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Abstract: Introduction: In patients with acute respiratory distress syndrome (ARDS), the PaO2/FiO2

ratio at the time of ARDS diagnosis is weakly associated with mortality. We hypothesized that setting
a PaO2/FiO2 threshold in 150 mm Hg at 24 h from moderate/severe ARDS diagnosis would improve
predictions of death in the intensive care unit (ICU). Methods: We conducted an ancillary study
in 1303 patients with moderate to severe ARDS managed with lung-protective ventilation enrolled
consecutively in four prospective multicenter cohorts in a network of ICUs. The first three cohorts
were pooled (n = 1000) as a testing cohort; the fourth cohort (n = 303) served as a confirmatory cohort.
Based on the thresholds for PaO2/FiO2 (150 mm Hg) and positive end-expiratory pressure (PEEP)
(10 cm H2O), the patients were classified into four possible subsets at baseline and at 24 h using
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a standardized PEEP-FiO2 approach: (I) PaO2/FiO2 ≥ 150 at PEEP < 10, (II) PaO2/FiO2 ≥ 150 at
PEEP ≥ 10, (III) PaO2/FiO2 < 150 at PEEP < 10, and (IV) PaO2/FiO2 < 150 at PEEP ≥ 10. Primary
outcome was death in the ICU. Results: ICU mortalities were similar in the testing and confirmatory
cohorts (375/1000, 37.5% vs. 112/303, 37.0%, respectively). At baseline, most patients from the testing
cohort (n = 792/1000, 79.2%) had a PaO2/FiO2 < 150, with similar mortality among the four subsets
(p = 0.23). When assessed at 24 h, ICU mortality increased with an advance in the subset: 17.9%, 22.8%,
40.0%, and 49.3% (p < 0.0001). The findings were replicated in the confirmatory cohort (p < 0.0001).
However, independent of the PEEP levels, patients with PaO2/FiO2 < 150 at 24 h followed a distinct
30-day ICU survival compared with patients with PaO2/FiO2 ≥ 150 (hazard ratio 2.8, 95% CI 2.2–3.5,
p < 0.0001). Conclusions: Subsets based on PaO2/FiO2 thresholds of 150 mm Hg assessed after 24 h
of moderate/severe ARDS diagnosis are clinically relevant for establishing prognosis, and are helpful
for selecting adjunctive therapies for hypoxemia and for enrolling patients into therapeutic trials.

Keywords: lung-protective ventilation; mortality; stratification; ARDS criteria; prediction; outcome

1. Introduction

Acute respiratory distress syndrome (ARDS) is a clinical-pathological entity [1] that
is currently diagnosed using clinical and radiologic criteria [2,3] with poor accuracy and
the low inter-rater reliability of clinicians [4,5]. Patients sharing the ARDS label differ
in relation to the degree of lung injury and in their response to mechanical ventilation
(MV) and adjunctive therapies [6]. The current definition of ARDS [2] accounts for the
ratio of the partial pressure of arterial oxygen (PaO2) to the fraction of inspired oxygen
(FiO2), or PaO2/FiO2, as a measure of hypoxemia at a positive end-expiratory pressure
(PEEP) ≥ 5 cm H2O, regardless of the FiO2. In addition, the empirical cutoffs of baseline
PaO2/FiO2 based on severity at 100, 200, and 300 mm Hg are somewhat arbitrary and have
been inadequately validated [7–11].

The assessment of severity and prognosis in ARDS remains a challenge. The degree
of hypoxemia in ARDS is a major determinant of the outcome [7,12], but the relationship
between oxygenation and prognosis varies among published reports [7–10,13]. In ARDS,
PEEP is applied to increase the lungs’ volume, keep the alveoli open, and improve oxy-
genation [14]. When PEEP recruits collapsed alveoli, the compliance of the respiratory
system improves and increases the PaO2, although hypoxemia may coexist with minimally
impaired lung compliance [15]. There is wide variation in the practice of choosing PEEP,
but most patients with moderate to severe ARDS are managed with PEEP at ≥10 cm H2O in
the first days of MV [9,16]. The progression of lung severity and the prognosis of ARDS has
been reported to be related to changes in the PaO2/FiO2 in response to PEEP ≥ 10 [9,12].
Early identification of ARDS patients at a high risk of death after diagnosis would allow
prompt escalation of therapeutic interventions, individualization of care, and precision
in designing randomized clinical trials (RCTs). The challenges of the current definition
of ARDS, which includes patients with different degrees of severity, make it difficult to
successfully perform RCTs with positive findings that are highly generalizable [17].

In patients with ARDS, the PaO2/FiO2 ratio at ARDS onset/diagnosis is weakly associ-
ated with mortality. We hypothesized that setting a PaO2/FiO2 threshold of 150 mm Hg at
24 h from diagnosis of moderate/severe ARDS would improve predictions of the outcome
in the intensive care unit (ICU). A PaO2/FiO2 threshold of 150 mm Hg has been used
to identify patients for various interventions [18–24]. We previously reported a clinical
classification system in a small population of 300 patients with moderate to severe ARDS
to investigate whether the cutoff values of PaO2/FiO2 and PEEP would predict hospital
mortality [25]. Boss et al. [26] validated the stratification model for hospital mortality in
519 ARDS patients, although the patients were not assessed with standardized ventilator
settings. In this ancillary study, we have used a large population of moderate to severe
ARDS patients to test and confirm whether the intersection of PaO2/FiO2 thresholds of
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150 mm Hg and PEEP at 10 cm H2O could be useful for predicting ICU mortality and
potential clinical translation.

2. Methods

This was an ancillary study using unrestricted data from our previously conducted and
published studies [9,12,27,28] approved by the Ethics Committees of Hospital Universitario
Dr. Negrín (Las Palmas de Gran Canaria, Spain), Hospital Virgen de la Luz (Cuenca,
Spain), Hospital Clínico Universitario (Valladolid, Spain), and Hospital Universitario
La Paz (Madrid, Spain), which have been adopted by all the participating centers, as
required by Spanish legislation (see Supplementary File). The study was considered an
audit, with waived informed consent (see the Supplementary File). The study followed
the “Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE)
guidelines [29].

2.1. Patient Population, Study Design, and Oversight

We performed an ancillary analysis of the data derived from 1303 patients with
moderate to severe ARDS treated with lung-protective MV included in our previously
conducted and published studies [9,12,27,28]. The study was conducted in two steps (see
the Supplementary File). First, we tested the classification model based on PaO2/FiO2 and
PEEP cutoffs in 1000 patients admitted to a network of ICUs within the Spanish Initia-
tive for Epidemiology, Stratification, and Therapies of ARDS (SIESTA) Program (see the
Supplementary File). Data were pooled from three prospective observational multicenter
cohorts (n = 300 patients in the ALIEN cohort, n = 300 patients in the STANDARDS cohort,
and n = 400 patients in the STANDARDS-2 cohort) [9,12,27], enrolling consecutive patients
managed with lung-protective MV (see the details in the Supplementary File) and who met
the current criteria for moderate to severe ARDS [2], which included: (i) having an initiating
clinical condition; (ii) symptoms developing within one week of a known clinical insult, or
new or worsening respiratory symptoms; (iii) bilateral pulmonary infiltrates revealed by
chest imaging (a chest radiograph or a computed tomography scan); (iv) the absence of left
atrial hypertension or no clinical signs of left heart failure; and (v) hypoxemia, as defined
by PaO2/FiO2 ≤ 200 mm Hg at PEEP ≥ 5 cm H2O regardless of the FiO2. Second, we
confirmed the validity of the classification model in an independent cohort of 303 patients
with moderate to severe ARDS managed with lung-protective MV who were included in
a recent prospective observational multicenter study [28]. Each dataset had an adequate
number of events (ICU deaths), as recommended [30].

All patients had arterial blood gases at study inclusion. We did not use SpO2 as a
surrogate for PaO2 for enrolling patients. For identification of moderate/severe ARDS
patients, the clinicians only considered qualifying blood gases while patients were clinically
stable and did not consider transient falls in PaO2 resulting from acute events unrelated to
the disease process (such as obstruction of the endotracheal tube by secretions, endotracheal
suctioning, ventilator disconnection, or sudden pneumothorax, among others). No ICU
patients meeting these criteria were excluded. We excluded patients younger than 18 years
old; those with severe chronic pulmonary disease, acute cardiac failure, or brain death;
patients with “do not resuscitate” orders; and postoperative patients receiving MV for
<24 h (see the Supplementary File).

2.2. Data Collection and Outcomes

Day 0 was defined as the day and time when the patient first met the criteria for
moderate to severe ARDS (see the Supplementary File). We collected information on the
demographics, ARDS etiology, the Acute Physiology and Chronic Health Evaluation II
(APACHE II) score [31], arterial blood gases, MV data, laboratory results, organ dysfunction
(sequential organ failure assessment (SOFA) score) [32] at the onset of ARDS and after 24 h
of treatment, and reported the primary cause of death in the ICU. We also recorded the
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duration of MV and calculated the number of ventilator-free days (VFDs) from the day of
diagnosis of moderate/severe ARDS until Day 28 (see the Supplementary File).

The attending clinicians followed the current guidelines for general critical care man-
agement, which included the following: (i) in case of sepsis, physicians were urged to
ensure early identification of the causative microorganism, to start intravenous admin-
istration of antibiotics as soon as sepsis was suspected or recognized, and to optimize
antibiotic selection and timely administration on the basis of antibiograms; (ii) fluid resus-
citation and vasopressor use were individualized, with the goal of maintaining a systolic
blood pressure ≥ 90 mm Hg or a mean arterial pressure ≥ 65 mm Hg; (iii) to maintain the
hemoglobin between 7 to 10 g/dL (see the Supplementary File). For ventilatory manage-
ment, the clinicians followed the current recommendations for lung-protective MV [33,34],
with a tidal volume (VT) of 4–8 mL per kg of predicted body weight (PBW), a ventilatory
rate to maintain PaCO2 at 35 to 50 mm Hg (permissive hypercapnia was allowed to target
VT), a plateau pressure of <30 cm H2O, and PEEP and FiO2 combinations to maintain
PaO2 > 60 mm Hg or SpO2 > 90% (see the details in the Supplementary File).

At the time of ARDS diagnosis, all patients were ventilated with PEEP ≥ 5 cm H2O,
as mandated by the current ARDS definition [2]. For the purpose of this study, PaO2/FiO2
and Pplat at 24 h of enrollment were assessed using a standardized ventilatory setting with
PEEP = 10 cm H2O and FiO2 = 0.5 [9,12]. When patients required PEEP > 10 or FiO2 > 0.5,
a set of rules for setting PEEP and FiO2 were applied only during the standardized assess-
ment, as described and validated previously by our group [9,12]. We did not exclude any
patient ventilated with PEEP < 10 cm H2O at 24 h due to the absence of the site investigator
or because the clinician determined that it was not in the best interest of the patient to apply
these settings (see the Supplementary File). At baseline and at 24 h, patients were classified
into four possible groups or subsets, based on the intersection of the PaO2/FiO2 and PEEP
values: Subset I, patients with PaO2/FiO2 ≥ 150 mm Hg at PEEP < 10 cm H2O; Subset II,
PaO2/FiO2 ≥ 150 at PEEP ≥ 10; Subset III, PaO2/FiO2 < 150 at PEEP < 10; and Subset IV,
PaO2/FiO2 < 150 at PEEP ≥ 10.

Patients were followed until ICU and hospital discharge. The primary outcome was
all-cause ICU mortality. Secondary outcomes included the duration of MV, the number
of VFDs up to Day 28 after moderate to severe ARDS diagnosis, and 30-day cumulative
survival (see the Supplementary File).

2.3. Statistical Analysis

The plan of statistical analysis is provided in the Supplementary File. For the purpose
of this study, we specified rules and expectations in advance [35] before the final statistical
analyses were conducted (see the details in the Supplementary File). Quantitative variables
are expressed as the means ± standard deviation (SD), and the median and 25th–75th
percentiles (P25–P75). We used the Kolmogorov–Smirnov test to check for normal distri-
bution of the data. We used Student’s t test or the Mann–Whitney test to compare two
numerical variables, and ANOVA test to compare more than two numerical variables. We
used Fisher’s exact test or Pearson’s Chi-squared test to check the relationships between
categorical variables. We analyzed the probability of ICU survival to Day 30 for the initial
four subsets and for the global subsets of patients with PaO2/FiO2 < 150 and ≥150 mm
Hg at 24 h after moderate/severe ARDS diagnosis using the Kaplan–Meier method with
the log-rank test. Patients discharged alive from the ICU before Day 30 of study inclusion
were censored. No assumptions were made for missing data. We calculated the differences
between the means, the risk ratio (RR), the odds ratio (OR), the hazard ratio (HR), and the
95% confidence intervals (CI).

We used dot-plots to present the distributions of PaO2/FiO2 versus PEEP at ARDS
diagnosis and at 24 h. We used a multivariable logistic regression analysis for adjusting
the performance of PaO2/FiO2 < 150 mm Hg for predicting severity and ICU mortality in
relation to each patient’s age and SOFA score. Patients’ age and SOFA scores are strong,
well-known predictors of outcome in critically ill patients [36]. We performed a sensitivity
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analysis testing two combinations of assumptions by using two thresholds of PaO2/FiO2
(100 and 120 mm Hg). For all comparisons, a two-sided p-value < 0.005 was considered
to keep the false discovery rate below 5%, as recently recommended [37]. Analyses were
performed using R Core Team 2022 software, version 4.2 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results

All-cause ICU mortality rates were similar in the testing and confirmatory cohorts
(375/1000, 37.5% vs. 112/303, 37.0%, respectively) (p = 0.920). Pneumonia, sepsis, aspi-
ration, and trauma were the most common risk factors associated with the development
of moderate/severe ARDS (Table 1). At baseline, most patients from the testing and con-
firmatory cohorts met the Berlin criteria for moderate ARDS (590/1000, 59% vs. 196/303,
64.7%, respectively), and their overall ICU mortality rates were similar (203/590, 34.4%
vs. 64/196, 32.6%, respectively; RR 1.05, 95% CI 0.0.84–1.33, p = 0.665). The ICU mortality
of patients meeting the criteria for severe ARDS were not different between the cohorts
(172/410, 42% vs. 48/107, 44.9%, respectively; RR 1.10, 95% CI 0.78–1.54, p = 0.661).

Table 1. Baseline characteristics and outcome data of 1303 patients with moderate to severe acute
respiratory distress syndrome (ARDS).

Variables Testing Cohort (n = 1000) Confirmatory Cohort (n = 303)

Age, years, mean (SD) 57 ± 16 58 ± 15

Sex n (%) n (%)

Male 680 (68.0) 223 (73.6)

Female 320 (32.0) 80 (26.4)

Etiology n (%) n (%)

Pneumonia 480 (48.0) 110 (36.3)

Sepsis 286 (28.6) 78 (25.7)

Aspiration 94 (9.4) 47 (15.5)

Trauma 74 (7.4) 38 (12.5)

Acute pancreatitis 32 (3.2) 13 (4.3)

Multiple transfusions 10 (1.0) 3 (1.0)

Others 24 (2.4) 14 (4.6)

Degree of ARDS severity n (%) n (%)

Severe 410 (41.0) 107 (35.3)

Moderate 590 (59.0) 196 (64.7)

APACHE II score, mean ± SD 20.8 ± 6.7 21.3 ± 7.8 ¶

SOFA score, mean ± SD 9.1 ± 3.5 9.8 ± 3.5

PaO2/FiO2, mm Hg,
mean ± SD 114.3 ± 38.4 120.4 ± 41.0

FiO2, mean ± SD 0.79 ± 0.19 0.76 ± 0.20

PaO2, mm Hg, mean ± SD 85.9 ± 26.3 86.3 ± 24.9

PaCO2, mm Hg, mean ± SD 49.0 ±12.5 50.6 ± 13.8

pH, mean ± SD 7.30 ± 0.11 7.29 ± 0.11

VT, mL/kg PBW, mean ± SD 6.8 ± 1.0 6.7 ± 1.1
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Table 1. Cont.

Variables Testing Cohort (n = 1000) Confirmatory Cohort (n = 303)

Respiratory rate, resp/min,
mean ± SD 21.3 ± 4.9 22.3 ± 4.6

Minute ventilation, L/min,
mean ± SD 9.1 ± 2.2 9.5 ± 2.0

PEEP, cm H2O, mean ± SD 12 ± 3 11 ± 3

Plateau pressure, cm H2O,
mean ± SD 26.5 ± 4.8 § 25.2 ± 4.9

Driving pressure, cm H2O,
mean ± SD 14.5 ± 4.8 § 14.3 ± 4.8

No. extrapulmonary OF,
mean ± SD 1.7 ± 1.1 1.8 ± 1.1

Length of ICU stay, d, median
(P25–P75) 19 (11–31) 16 (9–27)

Duration of MV from ARDS
diagnosis, d, mean ± SD 17.6 ± 17.0 14.0 ± 16.6

VFDs, d, mean ± SD 7.9 ± 9.1 9.2 ± 9.7

Days from ICU admission to
ARDS onset, median (P25–P75) 1 (0–3) 1 (0–2)

Days from ARDS onset to ICU
discharge, median (P25–P75) 16 (9–28) 14 (7–23)

All-cause ICU mortality, n (%) 375 (37.5) 112 (37.0)

All-cause hospital mortality, n (%) 415 (41.5) 124 (40.9)
APACHE: Acute Physiology and Chronic Health Evaluation; d: days; FiO2: fraction of inspired oxygen concentra-
tion; ICU: intensive care unit; MV: mechanical ventilation; OF: organ failure; PBW: predicted body weight; PEEP:
positive end-expiratory pressure; SD: standard deviation; SOFA: sequential organ failure assessment scale; VFDs:
ventilator-free days from the diagnosis of moderate/severe ARDS until Day 28; VT: tidal volume. ¶ The APACHE
II score was not reported at baseline in 19 patients. § Plateau pressure was not reported at baseline in 15 patients.

3.1. ARDS Subsets at Baseline

At study entry, 792 patients (79.2%) from the testing cohort and 223 patients (73.6%)
from the confirmatory cohort had PaO2/FiO2 < 150 mm Hg (Table 1). Their ICU mortality
rate was not higher than that of patients with PaO2/FiO2 ≥ 150 mm Hg (testing cohort:
309/792 (39.0%) vs. 66/208 (31.7%); RR 1.22, 95% CI 0.0.99–1.53, p = 0.064; confirmatory
cohort: 85/223 (38.1%) vs. 27/80 (33.8%); RR 1.13, 95% CI 0.80–1.60, p = 0.503).

Almost one-third of the patients (423/1303, 32.5%) were on PEEP < 10 cm H2O
(313/1000 (31.3%) in the testing cohort and 110/303 (36.3%) in the confirmatory cohort), and
their ICU mortality rates were not different from those of patients at PEEP ≥ 10 cm H2O
(testing cohort: 122/313 (39.0%) vs. 253/687 (36.8%); RR 1.06, 95% CI 0.89–1.1.25, p = 0.527;
confirmatory cohort: 43/110 (39.1%) vs. 69/193 (35.8%); RR 1.09, 95% CI 0.81–1.48,
p = 0.647). The ICU mortality rates were not different among the four subsets (p = 0.229 for
the testing cohort and p = 0.432 for the confirmatory cohort) (Table 2, Figure S1A).



J. Clin. Med. 2022, 11, 5724 7 of 17

Table 2. Distribution and mortality in the intensive care unit (ICU) of each subset of patients
with moderate to severe acute respiratory distress syndrome (ARDS) in the testing (n = 1000) and
confirmatory (n = 303) cohorts.

Cohort Timing
Subset I

PaO2/FiO2 ≥ 150
at PEEP < 10

Subset II
PaO2/FiO2 ≥ 150

at PEEP ≥ 10

Subset III
PaO2/FiO2 < 150

at PEEP < 10

Subset IV
PaO2/FiO2 < 150

at PEEP ≥ 10
p-Value

Testing Cohort

At moderate/severe
ARDS diagnosis

No. of subjects 73 135 240 552

No. events (ICU deaths) 25 41 97 212

Event rate (95% CI) 34.3(23.4–45.1) 30.4(22.6–38.1) 40.4(34.2–46.6) 38.4(34.4–42.5) 0.184

Risk ratio (95% CI) 1 (Ref) 0.9 (0.6–1.3) 1.2 (0.8–1.7) 1.1 (0.8–1.6) 0.229

At 24 h after onset

No. of subjects 28 403 25 544

No. events (ICU deaths) 5 92 10 268

Event rate (95% CI) 17.9 (3.7–32.0) 22.8(18.7–26.9) 40.0(20.8–59.2) 49.3(45.0–53.6) <0.001

Risk ratio (95% CI) 1 (Ref) 1.6 (0.6–2.9) 2.2 (0.9–5.7) 2.8 (1.2–6.1) <0.001

Confirmatory Cohort

At moderate/severe
ARDS diagnosis

No. of subjects 32 48 78 145

No. events (ICU deaths) 9 18 34 51

Event rate (95% CI) 28.1(12.6–43.7) 37.5(24.0–52.7) 43.6(32.4–55.3) 35.2(27.4–42.9) 0.745

Risk ratio (95% CI) 1 (Ref) 1.3 (0.7–2.6) 1.6 (0.8–2.8) 1.3 (0.7–2.3) 0.434

At 24 h after onset

No. of subjects 28 139 14 122

No. events (ICU deaths) 4 28 7 73

Event rate (95% CI) 14.3 (1.3–27.3) 20.1(13.5–26.8) 50.0(23.8–76.2) 59.8(51.1–68.5) <0.001

Risk ratio (95% CI) 1 (Ref) 1.4 (0.5–3.7) 3.5 (1.2–10.0) 4.2 (1.7–10.5) <0.001

ARDS: acute respiratory distress syndrome; ICU: intensive care unit; PEEP: positive end-expiratory pressure.

3.2. ARDS Subsets at 24 h after Moderate/Severe ARDS Diagnosis

Only five patients (four in the testing and one in the confirmatory cohorts) died be-
fore 24 h after enrollment. Since these five patients had PaO2/FiO2 ≤ 100 mm Hg at
PEEP ≥ 10 cm H2O and FiO2 > 0.5, they were included in the 24-h analysis. The distribu-
tion of the patients in each subset changed markedly at 24 h (Table 2, Figures 1 and S1B). In
total, 569 patients (56.9%) in the testing cohort and 136 patients (44.9%) in the confirmatory
cohort still had a PaO2/FiO2 < 150 mm Hg, and their ICU mortality rate was much higher
than that of patients with PaO2/FiO2 ≥ 150 (278/569 (48.9%) vs. 97/431 (22%); RR 2.17,
95% CI 1.79–2.64, p < 0.0001 in the testing cohort; and 80/136 (58.8%) vs. 32/167 (19.2%);
RR 3.07, 95% CI 2.18–4.32, p < 0.0001 in the confirmatory cohort). The classification into
four subsets at 24 h of ARDS diagnosis showed a strong association with ICU mortality
(p < 0.001) (Figures 1B and S1B). Cross-validation of the pooled data of the testing cohort
confirmed that each individual study validated the subset model (Table S1).

At 24 h, patients in Subset IV showed higher mean SOFA scores than patients in the
other subsets (Tables 3 and S2). In Subset I, only five patients (17.9 %) from the testing
cohort and five patients (14.3%) from the confirmatory cohort died in the ICU. The causes
of death for each subset are listed in Table S3.



J. Clin. Med. 2022, 11, 5724 8 of 17
J. Clin. Med. 2022, 11, x FOR PEER REVIEW 8 of 17 
 

 

 

Figure 1. Distribution of 1000 patients (testing cohort) with moderate to severe acute respiratory 

distress syndrome (ARDS), based on cutoff values for the PaO2/FiO2 ratio (150 mmHg) and the pos-

itive end-expiratory pressure level (10 cmH2O) for each individual patient: (A) at the time of mod-

erate/severe ARDS diagnosis (baseline); (B) after 24 h of standard critical care with protective me-

chanical ventilation. The dotted lines are placed at a PaO2/FiO2 ratio of 150 mmHg and at PEEP 10 

cm H2O. Mortality increased as lung function deteriorated (from Subset I to Subset IV) at 24 h. Sub-

set I: PaO2/FiO2 ≥ 150 at PEEP < 10; Subset II: PaO2/FiO2 ≥ 150 at PEEP ≥ 10; Subset III: PaO2/FiO2 < 

150 at PEEP < 10; Subset IV: PaO2/FiO2 < 150 at PEEP ≥ 10. 

At 24 h, patients in Subset IV showed higher mean SOFA scores than patients in the 

other subsets (Tables 3 and S2). In Subset I, only five patients (17.9 %) from the testing 

cohort and five patients (14.3%) from the confirmatory cohort died in the ICU. The causes 

of death for each subset are listed in Table S3. 

  

Figure 1. Distribution of 1000 patients (testing cohort) with moderate to severe acute respiratory
distress syndrome (ARDS), based on cutoff values for the PaO2/FiO2 ratio (150 mm Hg) and the
positive end-expiratory pressure level (10 cm H2O) for each individual patient: (A) at the time of
moderate/severe ARDS diagnosis (baseline); (B) after 24 h of standard critical care with protective
mechanical ventilation. The dotted lines are placed at a PaO2/FiO2 ratio of 150 mm Hg and at
PEEP 10 cm H2O. Mortality increased as lung function deteriorated (from Subset I to Subset IV) at
24 h. Subset I: PaO2/FiO2 ≥ 150 at PEEP < 10; Subset II: PaO2/FiO2 ≥ 150 at PEEP ≥ 10; Subset III:
PaO2/FiO2 < 150 at PEEP < 10; Subset IV: PaO2/FiO2 < 150 at PEEP ≥ 10.

Table 3. Main characteristics of 1000 patients with moderate to severe acute respiratory distress
syndrome (ARDS). The classification was made at 24 h after diagnosis of moderate/severe ARDS
as Subsets I, II, III, and IV based on cutoff values of 150 mm Hg for PaO2/FiO2 and 10 cm H2O
for PEEP *.

Variables

Values

Subset I
n = 28

Subset II
n = 403

Subset III
n = 25

Subset IV
n = 544 p-Value

APACHE II ¶

Mean ± SD 16.4 ± 4.2 17.5 ± 7.2 20.1 ± 6.4 20.4 ± 7.0 <0.001

Mean difference (95% CI) 0 (Ref) 1.1 (−1.6 to 3.8) 3.7 (0.7 to 6.7) 4.0 (1.4 to 6.6) <0.001

Age, mean ± SD 66 ± 13 56 ± 16 60 ± 19 57 ± 16 0.011
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Table 3. Cont.

Variables

Values

Subset I
n = 28

Subset II
n = 403

Subset III
n = 25

Subset IV
n = 544 p-Value

Sex, No. (%)

0.046Men 15 (53.6) 263 (65.3) 21 (84.0) 381 (70.0)

Women 13 (46.4) 140 (34.7) 4 (16.0) 163 (30.0)

VT, mL/kg PBW

Mean ± SD 6.8 ± 0.9 6.7 ± 0.9 6.7 ± 0.8 6.6 ± 0.9 0.285

Mean difference (95% CI) 0 (Ref) −0.1 (−0.4 to 0.2) −0.1 (−0.6 to 0.4) −0.2 (−0.5 to 0.1) 0.252

Plateau pressure, cm H2O

Mean ± SD 24.4 ± 5.0 25.2 ± 4.6 26.2 ± 4.6 28.0 ± 4.3 <0.001

Mean difference (95% CI) 0 (Ref) 0.8 (−1.0 to 2.6) 1.8 (−0.9 to 4.5) 3.6 (2.0 to 5.3) <0.001

PEEP, cm H2O

Mean ± SD 7.6 ± 1.7 12.5 ± 2.8 7.4 ± 2.1 13.0 ± 2.8 <0.001

Mean difference (95% CI) 0 (Ref) 4.9 (3.8 to 6.0) −0.2 (−1.2 to 0.8) 5.4 (4.4 to 6.5) <0.001

Driving pressure, cm H2O

Mean ± SD 16 ± 5 12 ± 4 18 ± 5 15 ± 4 <0.001

Mean difference (95% CI) 0 (Ref) −4 (−6 to −3) 2 (−1 to 5) −1 (−2 to 1) <0.001

FiO2

Mean ± SD 0.53 ± 0.11 0.55 ± 0.11 0.77 ± 0.16 0.75 ± 0.18 <0.001

Mean difference (95% CI) 0 (Ref) 0.02(−0.1 to 0.1) 0.24 (0.2 to 0.7) 0.22 (0.1 to 0.3) <0.001

PaO2/FiO2, mm Hg

Mean ± SD 228 ± 45 200 ± 46 110 ± 30 107 ± 27 <0.001

Mean difference (95% CI) 0 (Ref) −28 (−46 to −10) −118(−139 to −97) −121(−132 to −110) <0.001

SOFA score

Mean ± SD 7.3 ± 3.5 8.1 ± 3.3 8.2 ± 3.3 9.9 ±3.8 <0.001

Mean difference (95% CI) 0 (Ref) 0.8 (−0.5 to 2.1) 0.9 (−1.0 to 2.8) 2.6 (1.2 to 4.0) <0.001

Days on MV from ARDS
diagnosis

Mean ± SD 12.3 ± 13.1 16.2 ± 14.9 16.3 ± 14.3 19.0 ± 18.5 0.025

Mean difference (95% CI) 0 (Ref) 3.9 (−1.8 to 9.6) 4.0(−3.6 to 11.6) 6.7(−0.3 to 13.7) 0.059

VFDs, d

Mean ± SD 13.7 ± 11. 11.1 ± 9.5 6.8 ± 8.8 5.2 ± 7.8 <0.001

Mean difference (95% CI) 0 (Ref) −2.6 (−6.3 to 1.1) −6.9(−12.4 to −1.4)−8.5(−11.5 to −5.5) <0.001

ICU deaths

No. events 5 92 10 268

Event rate (95% CI) 17.9 (3.7–32.0) 22.8 (18.7–26.9) 40.0 (20.8–59.2) 49.3 (45.1–53.5) <0.001

Risk ratio (95% CI) 1 (Ref) 1.3 (0.6–2.9) 2.2 (0.9–5.7) 2.8 (1.2–6.1) <0.001

APACHE: Acute Physiology and Chronic Health Evaluation; ARDS: acute respiratory distress syndrome;
ICU: intensive care unit; MV: mechanical ventilation; PBW: predicted body weight; PEEP: positive end-expiratory
pressure; SD: standard deviation; SOFA: sequential organ failure assessment; VFDs: ventilator-free days from diag-
nosis of moderate/severe ARDS until Day 28; VT: tidal volume. ¶ The APACHE II score was not reported at 24 h
in 33 patients (10 patients in Subset II, 2 patients in Subset III, and 21 in Subset IV). * Subset I, PaO2/FiO2 ≥ 150
at PEEP < 10; Subset II, PaO2/FiO2 ≥ 150 at PEEP ≥ 10; Subset III, PaO2/FiO2 < 150 at PEEP < 10; Subset IV,
PaO2/FiO2 < 150 at PEEP ≥ 10.
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3.3. Probability of ICU Survival to Day 30

When considering the combined population of 1303 patients, patients with
PaO2/FiO2 ≥ 150 mm Hg (Subsets I and II) had higher 30-day cumulative ICU survival
compared with patients with PaO2/FiO2 < 150 mm Hg (Subsets III and IV) (Figure S2).
Since Subsets I and III at 24 h of ARDS diagnosis had small sample sizes (n = 56 and n = 39,
respectively), and a low number of ICU deaths (n = 9 and n = 17, respectively), they were of
little interest in this study for predicting ICU mortality and did not influence the outcome
or a clinical understanding. As a result, we aggregated patients with PaO2/FiO2 ≥ 150 mm
Hg (Subsets I and II) and patients with PaO2/FiO2 < 150 mm Hg (Subsets III and IV) for
examining the overall 30-day ICU cumulative survival in the two categories.

Patients with PaO2/FiO2 ≥ 150 mm Hg at 24 h had 30-day higher survival compared
with patients with PaO2/FiO2 < 150 mm Hg (HR 2.8, 95% CI 2.2–3.5, p < 0.0001) (Table S4,
Figure 2). In general, patients with PaO2/FiO2 < 150 mm Hg at 24 h had a higher mean
plateau pressure, required higher levels of FiO2, had a higher SOFA score, and had fewer
ventilator-free days (Table S4).
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Figure 2. Probability of cumulative ICU survival to Day 30 in 1303 patients with moderate to severe
acute respiratory distress syndrome (ARDS). Patients were stratified into two large categories based
on cutoff values of 150 mm Hg for PaO2/FiO2 (<150 and ≥150) at 24 h of study entry.

When the impact of PaO2/FiO2 < 150 mm Hg on ICU mortality was adjusted by the
patients’ age and SOFA scores, PaO2/FiO2 < 150 at 24 h remained the major determinant of
ICU death (OR 3.1 (95% CI 2.4–4.0) (Table S5).

3.4. Additional Analysis with Different PaO2/FiO2 Cutoff Values

PaO2/FiO2 cutoff values of 100 or 120 mm Hg did not provide more reliable outcome
predictions at ARDS diagnosis or at 24 h after diagnosis (Tables S6 and S7).

4. Discussion

The major findings of this study are as follows. First stratification of moderate to severe
ARDS patients at onset/diagnosis based on PaO2/FiO2 ratio greater than vs. less than
150 mm Hg did not predict ICU mortality. Second, the two major categories of patients based
on PaO2/FiO2 at 24 h had markedly different ICU outcomes: for PaO2/FiO2 ≥ 150 mm Hg,
the ICU mortality rate was about 20% and for PaO2/FiO2 < 150 mm Hg, the ICU mortality
rate was greater than 45%.
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The baseline gas exchange criteria for the definition of ARDS captured a highly
heterogeneous group of patients with a spectrum of severity that represented fundamental
differences in their pathophysiology and responses to specific therapies [38]. By changing
the time of reassessment of the oxygenation defect to 24 h, and by using standardized
ventilator settings, we identified subsets of moderate/severe ARDS patients with markedly
different levels of risk of ICU death. Since there is no typical ARDS patient [1], the most
critical factor in managing ARDS is the initiation of lung-protective MV after intubation [6],
although the optimal MV strategy remains uncertain. The history of interventional RCTs
of ARDS is full of failures, with few successes in the last decade [39]. Most RCTs of
ARDS have not tested whether the experimental management or therapy is beneficial after
assessing the degree of hypoxemia after 24 h of routine intensive management prior to
randomization [39,40]. We need an ARDS classification system that can serve as a prototype
to help set individual therapeutic targets, as in other critical conditions [41]. Developing an
ARDS-specific stratification or sub-phenotyping model for guiding therapy and predicting
outcomes is clinically relevant, because this heterogeneous syndrome is complex and
evolves rapidly, and more than one-third of patients with moderate to severe ARDS do not
leave the hospital alive.

Although categorization of continuous predictors (such as below vs. above a certain
cutoff) should be avoided in the development of a model, the exception is when a well-
accepted threshold is used in clinical practice [42]. A PaO2/FiO2 cutoff of 150 mm Hg seems
to be appropriate, not only to discriminate between patients with higher or lower mortality
but also for guiding medical therapy [18–26,43]. In our study, almost one-third of patients
(423/1303, 32.5%) were ventilated with PEEP < 10 cm H2O at the time of moderate/severe
ARDS diagnosis, a finding that is in line with recent reports on most successful and
unsuccessful RCTs conducted in ARDS patients and published since 2010, where many
patients were ventilated with PEEP < 10 cm H2O on average at inclusion into the trial and
on the first day of randomization [39,44]. The European Collaborative Study [19] performed
an observational study from 1985 to 1987 and analyzed 583 patients with ARDS in which
hypoxemia was defined as a PaO2 < 75 mm Hg with FiO2 ≥ 0.5 at PEEP ≥ 5 cm H2O for at
least 24 h. In that study, the mortality rate of ARDS patients with PaO2/FiO2 < 150 at 24 h
was almost double the mortality rate of patients with PaO2/FiO2 ≥ 150 mm Hg. Using
a similar study design to the European Collaborative Study, Villar et al. [20] published a
pilot study in 1999 in a small population of 56 patients meeting the American–European
Consensus Conference definition for ARDS, and found that the responses of PaO2 to PEEP
after 24 h of the meeting ARDS criteria allowed a clear separation of the patients into two
different groups with markedly different mortality rates. Three recent RCTs used a value of
PaO2/FiO2 < 150 mm Hg at PEEP ≥ 5 [21,22] or ≥8 cm H2O [24] to enroll patients during
the first 24–48 h of ARDS diagnosis. It is plausible that in a substantial proportion of the
patients in recent RCTs, the severity of lung injury was modest. If patients have a low risk
of the condition to be prevented, any trial will not validate the value of the intervention
in the study [45]. Optimizing the selection of ARDS patients is central to the likelihood of
successful trial design.

Our classification system uses two variables, PaO2/FiO2 and PEEP, which are particu-
larly relevant for the diagnosis and ventilatory management of ARDS. However, we think
that the key feature in our study was the time (waiting for 24 h), while PEEP was relatively
unimportant because very few patients had PEEP < 10 cm H2O at 24 h after a diagnosis of
moderate/severe ARDS. These ARDS subsets could be relevant for establishing prognoses,
for selecting individualized therapies, and for helping to identify patients in whom benefit
from treatment may be limited or disproportional to the resources used. Clearly, selection
of the therapy for an individual ARDS patient involves both an assessment of respiratory
dysfunction, as measured by the PaO2/FiO2 after 24 h of routine care, and an evaluation
of the PEEP response. Not all ARDS is created equal. Distinguishing the level of lung
severity of ARDS is critical for successful treatment, since there are certain ventilator and
oxygenation therapeutic modalities that are not required in all patients. Subset I represents
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the less severe ARDS patients. Although, ideally, one aim of ventilating ARDS patients
is to recruit consolidated and atelectatic alveolar units and decrease ventilator-induced
lung injury [6], less than 50% of patients in our study achieved a PaO2/FiO2 ≥ 150 mm Hg
with PEEP ≥ 10 at 24 h. It is plausible that the mortality rates in Subsets I and II are so low
that it may have reached a lower limit that was dictated more by the underlying disease
than by the syndrome itself [46]. Although a diagnosis of ARDS does not suggest any spe-
cific pharmacologic treatment, the underlying conditions or etiological diseases that cause
ARDS are important root causes of mortality in ARDS [27]. The enrollment of mechanically
ventilated ARDS patients with rapidly improving ARDS, such as those in Subsets I and II,
may contribute to the failure of therapeutic RCTs [47]. Some patients from Subset III may
have had a PaO2/FiO2 < 150 mm Hg as a result of insufficient PEEP, although in some pa-
tients, the best PEEP, according to lung compliance, could be <10 cm H2O [15,48]. Patients
in Subset IV represent the most critical category and appear to be very resistant to therapy,
suggesting that these patients should be the target for aggressive and innovative therapies.
Further validations and evaluations of interventions for each subset are necessary.

Our study has several strengths. First, we have studied a large population of patients
with moderate to severe ARDS managed with lung-protective MV admitted to a multi-
disciplinary network of ICUs. Since this was an observational study with practically no
exclusion criteria, we believe that our patient population represents unselected patients
under the wide syndromic umbrella of moderate to severe ARDS. We do not think that
there was a relevant effect of time on our findings, since this type of combined analysis of
several hundreds of patients from independent cohorts has been used extensively by other
authors using heterogeneous populations from previous published clinical trials [49–51]
(see the Supplementary File). Our model applies only to patients with moderate/severe
ARDS while they are intubated and mechanically ventilated in line with a lung-protective
ventilation approach. Second, our classification system is in line with recent recommenda-
tions [52] stating that better identification of patient populations is the key for appropriate
characterization of the patients’ status. Third, PaO2/FiO2 was examined in line with a
standardized ventilatory approach at 24 h, although five severe ARDS patients died before
24 h, and 20 patients with PaO2/FiO2 < 150 mm Hg were not assessed at PEEP ≥ 10 cm
H2O for several reasons (see the Supplementary File).

We also acknowledge that our study has potential limitations. First, we did not enroll
ARDS patients with persistent PaO2/FiO2 > 200 mm Hg during the ICU stay (see the
Supplementary File). However, we do not believe that the exclusion of “mild” ARDS
weakens our findings, since patients with mild ARDS represent a case-mix of patients in
which many patients may not require invasive MV. Second, the classification at the time of
moderate/severe ARDS onset/diagnosis, as mandated by the current ARDS definition, was
not assessed using standardized ventilator settings, such as we applied at 24 h. However, a
previous report examining the baseline PaO2/FiO2 values under standardized ventilatory
settings showed that the baseline PaO2/FiO2 was not helpful for predicting the outcome
compared with PaO2/FiO2 at 24 h [7,9]. Third, regarding the limitation of waiting 24 h for
enrolling patients into RCTs, we need other studies to examine whether these ARDS subsets
could be established at 12 or 18 h after ARDS diagnosis. Although most RCTs in ARDS since
1990 have considered enrolling patients within 24–48 h after ARDS diagnosis [44], in some
trials, patients were enrolled at a median or mean time of 7.6 h [24], 22 h [21], or 33 h [22],
although others included patients enrolled at <72 h from ARDS diagnosis [53]. Fourth,
similar to most clinical investigators, we did not assess the compliance of physicians with
our recommended guidelines for many therapies. Finally, we could address the impact that
the Spanish healthcare system may have had on the generalizability of our results to other
healthcare systems.

In conclusion, two clinical variables, namely PaO2/FiO2 (<150 mm Hg vs. ≥150 mm Hg)
and PEEP (<10 cm H2O vs. ≥10 cm H2O) at 24 h after moderate/severe ARDS onset, seem
to be essential for identifying ARDS subsets that could be used to guide medical therapy,
to predict ICU outcomes, and to enroll patients in RCTs. Further confirmation and impact
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studies should evaluate whether the implementation of this classification and prediction
model in clinical practice improves patient outcomes by informing therapeutic decisions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11195724/s1.
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