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Background: Coronavirus disease 2019 (COVID-19) has been frequently complicated by severe acute respiratory 

distress syndrome (ARDS) with prolonged invasive ventilation. While respiratory system compliance and lung 

recruitability have been described within the first days after ICU admission, data about their longitudinal changes 

are still limited. Therefore, we conducted this study to assess the evolution of respiratory system compliance and 

lung recruitability in patients with COVID-19–related ARDS. 

Method: We conducted a prospective single-center study in patients admitted for COVID-19–related ARDS during 

the first wave of the pandemic, from March 16, 2020 to April 10, 2020. Respiratory system compliance was 

calculated daily at clinical positive end-expiratory pressure (PEEP) during passive breathing. The potential for 

lung recruitment was assessed by measuring the volume derecruited between PEEP 15 cmH 2 O and 5 cmH 2 O, 

and using the calculation of the recruitment-to-inflation ratio (R/I ratio). Recruitable lung was considered when 

the R/I ratio was at least 0.5. The primary outcome was the evolution of respiratory mechanics over time. The 

secondary outcome was the evolution of lung recruitability over time. 

Results: Thirty-two patients were included in this study. The respiratory mechanics were assessed 222 times 

(7 ± 5 times per patient). Respiratory system compliance at clinical PEEP was 29.1 mL/cmH 2 O (interquartile 

range [IQR]: 24.1–33.9 mL/cmH 2 O) and decreased significantly over time ( P < 0.0001). Lung recruitability was 

assessed in 22 out of the 32 patients (60 assessments). The median volume derecruited between PEEP 15 cmH 2 O 

and 5 cmH 2 O was 246.8 mL (IQR: 180.8–352.2 mL) and the median R/I ratio was 0.56 (IQR: 0.39–0.73). Neither 

changed significantly over time. The proportion of patients with recruitable lung was 50.0% (6/12) within the 

first 3 days after intubation, 69.2% (9/13) between day 4 and day 7, and 66.7% (8/12) after day 7 ( P = 0.7934). 

Conclusions: In our cohort, respiratory system compliance was low and decreased over time. The potential for 

lung recruitment was high and persisted despite prolonged mechanical ventilation, suggesting that maintaining 

high PEEP levels in the later course of COVID-19 could be adequate. 
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The recent coronavirus disease 2019 (COVID-19) pandemic

ffected millions of people and caused several thousand deaths

orldwide. [1] Although most patients had good outcomes,

OVID-19 has been frequently complicated by severe respira-

ory failure with bilateral lung infiltrates and hypoxemia re-

uiring intubation and invasive mechanical ventilation. Once
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ntubated, most patients met the criteria for acute respiratory

istress syndrome (ARDS) according to the Berlin definition. [2] 

OVID-19–related ARDS is associated with particularly pro-

onged ICU stay [3–6] and high mortality rates. [7] 

The management of patients with COVID-19–related ARDS

as been debated since the onset of the pandemic. Based on the

nalysis of a small cohort, [8] key opinion leaders hypothesized

hat respiratory system compliance was relatively high and that
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s  
ung recruitability was lower than non-COVID ARDS in the early

ourse of the disease. [9] Hence, they suggested setting the venti-

ator differently than in non-COVID ARDS, including large tidal

olume and low positive end-expiratory pressure (PEEP) in the

arly phase of the disease. [9] , [10] 

However, many subsequent large-scale studies showed that

espiratory system compliance in COVID-19–related ARDS was

lightly higher than in non-COVID ARDS, and that this differ-

nce was not clinically meaningful. [11–16] Similarly, lung re-

ruitability was not lower in COVID-19–related ARDS than

n non-COVID-19–ARDS, and some studies even found higher

ung recruitability in COVID-19–related ARDS. [17] Therefore,

he management of ARDS should probably not differ from that

f non-COVID ARDS. [18] 

However, respiratory system compliance and lung re-

ruitability in patients with COVID-19–related ARDS have

ainly been described within the first days of intensive care

nit (ICU) admission, [3] , [19] , [20] and data about the longitu-

inal changes of respiratory mechanics are scarce. [21] As these

atients have a longer duration of mechanical ventilation than

hose with other viral ARDS, [22] knowledge of the evolution of

espiratory system compliance and lung recruitability over time

ay be crucial with respect to individualizing ventilation. 

Therefore, we conducted a prospective study to assess the

volution of respiratory system compliance and lung recruitabil-

ty in patients with COVID-19–related ARDS. 

ethods 

tudy 

This prospective, single-center, observational study was con-

ucted in the medical ICU at the University Hospital of Poitiers,

rance. Data collection was approved by the hospital’s local

thics committee (CHU86-RECH-R2020–11–02), and informed

onsent was waived given the observational nature of the study.

atients 

From March 16, 2020 to April 10, 2020, all patients admitted

o our ICU for COVID-19–related ARDS infection according to

he Berlin definition 

[2] were included. Patients not intubated

r intubated for reasons other than COVID-19 infection, those

ith hemodynamic instability defined based on norepinephrine

ose requirement ≥ 1 𝜇g/kg/min, those with partial pressure of

xygen(PaO 2 )/fraction of inspired oxygen(FiO 2 ) < 80 mmHg at

he time of measurements, those with severe chronic obstructive

ung disease, and those with raised intracranial pressure were

xcluded. 

anagement of patients 

In our unit, the management of COVID-19–related ARDS

id not differ from the usual management of non-COVID

RDS that included the use of low tidal volume ventilation

f 6 mL/kg of predicted body weight (PBW), high PEEP tar-

eting plateau pressure of 28–30 cmH 2 O when PaO 2 /FiO 2 was

 200 mmHg, [23] neuromuscular blockers when PaO 2 /FiO 2 was

 150 mmHg, [24] and 16-h sessions of prone positioning when

aO 2 /FiO 2 remained < 150 mmHg despite neuromuscular block-

rs. [25] Extracorporeal membrane oxygenation was initiated
261 
hen PaO 2 /FiO 2 was ≤ 80 mmHg for > 6 h, < 50 mmHg for > 3 h,

r pH was < 7.25 with PaCO 2 > 60 mmHg. [26] Patients were

xtubated after a 1-h successful spontaneous breathing trial

ith low-level of pressure support when awake with PaO 2 /FiO 2 

 150 mmHg with PEEP ≤ 8 cmH 2 O and FiO 2 ≤ 40%. 

ata collection 

Baseline characteristics such as age, sex, body mass index,

nd severity scores [27] , [28] were collected at ICU admission.

ime from the first symptoms to ICU admission; first-line non-

nvasive ventilation strategies; time from ICU admission to in-

ubation; respiratory mechanics; results from the first arterial

lood gas analysis after intubation; prone positioning; extracor-

oreal membrane oxygenation; and outcomes such as duration

f mechanical ventilation, duration of extracorporeal membrane

xygenation, length of ICU stay, and in-ICU mortality were col-

ected. 

Clinical plateau pressure, PEEP, tidal volume, respiratory

ate, and the corresponding arterial blood gas analyses were col-

ected daily during passive ventilation in supine position from

lectronic charts (Metavision Software, MDsoft, Wakefield, MA,

SA). Passive ventilation was defined as measured respiratory

ate equal to the set respiratory rate with stable plateau pres-

ure and expired tidal volume > 3 min on the electronic charts.

alues were validated individually by attending nurses during

heir rounds. 

ssessment of lung recruitability 

On a daily basis, potential for lung recruitment was assessed

y calculation of the recruitment-to-inflation ratio (R/I ratio)

uring a single-breath PEEP reduction maneuver as previously

escribed. [29] Measurements were performed in supine semi-

ecumbent position, with the head of the bed elevated at 30°, in

olume-controlled mode with tidal volume of 6 mL/kg of PBW,

nd a constant inspiratory flow of 60 L/min. For patients with

pontaneous breathing efforts before or during the assessment,

he maneuver was aborted. First, PEEP was set at 15 cmH 2 O for

0 min, and respiratory rate was decreased to 10 breaths/min

o eliminate intrinsic PEEP. Expired tidal volume at PEEP

5 cmH 2 O was collected. PEEP was then decreased to 5 cmH 2 O

ver one breath. The first expired tidal volume after PEEP re-

uction and plateau pressure at PEEP 5 cmH 2 O was collected.

ow-flow (5 L/min) inflation pressure-time curve from PEEP

 cmH 2 O was performed to detect airway closure. Airway open-

ng pressure (AOP) was defined by the airway pressure corre-

ponding to the inflection point on pressure-time curve, when-

ver present. Clinical ventilator settings were then resumed. Of

ote, clinical ventilator settings were not adjusted according to

he R/I ratio as the benefits of R/I ratio-adjusted management

ave yet to be proven. Doses of sedatives and neuromuscular

lockers at the time of R/I ratio assessment were collected. 

alculations 

Airway closure was considered in all calculations given that

t significantly influences respiratory mechanics. [30] Respiratory

ystem compliance at clinical PEEP was calculated as follows:
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Table 1 

Baseline characteristics and outcomes ( n = 32). 

Variables Data 

Baseline characteristics 

Age (years) 65.0 (55.8–70.0) 

Sex (female) 5 (15.6) 

Body mass index (kg/m 

2 ) 29.5 (26.1–32.8) 

Comorbidities 

Diabetes 8 (25.0) 

Hypertension 15 (46.9) 

Immunosuppression 1 (3.1) 

Underlying chronic cardiac disease 3 (9.4) 

Underlying chronic lung disease 5 (15.6) 

Simplified Acute Physiology Score 2 39.5 (32.8–42.3) 

Sequential Organ Failure Assessment score 4.0 (3.0–4.0) 

Management before intubation 

Time from first symptoms to ICU admission (days) 10.0 (6.0–12.0) 

Time from ICU admission to intubation (days) 1.0 (1.0–2.0) 

High-flow nasal oxygen 14 (43.8) 

Time of therapy (days) 0.0 (0.0–1.0) 

Non-invasive ventilation 2 (6.2) 

Time of therapy (days) 0.0 (0.0–0.0) 

Management after intubation 

Tidal volume (mL/kg) 6.0 (5.9–6.2) 

Respiratory rate (breaths/min) 28.0 (25.5–30.0) 

PEEP (cmH 2 O) 12.0 (8.0–13.5) 

Plateau pressure (cmH 2 O) 26.0 (23.0–27.0) 

Respiratory system compliance (mL/cmH 2 O) 29.3 (23.9–35.0) 

PaO 2 /FiO 2 after intubation (mmHg) 125.0 (88.0–188.0) 

PaCO 2 after intubation (mmHg) 46.5 (41.0–49.5) 

Ventilatory ratio 2.1 (1.7–2.2) 

Prone positioning 24 (75.0) 

Number of sessions 3.0 (1.8–4.0) 

Extracorporeal membrane oxygenation 4 (12.5) 

Outcomes 

Duration of mechanical ventilation (days) 18.0 (11.0–25.3) 

Duration of extracorporeal membrane oxygenation (days) 13.5 (7.0–20.3) 

Length of ICU stay (days) 21.5 (16.0–29.0) 

In-ICU mortality 6 (18.8) 

Data are expressed as median (IQR) or n (%). 

ICU: Intensive care unit; IQR: Interquartile range; PaCO 2 : Partial pressure of 

carbon dioxide in artery; PaO 2 /FiO 2 : partial pressure of oxygen/fraction of 

inspired oxygen; PEEP: Positive end-expiratory pressure. 
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Figure 1. Flowchart of patients included in the study. 

COVID-19: Coronavirus disease 2019. 
idal volume/(clinical plateau pressure – the highest value be-

ween clinical total PEEP or AOP). PEEP reduction was cal-

ulated as PEEP 15 cmH 2 O minus the highest value between

EEP 5 cmH 2 O and AOP. Volume derecruited between PEEP

5 cmH 2 O and 5 cmH 2 O or AOP was computed as the first

xpired tidal volume after PEEP reduction minus set tidal vol-

me minus predicted volume (calculated as compliance at PEEP

 cmH 2 O × PEEP reduction). Compliance of the derecruited

ung was calculated as volume derecruited/PEEP reduction.

/I ratio was calculated as compliance of the recruited

ung/compliance at PEEP 5 cmH 2 O. An R/I ratio of ≥ 0.5 was

ndicative of a recruitable lung. [29] 

utcomes 

The primary outcome was the relationship between respi-

atory mechanics and time in patients with COVID-19–related

RDS. The secondary outcome was the relationship between

ung recruitability and time in patients with COVID-19–related

RDS. 

tatistical analysis 

Continuous variables were described as mean ± standard de-

iation or median (interquartile range [IQR]: 25th–75th per-

entiles) according to their distribution. Categorical variables

ere described as number (percentage). To test the relationship

mong compliance, volume recruited, and R/I ratio over time,

inear mixed-effect regression models were performed consid-

ring random effect for patients and fixed effect for time since

ntubation. Additionally, time was arbitrarily categorized into

hree time intervals according to the day of intubation: within

he first 3 days, between day 4 and day 7, and after day 7. Val-

es of compliance, volume recruited, and R/I ratio at each time

nterval were compared using Kruskal–Wallis test for continu-

us variables and Fisher’s exact test for categorical variables. No

mputation for missing data was carried out. Two-tailed P -value

 0.05 was considered to indicate statistical significance. Statis-

ical analyses were performed using R software ( https://www.r-

roject.org ). 

esults 

opulation 

Among the 38 patients admitted for COVID-19 infection dur-

ng the study period, 32 (84.2%) required invasive mechani-

al ventilation, and all of them met the Berlin definition for

RDS [ Figure 1 ]. Ventilators used for patients’ management

ere EVITA XL ventilator (Draeger, Lübeck, Germany) in 20

ut of 32 patients (62.5%), Carescape R860 ventilator (General

lectrics Healthcare, Chicago, IL, USA) in 11 patients (34.4%),

nd Servo I ventilator (Getinge, Göteborg, Sweden) in one pa-

ient (3.1%). Characteristics of patients included are displayed

n Table 1 . Median (IQR) time from first symptoms to ICU ad-

ission was 10.0 (6.0–12.0) days, and from ICU admission to

ntubation was 1.0 (1.0–2.0) days. Median PaO 2 /FiO 2 after in-

ubation was 125.0 (88.0–188.0) mmHg. Prone positioning was

equired in 75.0% cases (24/32), and extracorporeal membrane
262 
xygenation in 12.5% cases (4/32 patients). Duration of me-

hanical ventilation was 18.0 (11.0–25.3) days and in-ICU mor-

ality was 18.8% (6/32). 

volution of respiratory mechanics over time 

Respiratory mechanics were assessed 222 times (7 ± 5 times

er patient) during the ICU stay. The median (IQR) tidal volume

as 6.0 (5.9–6.2) mL/kg of PBW, PEEP was 12.0 (10.0–14.0)

mH 2 O, plateau pressure was 25.0 (23.0–28.0) cmH 2 O, and res-

iratory system compliance at clinical PEEP was 29.1 (24.1–

https://www.r-project.org
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Figure 2. Distribution of respiratory system compliance at clinical PEEP in the 

32 patients included (222 measurements, 7 ± 5 measures per patient). Boxplot 

shows the 25th, 50th, and 75th percentiles (box); 10th and 90th percentiles 

(whiskers); and outlying points (circles). 

PEEP: Positive end-expiratory pressure. 
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Figure 3. Evolution of respiratory system compliance at clinical PEEP over time 

as a continuous variable in the upper panel ( P < 0.0001), and as a discretized 

variable in the low panel in the 32 included patients. 

PEEP: Positive end-expiratory pressure. 

Figure 4. Distribution of volume derecruited in the 22 patients whose re- 

cruitability was assessed (60 measurements, 2 ± 2 measures per patient). Box- 

plot shows the 25th, 50th, and 75th percentiles (box); 10th and 90th percentiles 

(whiskers); and outlying points (circles). 

AOP: Airway opening pressure; PEEP: Positive end-expiratory pressure. 
3.9) mL/cmH 2 O. Distribution of respiratory system compliance

t clinical PEEP is displayed in Figure 2 . Compliance at clinical

EEP decreased significantly over time ( P < 0.0001): from me-

ian 34.4 mL/cmH 2 O (IQR: 29.2–37.2 mL/cmH 2 O) within the

rst 3 days after intubation to 30.8 mL/cmH 2 O (IQR: 27.4–34.4

L/cmH 2 O) between day 4 and day 7, and 27.4 mL/cmH 2 O

IQR: 21.3–32.0 mL/cmH 2 O) after day 7 ( P Kruskal-Wallis < 0.0001,

igure 3 ). 

volution of lung recruitability over time 

Lung recruitability was assessed in 22 of the 32 patients

60 assessments). Three out of 22 patients (13.6%), accounting

or five assessments, had airway closure with median AOP of

 cmH 2 O, 7 cmH 2 O, and 8 cmH 2 O, respectively. All patients

ere treated with sedatives and neuromuscular blockers at

he time of R/I ratio assessment. Median (IQR) doses were

0.0 (10.0–13.1) mg/h for midazolam, 150.0 (112.5–150.0)

g/h for propofol, 10.0 (10.0–15.0) 𝜇g/h for sufentanil, 40.0

40.0–40.0) mg/h for atracurium, and 20.0 (15.0–20.0) mg/h

or cisatracurium. 

The volume derecruited between PEEP 15 cmH 2 O and

 cmH 2 O was 246.8 (IQR: 180.8–352.2) mL [ Figure 4 ] and did

ot significantly change over time: 237.5 (IQR: 187.4–372.0)

L within the first 3 days after intubation, 270.5 (IQR: 179.3–

80.1) mL between day 4 and day 7, and 222.5 (IQR: 179.7–

84.4) mL after day 7 ( P Kruskal-Wallis = 0.4678, Figure 5 ). The vol-

me derecruited exceeded 150 mL in 11 out of 13 cases (84.6%)

ithin the first 3 days after intubation, in 21 out of 24 cases

87.5%) between day 4 and day 7, and in 19 out of 23 cases

82.6%) after day 7 ( P = 0.9007). 

The median R/I ratio was 0.56 (IQR: 0.39–0.73) [ Figure 6 ]

nd did not significantly change over time: 0.50 (IQR: 0.42–

.64) between day 1 and day 3, 0.61 (IQR: 0.39–0.77) be-

ween day 4 and day 7, and 0.52 (IQR: 0.39–0.75) after day 7

 P Kruskal-Wallis = 0.7601, Figure 7 ). The proportion of patients with

ecruitable lung was 50.0% (6/12) within the first 3 days after

ntubation, 69.2% (9/13) between day 4 and day 7, and 66.7%

8/12) after day 7 ( P = 0.7934). 
263 
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Figure 5. Evolution of volume derecruited over time as a continuous variable 

in the upper panel ( P > 0.9999), and as a discretized variable in the low panel 

in the 22 included patients. AOP: Airway opening pressure; 

PEEP: Positive end-expiratory pressure. 

Figure 6. Distribution of recruitment-to-inflation ratio in the 22 patients whose 

recruitability was assessed (60 measurements, 2 ± 2 measures per patient). Box- 

plot shows the 25th, 50th, and 75th percentiles (box); 10th and 90th percentiles 

(whiskers); and outlying points (circles). 

Figure 7. Evolution of recruitment-to-inflation ratio as a continuous variable 

in the upper panel ( P > 0.9999), and as a discretized variable in the low panel 

in the 22 included patients. 
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iscussion 

Our main findings were that respiratory system compliance

as low, even within the first days after intubation, and sig-

ificantly decreased over time. Despite this, most patients had

ecruitable lungs that persisted over a prolonged duration of me-

hanical ventilation. 

Since the first reports, respiratory system compliance of

OVID-19–related ARDS has been a hugely debated topic, with

alues ranging from very low in some cohorts [19] to almost nor-

al in others. [8] Of note, these cohorts were single-centered

nd had very small sample sizes (12 and 16 patients, respec-

ively). We hypothesize that these differences in respiratory sys-

em compliance can be explained by different first-line manage-

ents of patients with COVID-19. Indeed, strong breathing ef-

orts have been reported in patients with COVID-19, [31] and the

rolonged use of non-invasive ventilation in this setting may

ave worsened lung injury, thereby reducing respiratory sys-

em compliance. [32] Interestingly in our study, respiratory sys-

em compliance was in between the two above-mentioned ex-

remes, and was in keeping with large multicenter observational

ohorts, [7] , [13] reinforcing the external validity of our results. 

In our cohort, respiratory system compliance decreased over

ime. Data regarding the evolution of mechanical properties of
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he respiratory system are scarce in patients with COVID-19–

elated ARDS. In a cohort study comparing 112 patients with

OVID-19–related ARDS matched to 198 patients with non-

OVID-19 ARDS, respiratory system compliance was higher in

he COVID-19 group than in the non-COVID group at day 1 af-

er intubation, but not at day 3 or day 7. [33] In this study, 10%

easurements were performed in pressure-support mode at day

 and 28% at day 7. [33] Although the calculation of respiratory

ystem compliance is feasible in the pressure-support mode, [34] 

his technique overestimates respiratory system compliance as

ompared to conventional calculation in controlled ventila-

ion. [35] Therefore, respiratory system compliance reported in

he COVID-19 group could have been overestimated at day 7. [33] 

y contrast, our reported respiratory system compliance was as-

essed exclusively in patients ventilated in volume-controlled

ode, ruling out this potential bias. Additionally, we assessed

espiratory mechanics only in patients who were ventilated pas-

ively. Therefore, patients for whom respiratory system compli-

nce improved and who were weaned from sedatives or were

witched to pressure-support mode were not assessed. As a con-

equence, decreased respiratory system compliance was rele-

ant only for patients requiring deep sedation and/or neuromus-

ular blockers in the late course of the disease. Therefore, we

an conclude that respiratory system compliance decreased over

ime in COVID-19 patients requiring prolonged passive ventila-

ion. Decreased respiratory system compliance over time is in

ine with that reported in non-COVID ARDS patients who require

rolonged mechanical ventilation, [36] and could be explained by

he evolution of histological lung lesions over time. Diffuse alve-

lar damage is the classical histological feature of non-COVID

RDS, [37] and has also been observed in patients with COVID-

9–related ARDS. [38] , [39] Diffuse alveolar damage occurs pref-

rentially after 3 days of evolution in non-COVID ARDS and can

volve to fibrosis from the second week of evolution, possibly

eading to major loss of lung compliance. [36] , [40] , [41] 

Lung recruitability was high in most patients in the first

ays after ICU admission. These results do not support the ini-

ial hypothesis raised by Gattinoni et al. , [9] whereby lung re-

ruitability was low in the early course of COVID-19–related

RDS. However, this finding is in line with others who re-

orted high lung recruitability in most patients within the first

ays after ICU admission. [20] , [21] , [42] Unlike decreased respi-

atory system compliance, we found that lung recruitability re-

ained high over time in most patients. Data about the evolu-

ion of lung recruitability over time during COVID-19 are scarce.

n a single-center study including 25 patients with COVID-19–

elated ARDS, lung recruitability was high at day 1 in 64%

ases, and in 73% of the 15 patients whose lung recruitability

as assessed at day 5. [21] Although the threshold defining high

ung recruitability (R/I ratio ≥ 0.5) is debatable, our results sug-

est that PEEP could be kept high in patients with COVID-19

ho were passively ventilated for a prolonged period and with

 high potential for lung recruitment, despite decreased respi-

atory system compliance. Lung recruitability can be assessed

sing chest computed tomography, [43] electrical impedance

omography, [44] multiple low-flow inflation pressure-volume

urves, [45] or the R/I ratio. [29] The volume derecruited dur-

ng a single-breath maneuver between PEEP 15 cmH 2 O and

 cmH 2 O is equivalent to the volume recruited using the multi-

le low-flow inflation pressure-volume curves method. With this
265 
echnique, lungs are considered recruitable when the volume

ecruited exceeds the arbitrary cut-off of 150 mL. [46] , [47] How-

ver, this threshold has some limitations. First, it does not con-

ider the actual reduction of end-expiratory alveolar pressure.

ndeed, when PEEP is decreased by 10 cmH 2 O (from 15 cmH 2 O

o 5 cmH 2 O), the alveolar pressure decreases by 10 cmH 2 O

nly when the airways are open. [48] In patients with airway

losure, the airways no longer communicate with the alveoli

hen airway pressure is below the AOP, and the AOP is con-

idered the nearest measurable alveolar pressure. [29] As a con-

equence, when PEEP is decreased from 15 cmH 2 O to 5 cmH 2 O

n patients with airway closure, the reduction of end-expiratory

lveolar pressure could be estimated by the difference between

5 cmH 2 O and the alveolar pressure at low PEEP, i.e., AOP,

hich is > 5 cmH 2 O. Therefore, the actual reduction of end-

xpiratory alveolar pressure is < 10 cmH 2 O, which may lead to

maller derecruited volume. Second, this threshold does not con-

ider the size of the lung at low PEEP. Indeed, the clinical signifi-

ance of the volume recruited may be different for a patient with

 “large baby lung ” (i.e., high respiratory system compliance at

EEP 5 cmH 2 O) than for a patient with a “small baby lung ” (i.e.,

ow respiratory system compliance at PEEP 5 cmH 2 O). [49] By

ontrast, for calculation of the R/I ratio, the volume derecruited

uring PEEP reduction is adjusted to the reduction of the end-

xpiratory alveolar pressure, taking airway closure into consid-

ration, thereby allowing compliance of the derecruited lung to

e calculated. Moreover, the compliance of the derecruited lung

s normalized to the compliance of the “baby lung. ”[29] There-

ore, this index accounts for interindividual variability in respi-

atory mechanics. 

Our study has some limitations. First, the sample size was

mall and the study was single-centered. However, the char-

cteristics of the included patients and the reported values of

espiratory system compliance were similar to those previously

eported. [7] , [13] Second, we only reported respiratory system

ompliance and lung recruitability in the supine position. It

s quite likely that prone positioning, which was performed in

ost of our patients, influenced respiratory system compliance

nd lung recruitability. Third, patients were included during the

rst wave of the pandemic, and none of them received corticos-

eroids in the early course of the disease. Whether the early use

f dexamethasone influences respiratory mechanics is still un-

nown. Fourth, lung recruitability was assessed using the R/I ra-

io. Although adjustment of ventilator settings according to the

/I ratio seems relevant from a pathophysiological standpoint,

ts impact on outcomes remains to be tested (NCT03963622). 

onclusions 

According to our cohort of COVID-19–related ARDS, respira-

ory system compliance was low and decreased over time. The

otential for lung recruitment was high and persisted after pro-

onged mechanical ventilation, despite the reduction of respira-

ory system compliance. These findings suggest that maintaining

igh PEEP levels could be adequate in selected patients, even in

he late course of COVID-19. 
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