin (ng/ml) 0.26 (0.17–0.49)
Fibrinogen (mg/dl) 541.7±176.4
D-dimer (ng/ml) 2,046 (847–2,550)
AST (U/L) 23.3±7.1
ALT (U/L) 22.0 (19.5–66.5)
PaO2/FiO2 on admission (mm Hg) 63.1±17.8

Values are presented as number (%), mean±standard deviation, or median 
(interquartile range).
eGFR: estimated glomerular filtration rate; AST: aspartate transaminase; ALT: 
alanine aminotransferase. 
a) Atrial fibrillation.

https://www.medcalc.org
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PaO2/FiO2 showed increased values after 18 hours in PPV, 

passing from 64.8±11.8 mm Hg before pronation to 142.6±76.1 

mm Hg, and decreased to 77.8±15.9 mm Hg at three hours 

after supination. ANOVA showed a statistically significant 

p-value (0.038), but the inter-group analysis did not. No other 

differences in the ABG analysis or ventilatory parameters, such 

as Crs, were noted. 

A sample of 14 measurements was used for linear regres-

sion analysis (Table 3). EVLWi, PVPi, and GEDVi showed 

negative correlations with PaO2/FiO2 (r=–0.58, r=–0.19 and 

r=–0.37, respectively), but only EVLWi predicted PaO2/FiO2 

value (β=–5.757; 95% CI, –10.835 to –0.679; R2=0.34; F-test 

P=0.029). Residual analysis of the model showed a normal 

distribution. Figure 2 shows scatter and residual distribution 

plots for EVLWi. 

DISCUSSION 

In non-COVID-19 ARDS, PPV improves ventilation/perfusion 

by opening pulmonary-dependent lung areas and causing 

homogeneity in the lung tissue [17]. The same mechanisms 

seem responsible for oxygenation response in CARDS patients 

during PPV [18]. However, the lack of improvement in gas ex-

Table 2. Statistical analysis results: hemodynamic and respiratory parameters
Parameter 30-min Pre-pronation 18-hr Post-pronation 3-hr Post-supination ε P-value
HR (bpm) 77 (71–84) 80 (66–87) 100 (86–100) - 0.038
CVP (mm Hg) 7.7±1.4 8.1±0.7 8.0±0.8 0.612 0.655
cardiac index (L/min/m2) 3.6±0.4 3.6±0.8 3.7±0.5 0.996 0.895
SVI (ml/m2) 45.6±5.1 46.1±5.5 41.5±6.5 0.992 0.086
GEDVi (ml/m2) 730.8±61.2 683.8±87.8 699.2±62.1 0.575 0.359
EVLWi (ml/kg) 15.3±1.5 12.7±0.9 13.5±0.6 0.717 0.004
PVPi 3.5±0.3 3.4±0.4 3.6±0.3 0.620 0.507
pH 7.42±0.05 7.43±0.05 7.38±0.07 0.823 0.335
PaCO2 (mm Hg) 44.0 (41.0–46.5) 45.0 (43.0–46.5) 50.0 (49.0–50.5) - 0.165
Lactate (mmol/L) 2.3±0.4 2.5±0.5 2.3±0.5 0.675 0.279
PaO2/FiO2 (mm Hg) 68.4±11.8 142.6±76.1 77.8±15.9 0.564 0.038
PEEP (cm H2O) 10.0 (9.0–10.0) 10.0 (10.0–10.0) 10.0 (9.0–10.0) - 0.746
Pinsp (cm H2O) 24.7±4.8 25.3±4.4 25.7±4.5 0.718 0.341
Driving pressure (cm H2O) 15.3±4.8 15.6±4.7 16.3±4.5 0.723 0.084
Respiratory rate 19.0±3.5 19.8±3.0 20.2±3.1 0.544 0.503
Crs (ml/cm H2O) 28.5±9.9 24.4±10.0 22.8±7.4 0.631 0.137

Values are presented as median (interquartile range) or mean±standard deviation. Analysis of variance (ANOVA) for repeated measures or Friedman test 
according to data distribution were performed. For ANOVA, we reported sphericity (ε) estimation. In case of statistically significant trend, we performed post hoc 
analysis to compare inter-groups difference with Bonferroni correction for ANOVA or Conover correction for Friedman test. All tests were performed with an 
α=0.05 and a P<0.05 was considered as statistically significant.
HR: heart rate; CVP: central venous pressure; SVI: stroke volume index; GEDVi: global end diastolic volume index; EVLWi: extra vascular lung water index; PVPi: 
pulmonary vascular permeability index; PEEP: positive end expiratory pressure; Pinsp: inspiratory pressure; Crs: static respiratory system compliance.

Figure 1. Boxplot for extra vascular lung water index (EVLWi). The 
boxplot for EVLWi noted at 30 minutes before pronation (30-min 
pre-pronation), 18 hours after pronation (18-hr post-pronation), and 
at three hours post-supination (3-hr post-supination). EVLWi values 
decreased from 15.3±1.5 ml/kg (30 min pre-pronation) to 12.7±0.9 
ml/kg (18 hr after-pronation), returning to 13.5±0.6 ml/kg (3 hr post-
supination). Analysis of variance for repeated measurements showed a 
statistically significant trend (P=0.004). a) Subgroup analysis revealed 
that variation between EVLWi values noted at 30 minutes pre-
pronation and at 18 hours after-pronation was statistically significant, 
with a mean difference –2.54±0.15 ml/kg (95% confidence interval, 
–3.83 to –1.26 ml/kg; Bonferroni corrected P=0.002). No other 
differences were statistically significant. The outlier appears as the 
square box to the outside of the box plot.
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change during PPV can be related to increases in pulmonary 

edema. Pulmonary edema, whether cardiogenic or noncardio-

genic, is characterized by excessive accumulation in EVLWi, 

while increase in PVPi is the hallmark of ARDS. EVLWi greater 

than 10 ml/kg is a reasonable criterion for pulmonary edema, 

and EVLWi greater than 15 ml/kg for a high degree of severity. 

In addition to EVLWi greater than 10 ml/kg, PVPi greater than 

3 suggests increased vascular permeability (i.e., ARDS), and 

PVPi less than 2 represents normal vascular permeability (i.e., 

cardiogenic pulmonary edema) [19]. 

In our analysis, EVLWi decreased at 18 hours in PPV, while 

PVPi and GEDVi showed stable values. PaO2/FiO2 trends 

showed significant variation during observational time with 

rapid worsening 3 hours after supine positioning. However, 

our small sample size limited our ability to detect substantial 

differences between time points. 

Previous studies [20-22] demonstrated that EVLWi and PVPi 

values were higher in patients with CARDS when compared 

with “classical” ARDS. EVLWi values in CARDS patients were 

significantly higher than in non-COVID-19 ARDS patients and 

high EVLWi values were associated with increased mortality 

[20]. Shi et al. [21] found that compared with patients without 

COVID-19, patients with COVID-19 had significantly higher 

EVLWi and PVPi at baseline, suggesting higher severity of the 

disease in terms of gas exchange alteration, prone positioning, 

and ECMO use. 

Table 3. Linear regression analysis results: linear regression analysis of PaO2/FiO2 and TPTD parameters
Variable Mean±SD Range Intercept (95% CI) β (95% CI) r R2 P-value (F-test)
PaO2/FiO2 73.1±14.3 56.0–110.0 - - - - -
EVLWi (ml/kg) 14.4±1.4 12.6–18.0 156.08 (82.58 to 229.59) –5.76 (–10.86 to –0.68) –0.58 0.34 0.029
PVPi 3.5±0.1 2.9–4.0 50.86 (–2.86 to 218.75) –9.78 (–40.84 to 21.27) –0.19 0.04 0.506
GEDVi (ml/m2) 719.5±61.5 591.0–892.0 44.73 (37.98 to 232.90) –0.09 (–0.22 to 0.05) –0.37 0.14 0.188

The results of linear regression analysis are based on values obtained only in supine position (30 minutes before and 3 hours after prone position ventilation, 
n=14). PaO2/FiO2 was considered as the dependent variable. Intercept, beta coefficient (β), 95% confidence interval (95% CI), Pearson’s correlation (r) and 
determination (R2) coefficients were computed. F-test P<0.05 was considered as statistically significant, supporting linear relationship between dependent and 
independent variables.
TPTD: performed transpulmonary thermodilution; SD: standard deviation; EVLWi: extra vascular lung water index; PVPi: pulmonary vascular permeability index; 
GEDVi: global end diastolic volume index.

Figure 2. Scatter (A) and residual (B) plots. (A) The scatter plot, with regression line (black line), 95% confidence interval (CI) curves (black dotted 
curves) and 95% prediction lines (red lines). Linear regression analysis (n=14) showed that extravascular lung water index values noted in the 
supine position were able to predict PaO2/FiO2. The linear regression equation for the model was: PaO2/FiO2=156.08 (intercept 95% CI, 82.6–229.6; 
t-statistic=4.626; P<0.001) –5.76 (β 95% CI, –10.83 to –0.68; t-statistic=–2.470; P=0.029)×EVLWi. F-test showed that the linear relationship 
between EVLWi and PaO2/FiO2 was statistically significant (P=0.029), with R2=0.34. (B) Plot for residual analysis. Shapiro-Wilk test showed that 
residuals followed a normal distribution (W=0.924, P=0.249). EVLWi: extra vascular lung water index.
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Our data about the EVLWi trends during PPV were in line 

with those of McAuley et al. [23]. Their prospective observa-

tional study on ARDS patients showed a significant decrease 

in EVLWi values after 18 hours in PPV. Because we did not 

find significant changes in PVPi values during PPV, reduc-

tion in EVLWi seemed to be related to intrapulmonary fluid 

redistribution/reabsorption rather than real improvement in 

the severity of disease. Consequently, PPV can be considered 

“symptomatic treatment” to improve the PaO2/FiO2 ratio, al-

lowing “gentle” lung ventilation and reducing mechanical ven-

tilation-related lung injury. Moreover, PPV can allow clinicians 

to “gain time” to reduce intense lung inflammatory response. 

However, data are lacking to explain the pathophysiological 

mechanisms underlying these potential changes, and the as-

sociations between PPV, EVLWi values, and clinical outcomes 

are still poorly investigated. 

In our analysis, GEDVi values did not show statistically 

significant variations. These data were in contrast with those 

of Ruste et al. [24]. In their retrospective observational study 

of ARDS patients undergoing PPV for at least 16 hours, they 

found a slight yet sustained increase in GEDVi, reversible after 

return in the supine position, unrelated to fluid administra-

tion. It has been speculated that this slight increase in GEDVi 

might be related to an increase in pulmonary thermal volume 

in PPV. However, in that previous study, most PPV sessions 

with significant increases in GEDVi were associated with in-

creases in cardiac index. Since the beginning of the pandemic, 

evidence suggested an initial conservative approach to fluid 

resuscitation in patients with COVID-19 [5]. However, it should 

be considered that hypovolemia and dehydration are frequent 

causes of acute kidney injury among COVID-19 patients with 

a worse prognosis [25]. Fluid status prediction is particular-

ly challenging in these patients [26], and further studies are 

needed to clarify GEDVi modifications during PPV sessions 

and its value as preload index. 

We found a statistically significant negative linear relation-

ship between EVLWi and PaO2/FiO2 values noted in the supine 

position. In our sample, changes in EVLWi values could ex-

plain about 34% of the variation in PaO2/FiO2. Previous studies 

about the topic were performed on classical ARDS. Kushimoto 

et al. [27] found a negative and moderate correlation between 

EVLWi and PaO2/FiO2 (r=–0.355, P<0.0001), while Bhattacha-

rjee et al. [28] found a stronger negative correlation (r=–0.71, 

P<0.0001). 

Our study has several limitations. First, the small sample size 

limited our statistical analysis and generalization of results. 

Second, we limited our observations to one PPV cycle and 

collected data only until 3 hours after returning to the supine 

position. We did not study how EVLWi, PVPi, and GEDVi 

changed after 3 hours in the supine position or during consec-

utive PPV sessions. Third, we performed only a single linear 

regression analysis due to the small number of observations. 

Fourth, because pulmonary circulation thrombosis induced 

by endothelial injury was common in severe CARDS patients 

[29], this phenomenon could alter parameters obtained by 

TPTD [16]. However, we monitored right and left ventricular 

performances by echocardiography during the observational 

time, and we did not report any findings of acute right ventric-

ular failure due to pulmonary thromboembolism. However, 

we want to underline that our study reports trends for EVLWi, 

PVPi, and GEDVi during PPV in severe CARDS patients for the 

first time. 

In conclusion, our preliminary data suggest that TPTD can 

provide useful data for the clinical management of severe 

CARDS patients requiring PPV sessions, especially regarding 

pulmonary edema. EVLWi showed a statistically significant 

reduction after 18 hours in PPV and values noted in supine po-

sitions were correlated with PaO2/FiO2. This relationship can 

help clinicians discriminate whether gas exchange worsening 

is related to fluid overload or progression of disease. Further 

clinical research should evaluate the role of TPTD parameters 

as markers to stratify disease severity and guide clinical man-

agement. 
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