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Background 

The concept of ventilator-induced lung injury vortex 

(VILI vortex) has recently been proposed as a 

progressive lung injury mechanism in which the 

alveolar stress/strain increases as the ventilable lung 

“shrinks”.  

 

Research Question 

The objective of this study is to evaluate the 

incidence of the VILI vortex in patients with SARS-

CoV-2. 

 

Study design and methods 

Patients were ventilated with low tidal volume (Vt: 6 

±1 ml/kg/PBW) and limited plateau pressure (PPlat 
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<30 cmH2O). FiO2 and respiratory frequency were 

adjusted to obtain SaO2: 92 to 96% and pH >7.20, 

respectively. PEEP was scored based on best 

compliance of respiratory system. Data were 

registered for 14 days. VILI vortex was defined as a 

progressive and sustained increase in driving pressure 

(ΔP) in the context of constant or decreasing tidal 

volume. 

 

Results 

Sixty-five patients were admitted and fifteen of them 

(23%) progressed to VILI vortex. This phenomenon 

started subtly but developed fast (ΔP: day 0: 13.1 

±3.6 cmH2O, day 7: 15.6 ±3.6 vs. ΔP day 14: 24.1 

±7.8 cmH2O, p 0.0007). Initially, mechanical 

impairment was not accompanied by worsening in 

oxygenation [PaO2/FiO2 day 0: 150 ±73 vs. day 14: 

160 ±75), p= NS], thus the PaO2/FiO2 ratio was not 

sensitive enough for its early detection. Finally, 

almost all patients with VILI vortex died of refractory 

hypoxemia (14/15). Negative factors such as delay in 

invasive mechanical ventilation [14 (11-15) vs. 7.5 

(5-11) days, p= 0.0005], fluid overload [965 (501-

1280) vs. 471 (206-.730), ml/day, p= 0.002], 

presence of bacteremia (60 vs. 20%, p 0.002), 

persistent fever (46.6 vs. 20%, p: 0.03) and need for 

noradrenaline >0.1 γ/kg/min (80 vs. 34%, p= 0.001) 

prevailed in VILI vortex group. 

 

Interpretation 

VILI vortex is associated with a high mortality rate 

due to refractory hypoxemia. Extrapulmonary 

cofactors may contribute to its development. 

 

ClinicalTrials.gov; No.: NCT04174313; URL: 

www.clinicaltrials.gov.  

 

Keywords: Acute respiratory distress syndrome; 
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Abbreviations 

ARDS: Acute respiratory distress syndrome 

VILI: Ventilator-induced lung injury 

Vt: Tidal volume 

ΔP: Driving pressure 

VI: Inspiratory flow rate 

RR: Respiratory rate 

PEEP: Positive end expiratory pressure 

MP: Mechanical power 

FRC: Functional residual capacity 

ICU: Intensive care unit 

VCV: Volume-controlled ventilation 

PPlat: plateau pressure 

PPeak: Peak pressure 

ECMO: Extra corporeal membrane oxygenation 

CRS: Compliance of the respiratory system 

SMP: Specific mechanical power 

APACHE II: Acute physiology and chronic health 

disease classification system II 

SOFA: Sepsis related organ failure Assessment 

ΔΔP: VILI vortex intensity 

http://www.clinicaltrials.gov/
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LDH: Lactate dehydrogenase 

P-SILI: Self-inflicted lung injury 

 

Introduction 

Mechanical ventilation is an essential tool for the 

treatment of patients with acute respiratory distress 

syndrome (ARDS). However, as with other 

strategies, it is not free of complications. Inadequate 

ventilation may have a negative impact on pulmonary 

and systemic hemodynamics, and it could both cause 

structural damage to pulmonary parenchyma and 

activate inflammation [1]. This process is known as 

ventilator-induced lung injury (VILI) and can 

promote the development of multiple organ failure 

and eventually death [2-4]. VILI results from the 

interaction between the mechanical load applied to 

the ventilable lung and its capacity to tolerate it. 

Factors such as tidal volume (Vt), driving pressure 

(ΔP), inspiratory flow rate (VI), respiratory rate (RR), 

excessive inspiratory effort, high levels of FiO2 and, 

in some cases, positive end-expiratory pressure 

(PEEP), have been involved in damage mechanism 

[2-9]. In that sense, the concept of mechanical power 

(MP) tries to encompass most of these factors within 

a measurable unit [10,11]. Furthermore, the decrease 

in ventilable lung volume (baby lung concept) [12], 

the heterogeneous lung compromise in ARDS [13], 

and the presence of cofactors that have a negative 

impact on the lung (fluid overload, presence of sepsis 

or shock) could increase its susceptibility to damage 

[14]. Since the mechanical conditions of the lung 

change dynamically with the progression of the 

disease, the ventilatory strategy needs constant 

adjustments to maintain a balance between the load 

and the size of the ventilable lung (concept of 

ergonomic ventilation). In fact, a protective 

ventilatory strategy of low tidal volume (Vt: 6 

ml/kg/PBW) and limited plateau pressure (PPlat <30 

cmH2O) may cause damage if the functional residual 

capacity (FRC) decreases significantly, thus making a 

lower number of alveoli (including capillaries) 

withstand a higher mechanical load per unit. The 

concept of VILI vortex has recently been proposed as 

a progressive lung injury mechanism in which the 

alveolar stress/strain increases as the ventilable lung 

“shrinks”. This positive feedback inexorably leads to 

the acceleration of lung damage, with potentially 

irreversible results [15]. Little is known about the 

clinical aspects of this condition. Understanding its 

behavior could contribute to changing its potential 

devastating impact. The objective of this study is to 

evaluate the incidence of the VILI vortex in patients 

with SARS-CoV-2, to establish a connection between 

this phenomenon and mortality, identifying the 

factors that influence its development. 

  

Materials and Methods 

Inclusion criteria 

This single-center prospective observational study 

evaluated consecutively admitted adult patients with 

ARDS severe acute respiratory distress syndrome due 

to COVID-19 (SARS-CoV-2) and needed volume-

controlled ventilation (VCV) for at least 7 days. 

These eligibility criteria were decided to allow a 

minimum monitoring of the mechanical variables. 
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Those who did not meet such requirement were 

excluded. 

ARDS was defined according to the Berlin criteria16 

while the diagnosis of COVID-19 pneumonia was 

established based on CT images showing such 

condition and on real-time polymerase chain reaction 

(RT-PCR) test for coronavirus disease-2019. 

 

Exclusion criteria 

Patients with do-not-resuscitate orders and pregnant 

women. Cardiac arrest before ICU admission. Extra 

corporeal membrane oxygenation (ECMO) 

requirement within the first 24 h of ICU admission 

and chronic obstructive pulmonary disease with gold 

class 3 or 4, or home oxygen therapy17. 

 

Procedure 

Patients were administered sedatives and analgesics 

(propofol and fentanyl) to obtain a score of -5 on the 

RASS scale. The protective ventilatory strategy 

included: low tidal volume ventilation (6 

ml/kg/PBW), plateau pressure limitation (PPlat: <30 

cmH2O) and prone positioning for severe hypoxemia. 

FiO2 and PaCO2 were adjusted to achieve SaO2 

between 92 and 96% and pH >7.20, respectively. 

PEEP was titrated according to the best compliance 

of the respiratory system (CRS), without exceeding 

the PPlat limit set. Neuromuscular blockers were 

administered to patients suffering from severe ARDS 

(PaO2/FiO2 <100) and to the ones with hypoxemia 

associated with asynchronies despite the 

administration of sedoanalgesia, PPlat >32 cmH2O or 

that needed prone positioning to improve 

oxygenation.  

Mechanical variables and PaO2/FiO2 were registered 

daily for 14 days or until initiating assisted 

ventilation. These data were obtained in passive 

mechanical conditions. 

Ventilator-induced lung injury vortex was defined as 

a progressive increase in driving pressure (ΔP) as Vt 

remained constant or even decreased.   

Refractory hypoxemia was defined as PaO2/FiO2 

<100 despite the optimization of mechanical 

ventilation and prone positioning.  

 

Respiratory data assessment 

Peak airway pressure, plateau pressure, and total 

PEEP were measured. The value of driving pressure 

(ΔP: PPlat - PEEP total), static compliance of the 

respiratory system (CRS= Vt/ΔP) and specific 

mechanical power (SMP: mechanical power/CRS) 

were calculated. Mechanical power was computed as: 

Peak airway pressure x Vt - (ΔP x Vt/2) x respiratory 

rate x 0.098. 

 

Clinical complications assessment 

The following variables and complications were also 

observed during the period of analysis: incidence of: 

1) pneumonia associated with mechanical 

ventilation14, 2) need for noradrenaline over 0·1 

γ/kg/min for more than 24 h, 3) positive blood 

cultures, 4) accumulated fluid balance, dialysis 

treatment, 5) clinical and/or echocardiographic 

evidence of heart failure, 6) lactate ≥2 mmol/L in at 

least two consecutive samples, 7) presence of 
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persistent fever (≥38º at least once a day for three 

consecutive days), and 8) the highest value of ferritin, 

D-dimer, C-reactive protein, troponin I and LDH 

obtained during the first 14 days of invasive 

mechanical ventilation.  

 

Statistical analysis 

Dichotomic data are reported as frequencies and 

percentages while continuous data are presented as 

mean (standard deviation) or median (interquartile 

range) as appropriate, depending on the normality of 

distribution. Kolmogorov–Smirnov test was used to 

test normality of distribution for continuous 

variables. Comparisons between the two groups 

(VILI vortex vs. No VILI vortex) and intragroup 

(day: 7 vs. day: 14) were analyzed by either an 

independent t-test or the Mann–Whitney test. 

Differences in categorical variables were assessed 

using the χ2 or Fisher's exact test.  

The mortality predictive model following refractory 

hypoxemia as well as mortality for any reason were 

analyzed on day 90 by means of ROC curves. 

Survival difference between both groups was 

analyzed through longrank test. Cox's proportional 

hazards regression test was used to study the 

relationship between VILI vortex intensity and 

accumulative risk of death from refractory hypoxia. 

The difference of driving pressure (ΔΔP) between 

days 7 and 14 was regarded as VILI vortex intensity 

expression. That was the period in which we more 

frequently observed VILI vortex development. Data 

analysis was conducted with MedCalc 11.4.3.0 

statistical software (Mariakerke, Belgium) and a p-

value of <0.05 was considered statistically 

significant. 

 

Ethical Approval 

This study was conducted in the ICU dedicated to 

COVID-19 patients of an intensive care unit at a 

university hospital in Argentina. Approval was 

obtained from local institutional review board 

(resolution number: 68/2019) and informed consent 

followed the ethical committee’s recommendations.  

 

Study Registration 

The present analysis was registered at 

www.clinicatrials.gov (NCT04174313). 

 

Results 

General characteristics of the population 

Sixty-five patients with ARDS secondary to COVID-

19 pneumonia were studied. Median age: 60 years 

(IQR, 55-65 years), female/male 25/40, APACHE II: 

18 points (IQR, 15-22 points), SOFA: 6 points (IQR, 

3.5-8 points) and Murray’s score: 2.5 points (IQR, 

2.5-3 points). Forty per cent of the patients needed 

dialysis and 6.1% had cardiovascular complications. 

Pneumonia associated with mechanical ventilation 

was a common event in patients ventilated for more 

than 7 days (40%). The average days of 

hospitalization were prolonged 33 days (IQR, 24 to 

49 days) and the mortality rate was high (50.7%). 

 

 

http://www.clinicatrials.gov/
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Figure 1: Shows the distribution of the population with SARS-CoV-2 studied.

 

VILI vortex clinical characteristics 

Fifteen patients with ARDS due to COVID-19 

(23%) clinically progressed to VILI vortex. 

Table 1 compares the clinical differences 

between both groups whereas Table 2 shows 

respiratory data. The VILI vortex generally 

started at the beginning of the second week. The 

increase in ΔP occurred in the context of stable 

Vt and PEEP, while the average PPlat remained 

within safe ranges, below 30 cm H2O. The torpid 

increase in ΔP was not initially accompanied by 

the PaO2/FiO2 ratio (table 3 and figure 2). 
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Parameters NO VILI VORTEX (n: 50) VILI VORTEX (n: 15) P= 

Age, years: 60 (54-66) 59 (55-60) NS 

Female/male: 18/32 06-Sep NS 

APACHE II: 18 ±16.5 22 ±5.9 0.02 

SOFA: 5 (3-7) 7 (5-9) NS 

Days of hospitalization in ICU: 33 (24-52) 25 (23-44) NS 

Hypertension: 25 (50) 9 (60) NS 

Diabetes mellitus: 11 (22) 4 (26.6) NS 

Obesity: 11 (22) 5 (33.3) NS 

Ischemic heart disease: 6 (12) 2 (13.3) NS 

COPD: 7 (14) 3 (20) NS 

Cancer/immunosuppression: 6 (12) 4 26.6) NS 

Intubation delay, days: 7.5 (5-11) 14 (11-15) 0.0005 

Refractory hypoxemia: 1 (2) 14 (93.3) <0.0001 

Mortality: 19 (38) 14 (93.3) 0.0001 

 

Table 1: General characteristics 

 

Data are presented as absolute frequency (% of 

the included patients), as median and 

interquartile range or media ± standard deviation. 

Acute physiology and chronic health evaluation 

(APACHE II), sepsis-related organ failure 

assessment (SOFA). 

 

Parameters NO VILI VORTEX (n: 50) VILI VORTEX (n:15) P= 

PaO2/FiO2, mmHg: 150 ±73 174 ±40 NS 

Vt, ml/kg/PBW: 6.3 ±0.7 6.5 ±05 NS 

pH: 7.29 ±0.1 7.28 ±0.1 NS 

PCO2, mmHg: 49 ±10 44 ±18 NS 

FiO2: 60 (50-85) 60 (50-70) NS 

Vt, ml: 0.39 ±0.1 0.39 ±0.1 NS 

RR, bpm: 24 (22-26) 25 (20-28) NS 

PPlat, cmH2O: 21.9 ±3.9 25.1 ±2.9 0.001 

PPeak, cmH2O: 27.9 ±5.1 31 ±3.5 0.008 

PEEP, cmH2O: 10 (8-12) 10 (8-12) NS 

ΔP, cmH2O: 12.3 ±2.7 13.1 ±3.6 NS 

CRS, ml/cmH2O: 34 (27.4-39.4) 27 (21-40) NS 

MV, L/min: 9.3 ±3 9.4 ±2 NS 

Prone position: 14 (28) 4 (26.6) NS 

SMP, J/min/ml/cmH2O: 0.36 ±1.8 0.41 ±1.5 NS 

 

Table 2: Comparison of mechanical parameters at the start of controlled mechanical ventilation 
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Data are presented as absolute frequency (% of 

the included patients), as median and 

interquartile range or media ± standard deviation. 

Volume tidal (Vt), respiratory rate (RR), plateau 

pressure (PPlat), peak pressure (Ppeak), driving 

pressure (ΔP), static compliance of the 

respiratory system (CRS), specific mechanical 

power (SMP).  

 

Parameters Day 7 Day 14 P= 

PaO2/FiO2, mmHg: 206 ±67 160 ±75 NS 

Vt, ml/kg/PBW: 6.1 ±0.7 5.7 ±0.8 NS 

pH: 7.3 ±0.1 7.3 ±0.1 NS 

PCO2: 56.8 ±17 60 ±18 NS 

FiO2: 50 (40-60) 60 (40-70) NS 

Vt, ml: 0.36 ±0.05 0.33 ±0.06 NS 

RR, bpm: 26 (24-28) 29 (25-32) 0.01 

PPlat, cmH2O: 24.9 ±4.6 29.8 ±5 0.009 

PPeak, cmH2O: 30.6 ±6 37.7 ±5 0.001 

PEEP, cmH2O: 8 (8-10) 8 (6-10) NS 

ΔP, cmH2O: 15.3 ±3.6 24.1 ±7.8 0.0007 

CRS, ml/cmH2O: 22.3 (19-30) 14 (12-19) NS 

MV, L/min: 9.6 ±1.8 10.4 ±2.7 NS 

MP, J/min: 11 ±2.6 12.3 ±2.8 NS 

SMP, J/min/ml/cmH2O: 0.48 ±0.2 0.85 ±0.3 0.0003 

 

Table 3: Comparison of mechanical parameters evolution in the VILI vortex group 

 

Data are presented as median and interquartile range 

or media and standard deviation. Volume tidal (Vt), 

respiratory rate (RR), plateau pressure (PPlat), peak 

pressure (Ppeak), driving pressure (ΔP), static 

compliance of the respiratory system (CRS), 

mechanical power (MP), specific mechanical power 

(SMP). 
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Figure 2: Ventilatory and gasometric parameters evolution during the first 14 days of mechanical ventilation 

 

Whereas driving pressure increased from day 7 in the 

group that developed VILI vortex, the PaO2/FiO2 

ratio remained stable and did not initially accompany 

the worsening of mechanical variables. 

 

Analysis death related variables 

The cause of death in the VILI vortex group was 

refractory hypoxemia in all cases whereas in the No 

VILI vortex group death for respiratory insufficiency 

was exceptional (figure 3). In this sense, VILI vortex 

(ΔΔP) predicted with good sensitivity and specificity 

the risk of death from both refractory hypoxemia 

(sensibility: 86.7% and specificity: 96%, AUC: 0.97 

and from any cause (sensibility: 72.7% and 

specificity: 81.2%, AUC: 0.78). For each cmH2O of 

ΔΔP increase, the relative risk of death from 

refractory hypoxemia increased 1·3 times (95% IC: 

1.2 to 1.4, p= 0.001).  
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Figure 3: Comparison of survival curve between groups 

 

Complications 

Patients with VILI vortex had positive blood cultures; 

moderate to severe shock, persistent fever, and the 

observed fluid balance was considerably more 

positive, table 4. 

 

Parameters NO VILI VORTEX (n: 50) VILI VORTEX (n:15) P= 

Intranosocomial pneumonia: 19 (38) 7 (46.6) NS 

Noradrenaline > 0.1 γ/kg/min: 17 (34) 12 (80) 0.001 

Renal replacement therapy: 18 (36) 7 (46.6) NS 

Persistent fever: 10 (20) 7 (46.6) 0.03 

Blood cultures: 10 (20) 9 (60) 0.002 

Lactate level > 2 mmol/L: 16 (32) 7 (46.6) NS 

Fluid balance, ml/day: 471 (206-730) 965 (501-1280) 0.002 

Ferritin level, ng/ml: 2489 ±283 2780 ±3337 NS 

LDH, U/L: 564 ±210 674 ±396 NS 

Fibrinogen level, mg/dl: 492 ±101 577 ±96 NS 

CRP, mg/l: 157 ±101 302 ±465 NS 

Troponin I, pg/ml, media: 79.2 ±194 73 ±178 NS 

D-dimer, ng/ml FEU: 3092 ±4554 3996 ±4156 NS 

 

Table 4: Complications observed within the first 14 days 
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Data are presented as absolute frequency (% of the 

included patients), as median and interquartile range 

or media and standard deviation. 

 

Discussion 

We studied a homogenous population of patients with 

SARS-CoV-2. The most significant findings of this 

study were the following: 1) VILI vortex is a 

relatively frequent phenomenon associated with high 

mortality due to refractory hypoxemia. 2) Although it 

usually starts with “safe” values of ΔP, this 

phenomenon progresses to a catastrophic condition 

that makes it difficult to maintain a protective 

ventilatory strategy. 3) Mechanical changes were not 

initially accompanied by worsening oxygenation, 

thus the PaO2/FiO2 ratio is not sensitive enough for its 

early detection. 4) The intensity of VILI vortex 

(ΔΔP) was positively associated with the risk of death 

from refractory hypoxemia. 5) Negative factors such 

as delay in invasive mechanical ventilation, fluid 

overload, presence of bacteremia, persistent fever and 

use of noradrenaline (>0·1 γ/kg/min for at least 24 

hours) contributed to its development. Although the 

ventilatory load applied to the lung (SMP) was 

initially similar for both groups, a small group 

evolved with driving pressure elevation (VILI vortex) 

and later death from refractory hypoxemia (14/15). 

On the other hand, those patients with P steady 

values (non-VILI vortex group) had lower mortality 

which was not related to severe respiratory failure. 

Individual factors from the patient such as genetic 

and racial factors or comorbilities, factors related to 

the pathogenic agent (strain virulence, inoculated 

virus amount, etc) and hospital-related complications 

(overinfections, shock, citokynes storms) can make 

patients evolve in different ways despite the 

similarity of the treatment they were receiving. As 

compliance of the respiratory system is associated 

with the ventilable lung capacity (baby lung) and 

driving pressure represents the relationship between 

tidal volume and CRS (ΔP: Vt/CRS), the progressive 

and sustained increase in P while Vt remained 

constant or even decreased may reflect the 

unfavorable changes that occur in the ventilable lung. 

These changes may be compatible with VILI vortex, 

especially during the early stage of ARDS, when the 

fibrotic component is less present. A 4 cmH2O 

increase in ΔP in a period of 48 to 72 hours may 

indicate the start of VILI vortex, although mechanical 

and gasometric conditions may seem safe, since, as 

mentioned above, mechnical damage precedes the 

unfavorable changes in oxygenation. Furthermore, 

VILI vortex developed within a safe context of Vt 

and PPlat, thus lung protective measures should not 

be delayed in case of its early suspicion. Clinical 

evidence shows that there is a linear relationship 

between P above 10 cmH2O and mortality18. 

Mechanisms related to lung heterogeneity and 

deformation speed (variable associated with flow) 

may increase tension at a regional level, even with 

safe values of PPlat and ΔP [19-21]. Unequal 

deformation between neighboring alveoli with 

different elastance may even double local tension 

[19,20], whereas flow has a reverse impact on the 

alveoli’s ability to adapt to change (strain rate), 

among other things [21]. This is an important 
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concept, considering that ΔP is a static variable that is 

not influenced by flow. Driving pressure 

accumulative stress above 15 cm H2O and its 

association with relative risk of death had already 

been demonstrated [22]. We supported this 

observation by proving that VILI vortex intensity 

(ΔΔP), the relative increase of ΔP in a definite period, 

was also associated with the risk of death from 

refractory hypoxemia. From a clinical perspective, 

VILI vortex can lead to an extreme situation since to 

avoid the rise of driving pressure, it is mandatory to 

decrease Vt and on the other hand, to increase FiO2, 

respiratory frequency and inspiratory flow so that it 

can prevent hypoxia and hypercapnia from 

worsening. The result is a mechanical power that 

remains dangerously high in relation to the conditions 

of the ventilable lung (specific mechanical power). 

This is the moment when salvage strategies such as 

CO2 removal devices and ECMO could take place, 

while prone positioning should be used not only to 

improve oxygenation, but also to better homogenize 

intrapulmonary tensions and to promote passive 

recruitment. Moreover, a better prevention of 

nosocomial infections, shock control and a more 

conservative positive fluid balance could have 

probably mitigated the risk of VILI vortex in patients 

that remained stable during the first week. Finally, 

delay in invasive mechanical ventilation probably 

represents a longer inspiratory effort; Gattinoni and 

colleagues suggested the development of a self-

inflicted lung injury (P-SILI) as one of the lung 

injury mechanisms involved in ARDS progression 

[23-25]. Regardless of the nature of inspiratory 

pressure, either positive, associated with mechanical 

ventilation, or negative, because of inspiratory effort, 

transpulmonary pressure (stress) and the alveolar 

deformation that it causes (strain) are the factors that 

determine the risk of VILI [26-27].  

 

Limitations 

We did not measure the volume of the ventilable lung 

(FRC): we indirectly defined VILI vortex based on 

the increase in ΔP, as an indirect expression of 

ventilable lung shrinkage. The serialized measuring 

of FRC with CT is not possible in patients in critical 

condition, while the use of electrical impedance 

tomography and the measuring of FRC by gas 

dilution methodology are rather imprecise and have 

not yet been validated for this specific purpose. 

Another limitation is that harmful stress and 

subsequent lung injury are caused by transpulmonary 

driving pressure (the pressure in the alveoli), but we 

only have measurements of static airway driving 

pressure. Airway driving pressure does correlate with 

transpulmonary driving pressure, but it represents 

only a surrogate, which might be affected by 

numerous factors (e.g., resistive pressures, chest wall 

compliance, and spontaneous breathing). Our data are 

valid on the early stage of ARDS. In the fibro 

proliferative phase, the accumulation of inflammatory 

edema and cellular debris in the alveolar interstitium 

together with fibrosis formation may contribute to 

controlling alveolar deformation in the face of 

tension growth (dissociation between tension and 

deformation due to an increase in functional specific 

elastance). Finally, although decubitus changes are 
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likely to alter the value of ΔP, we did not find 

significant differences in these patients once they 

were stabilized. 

 

Interpretation 

The risk of VILI must be evaluated in a global 

context, where ventilatory mechanics plays an 

important but not exclusive role, and therefore should 

be approached in a comprehensive manner. From a 

mechanical perspective, in those patients admitted 

with preserved CRS, the increasing trend of ΔP can 

better reflect the unfavorable changes occurring in 

the lung, whereas its initial absolute value, 

PaO2/FiO2, PPlat and mechanical power is not 

sensitive enough to anticipate catastrophic VILI 

vortex.  
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