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Background: Although acute respiratory distress syndrome (ARDS) has been recognized for more than 
50 years, limited information exists about the incidence and management of ARDS in mainland China. To 
evaluate the potential for improvement in management of patients with ARDS, this study was designed to 
describe the incidence and management of ARDS in mainland China.
Methods: National prospective multicenter observational study over one month (August 31st to September 
30th, 2012) of all patients who fulfilled the Berlin or American European Consensus Conference (AECC) 
definition of ARDS in 20 intensive care units, with data collection related to the management of ARDS, 
patient characteristics and outcomes.
Results: Of the 1,814 patients admitted during the enrollment period, 149 (8.2%) and 147 (8.1%) patients 
were diagnosed by AECC and Berlin definition, respectively. Lung protective strategy with low tidal volume 
(Vt) (≤8 mL/kg) and limitation of the plateau pressure (Pplat) (≤30 cmH2O) was performed in 75.2% patients. 
And, 36%, 21.1% and 4.1% patients with severe, moderate and mild ARDS had the driving pressure more 
than 14 cmH2O (P<0.05). Pplat and driving pressure increased significantly in patients with a higher degree 
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Introduction

The American European Consensus Conference (AECC) 
definition (1) was the first widely accepted definition of 
acute respiratory distress syndrome (ARDS). However, 
it had a number of limitations, and as a result, a new 
consensus definition of ARDS—the Berlin definition—
was developed in 2012 (2). This new definition stipulated 
that the oxygenation criterion had to be obtained using 
a minimum positive end-expiratory pressure (PEEP) of  
5 cmH2O. It was suggested that this could lead to changes 
in recognition and outcomes of patients with ARDS (3). 
Previous data demonstrated that 5–15% of ARDS patients 
diagnosed by the AECC definition would not fulfill the 
Berlin definition as PEEP >5 cmH2O could change the P/
F ratio, one of the cornerstones of the ARDS diagnosis (2). 
Implementation of effective therapies may be limited by 
the lack of recognition of ARDS by clinicians (4,5). Hence, 
understanding the implications of the two definitions for 
ARDS and the effect on management may help improve our 
appreciation of how clinicians care for patients with ARDS.

Lung-protective ventilation strategies, commonly used 
in patients with ARDS (6), focus on limiting tidal volume 
(Vt) and plateau pressure (Pplat) while providing adequate 
PEEP to limit ventilator-induced lung injury (VILI) (7-11). 
A number of adjunctive interventions, such as recruitment 
manoeuvers (RM) (12-14), prone positioning, (15) 
neuromuscular blockade, (16) and extracorporeal membrane 
oxygenation (ECMO) (17) for ARDS patients have been 
proposed. Implementation of these interventions may be 
affected by local ICU culture and intensive care resources. 
The LUNG SAFE study demonstrated geographic 

variations in ARDS management (18) would lead to 
different outcomes in similar patient populations.

As a middle-income county, critical care medicine 
developed rapidly in Mainland China in the past three 
decades. However, there has been little information 
about the incidence of ARDS in mainland China, and the 
management of ARDS has still been unclear. Understanding 
the practice of diagnosis and management of ARDS 
could lead to effective interventions to improve care. 
Therefore we conducted a one month, national, prospective 
observational cohort study to determine the current 
diagnosis base on AECC and Belin definitions and outcome 
of ARDS, and understand how clinicians use mechanical 
ventilation and adjunctive interventions in routine clinical 
practice in mainland China.

Methods

Study design

The study was a one-month (August 31st 2012, to, 
September 30th, 2012) prospective, observational study to 
describe the diagnosis and management of ARDS in 20 
participating Chinese ICUs. All participating centers were 
closed ICUs in tertiary teaching hospitals in metropolitan 
cities, managed by full-time ICU directors. The doctor/
bed ratio and nurse/bed ratio was 0.6:1 and 2:1 in the 
participating ICUs (Table 1). The protocol was approved by 
Institutional Ethics Committee of the Zhongda hospital (the 
core center, Approval No. 2012ZD11KY09.0). Informed 
consent was waived due to the observational nature of 
the study. The trial was registered at clinicaltrials.gov 

of ARDS severity (P=0.002 and P<0.001, respectively), but Vt were comparable in the three groups (P>0.05). 
In severe ARDS, patient median positive end expiratory pressure (PEEP) was 10.0 (8.0–11.3) cmH2O  
and median FiO2 was 90%. A recruitment maneuver was performed in 35.5% of the patients, and 8.7% of 
patients with severe ARDS received prone position. Overall hospital mortality was 34.0%. Hospital mortality 
was 21.8% for mild, 31.1% for moderate, and 60.0% for patients with severe ARDS (P=0.004).
Conclusions: Despite general acceptance of low Vt and limited Pplat, high driving pressure, low PEEP 
and low use of adjunctive measures may still be a concern in mainland China, especially in patients with 
severe ARDS.
Trial Registration: ClinicalTrials.gov NCT01666834; date of registration release: August 14th 2012.
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(NCT01666834).

Study population

All patients admitted to the participating ICUs during the 
study period were screened by the researchers at 8 a.m. 
during the morning round for the diagnosis of ARDS based 
on the diagnostic criteria of the Berlin Definition (2) or 
AECC definition (1). Exclusion criteria were age less than 
18 years and an ARDS diagnosis before the enrollment 
period (August 31st 2012).

Data collection

For every enrolled patient, clinical data were assessed to 
detect whether they fulfilled either the AECC criterion or 
the Berlin criterion or both. Demographic data, severity 
of illness and causes of ARDS or acute lung injury (ALI) 

were recorded. Day 1 was defined as the first day which the 
patients fulfilled the ARDS or ALI criteria, irrespective of 
ICU admission date. Acute Physiology and Chronic Health 
Evaluation (APACHE) II score (19), ventilator settings, 
breathing pattern, blood gases were recorded on day 1 
and day 3. Adjunctive interventions including recruitment 
manoeuvers, prone positioning, neuromuscular blockade, 
glucocorticoids administration, NO inhalation, high 
frequency oscillatory ventilation (HFOV) and ECMO were 
recorded during the study period. All data were recorded at 
9 am each day, and the mean value of respiratory parameters 
in one minute was recorded. During controlled ventilation 
(no spontaneous effort, set and measured respiratory rate 
equal), driving pressure (∆P) was defined as Pplat minus 
PEEP. Given the difficulty in comparing non-invasive 
ventilation settings to invasive modes, we excluded patients 
ventilated on non-invasive ventilation from the analyses 
of ventilator management. The predicted body weight of 
male and female patients was calculated according to the 
ARDSnet calculation (7).

Enrolled patients were categorized on the day of 
ARDS diagnosis based on their PaO2/FIO2 ratio into 
mild, moderate, or severe, based on the Berlin definition, 
and were categorized into ALI without ARDS and with 
ARDS based on the AECC definition. Patients who died 
before weaning was attempted were considered to have a 
ventilator-free-day value of 0.

Outcome measures

All enrolled patients were followed until one of the 
following events occurred, whichever happened first: 
discharge from the hospital, death on the current hospital 
admission.

Statistical analysis

Statistical analysis was performed with SPSS 17.0 (IBM, 
USA). Normally distributed data are presented as mean 
± SD and non-normally distributed data are presented as 
median (interquartile range). Comparisons of proportions 
were made using Pearson Chi-Square or exact Fisher tests. 
Continuous variables were compared with the use of the 
one way ANOVA or Mann-Whitney test, as appropriate. 
Student-Newman-Keuls post hoc comparison test was used 
to compare variables between groups. Linear regression 
and Pearson product-moment correlation was used to 
detect whether Vt and PEEP changed with respiratory 

Table 1 Characteristics of participating centers

Characteristic
Participating ICU 

centers (n=20)

Type of hospital, n (%)

University affiliated 16 [80]

Public 4 [20]

Type of ICU, n (%)

General 19 [95]

Surgical 1 [5]

Number of ICU beds

Median [IQR] 28 [19–36]

Accounting for all hospital beds (%) 1.6 (1.1–2.0)

Technology available in ICU, n (%)

Doctorsa (IQR):ICU beds 0.7 (0.5–1.0):1

Nurses (IQR):ICU beds 2 (1.9–2.5):1

Invasive mechanical ventilation 20 (100%)

Noninvasive mechanical ventilation 20 (100%)

ECMO 7 (35%)

HFOV 3 (15%)

Inhaled nitric oxide 0 (0%)
a, include physicians, resident, fellows and interns. ICU, intensive 
care unit; IQR, interquartile range; ECMO, extracorporeal 
membrane oxygenation; HFOV, high frequency oscillatory 
ventilation.
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compliance. A Kaplan-Meier estimate of the cumulative 
probability of survival to day 28 was performed. The ROC 
curve was used to evaluate the predictive value of AECC 
and Berlin criteria for ICU mortality. Significant difference 
was defined as P<0.05.

Results

Patients enrolled and characteristics

There were a median of 28 [19–36] beds in each ICU, 
accounting for 1.6% (1.1–2.0%) of all hospital beds. ECMO 
and HFOV were available in 7 (35%) and 3 (15%) ICUs, 
respectively (Table 1).

Of the 1,814 patients admitted during the enrollment 
period, 149 (8.2%) patients were diagnosed with ALI by 
AECC criteria, and 147 (8.1%) with ARDS by Berlin 

criteria (Figure 1). Since the Berlin definition is most widely 
used currently, we analyzed the mechanical ventilation 
data based on the Berlin definition only. Table 2 outlines 
key characteristics of the 147 ARDS patients who fulfilled 
Berlin criteria. Pneumonia (57.8%), sepsis/septic shock 
(19.7%) and trauma (11.6%) were the main risk factors for 
ARDS.

Mechanical ventilation in ARDS

Twelve patients (8.1%) with ARDS who received 
noninvasive ventilation were excluded from analyses. As 
shown in Table 3, ventilation mode and Vt were comparable 
in the three groups (P>0.05). Cumulative frequency 
distribution of Vt was similar in patients in each severity 
category (Figure 2A), with 75.6% of patients with ARDS 

1,814 patients screened for eligibility

151 patients fulfilled either AECC or Berlin criteria

1,663 excluded
 1,474 did not develop acute hypoxic 

respiratory failure
 189 had causes other than ARDS for 

hypoxic respiratory failure
• 50 COPD
• 6 Asthma
• 36 Pneumonia
• 52 Heart failure
• 29 Others 
• 16 Unknow

unavailable PEEP 
with HFNC PAWP>18 mmHg

4 patients fulfilled AECC but 
not Berlin criteria

145 patients fulfilled both 
AECC and Berlin criteria

2 patients fulfilled Berlin but 
not AECC criteria

149 ALI diagnosed by AECC 
criteria

32 (21.8%) 
Mild

P/F 232 mmHg
[216–258]

90 (61.2%) 
Moderate

P/F 160 mmHg
 [131–191]

25 (17.0%) 
Severe

P/F 80 mmHg
[70–90]

147 ARDS diagnosed by 
Berlin criteria

34 (22.8%)
Without ARDS
P/F 232 mmHg

[216–258]

115 (77.2%) 
With ARDS

P/F 151 mmHg
[120–190]

Figure 1 Flow diagram of patient screening and enrollment. ARDS, Although acute respiratory distress syndrome; COPD, chronic obstructive 
pulmonary disease; PEEP, positive end-expiratory pressure; AECC, American European Consensus Conference.
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receiving a Vt of 8 mL/kg predicted body weight or less. 
Median Pplat was 17.0, 19.0 and 20.0 cmH2O in mild, 
moderate and severe ARDS patients (P=0.002). Ninety four 
(75.2%) patients received protective mechanical ventilation 
as defined by a Vt ≤8 mL/kg PBW and a Pplat ≤30 cmH2O.

The cumulative distributions for ∆P were similar at lower 
levels of ∆P, but diverged at higher levels of ∆P. In mild 
ARDS, about 80% of the patients had a ∆P ≤12 cmH2O, in 
moderate ARDS, 80% had a ∆P ≤15 cmH2O, and in severe 
ARDS 80% had a ∆P ≤18 cmH2O (Figure 2B). The increase 
in ∆P with severity category was due to the decrease of Crs 
rather than an increase in Vt (Table 3). There was a positive 
correlation between Vt and Crs (Figure 3A) (R2=0.195, 
P<0.001); however, no correlation was found between PEEP 
and Crs (Figure 3B) (R2=0.001, P=0.706). Hypercapnia, as 
defined by a PaCO2 above 45 mmHg, was observed in 16 
(11.9%) patients.

PEEP levels were relatively low (Table 3) with a 
median PEEP level of 10.0 (8.0–11.3) cmH2O in severe 
ARDS patients; these patients had a median FiO2 of 90% 
(Table 3). Less than 10% of the patients received PEEP 
levels that were 12 cmH2O or greater. Except for the 
PaO2/FiO2 ratio blood gas values did not vary with ARDS 
severity (Table 3).

Adjunctive measures

The use of adjunctive treatments in patients with ARDS 
was relatively low. Recruitment maneuvers were the most 
frequently used adjunct measure performed in 34.8% of the 
patients; these maneuvers were used more often in patients 
with severe ARDS than mild ARDS (Table 3). Overall, only 
3.0% patients received prone position, and in the most 
severe group this number was 8.7%. Steroids, HFOV, 
ECMO, neuromuscular blockers or nitric oxide inhalation 
were rarely or no used during the study period (Table 3).

ARDS outcomes

Overall, unadjusted ICU and hospital mortality from the 
147 ARDS patients who fulfilled Berlin criteria were 32.7% 
and 34.0%, respectively (Table 4). There was a decreased 
likelihood of survival at day 28 with increasing ARDS 
severity (Figure 4A). Patients with a ∆P >14 cmH2O on day 
1 had a worse outcome (Figure 4B). The Berlin and AECC 
definition had similar predictive validity for mortality 
with an area under the receiver operating curve of 0.623 
(95% CI, 0.523–0.724) vs. 0.574 (95% CI, 0.473–0.674) 
(P=0.462).

Discussion

In the present study, we found a higher hospital mortality of 
severe ARDS in mainland China than other countries (20).  
Meanwhile the management of ARDS was different in a 
number of respects. (I) Lung protective strategy using low 
Vts and limiting Pplat was generally accepted, and Vt was 
positive correlated with Crs. (II) PEEP levels were relatively 
low especially in severe ARDS patients, and no evidence 
of higher PEEP was found in patients with a low Crs. (III) 
The use of adjunctive treatment in patients with ARDS 
was relatively low, especially the use of ECMO and HFOV. 
(IV) Similar patient-diagnosed and predictive validity for 
mortality were found between Berlin and AECC definition.

We found a very small difference for diagnosis and 
no difference for outcome prediction between the Berlin 
and AECC definitions. Unavailable PEEP and PAWP 
>18 mmHg were the main exclusion factors for Berlin 
and AECC, respectively, however, distinction of clinical 
diagnosis and outcome was not obvious. The prevalence of 
ARDS in Chinese ICUs was 8.1%, which may be under-
recognized by physicians. It has been demonstrated that 
ARDS continues to be under-recognized by clinicians in the 

Table 2 Characteristics of patients who fulfilled Berlin criteria

Parameters Value

Age (year) 66.0 (53.0–77.0)

Male, n (%) 118 (80.3) 

High (cm) 170.0 (165.0–174.0)

Predicted body weight (kg) 66.0 (61.5–69.7)

Real body weight (kg) 67.0 (60.0–73.0)

APACHE II 20.0 (15.0–25.5)

Risk factors of ARDS, n (%)

Pneumonia 85 (57.8)

Sepsis/septic shock 29 (19.7)

Pulmonary contusion 17 (11.6)

Extra-pulmonary trauma 6 (4.1)

Pancreatitis 6 (4.1)

Poisoning 2 (1.4)

Others 2 (1.4)

APACHE II, Acute Physiology and Chronic Health Evaluation II; 
ARDS, acute respiratory distress syndrome.
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Table 3 Acute respiratory distress syndrome patients treated with invasive ventilation by severity category at diagnosis

Parameters
ARDS diagnosed by Berlin criteria

P value
All (n=135) Mild (n=28) Moderate (n=84) Severe (n=23)

Age (year) 63.0 (53.0–77.0) 69.0 (50.3–75.5) 69.0 (56.3–78.0) 58.0 (40.0–74.0) 0.053

APACHE II 21.0 (15.0–26.0) 21.0 (15.5–24.8) 20.0 (15.0–26.0) 23.0 (19.0–29.0) 0.288

Ventilation mode, the first day, n (%)

Pressure assist control or SIMV 
(constant pressure) 

43 (31.9) 7 (25.0) 27 (32.1) 9 (39.1) 0.413

Volume assist control or SIMV (constant 
volume)

76 (56.3) 16 (57.1) 47 (56.0) 13 (56.5) 0.449

Pressure support ventilation 14 (10.4) 5 (17.9) 9 (10.7) 0 (0) 0.122

Others 2 (1.5) 0 (0) 1 (1.2) 1 (4.3) 0.491

Ventilator settings, first day of ARDS

Vt, mL/kg. PBW, median (IQR) 7.0 (6.5–8.0) 7.0 (6.8–8.2) 7.2 (6.5–7.9) 7.0 (6.4–7.9) 0.848

PEEP, cmH2O, median (IQR) 6 (5.0–8.0) 5.5 (5.0–8.0) 6.0 (5.0–8.0) 10.0 (8.0–11.3) <0.001

FiO2, %, median (IQR) 50.0 (43.8–60.0) 40.0 (40.0–51.3) 50.0 (45.0–60.0) 90.0 (67.5–100.0) <0.001

Pplat, cmH2O, median (IQR) 19.0 (16.0–22.0) 17.0 (16.0–18.0) 19.0 (16.8–22.0) 20.0 (18.0–25.0) 0.002

Driving pressure, cmH2O, median (IQR) 12.0 (10.0–15.0) 11.0 (8.0–11.8) 12.0 (10.0–15.0) 12.5 (9.75–21.5) <0.001

Crs, mL/cmH2O, median (IQR) 40.2 (32.7–47.9) 43.6 (42.4–54.3) 37.3 (26.5–42.9) 31.5 (28.7–41.4) 0.002

RM, n (%) 48 (35.6) 8 (28.6) 30 (35.7) 10 (43.5) 0.007

Prone positioning, n (%) 4 (3.0) 0 (0.0) 2 (2.4) 2 (8.7) 0.640

Length of the first prone positioning, h/d, 
median (IQR)

10.5 (9.4–14.0) N/A 13.0(11.0–15.0) 8.5(8.3–8.8) N/A

HFOV, n (%) 1 (0.7) 0 (0.0) 0 (0.0) 1 (4.3) 1.000

Corticosteroids, n (%) 7 (5.2) 1 (3.6) 3 (3.6) 3 (13.0) 0.373

Blood gas, first day of ARDS

pH, median (IQR) 7.4 (7.3–7.5) 7.4 (7.3–7.5) 7.4 (7.4–7.5) 7.4 (7.4–7.5) 0.815

HCO3, mmol/L, median(IQR) 22.5 (19.0–25.0) 23.1 (19.6–23.6) 21.9 (19.0–25.5) 22.9 (19.6–25.3) 0.603

Lac, mmol/L, median (IQR) 1.8 (1.2–2.9) 1.6 (1.1–2.3) 1.9 (1.2–2.8) 2.1 (1.2–4.4) 0.563

PaO2, mmHg, median (IQR) 84.7 (70.1–97.8) 96.2 (88.2–126.0) 83.2 (68.6–95.0) 67.8 (58.1–81.1) 0.252

PaCO2, mmHg, median (IQR) 34.6 (30.0–41.0) 35.1 (33.3–38.3) 34.0 (29.5–42.1) 35.8 (31.1–41.3) 0.455

PaO2/FiO2, mmHg, median (IQR) 163.0 (123.5–217.4) 232.0 (215.5–257.7) 160.0 (131.0–190.6) 80.0 (70.0–89.7) N/A

IQR, interquartile range; APACHE II, Acute Physiology and Chronic Health Evaluation II; ARDS, acute respiratory distress syndrome; ALI, 
acute lung injury; SIMV, synchronized intermittent mandatory ventilation; PSV, pressure support ventilation; PEEP, positive end expiratory 
pressure; FiO2, fraction of inspired oxygen; Vt, tidal volume; PBW, predicted body weight; Pplat, airway plateau pressure; Crs, respiratory 
compliance; HCO3, bicarbonate; PaO2, arterial oxygen partial pressure; PaCO2, arterial carbon dioxide partial pressure; PaO2/FiO2, partial 
pressure of oxygen to fraction of inspired oxygen; RM, recruitment maneuver; IQR, interquartile range; HFOV, high frequency oscillatory 
ventilation; MAP, mean arterial pressure; CVP, central venous pressure.
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era of the Berlin Definition, with 40% of all cases not being 
diagnosed (18). This is similar to previous findings using 
the AECC definition (5,21-23). However, the present study 
did not set out to assess the degree of under-recognition.

ARDS is commonly managed by invasive mechanical 
ventilation and the lung protective strategy of low Vt and 
limited Pplat was generally accepted, with 75% of patients 

in the present study receiving a Vt <8 mL/kg PBW and a 
Pplat ≤30 cmH2O. However, similar to the LUNG SAFE 
study, only less than 15% of the patients receiving a Vt < 
6 mL/kg PBW in the present study (18). As reported in 
prior studies (22), Vt was constant across the spectrum 
of ARDS severity, accordingly the ∆P increased with the 
ARDS severity. However, the difference of median ∆P 

Figure 2 Cumulative frequency distribution of ventilation parameters by acute respiratory distress syndrome (ARDS) severity. (A) 
Cumulative frequency distribution of tidal volume was similar in patients in each severity category, with 75.6% of patients with ARDS 
receiving a tidal volume of 8 mL/kg of predicted body weight or less; (B) in contrast, a right shift of the cumulative frequency distribution 
curves of ∆P was seen for more severe ARDS category, with ∆P ≤14 cmH2O in 72.6% of patients.
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between mild and severe ARDS was only 1.5 cmH2O,  
which did not  make sense c l inical ly.  I t  has  been 
demonstrated that airway ∆P can detect lung overstress 
with an acceptable accuracy (24). The optimal cutoff values 
for ∆P were 15 cmH2O considering a stress equal or above 

24 cmH2O (24). There are 21% patients with a ∆P more 
than 14 cmH2O in the present study, however, only 1.6% 
patients with a Pplat more than 30 cmH2O. This might be 
induced by the low PEEP level. It may be reasonable to 
using ∆P as an additional safety threshold for Vt setting.

Table 4 Outcome of patients with acute respiratory distress syndrome

Parameters
ARDS diagnosed by Berlin criteria

P value
All (n=147) Mild (n=32) Moderate (n=90) Severe (n=25)

ICU mortality, n (%) 48 (32.7%) 6 (18.8%) 28 (31.1%) 14 (56.0%) 0.011

Hospital mortality, n (%) 50 (34.0%) 7 (21.8%) 28 (31.1%) 15 (60.0%) 0.004

Duration of invasive ventilation, d, median (IQR)

All patients 5.9 (2.6–9.9) 5.4(2.4–11.1) 6.3 (3.6–9.3) 4.6 (1.6–9.6) 0.559

Surviving patients 5.5 (3.6–8.3) 4.4 (2.4–11.4) 6.2 (3.6–8.6) 5.4 (3.6–8.3) 0.662

ICU length of stay, d, median (IQR)

All patients 7.7 (4.5–14.5) 7.5 (5.0–15.4) 8.5 (4.7–13.9) 7.7 (3.6–12.3) 0.811

Surviving patients 8.7 (5.6–14.7) 7.5 (5.4–15.4) 10.3 (5.7–14.0) 8.2 (5.7–12.8) 0.771

Hospital length of stay, d, median (IQR)

All patients 17.4 (9.8–30.4) 15.4 (6.9–29.4) 18.4 (10.9–30.4) 12.4 (6.9–29.4) 0.416

Surviving patients 22.4 (12.7–35.8) 18.6 (13.8–36.0) 23 (12.4–36.7) 23.9 (11.6–31.2) 0.992

ARDS, Although acute respiratory distress syndrome; IQR, interquartile range.

Figure 4 Probability of hospital survival by ARDS severity and ∆P. (A) There was a lower likelihood of survival to day 28 with severe acute 
respiratory distress syndrome (ARDS) on day 1. Survival to day 28 was not different between mild and moderate ARDS patients; (B) patients 
with a ∆P >14 cmH2O on day 1 of ARDS criteria had a higher mortality.
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Although PEEP increased significantly with higher 
ARDS severity, it was relatively low, with 90% of patients 
receiving a PEEP <12 cmH2O. We found no evidence that 
a higher PEEP was used in patients with lower respiratory 
system compliance. At present, the aim of PEEP is not 
only to improve oxygenation but also to minimize VILI 
by limiting tidal alveolar opening and collapse (25). 
Hypoxemia appears to be treated predominantly by an 
increased FiO2. In severe ARDS the median PEEP level 
was 10.0 cmH2O and the median FiO2 was 90%. This may 
be partly explained by the lack of application of the PEEP/
FiO2 table by the ARDS Network investigators with higher 
PEEP levels (26,27). At present, the only such protocol 
is the PEEP/FiO2 table proposed by the ARDS Network 
(ARDSNet) (7), which likely tolerates minor atelectasis by 
applying a minimal PEEP and FiO2 to match an acceptable 
arterial oxygenation target (between 55 and 80 mmHg). 
Although the ARDSnet PEEP/FiO2 table was widely known 
by the intensivist, however the compliance of this table was 
still poor in mainland China. In the present study, 23 severe 
ARDS patients came from 16 ICUs. However, compared 
with the PEEP/FiO2 table, low PEEP was used in 12 out of 
the 16 ICUs, and only 4 ICUs used acceptable PEEP level 
in severe ARDS patients.

ARDS appears to be undertreated in China as judged 
by the use of adjunctive measures. The effectiveness of 
recruitment remains controversial in patients with ARDS 
(26-30). However, the relatively low use of less expensive 
interventions such as prone positioning and neuromuscular 
blockade is unclear because the evidence in support of 
these approaches is better than the evidence for recruiting 
maneuvers. Probably due to lack of available equipment, 
expensive and invasive adjunctive measures such as ECMO 
and HFOV were uncommonly used in the participating 
ICUs.

The hospital mortality in severe ARDS in mainland 
China was extremely high (60%), which might be a result 
of low PEEP level, high ∆P, and low use of adjunctive 
treatment such as prone position, neuromuscular blockers 
and ECMO. Inadequate PEEP caused deterioration of lung 
compliance, which might be the main reason of the higher 
∆P in the severe ARDS group. In agreement with other 
study (31), we confirmed that ARDS patients with high ∆P 
(>14 cmH2O) had shorter survival times than patients with 
lower ∆P (≤14 cmH2O).

The present study has several limitations. First, the 
time for the observation period was arbitrarily chosen to 
summer, which may underestimate the ICU incidence 

of ARDS. Second, the diagnosis of ARDS was made by 
the physician in charge; however, it has been shown that 
only about 60% of all patients with ARDS are clinician-
recognized (18). Unfortunately, the raw data that made up 
the various components of the Berlin ARDS Definition 
were unavailable in the present study to address this issue. 
Third, two patients who fulfilled the Berlin criteria were 
excluded by AECC criteria due to PAWP >18 mmHg. 
However PAWP were measured only in 19 enrolled 
patients, this could constitute a concerning bias. Fourth, 
we enrolled 20 ICUs from 9 provinces in China only, and 
our sample may be prone to selection biases that may limit 
generalizability. Fifth, we only focus on the respiratory 
aspects and did not show the hemodynamic impairment of 
ARDS patient. Finally, though the LUNG SAFE study gave 
important information concerning the ARDS patients (18), 
the medical system in mainland China is far different form 
the west which will lead to the different management and 
outcome of ARDS patients. Our data will help to improve 
the management of ARDS in mainland China.

Conclusions

Despite the lung protective strategy using low Vts and 
limitation of Pplats was generally accepted in mainland 
China, ∆P is still a matter should be concerned. High PEEP 
and adjunctive treatments were used relatively infrequently 
in mainland China. The Berlin and AECC definitions were 
similar in terms of diagnoses and predictive validity for 
mortality. These data may serve as a current benchmark 
on the usual care and outcomes of patients with ARDS 
in mainland China. It may also indicate the potential for 
improvement in management.
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