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Injured Alveolus during the Acute Phase
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Epidemiology, Patterns of Care, and Mortality
for Patients With Acute Respiratory Distress Syndrome
in Intensive Care Units in 50 Countries
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DAILY SCREENING FORM

FPatient's initials: Date of admission: Time of admission: Gender: M OF O
Year of Birth: Type of admission: MedicalfSu

Lung fields on Sewvere respiratory
Mechanical wentilation Radioclogy failure

(circle the appropriate mode) Criteria fulfilled?*

CPAP25 Mone of the Above
v, MW PEEP=S5/ MINMY ERPAP=S/S
CPAP=5' None of the Abowe

I, MW PEEP=5/ MINMWY ERPAP=S5/S
CRPAP25f None of the Abowe

:“SEL:E[:‘“Z‘:BLL::’T':"F‘(’:”w:‘"g"’ Day 1 DAILY DATA COLLECTION FOR PATIENTS WITH OUTCOME AND ICU DISCHARGE/DEATH

form)______ SEVERE RESPIRATORY FAILURE! OUTCOMES AT ICU DISCHARGE/DEATH

Date of Hospital Admission: __f__d201_  __:__(24hclock) . ICU (or day 90) Outcome (whichever event comes first)
Day Date of this form oAive  oDead

Height (first documented at ICU admission): zincho em

Is the patient in the ICU on this date? aYES o NO* Date of ICU discharge/Death: _ _[__/____

* I "NO” please complete the discharge/Death forms For patients without severe respiratory failure only this section is necessary

Discharged to:

IENNN—— |
oCOPD iple transfusionsitransfusion-associated acute

o Diabetes Mellitus RALI

e Noogat -

o Active Neoplasm

1 Hemalologic neaplasm Bilateral opacities on the CXR/ICT scan Yes O NoO

o Immunesuppression

Could patient hypoxemia be entirely explained by cardiac failure?
o Heart failure: NYHA classes IV Number of involved quadrants: 10 20 30 40 nmm YPﬂn No expianedty
o Chronic liver failure (Child-Pugh Class C)

o Home Ventilation
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635 Hospitals screened for eligibility
(666 ICUs)

207 ICUs excluded
> 175 Did not enroll patients
32 Withdrew

435 Hospitals included in the
study (459 ICUs)

\ g
43577 5t
29144 mﬁ Taﬁn 5;5?? Ead rf: r: ;éi:gibilit y 2 9 ’ 1 44 y_i—E }BﬂJ

3-424/1Cu)?

16238 Excluded
12083 Never received invasive ventilation?

660 Records not finalized®
3495 Other reasons?

T 12,906 {5
12906 Included in the analysis
{median, 21/ICU; range,

1-177/ICU}

8407 Did not develop acute hypoxic respiratory failure
{median, 7/1CU; range, 0-49/ICU)

- ' ETETS
4499 With acute hypoxic respiratory 4’ 49 9 JI_E 1&“

failure (median, 7/ICU; range
0-49/1CL)
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4,499 £ @'ﬁ%)

failure (median, 7/I1CU; range

0-49/ICU)
v L ¥
_A R D S = 3022 Had ARDS (median 5/ICU: 1455 Had causes other than ARDS for 22 Unclassified
_ range 0-40/1CU)° acute hypoxic respiratory failuret
3 022"}_1'_6{5” 2813 Had ARDSonday 1 or2 582 Pneumonia
’ ' 209 Had ARDS after day 2 392 Heart failure
( 67 z(y ) 2377 Included in the primary analysis 169 COPD
. 0 ' 17 Asthma
217 Other

156 Unknown

, 209 Had ARDS
after day 2

2813 Had ARDS onday 1 or

L4 L

‘n O n Inva SlVE' 436 Initially received noninvasive 2377 Received invasive ventilation / o 5
ventilation (median, 3/1CU; range, 0-27/I1CU) -lnvasive-

436JiE11(14.4%) 1106 Noderate ARDS

557 Severe ARDS

2 377JE]

, | ' mild 714(30%)

300 Maintained with noninvasive 136 Required invasive ventilation

ventilation moderate 1106(46.6%
)

severe 557(23 .4%)
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Risk factor for ARDS, No. (%

Parameter Value

No. of patients Pneumonia

ARDS 3022 Extrapulmonary sepsis

ARDS in first 48 h after AHRF 2813 Aspiation

No longer fulfill ARDS criteria after 24 h, 486 (17) [15.9-18.7] S :

No. (%) [95% CI] Trauma 127 (4.2)

Clinician recognition of ARDS, 1820 (60) [59-62.0] Blood transfusion 118 (3.9)

No. (%) [95% Cl] Pulmonary contusion 97 (3.2)

Age, mean (95% Cl)y 61.5 (60.9-62.1) ki 72(23)

Women, No. (%) 1151 (38) Drug overdose 56 (1.9)

Height, mean (95% Cl), cm 168 (167.6-168.4) Pulmonary vasculitis 41 (1.4)

Weight, mean (95% Cl), kg 78.0 (77-79) Burn 9(0.3)

Chronic disease, No. (%) Drowning 2(0.1)
COPD 657 (21.7) Other risk factor 82(2.7)
Diabetes 657 (21.7) No risk facto 3
Immunoincompetence 365 (12.1) ﬁi:ﬁryaféi\rgswe mechanical ventilation, 8 (4-16)
Chronic cardiac failure 314 (10.4) Duration of ICU stay, median (IQR), d 10 (5-19)
Chronic renal failure 306 (10.1) CU survival, No. (%) [95% CI] 1994 (66.0) [64.3-67.7
Active neoplasm 258 (8.5) Duration of hospital stay, median (1QR), C -

Hematological disease 142 (4.7) Hospital survival, No. (%) [95% CI]° 1826 (60.4) [58.7-62.2]
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g—uy/N:0.48 A7 AV :0.46
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Extent of ARDS Recognition

ARDS Recognition at any time No. (%)
(95% CI)
Effect of ARDS Recognition on Day 1 variables

Tidal volume (ml'’kg PBW)
- ARDS Rccugmzcd mean (95% LI}

[ O,
0

- ARDS Up nonized. mean
PEEP (¢cmH-0)
- ARD.S Rccugmzcd mean (95% Ll}

Peak Pressure (cmH;0)"

- ARDS Recognized, mean (95% CI)

- ARDS Unrecoenized, mean (95% CI
Patients in whom Py sy measured, No.

- ARDS Recognized, No. (%),
(95% CI)

- ARDS Lnrcmg;uucd No. (%),

ARDSEEHE D M3,

All
(@=2377)

o A

(62.2-66.1)

P=0.014

Mild

(=T14; 30.0%)

366 (51.3%)
(47.5-55.0)

P=0.34

Moderate
(n=1106; 46.5%)

722 (65.3%)
(62.4-68.1)

P=0.247

Severe
{(n=55T7; 23.4%)

437 (78.5%)
(74.8-81.8)

P=0.22

7.5 (7.4-7.6) 7.7 (7.5-7.9) 7.5(7.4-7.7) 7.4 (7.2-7.6) 0.12

7.7 (7.6-7.9) 7.8 (7.6-8.0) 7.7 (1.5-7.9) 7.7 (7.3-8.0) 0.53

P<0.001 P<0.001 P<0.001 P=0.001

8.9 (8.8-9.1) 7.8 (7.5-8.1) 8.7 (8.5-9.0) 10.3 (9.9-10.7) | <0.001

7.5 (7.3-1.7) 7.0 (6.7-7.2) 7.5(7.2-7.7) 9.3 (8.8-9.8) <0.001

P<0.001 P<0.001 P<0.001 P<0.001

28.3(27.9-28.8) 26.2(25.2-27.1) | 27.9(273-28.4) | 31.0(30.2-31.7) | <0.001

25.0 (24.5-25.6) [ 23.6(22.8-24.4) | 25.5(24.7-26.2) | 27.7(26.3-29.1) | <0.001

P<0.001 P=0.009 P=0.006 P=0.025

648 (42.5%) 147 (40.2%) 317 (43.9%) 184 (42.1%) 0.49

(40.0-45.0) (35.1-45.4) (40.2-47.6) (37.4-46.8)

280 (32.9%) 107 (30.7%) 136 (35.4%) 37 (30.8%) 0.36
(25.9-35.9) (30.6-40.4) (22.7-39.9)

PEEP/ . Ppeak” . Pplatifll E[HIZ




Extent of ARDS Recognition

ARDS Recognition at any time No. (%)
(95% CI)
Effect of ARDS Recognition on Day 1 variables

Pppat Pressure (cmH»0) 4
- ARDS Recognized, mean (95% CI)
- ARDS Unrecornized. mean (95% CI)
| Minute Ventilation (I/min)
- ARDS Recognized, mean (95% CI)
_ - ARDS Unrecognized, mean (95% CI)
Use of adjunctive treatment”
- ARDS Recognized, N (%),
(95% CI)
- ARDS Unrecognized, N (%)
(95% CI)

(a=2377)

1525 (64.2%)
(62.2-66.1)

P<0.001
24.4 (23.9-24.9)
20.6 (19.9-21.3)
P=0.001

11.0 (10.8-11.3)
10.4 (10.0-10.7)
P<0.001

670 (43.9%)
(41.4-46.5)

185 (21.7%)
(19.0-24.6)

(n=T714; 30.0%)

366 (51.3%)
(47.5-53.0)

P<0.001
21.7(20.7-22.7)
19.1 (18.0-20.2)

| P=0.33

9.5 (9.1-9.9)
9.2 (8.9-9.5)

| P<0.001

103 (25.1%)
(23.6-33.0)
60 (17.2%)
(13.4-21.6)

Moderate

(n=1106; 46.5%)

722 (65.3%)
(62.4-68.1)

P<0.001
243 (23.6-24.9)
20.7 (19.7-21.6)
P=0.23

10.9 (10.5-11.2)
10.5 (10.0-11.0)
P<0.001

303 (42.0%)
(38.3-45.7)

73 (19.1%)
(15.2-23.3)

Severe
{n=55T7; 23.4%)

437 (78.5%)
(74.8-81.8)

P=0.24
26.4 (25.4-27.4)
24.5 (21.5-27.6)
P=0.41

12.7 (12.1-13.2)
13.2 (12.0-14.4)
P=0.001

264 (60.4%)
(55.7-65.0)

52 (43.3%)
(34.3-52.7)

<(.001
<(.001

<(.001
<(.001

<(.001

<(.001
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EI Cumulative frequency distribution of tidal volume
10

Cumulative Rate

— All(n=2255)

ARDS severity

— Mild (n=672)

= Moderate (n=1050)
Severe (n=533)

4 6 8 10 12
Tidal Volume, mL/kg of Predicted Body Weight

El Distribution of tidal volume vs plateau pressure on day 1 by ARDS severity

407 Mid (n=5)
Moderate (n=21) Moderate (n=8)
Severe (n=30) . Severe (n=12)
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Mild (n=155) Mild (n=81)
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Severe (n=140) Severe (n=45)
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E| Relationship between tidal volume and peak inspiratory pressures
201

Ppeak&Tidal volume

. FiO2 - PEEP
+ ST L

Relationship between inspired fraction of oxygen
and arterial oaygen saturation

= [
=] Ped [41]
1 L 1

Body Weight

Tidal Volume, mL/kg of Predicted
5

[}
s}

[
(=]

Inspired Fraction of Oxygen
[ ] [ ]
Y [= 1]

-:iS 15 19 2{] 24 25 29 30- 39 :-59 1.0
Peak Inspiratary Pressure, em H,0
MNo. of patients B4 260 519 527 545 164
Relationship between PEEP and inspired fraction of oxygen

a8
8
a ) <g5 55 57 EB a0 Ell a3 !Mu-ﬂ? =0
Arterial Oxygen Saturation, %

Mo. of patients 73 35 94 205 629 489

—
Ln

PEEP, cm H;0

=
=)
1

LN
1

03 04 05 06 07 08

P econ o yeen T SaO0, MR TR0 EL AR D

Mo. of patients 114 435 481 355 181 189
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Table 2. Organizational and Patient Factors Associated With Clinician Recognition of ARDS in Invasively Ventilated Patients

ARDS Recognized, Absolute Difference Bivariate OR Multivariable OR
No./Total No. (%) (95% CI) (95% Cl) PValue* (95%CI) P Value®
B3 A NCxT B ERE -1.20(-0.74to -1.66)° 0.960(0.945t0 0.976) <001 0.959(0.942t0 0.977) <001
B 1 NI AF -0.34(-0.55t0 -0.13)° 0.911(0.860t0 0.957) <001 0920(0.870t0 0.968)  .002
LS -403(-5.43t0-2.65)° 0.985(0.980t0 0.990) <001 0.987(0.980t00.993) <001
Predicted body weight per kg -1.27 (-2.18to -0.36)° 0,989 (0.980 to 0.997) 006 0984(0974t00993) <001
Nonpulmanary SOFA per point 081 (04810 1.12)° 1.054(L031t01.077) <001 1.057(1.030t0o 1.085) <001
Pa0, /FiO, bt -300(-355t0-24.4)° 0993(0992100995) <001 0.993(0.992t00.995) <001

BB LS9 DRI, R, A48, P/ P . 2SARDSEERR DA+
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ARDS Recognized, Absolute Difference Bivariate OR Multivariable OR
No./Total No. (%) (95%Cl) (95% C1) PValue* (95%Cl) P Value®
Medical or surgical Admission
with trauma
No 147712274 (65.0) 1 [Reference] 1 [Reference]
Yes 48/103 (46.6) -18.4 (-28.7 to -8.0) 0.471 (0.316 to 0.700) <0001 0.539 (0.334 to 0.868) 011
Meoplastic or immune or
hematologic disease
No 1173/1892 (62.0) 1 [Reference] 1 [Reference]
Yes 352/485 (72.6) 10.6 (6.0 to 15.1) 1.623 (1.305 to 2.027) =001 1.396(1.079 to 1.816) 012
Prneumonia
No 440/1002 (43.9) 1 [Reference] 1 [Reference]
Yes 1375 (/0. ml .2 to 30. 1. 1.544 to 2.17 <001 1. 1.073 to 1.67 .01
5)@ 963/1375 (70.0) 26.1 (22.2 to 30.0 830 2.170 00 333 (1.073 670 0
Pancreatitis
No 84472328 (36.3) 1 [Reference] 1 [Reference]
Yes 41/4 ¥ &7 .4 . to 5. 8915 (1.436 to 6.7 1 1l 1.439 to 10.54 01
35)@ 9 (83.7) (36.9 8.0 2.9 36 to 6.733) 006 3.506(1.439 0.543 1)
ARDS risk factors
Yes 1454/2187 (66.5) 1 [Reference] 1 [Reference]
No 71190 (37.4) -29.1 {-36.3 to -22.0) 0.301 (0.220 to 0.408) =001 0.408 (0.280 to 0.591) =001
72l
With heart failure
No 13472027 (66.5) 1 [Reference] 1 [Reference]
Yes 178/350 {50.9) -15.6 (-21.2 to -10.0) 0.522 (0.415 to 0.657) =001 0.496 (0.377 to 0.652) =001

»HY
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All Mild Moderate Severe
_Parameter (N =2377) (n=714) {n=1106) {n = 557) F‘u’alueal
Age, median (IQR), v 61 (61-62) 61 (60-63) 62 (62-63) 57 (55-58) =.001
No longer meet ARDS criteria after 24 h, 486 (17.3) 190 (26.6) 152 (13.7) 71(12.8) =001
No. (%) [95% CI] [15.9-18.7] [23.4-30.0] [11.8-15.9] [10.1-15.8]
Severity of illness, mean (95% CI), SOFA score®
Day 1 10.1 (9.9-10.2) 8.8 (8.6-9.1) 10.2 (9.9-10.4) 11.4(11.1-11.8) =.001
| Day 1 nonpulmonary© 6.9 (6.7-7.0) 6.7 (6.4-7.0) 6.9 (6.7-7.1) 7.0(6.7-7.4) 34
Worst 11.1(10.9-11.3) 10.3 (10.0-10.6) 11.8 (11.5-12.0) 13.0 (12.6-13.3) <.001
Worst nonpulmonary 8.0(7.8-8.2) 8.0(7.7-8.3) 8.7 (B.4-8.9) 9.0 (B.4-8.9) <001
“Ventilator settings, first day of ARDS
_Fio,, mean (95% ClI) 0.65 (0.64-0.65) 0.48 (0.47-0.50) 0.62 (0.61-0.63) 0.90 (0.88-0.91) <,001
Median (IQR) 0.6 (0.45-0.85) 0.4 (0.4-0.5) 0.6 (0.5-0.7) 1(0.8-1)
Set respiratory rate, mean (95% Cl), 1/min 18.6 (18.3-19.0) 17.4(16.9-17.8 158.4 (18.0-18.5) 20.4 (19.2-21.6) <.001
Total respiratory rate, mean (95% CI), 1/min 20.8 (21.5-21.2) 19.5 (19.0-19.9) 20.7 (20.3-21.1) 22.7 (21.5-23.8) =.001
| VT, mean (95% CI), mL/kg PBW 7.6(7.5-7.7) 7.8(7.6-7.9 7.6 (7.5-7.7) 7.5(7.3-7.6) .02
Control vent mode 7.5(7.4-7.6) 7.6 (7.5-7.8) 7.4 (7.3-7.6) 7.4 (7.2-7.6) 06
Spontaneous vent mode 7.9(7.8-8.1) 7.9(7.7-8.2) 8.0(7.7-8.2) 7.7 (7.4-8.1) 55
Pvalue (control vs spont mode) <001 049 <.001 .053
Set PEEP, mean (95% CI), cm H,0 8.4 (8.3-8.6) 7.4 (7.2-7.6) 8.3 (8.1-8.5) 10.1 (9.8-10.4) <.001
| Peak pressure, mean (95% CI), cm H_-_:D'j 27.0 (26.7-27.4) 24.7 (24.1-25.4) 26.9 (26.5-27.4) 30.3 (29.6-30.9) =.001



T

“pH, mean (95% CI)

All Mild Moderate Severe
Parameter (N =2377) (n=714) {n=1106) {n = 557) F‘Jalueal
Ventilator settings, first day of ARDS
Patients in whom Py .- measured, No. (%)
Among all invasively ventilated patients, 954 (40.1) 260 (36.4) 463 (41.9) 231 (41.5) 05
No. (%) [95% CI] [38.2-42.1] [32.9-40.1] [38.9-44.8] [37.3-45.7]
Among patients with controlled ventilation, 756 (48.5) 198 (46.1) 363 (49.8) 195 (48.5) 49
No. (%) [95% CI] [46.0-51.0] [41.3-51.0] [46.1-53.5] [43.5-53.5]

. Ppy sz, mean (95% CI), cm H,0® 23.2 (22.6-23.7) 20.5 (19.8-21.3) 23.1 (22.6-23.7) 26.2 (25.2-27.1) <001
Standardized minute ventilation, 10.8 (10.6-11.0) 9.3 (9.1-9.6) 10.7 (10.5-11.0) 12.8 (12.3-13.3) <.001
mean (95% C1), Lfmin’

Spontaneous ventilation, No. (%) [95% Cl] 723 (30.4 260 (36.4) 336 (30.4) 127 (22.8) <.001
[8.6-32.3] [32.9-40.0] [29.7-35.3] [19.3-26.5]
Gas exchanae, first day of ARDS
Pao,/Fio, ratio, mean (95% CI), mmHg 161 (158-163) 246 (244-248) 149 (147-150) 75 (74-77) <.001
Sp0,, mean (95% CI) 95 (94-95) 97 (97-98) 95 (95-96) 90 (89-91) <,001
Median (IQR) 96 (93-98) 98 (96-99) 96 (94-98) 92 (88-95)
Paco,, mean (95% CI), mm Hg 46.0 (45.4-46.6) 41.5 (40.7-42.2) 45.8 (44.9-46.6) 52.2 (50.7-53.7) <.001
7.33 (7.32-7.33) 7.36 (7.36-7.37) 7.33(7.32-7.33) 7.27 (7.26-7.29) <.001
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Patients of No. (%) [95% CI]

All Mild® Moderate® Severe®
(n=2377) (n = 498) (n=1150) (n=729) P Value®
Neuromuscular 516 (21.7) 34 (6.8) 208 (18.1) 274 (37.8) <.001
blockade [20.1-23.4] [4.8-9.4] [15.9-20.4 ] [34.1-41.2]
Recruitment 496 (20.9) 58 (11.7) 200 (17.4) 238 (32.7) <.001
maneuvers [19.2-22.6] [9.0-14.8]  [15.2-19.7] [29.3-36.2]
Prone positioning 187 (7.9) 5(1.0) 63 (5.5) 119 (16.3) <001
[6.8-9.0] [0.3-2.3] [4.2-7.0] L13.?-19.2J
ECMO 76 (3.2) 1(0.2) 27 (2.4) 48 (6.6) <.001
[2.5-4.0] [0.05-1.2] [1.6-3.4] [4.9-8.6]
Inhaled vasodilators 182 (7.7) 17 (3.4) 70 (6.1) 95 (13.0) <.001
[6.6-8.8] [02.0-5.4] [4.8-7.6] [10.7-15.7]
HFOV 28 (1.2) 3 (0.6) 14 (1.2) 11 (1.5) 347
[0.B-1.7] [0.1-1.7] [0.7-2.0] [0.8-2.7]
None of the above 1431 (60.2) 397 (79.7) 750 (65.2) 284 (39.0) <.001
[58.2-62.2] [75.9-83.2] [62.4-68.0] [35.4-42.6]
Esophageal pressure 19 (0.B) 2 (0.4) B (0.7 9 (1.2) 233
catheter [0.04-1.4] [0.04-1.4] [0.3-1.3] [0.6-2.3]
Tracheostomy 309 (13.0) 48 (9.6) 155 (13.5) 106 (14.5) 034
[11.6-14.4] [7.1-12.6] [11.6-15.6] [12.1-17.3]
High-dose 425 (17.9) 61 (12.3) 194 (16.9) 170 (23.3) <.001
corticosteroids® [16.4-19.5] [9.5-15.5] [14.7-19.2] [20.3-26.6]
Pulmonary artery 107 (4.5) 9 (1.8) 53 (4.6) 45 (6.2) 001
catheter [3.7-5.4] [0.8-3.4] [3.4-6.0] [4.5-8.2]
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Parameter

All
(n=2377)

Mild
(n=714)

Moderate
(n=1106)

Severe
(n = 557)

Progression of ans severity,
Mo (%) [95% CI]°

Progression to moderate®

Progression to severe®

Death in the 1st wk without category change
Invasive 1urentila’:h:ln -free days to day 28,

Duration uf invasive w.-ntllatl on,
median (IQR), d

All patients
Surviving patients
ICU length of stay, median (IQR), d
All patients
Surviving patients
ICU mortality, No. (%) [95% CI]

Day 28 mortality, No. (%) [95% CI]

Haospital length of stay, median (IQR), d
All patients
Surviving patients

Hospital mortality, No. (%) [(95% CI]

10 (0-22)

10 (5-20)
11 (7-21)

838 (35.3)
[33.3-37.2]

828 {34 E}

17 (8-33)
23 (14-40)
952 (40.0)

184 (25.8)
[22.6-29.1]

32 (4.5)
[3.1-6.3]

63 (8.8)
[6.8-11.1]

16 (0-24)

10 (5-19)
10 (6-19)

212 (29.7)
[26.4-33.2]

211 (29.6)

18 (10-33)
23 (14-40)
249 (34.9)

N/A

140 (12.7)
[10.8-14.8]

126 (11.4)
[9.6-13.4]

11 (0-21)

11 (6-20)
12 (7-21)

387 (35.0)
[32.2-37.9]

389 (35.2)

17 (8-33)
22 (13-40)

NfA
NfA

117 (21.0)
[17.7-24.6]

0 (0-18)

11 (6-18})

11 (5-19})
14 (7-23)

239 (42.9)
[38.8-47.1]

228 (40.9)
6.8-4

16 (6-31)
26 (14-43)
257 (46.1)
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Distribution of blood PaCO2 tensions with ARDS severity
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Distribution of tidal volume with ARDS severity
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