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New Definition of Acute Respiratory Distress Syndrome
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Acute respiratory distress syndrome (ARDS) is a common disorder associated with significant mortality and
morbidity. The American-European Consensus Conference (AECC) definition of ARDS, established in 1994, has ad-
vanced the knowledge of ARDS by allowing the acquisition of clinical and epidemiological data, which in turn
have led to improvements in care for patients with ARDS. However, after 18 years of applied research, a number
of issues regarding various criteria of AECC definition have emerged. For these reason, and because all disease def-
initions should be reviewed periodically, the European Society of Intensive Care Medicine convened an international
expert panel to revise the ARDS definition from September 30 to October 2, 2011, Berlin, Germany, with endorse-
ment from American Thoracic Society and the Society of Critical Care Medicine. This consensus discussion, follow-
ing empirical evaluation and consensus revision, addressed some of the limitations of the AECC definition by in-
corporating current data, physiologic concepts, and clinical trials to develop a new definition of ARDS (Berlin defi-
nition). The Berlin definition should facilitate case recognition and better match treatment options to severity in both

the research trials and clinical practice.
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Table 1. American-European Consensus Conference Definition of Acute Respiratory Distress Syndrome

Timing Oxygenation

Pulmonary artery

Chest radiograph wedge pressure

ALI criteria Acute onset Paoa/Fio: < 300 mmHg

ARDS criteria Acute onset Pago/Fioo < 200 mmHg

Bilateral infiltrate seen on frontal chest
(regardless of PEEP level) radiograph

Bilateral infiltrates seen on frontal chest
(regardless of PEEP level) radiograph

<18 mmHg when measured or no
clinical evidence of left atrial
hypertension

<18 mmHg when measured or no
clinical evidence of left atrial
hypertension

ALIL acute lung injury; ARDS: acute respiratory distress syndrome; Paoy: arterial partial pressure of O,; Fioo: fraction of inspired O,.
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Table 2. Berlin Definition Draft of Acute Respiratory Distress Syndrome

Mild

Moderate Severe

Timing
Chest imaging"

Within 1 week of a known clinical insult or new or worsening respiratory symptoms
Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or nodules

Opacities involving at 3 or
4 quadrants

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload
Need objective assessment (eg, echocardiography) to exclude hydrostatic edema if no risk factor present

200 mmHg < Pa02/F102 < 300 mmHg
with PEEP or CPAP > 5 cmH,0°

Oxygenationb

Paoy/Fio, < 200 mmHg with
PEEP > 5 ¢cmH;O and Pagy/Fioo < 100

Pagy/Fio2 < 100 mmHg with
PEEP = 10 cmH,O

mmHg with PEEP = 5 cmH;O who do
not meet the additional criteria for severe
ARDS in the draft definition

Ancillary variables

CRS < 40 ml/cmH,O or
VEC()RR > 10 L/min

“Chest radiograph or computed tomography scan. °If altitude is higher than 1,000 m, the correction factor should be calculated as follows:
[Paoa/Fioz(barometric  pressure/760)]. “This may be delivered noninvasively in the mild acute respiratory distress syndrome group. ARDS:
acute respiratory distress syndrome; CPAP: continuous positive airway pressure; Crs: compliance of the respiratory system; Fiop: fraction of
inspired oxygen; Pao: partial pressure of arterial oxygen; PEEP: positive end-expiratory pressure; V Ecorr: corrected expired volume per

minute.
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Table 3. Common Risk Factors for Acute Respiratory Distress
Syndrome

Direct Indirect

Pneumonia Non-pulmonary sepsis
Aspiration of gastric contents Major trauma
Inhalational injury Pancreatitis
Pulmonary contusion Severe burns
Pulmonary vasculitis Non-cardiogenic shock
Drowning Drug overdose
Multiple transfusion or
transfusion-associated acute lung

injury (TRALI)
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Table 4. Exploration of Proposed Variables to Define Severe ARDS'[11]

Mild Moderate Severe
Severe ARDS definition No. (%) of % Mortality ~ No. (%) of % Mortality ~ No. (%) of % Mortality
patients 95% CI) patients 95% CI) patients 95% CI)
Consensus panel draft 220 (22) 27 24-30) 2344 (64) 35 (33-36) 507 (14) 45 (40—49)

Paoo/Fio: < 100 mmHg + chest

radiograph of 3 or 4 quadrants +

PEEP = 10 cm HO + (Crs < 40 ml/cm

Hzo or VECORR > 10 L/mln)

Consensus panel final 220 (22) 27 (24—30) 1,820 (50) 32 (29-34) 1,031 (28) 45 (42—48)
Pa()z/F]oz < 100 mmHg

“The moderate group includes patients with Paoy/Fio» < 200 mmHg and patients with Pagy/Fio» < 100 mmHg who do not meet the
additional criteria for severe ARDS in the draft definition. All patients are receiving at least 5 cm H,O PEEP and have bilateral infiltrates
on chest radiograph. °p < .001 comparing mortality across stages of ARDS (mild, moderate, severe) for draft and final definitions. p =
.97 comparing mortality in consensus draft severe ARDS to consensus final severe ARDS definitions. ARDS: acute respiratory distress
syndrome; Cgrs: compliance of the respiratory system; Fioy: fraction of inspired oxygen; Paoy: arterial partial pressure of oxygen; PEEP:

positive end-expiratory pressure; V Ecorr: corrected expired volume per minute.

Table 5. The Berlin Definition of Acute Respiratory Distress Syndrome[11]

Timing Within 1 week of a known clinical insult or new or worsening respiratory symptoms
Chest imaging" Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or nodules
Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload
Need objective assessment (eg, echocardiography) to exclude hydrostatic edema if no risk factor present

Oxygenationb

Mild 200 mmHg < Pagy/Fioo < 300 mmHg with PEEP or CPAP > 5 cmH,0"

Moderate 100 mmHg < Paoy/Fio; < 200 mmHg with PEEP = 5 cmH,O

Severe Paoy/Fioo < 100 mmHg with PEEP = 5 cm H,O

“Chest radiograph or computed tomography scan. "If altitude is higher than 1,000 m, the correction factor should be calculated as follows:
[Pacy/Fio2 % (barometric pressure/760)]. “This may be delivered noninvasively in the mild acute respiratory distress syndrome group. CPAP:
continuous positive airway pressure; Fioo: fraction of inspired oxygen; Paox: partial pressure of arterial oxygen; PEEP: positive
end-expiratory pressure.

Table 6. Predictive Validity of ARDS Definitions in the Clinical Database[11]

Modified AECC definition® Berlin definition ARDS®
ALI Non-ARDS ARDS Mild Moderate Severe
No. (%) [95% CI] of patients 1,001 (24) [23—25] 3,187 (76) [75—77] 819 (22) [21—24] 1,820 (50) [48—51] 1,031 (28) [27—30]
Mortality, No. (%) [95% crP 263 (26) [23—29] 1,173 (37) [35—38] 220 (27) [24—30] 575 (32) [29—34] 461 (45) [42—48]
Ventilator-free days, median 20 (2—25) 12 (0—22) 20 (1—25) 16 (0—23) 1 (0—20)
(IQR)
Duration of mechanical ventilation 5 2-10) 7 (4—14) 5211 7 (4—14) 9 (5—17)

in survivors, median (IQR), &

“The definitions are the following for ALI non-ARDS (200 mmHg< Paoy/Fioo < 300 mmHg, regardless of PEEP), ARDS (PaO,/FIO, <
200 mmHg, regardless of PEEP), mild Berlin Definition (200 mmHg < Paoy/Fio, < 300 mmHg with PEEP = 5 cmH;0), moderate
Berlin Definition (100 mmHg < Pag/Fioo < 200 mmHg with PEEP > 5 c¢cmH,0), and severe Berlin Definition (Paos/Fio» < 100 mmHg
with PEEP > 5 cmH,0). "Comparisons of mortality, ventilator-free days, and duration of mechanical ventilation in survivors across
categories of modified AECC (ALI non-ARDS and ARDS) and across categories of Berlin Definition (mild, moderate, and severe) are all
statistically significant (p < .001). AECC: American-European Consensus Conference; ALI: acute lung injury; ARDS: acute respiratory
distress syndrome; Fiox: fraction of inspired oxygen; IQR: interquartile range; Paoa: arterial partial pressure of oxygen; PEEP: positive
end-expiratory pressure.
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Table 7. Predictive Validity of ARDS Definitions in the Physiologic Database[11]

Modified AECC definition” Berlin definition ARDS"

ALI Non-ARDS ARDS Mild Moderate Severe

42 (16) [11—21]
22 (52) [36—68]

No. (%) [95% CI] of patients
Mortality, No. (%) [95% CI]°
Ventilator-free days
Median (IQR) 8.5 (0—23.5) 0 (0—16.0) 8.5 (0—23.5) 0 (0—16.5) 0 (0—6.5)
Missing, No. 10 26 10 25 1

66 (25) [19—30]
13 (20) [11—31]

203 (75) [70—80]
84 (43) [36—50]

66 (25) [20—30]
13 (20) [11—31]

161 (59) [54—66]
62 (41) [33—49]

Duration of mechanical 6.0 (3.3—20.8) 13.0 (5.0—25.5) 6.0 (3.3—20.8) 12.0 (5.0—19.3) 19.0 (9.0—48.0)
ventilation in survivors,
median (IQR), d
Lung weight, mg® 1
Mean (SD) 1,371 (360.4) 602 (508.1) 1,371 (360.4) 1,556 (469.7) 1,828 (630.2)
Missing, No. 16 48 16 32 16
Shunt, mean (SD), % 21 (21) 32 (13) 21 (12) 29 (11) 40 (16)

“The definitions are the following for ALI non-ARDS (200 mmHg < Pagy/Fioo <300 mmHg, regardless of PEEP), ARDS (Paoy/Fiox <
200 mmHg, regardless of PEEP), mild Berlin Definition (200 mmHg < Paoy/Fio. < 300 mmHg with PEEP = 5 c¢mH,0), moderate Berlin
Definition (100 mmHg < Pao/Fio; < 200 mmHg with PEEP = 5 cmH;0), and severe Berlin Definition (Paoy/Fio. < 100 mmHg with
PEEP > 5 cmH,0). "Eight patients are missing in the moderate Berlin Definition ARDS group. p = .001 for difference in mortality across
Berlin stages of ARDS. ‘Comparisons of lung weight and shunt across categories of modified AECC (ALI non-ARDS and ARDS) and
across categories of Berlin Definition (mild, moderate, and severe) are statistically significant (p < .001). dOnly available at 1 site. AECC:
American-European Consensus Conference; ALI: acute lung injury; ARDS: acute respiratory distress syndrome; Fiop: fraction of inspired
oxygen; IQR: interquartile range; Paoy: arterial partial pressure of oxygen; PEEP: positive end-expiratory pressure.

(95% CI, 0.561—0.593)& AECC Definition®] 0.536 (95% CI, A 2
0.520—0.523) 5t} EAIF o0& SoslA =9rkp < 0.001).
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