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The Berlin Definition 2012

Oc&eia Evapén avamvevoTikng avemapkeLag (EvTOg 7 nUEP®V) LETA
amd Vol EKKALTIKO OUTIO «KATAGTPOPIKO YEYOVOOH)

Apgotepdmievpa dmbnuata otn RO Bdpakog (mov dev eEnyovvron
armd GLALOYEC, 0LOVC 1| OTEAEKTOGIEC)

AVATVELGTIKY] OVETAPKELD TOV OV EENYELTON TANP®C IO KOUPOLOK)
AVETAPKELD

Pa0,/Fi0, <300 (PEEP> 5cm H,0)

300 > Pa0,/FiO,> 200 ‘Hmio ARDS
200 > Pa0,/FiO,> 100 Métpio ARDS
Pa0,/Fi0,< 100 Bapd ARDS

The ARDS definition Task Force: JAMA 2012
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Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Epidemiology, Patterns of Care, and Mortality e
for Patients With Acute Respiratory Distress Syndrome 50 countries, 5 continents
in Intensive Care Units in 50 Countries 29144 pts (3022, ARDS, 10.4%)
Glacomo Bellani, MD, PhD; John G. Laffey, MD, MA; Tai Pham, MD; Eddy Fan, MD, PhD; Laurent Brochard, MD, HDR; Andres Esteban, MD, PhD;
Luciano Gattinoni, MD, FRCP; Frank van Haren, MD, PhD; Anders Larsson, MD, PhD; Daniel F. McAuley, MD, PhD; Marco Ranieri, MD;
Gordon Rubenfeld, MD, MSc; B. Taylor Thompson, MD, PhD; Hermann Wrigge, MD, PhD: Arthur 5, Slutsky, MD, MASC: Antonio Pesenti, MD;
for the LUNG SAFE Investigators and the ESICM Trials Group
ICU Incidence of ARDS
ARDS represented 10.4% (95% CI, 10.0%-10.7%) of total ICU
admissions and 23.4% (95% CI, 21.7%-25.2%)of all patients re-
uiring mechanical ventilation and constituted 0.42 cases
o / Recognition of ARDS

ICU bed over 4 weeks. There was some geographic variation . . - -
e : @R[}S was underdiagnosed, with 60.2% of all patients w1t?
0

RDS being clinician-recognized. Clinician recognition
ARDS ranged from 51.3% (95% CI, 47.5%-55.0%) for mild
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THE EPIDEMIOLOGY OF ACUTE RESPIRATORY DISTRESS
SYNDROME IN PATIENTS PRESENTING TO THE EMERGENCY

DEPARTMENT WITH SEVERE SEPSIS

40 :l
Severe ::p;;los Cohort | ( / \
: | ARDS developed a median of 1 day after admission
incidence of e, onte with a domnot intubate and was a_ssociated_with a four-fold higher risk of in-
ARDS was 6.2% e __ hospital mortality (14% vs. 60%, p<0.001)
\_ _/
O
v _ ) E 10 )
| Studyn:c;%télatlon 8 /
e '/'.././. .R"““-\____\.. 0 -
ARDS 0 2 4 6 8 10 12 14

Non-ARDS
n=730 n=48
Lactate (mmol/L)

Independent risk factors associated with increased risk of ARDS
development included: serum lactate levels (p=0.008), lung injury

Mikkelsen, Shock. 2013 ! TN . .
prediction score (LIPS), microbiologically-proven infection
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996 pts acute trauma. ARDS 243 pts (24%)

daily levels from all monitors within 50 km of the geocoded location of a

patient’s residence.

Table 4. Logistic regression analysis for the association of exposure to mdividual air pollutants and

ARDS nisk
Pollutant Three-year Average Six-week Average Three-day Average

Exposure Exposure

Exposure
A

OR™ (93% CT) p OR™ (93% CT) p OR™ (93% CT) p
Ozone™ 144(1.12. 1.86) 0.003 1.13 (0.88, 1.46) 0.248 090 (0.64.1.26) 0.203
NO, 2.39(1.72,3.33) =0.001 | 1.77(1.28, 2.43) 0.002 1.42 (0,99 204) 0111
SO, 3.36(2.40, 5.28) =0.001 | 2.31(1.61.331) =0.001 |f 1.78 (1.26, 2.30) 0.003
co 192(147.233) =0.001 | 1.23(097,1.56) 0.157 1.15(0.90, 1.48) 0385
PM, 3.38 (240,534 <0001 §139(1.21,211) =0.001 |f 1.05(0.81, 1.36) 0.715
Reilly, AIRCCM 2018
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
14.1.1 alcohol abuse
Calfes 2011 —-0.0581 0.2319 11.7% 0.94 (0.60-1.49) —a— - -
Calfes 2015 05736 0.5366 4 8% 1.77 (0.62-5.08) —1 SyStematI C ReVI eW
Fernandez 2013 0.6397 0.3128 9.2% 1.90 (1.03-3.50) —e— .
Gaijic 2011 0.51 0.2857 10.0% 1.67 (0.95-2.92) | 13 studies
Ge Q2014 1.5798 0.5263 4.9% 4.85(1.73-13.62) —_ - -
Iscimen 2008 0.7372 0.4551  6.0% 2.09 (0.86-5.10) — any measure of h Igh relative to low alcohol
Koijic 2012 0.2469 0.2095 12.4% 1.28 (0.85-1.93) —=— -
Licker 2003 0.6259 0.4548 6.0% 1.87 (0.77-4.56) B consu mptl on
Moss 1996 1.026 0.2588 10.8% 2.79 (1.68-4.63) —e . . . .- .
Moss 2003 1.3083 0.3746 T7.6% 3.70 (1.78-7.71) — was associated with a Sign Iflcantly increased
Subtotal (95% CI) 83.5%, 1.90 (1.40-2.60) &> )
Heterogeneity: Tau? = 0.13; 32 = 20.58, df = 9 (P = .01); I = 56% risk of ARDS (OR, 1.89:; 95% Cl, 145-248)
Test for overall effect: z = 4.06 (P < .0001)
14.1.2 high vs low/none alcohol consumption
Inbamen 2000 =0.0305 0.8026 4.0% 0.97 (0.30-3.16) —_—
TenHoor 2001 0.5878 0.511 5.1% 1.80 (0.66-4.90) —_—
Thakur 2009 1.0647 0.3877 7.3% 2.90 (1.36-6.20) —_—
Subtotal (95% CI) 16.5% 1.96 (1.07-3.57) e
Heterogeneity: Taw® = 0.05; y* = 2.40, df = 2 (P = .30); P = 17%
Test for overall effect: z =219 (F=.03)
Total (95% CI) 100.0% 1.89 (1.45-2.48) P
e Tl 204402 - 22 o0 di_ 12 (P=.03); 2 = 48% : | | |
est for overall effect z = 4.63 (P < .00001) 0.01 01 1 10 100
Z1 (P =284, F=0% decreased risk for ARDS  increased risk for ARDS

Figure 2 - Forest piot of alcohol consumption and the risk of ARDS; subgroup analysis based on alcohol abuse vs high alcohol consimption.

Simou, Chest 2018
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Calfee, CCM 2015

- -0 o e oo o ® 00 GO © EDEDOOOIEDED 00 @ 8
426 patients with ARDS risk factors (excluding trauma m &
and transfusion) Q
e
Cigarette smoke exposure as assessed by either smoking é
history or urinary NNAL levels was associated with .
approximately double the odds of developing ARDS in 8
subjects with non-pulmonary sepsis o
(\! -
o e @ CIDITOETBED® W OO G © © GO CUID CEOE W OO ¢

T T T T T
0 10 47.3 200 2000
Urine NNAL

NNAL is a metabolite of NNK (nitrosamine 4-(methylnitrosamino)-1-(3-
pyridly)-1- butanone, or nicotine-derived nitrosamine ketone)
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ARDS —mrafoyéveia

Normal Alveolus Injured Alveolus during the Acute Phase
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l Alveolar Fluid Clearence (AFC)

Interstitium
o pw :
aptllary = plveolus Type I cell « Ymocia-vmepkamnvia AFC
Type Il :
B cell ¢ Mnxaviko stress (V1, Pressures)
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High tidal volume &
_Iincreased pressure

——

* Proinflammatory cytokines (IL1-
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VEKOWON TV KOWEAISIKGV
KOTTAP WV




Otcia &idpopotiki @aon (1n-3n nuépa)

Oé&eta Evapén av. averdprelog (EnUavtikn vrovyovoipio mTov ogv
BeAtioveTon pe tn yopnynon O2)

RO Bwpakoc: appotepdmicvpa OO UOTA GLPPEOVTA 1] ACVUUETPA,
TOAVOV TAEVPITIKEG GUAAOYEC

CT 8opakog: kuoyehMdikd dmoOnuata Kot ateAeKTatikes PAAPES, 10106 oTIC
VITOKEIUEVEG TTEPLOYEC

D aon ™S vaeprrocioc(3-7 Nuépec)

Ivotikng @don (7 nuépec)

Eppévovsa vroSuyovaia, Yreprkanvia (adEnom Tov veKpov ymPov)
[Tvevpovikn vaéptaon

Ro Bopakxoc: I'pappocoeic oxidoelc (eEeMocouevn ivaon), Tvevodmpokog
CT 6wpaxoc: Atdyvtec didueosc okidoelc, bullae
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Table 2. Major Studies and Therapeutic Advances in Acute Respiratory Distress Syndrome (ARDS) From Selected Trial:

N

Setting (Study MNo. of
Source Duration) Study Population Patients Intervention Control P Other Dutcomes Conclusions
Pharmacologic Therapies
GaoSmith 46 1CUs ARDS (AECC) with Pao,/Fio, 162 Intravenous Placebo 2B-d mortality RR (95%CI): RR (95% Cl): Trial stopped due to
et al 2? (2006-2010) =200 mm Hg salbutameol 1.47{1.03 to 2.08) ICU mortality, increased mortality with
2012 1.31 (95 to 1.80); intravenous salbutamol
hospital mortality,
1.18 (0.88 to 1.59)
McAuley 2 ICUs ARDS (AECC) with Paoy/Fio; 60 Recombinant Placebo Oxygenation index  Mean difference (95% C1): Median difference No difference in
et al,?? (2011-2014) =300 mm Hg human keratinocyte atday 7° 15.2 {-5.6 to 44.0) (95% CI): oxygenation index at
2017 growth factor VFDs at 28d, -Bd day 7 but fewer VFDs at
(-17 to -2); 28 d, longer mechanical
machanical ventilation duration at
ventilation 90 d, and higher 28-d
duration at S0-d maortality in the
{survivors only), 6 d keratinocyte growth
(2 to 14) factor group
RR (95% Cl):
28-d mortality,
( \ 32 (1.0to 10.7)
ARDS 44 centers Sepsis-associated ARDS T45 Rosuvastatin Placebo 60-d in-hospital Absolute difference Absolute differance Trial stopped for futility
Network,®®  (2010-2013) (AECC) with Pan,/Fio; martality (95% CI), %: (95% CI): with no difference in
2014 =300 mm Hg 40(-2.3 %0 10.2) VFDsat 28d, 0.04d 60-d in-hospital
(-1.6 to 1.5); ICU-free  mortality, VFDs at 28 d,
days at 28 d, or ICU-freedat 28 d
-0.2 (-1.6t01.3)
McAuley 40 centers ARDS (AECC) with Pao,/Fio, 540 Simyastatin Placabo VFDs at 2Bd Mean difference (95% CI), d:  Mean difference Mo difference in VFDs at
etal (2010-2014) =300 mm Hg 1.1 (-0.6 to 2.8) {95% CI): 28 d, d free of
2014 \ / days free of nonpulmonary organ
nonpulmonary failure, or 28-d
organ failure, mortality
1.6 (-0.4 t0 3.5);
RR (95% Cl):
28-d mortality,
0.80 (0.6 t0 1.1)
(comtinued)

Fan, JAMA 2018
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SYSTEMATIC REVIEW

Prolonged glucocorticoid treatment is
associated with improved ARDS outcomes:
analysis of individual patients’ data from four
randomized trials and trial-level meta-analysis

of the updated literature

® CrossMark

Glucocorticoids Control

Study or Subgroup Events

Risk Ratio

Total Events Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

o | 180 ARDS pts, methylprednisolone
0ol w foOr 7 days
0.8+
\o g
0.7+ o —
0.6+
0.5 /"-"F
044 |
! — = Alive, methylprednisolone
o3 | —— Alive, placebo
0.2+ J’f ~ = Breathing without assistance, methylprednisolone
0147 —— Breathing without assistance, placebo
J
0.0

T ] ] 1 1 1 1 I 1 I T ] | 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100110120130140150160170180

Naue affar Dandamisatine

CONCLUSIONS

1.1.1 Less than 60 patients

Confalonieri, 2005 [11] 0 15 7 19 2.5%
Liw, 2012 [14] 2 12 7 14 3.3%
Meduri, 1995 [3] 2 14 5 3 B.1%
Rezk, 2013 [7] o 18 3 9 2.9%
Subtotal (95% CI) 59 50 21.3%
Total events 4 22

Heterageneity: Tau® = 0.00; Chi* = 1.47, df = 3 (P = 0.69); I = 0%
Test for overall effect: £ = 3.41 (P = 0.0006)

1.1.2 More than 60 patients

Annane, 2006 [12] 15 (15 23 66 2l.a%
Meduri, 2007 [&] 15 B3 1z 28  Z20.2%
Sabry, 2011 [13] 2 26 [+ 34 7.1%
Steinberg, 2006 [49] h4 B &7 92 29.7%
Subtotal (95% CI) 240 2200 TET%
Total events 86 108

Heterageneity: Tau® = 0.02; Chi* = 3.62, df = 3 (P = 031 F = 17%
Test for overall effect: £ = 2.11 (P = (.03}

Total (95% CI) 299 270 100.0%
Total events a0 130
Heteragenesi L il E=1564 df =7 (P =0.03); 1" = 55%

e -
a5t For overall effect 06}

2=275(P=0.0
Test for sUb ETETICES.

These results do not support the routine use of methylprednisolone for persistent
ARDS despite the improvement in cardiopulmonary physiology. In addition, start-

ing methylprednisolone therapy more than two weeks after the onset of ARDS may
increase the risk of death. (ClinicalTrials.gov number, NCT00295269.)

Meduri, ICM 2016

23, df = 1 (P = 0.007), I¥ = BG_2%

008 [0.01, 1.35]
0.33 [0.08, 1.31]
0.23 [0.06, 0.92]
0,08 [0.00, 1.32]
0,22 [0,0%, 0,52]

0.65 [0.37, 1.13]
0.56 [0.30, 1.03)]
.44 [0,10, 1,99]
0.87 [0.71, 1.07]
0.76 [0.59, 0,98]

0.52 [0.33, 0.83]
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Favors glucocorticoids Favors control
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277 patients with moderate to severe
ARDS

dexamethasone group 20 mg daily
(1-5days, 10 mg (6-10 days)

Probability of survival (%)
5 3
| |

— Dexamethasone group
— Control group

The mean number of ventilator-free
days was higher in the
dexamethasone group than in the
control group

0 T T r T T 1

0 10 20 30 40 50 60
Days since randomisation

Number at risk
Dexamethasone 139 128 119 114 112 111 110
Control 138 123 105 98 94 93 88

Figure 2: Kaplan-Meier survival estimates during the first 60 days of trial




Mn ereppatikog pnyovikog aepiopog, (NI1V)

AlacwARvwon
NIPPY Standard Oxygen Therapy Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
antonelli et al. 20002° 3 8 6 7 106%  044(017-112) -
Auriant et al. 200172 5 24 12 24 19.9%  0.42(017-1.00) —
Delclaux et al. 20002 15 40 18 41 295%  0.B5(0.50-1.45) —-—
Ferrer et al. 20032 6 7 8 8 133%  0.BB(0.ED-1.24) —=
Zhan etal. 2012% 1 21 4 19 7.0%  0.23{0.03-1.89
Zhietal 2012%5 5 15 11 13 196% 0.39(0.19-0.84) ——
Total (95% CI) 115 112 100.0%  0.59 (0.144-0.80) L 2
Total events a5 59

Ak e i L Pl o} 017y /2 = : : : :
Hg e ot Ln 105 001 04 1 10 100

estfor overall effect: z = 3.44 (P = 0.0006)

Favours experimental Fawvours control

OvnréTtnTa

NIPPV Standard Oxypen Therapy Risk Ratio Risk Ratio
Study or Subgroup __ Events _Total Events Total _Weight M.H, Fixed, 95% Cl M.-H, Fixed, 05% Cl
Antonelli et al. 2000°° 3 8 4 7 141%  066(022-1.97) N
Delclaux et al. 20007 a9 40 3 41 293%  1.02(0.45-2.32)
Ferrer etal. 2003% 5 7 7 8 216%  0.82(0.48-1.40) —r-
Zhan etal. 2012% 1 5 19 173%  0.18(0.02-1.41) .
Zhietal 2012%° 3 15 5 13 17.7%  052(015-1.77) ——
Total (95% CI) 91 88 100.0% 0.69(0.45-1.07)
Total events 21 30
Heterggen R % t \

001 01 1 10 100

Favours experimental Favours control

Qestforoverall effect Z=165(P=010)

.




Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Epidemiology, Patterns of Care, and Mortality

for Patients With Acute Respiratory Distress Syndrome
in Intensive Care Units in 50 Countries

T Mortality 40-50% in
moderate or severe ARDS

2 days from AHRF onsst
208 (5.9%)

Patients with ARDS within
2 days of AHRF onset

2,813 (83.1%)

V -
| ]
. . ’ . Patients non-invasivaly
F':-ll|»=|nlqzl‘r;;:-l;ll:.i;:ystn}nhlarndw ventiated on Uay 1 and 2
— 436 (15.5%)
al ns everi Se
i i

Mo limitation af cara’
1,788 (75.7%)

Limitation of care
578 (24.3%)

Survivors’ Mon-survivors? Survivors¥
1,337 (7a.%) | | 499 (96.3%) 79 (13.7%)

Limitation of care”
87 (20.0%)

Failuret
131 (30.0%)

MNon-survivars? Survivars® Man-survivors® Survivors? MNon-survivors? Survivars?
59 (45.4%) T (54.6%) a5 (16.1%) 183 (83.9%) 62 (71.3%) 25 (28.7%)

218 (50.0%)

Mon-survivars®
462 (25.7%) |

Bellani JAMA 2016



Patient-self inflicted lung injury (P-SILI)
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Crit Care Med. 2016 January : 44(1): 120-129. doi:10.1097/CCM.0000000000001359.

Timing of Intubation and Clinical outcomes in Adults with ARDS
Kirsten Neudoerffer Kangelaris, MD MAS', Lorraine B. Ware, HDZ.Chon Yu Wang?, David
457 pts

106 (23%) not intubated
36 (34%) late intubation
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Log-rank P = 0.004
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O1 aoBeveic e ARDS xapaktneiovtar amo Bapid vrrouyovaipia,
Kal xpeialovTtal gnxavikn vmroortnpei§n TNG avarvong

AZONEX XTOXEYXHX TOY MHXANIKOY AEPIXMOY
YXTO ARDS >

« Emapkng oguyévwon (PaO, 55-80 mm Hg, Sa0,: 88-95%)

EAayxiototroinon Twv BAaBwyv 1Tou TTpokaAEi o avatrveuoThpag (Ventilator
Induced Lung Injury-VILI)




Mnxavikog agpiopgog oto ARDS

1. ETrapkr¢ ocuyovwon

T FiO,- To&wdmrta

T A¥ENOM 10V AE1TovpyIKoD GYKOL TOV TVEDOVA (TTOV

GULLUETEYEL GTNV OVTOALOYT TOV OEpimV)

¥ PEEP
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Ventilation Induced Lung Injury
Biotrauma

c Biotrauma




Increasing Intensity of Intervention

ARDS: Lung protective ventilation

ECMO
ECCO,-R
HFO
Prone Position

Neuromuscular Blockade

Noninvasive Ventilation

MHigher PEEP

Low — Moderate PEEP

Low Tidal Volume Ventilation

Increasing Severity of Injury

>
| I | | | |
300 250 200 150 100 S0

Pa0,/FiO,

The ARDS definition Task Force: JAMA 2012

ARDSnet, N Engl J Med 2000

Tv: 6mL/kgPBW

Pplat: <30 cm H,0O
RR: 6-35/min
pH: 7.30-7.45

FiO,-PEEP = Pa0,:55-80 mm Hg or SaO,: 88-95%

Mortality rate: 20% reduction

1.0~
w
s
o
=
©
o
N
@)
g 0.4_ e Lower tidal volumes
e 55 il — Survival
T L S --== Discharge
S 074 & Traditional tidal volumes
1 i e VSRR 3N Ul Yl Survival
L ; i/ -=-=- Discharge
0.0+ T T T T

- 1 1 1
160 150 140 160 180

Days after Randomization

}
1
|



I
‘ ARDS: Lung protective ventilation \ Pdpuoxa: Neuromuscular blockers
In early ARDS

ECMO

ﬁCCO:-R

HFO

Prone Position

——

Noninvasive Ventilation WQ

[ Higher PEEP

Low — Moderate PEEP ]

Low Tidal Volume Ventilation

Increasing Severity of Injury

Increasing Intensity of Intervention

Mild ARDS Moderate ARDS

Severe ARDS

| | | | I
300 250 200 150 100

Pa0,/FiO,

I
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T

[ToAvkevTpikn, OUTAN TVEAN HEAETT UE
340 acBeveic pe Papd tpopo ARDS
(PaO,/FiO, < 150 mm Hg)

Probability of Survival

0.0 T T T T T T T T ]
0 10 20 30 40 50 60 70 80 90

Days after Enroliment

Figure 2. Probability of Survival through Day 90, According to Study Group.




Early Neuromuscular Blockade in the Acute Respiratory Distress
Syndrome

[ToAvkevtpikn, dutAr] TveAn peAétn pe 1006 acOeveic pe Popv
npowo ARDS (PaO,/FiO, < 150 mm Hg)

Cisatracurium besylate or placebo for 48 h

Mortality at 90 days:

The trial was stopped at the second interim analysis for futility.

J Med. 2019
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Mnyovikog aepiopds oto ARDS:  TIpnvig Ofon

ECMO

HFO

< Prone Position

Neuromuscular Blockade

Noninvasive Ventilation

Higher PEEP

Low — Moderate PEEP
Low Tidal Volume Ventilation

Increasing Severity of Injury

Increasing Intensity of Intervention

)
Moderate ARDS Severe ARDS
| | | | | |
300 250 200 150 100 S0

Pa0,/FiO,

Petersson, JAP 2006




Mnyovikdg aepiopoc oto ARDS:  TIpnvng ®éon

65-75% PBeltioon g oEuyoveoong Ady:

*  OUO10YEVESTEPNG KATOUVOUNG AEPIGUOV-AUATOONG

*  Meinong TV TEPLOYDV UE TVELUOVIKO 010N KoL
ateleKkTacio

Amo@dption amd 10 Pépog TS Kapdldc

* TlapoyEtevon TV eKKpicE®V

26 1CUs, 456 pts
Mny. agpiopog < 36 h

Prone positioning >17 h

Cumulative Probability of Survival

Mo. at Risk
Prone group 237 202 191 1&g 182
Supine group 225 163 150 139 136

Figure 2. Kaplan—Meier Plot of the Probability of Survival from Randomiza-
tion to Day 90.




Extra-corporeal Membrane Oxygenation (ECMO)
and/or CO2 Removal (ECCO2-R)

International Clinical Trial
249 acBeveig pe moA Papv ARDS
124: ECMO

125: cuvinpntikn aymyn

1.0
0.5
< 084
2 7 ECMO group
& Prone Position £
= ; 0.6
- 0.5+ Control group
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c & 024
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= Low Tidal Volume Ventilation
2 o
Q s . % Mo. at Risk
= Increasing Severity of Injury > MO ' 124 105 100 - - - -
£ Control 125 94 81 79 74 72 &9
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Figure 2. Kaplan—Meier Survival Estimates in the Intention-to-Treat Popula-
T T | | T | tion during the First 80 Days of the Trial.
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"Expaon

Mortality Trends of Acute Respiratory Distress Syndrome in the United
States from 1999 to 2013

Cochi Annals ATS 2016 Shea E. Cochi'*, Jordan A. Kempker®*, Srinadh Annangi®, Michael R. Kramer®, and Greg S. Martin® DlngIaS, CCM 2017
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Functional Disability 5 Years after Acute Respiratory
Distress Syndrome

Margaret S. Herridge, M.D., M.P.H., Catherine M. Tansey, M.Sc., Andrea Matté, B.Sc., George Tomlinson, Ph.D.,
Matalia Diaz-Granados, M.Sc., Andrew Cooper, M.D., Cameron B. Guest, M.D., C. David Mazer, M.D.,
Sangeeta Mehta, M.D., Thomas E. Stewart, M.D., Paul Kudlow, B.Sc., Deborah Cook, M.D.,

Arthur S. Slutsky, M.D., and Angela M. Cheung, M.D., Ph.D.,
for the Canadian Critical Care Trials Group

Toronto Study

4 MEO

109 cioBeveic pe ARDS Tou emteflwoav
EkTiunenkav 3, 6, 12 unveg, 2,3,4,5 €tn

dualkn kotaotaon: 6MWD
[MVELUOTIKN KATAOTOON
Mowtnta dwng: SF-36

Pro portion Eqn'lrll‘;

0.0 Lo

S
450

350
ke I
250+

DEmnce Walled (m)

20 3.0 a0 5.0

5FR365ubsm ke Score

-

T T
L L

20 10
Year of Study

Mo.at Risk 109 92 8 79 77 T
Mo. for G-Min B0 78 #1 &0 &4 b4

walk

Mo for 5F-36 &7 74 74 58 57 57

¥ Predicted




"Expaon

Bienvenu ICM 2018

186 pts

13 medical and surgical intensive care units in four hospitals,
follow-up at 3, 6, 12, 24, 36, 48, and 60 months post-ARDS
Anxiety

depression,

posttraumatic stress disorder (PTSD)

Prolonged anxiety symptoms, Prolonged PTSD symptoms,
71 (38%) 43 (23%)

9 (5%)

7 (4%)
21 (11%)
24 (13%)
3 (2%)
17 (9%)
15 (8%)

Prolonged depression symptoms, 59 (32%)




138 Long-Term ARDS Survivors

¥

Author manuscript
Thorax. Author manuscript; available in PMC 2019 February 01.

4 HHS Public Access

67 Long-Term Survivors Working before ARDS

:

7 1 Year A

34 (51%) Never retumed to work
{ ) Receiving
14 (41%) Unemployed
2 (6%) Retired

ARD.

33 (49%) Ever returned to work and currently working

¥

Published in final edited form as:
Thorax. 2018 February ; 73(2): 125-133. doi:10.1136/thoraxjnl-2017-210217.

Return to work and lost earnings after acute respiratory distress
syndrome: a 5-year prospective, longitudinal study of long-term

survivors

Multivariable predictors of returning to work within 5 years of ARDS”

7 2 Years A

2 (25%) Receiving disabilty
5 (63%) Unemployed

1(1
I 30 (45%) Never returned to work |

18 (60%) Receiving disabilty
10 (33%) Unemployed

29 (43%) Ever returned to work and currently working
8 (12%) Ever returned to work but not currently working

2 (T%) _ Retired
¥

3 (23%) Receiving disabikty
9 (69%) Unemployed

1 (8%) Retired
K27 (40%) Never retumed to work
17 (63%) Receiving disability
8 (22%) Unemployed

3 (11%) Retired

1 (4%) Mmm! status

87 Survivors 3 Years After ARDS
27 (40%) Ever returned to work and currently working
13 (19%) Ever returned to work but not currently working

Characteristic HR (95% CI) p Value
Model 1: baseline variables

Age at ARDS diagnosis, per year <40 years 0.99 (0.95 to 1.04) 0.79
Age at ARDS diagnosis, per year >40 years 0.97 (0.93 t0 1.02) 0.28
Charlson Comorbidity Index, per point 0.75 (0.56 10 0.99) 0.05
Functional Comorbidity Index, per point 0.93 (0.72 10 1.20) 0.55
Model 2: ICU and discharge variables

Mechanical ventilation, per day <5 days 0.66 (0.54 10 0.81)  <0.001
Mechanical ventilation, per day >5 days 1.02 (0.99 to 1.05) 0.22
Discharge to rehabilitation or other healthcare facility  0.41 (0.21 to 0.78) 0.01

Model 3: final multivariable model

Charlson Comorbidity Index, per point 0.77 (0.59 to 0.99)
Mechanical ventilation, per day <5 days 0.67 (0.55 10 0.82)
Mechanical ventilation, per day >5 days 1.02 (0.99 to 1.05)

Discharge to rehabilitation or other healthcare facility 0,49 (0.26 to 0.93)

<0.001
0.20
0.03




Intensive Care Med (2016) 42:772-774
DOI 10.1007/500134-016-4280-0

What's new in ARDS: can we prevent it? LA

Roy G. Brower' and Massimo AntonelliZ*

“an ounce of prevention (s

worth a pound of cure,”




IHpoinyn avantoéne n eE€mEng ARDS
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Window for prevention of ARDS and Multiorgan Dysfunction

',,/\\\-. “
Good \
Outcome

Bad
< Outcome -

Hospital
/ Floor \
Primary Care Clinic we—gp 911 =e=gp ER =3
HOME =y OR wmmdp RECOVETY ROOM  ——

\ J\

ICU

J\

Y Y
Primary Prevention Secondary Prevention

Intervention before acute insult Intervention at first signs and
or before symptoms and signs

symptoms before or at early stages

of lung injury of fulfilling criteria for ARDS complications of ARDS \

Tertiary Prevention
Intervention after diagnosis of ARDS
to prevent death and other




IHpoinyn avartoéne n eE€éng ARDS

Window for prevention of ARDS and Multiorgan Dysfunction

P S

Good

Outcome

Primary Prevention
IpoToyeviic Tpoinyn(mpv TV
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Primary Care Clinic wegp 911 mmmpy ER e——
HOME mump OR =y ReCOVETY ROON  se—

ICU

\ J\ J\
Y Y
Primary Prevention Secondary Prevention Tertiary Prevention
Intervention before acute insult Intervention at first signs and Intervention after diagnosis of ARDS
or before symptoms and signs symptoms before or at early stages to prevent death and other

of lung injury of fulfilling criteria for ARDS complications of ARDS
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Window for prevention of ARDS and Multiorgan Dysfunction

//\\ s
< Good ~
Outcome
s C _
Secondary prevention
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Bad ARDS
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VYNA0D KIvoLVOD)

w

/ Hgfgt'al \
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Primary Care ClinicC ==y 911 ==—sp ER ICU
Home 9 OR 9 Recovery Room ﬁ
\ J\ J\ J
Y Y h
Primary Prevention Secondary Prevention Tertiary Prevention
Intervention before acute insult Intervention at first signs and Intervention after diagnosis of ARDS
or before symptoms and signs symptoms before or at early stages to prevent death and other

of lung injury of fulfilling criteria for ARDS complications of ARDS



TABLE 2 | Calculation of the Lung Injury Prediction
Score (LIPS)

Points
Characteristic

Predisposing conditions

Awarded

Hpoinyn-AcOeveic vyniov Kivovvou

Shock
Aspiration

Sepsis

o= NN

Pneumonia
High-risk surgery=
Orthopedic spine

Acute abdomen

N N =

Cardiac

W

Aortic vascular !
High-risk trauma

Traumatic brain injury

Smoke inhalation

Near drowning

e NCERE N

Lung contusion

-

Multiple fractyres

Risk modifiers

Alcohol abuse 1
Obesity (BMI=30 kg/m?) 1

Hypoalbuminemia 1
(albumin< 3.5 g/dL)

Chemotherapy

F10,>0.35 (>4 L/min)

Tachypnea (respirations > 30/min)
Spo,<95%

Acidosis (pH<7.35)

= 22BN R
: n

Diabetes mellitus with sepsis

apted with permiss

measured by pulse oximetry.

*Add 1.5 points if eme

1Cy surgery.

rom Gajic et al.'” Spo, = oxygen saturation as

% ALIJARDS

40 -

35 -

30

25 -

20 -

19 -

10

A
-

N = 1063

LIPS>4
Sensitivity 0.69
Specificity 0.78

--l
2 3 4 5 6 7T 28

LIPS Points

1154 1092 852 548 394 225 253

Gajic Am J Respir Crit Care Med, 2011



Hpoinyn-IIpown avayvopion

Genetic predisposition Biomarkers
* T'evetikn mpoordbeon

* 20 Brodeikteg ddyvmong
e 2vyKeKpUEVa yoviolo,

e 19 Brodeikteg TpOYVmONC

Table 1 Specific markers with a predictive value for development
and/or outcome of ARDS

Endothelial injury Ang-2, VWF, VEGF,
— ICAM-1, selectins

Biological compartment and

Cell injury/inflammation

markers
Plasma Epithelial inj Surfactant proteins,
prve TR RAGE, CC16, KL-6,
RAGE Epithelium Type Il Colt ICAM-1
Ang-2 Endothelium Alveolus Activated inflammat
g ossiderid HMGB1, IL-1p, IL-6,
SP-D Epithelium IL-8, IL-10, TNF-c,
soluble TNF-« receptors
IL-8 Acute inflammation 1
v Coagulation and
fibrinolysis
BALF Macrophage \_= g PAII, protein C,
. o Monocyte thrombomodulin
Fas, Fas ligand Epithelium
Alveolar-capillary
PCPI Fibroproliferation Protein-rich Barrier permeability
adema fluid EF/PL protein ratio
PCP I Fibroproliferation
Apoptosis
Exhaled air Fas/FasL
Octane Lipid peroxidation Fibrosis
Acetaldehyde Bacterial metabolism, PCPII
inflammation e
3-methylheptane Lipid peroxidation

Terpstra, Crit Care Med 2014



Ipoinyn-IIpowun avayvopion ‘
Biomarkers |

Review Articles

Crit Care Med 2014

Plasma Biomarkers for Acute Respiratory Distress
Syndrome: A Systematic Review and Meta-Analysis™

Matty L. Terpstra

» BSc!; Jurjan Aman, MD'; Geerten P. van Nieuw Amerongen, PhD';

-TNF-rr.
sRAGE .
Study peafne Sample  Odds ratio P-value
chy-RarTie Sample  Odds ratio P-value size [95% CI) Odds ratio and 85% Gl for ALKARDS dlagnosts
size (85% ClI) Qs ratio and $5% C for ALIPARDS diagnosis Fremaont 10 192 15(0.8-25) 0.14 .-
Detarmann “10 ] 1.4 (0.4 -4.8) 0.59 Lee 10 112 165(0.7-239) 0.29 -l
Fremont 10 182 24 (1.4-41) =0.01 -.- Bauer '00 66 29(1.1-7.7) 0.03 ——
Determann '09 Z2 4.4 (09-218) 0.07 Cholatt-Martin ‘96 14 B5(1.1-674) 0.04 —_——
Jabaudon ‘08 24 159 (4.0-638) <0.01 Rotan ‘90 0 69(21-218  <0.01 -
Uchida ‘06 33 39{10-152) 0,05 Total 434 2.5(1.3-4.5) =0.01 E
Total 317 35(1.7-7.2 =0.01
( ) - 0.01 0.0 0 10 100
0.01 0.10 0 10 100
Bteely Tiame Sample  Odds ratio P-value
pame Sample  Odds ratio F-valug size {95% CI) Oebds o and 35% Gl for ALVARDS disgrosis
size (85% Cl) i ratie and 05% CI for ALVARDS diagrasis Fremont ‘10 192 21(1.3-3.6) 0.005 -
Fremont 10 182 24(14-41) <0.01 » Lee 10 "2 24(1.1-4.3) 0.03 =
Van der Hefjden 08 83 49(19-128) <001 Takala '01 11 35.5 (2.6 -487.0)  0.01
Siemiatkowski ‘00 a8 6.6 (1.8 - 24.5) 0.01 Baver 00 o6 10(0.4-28) 100 -
Moss ‘85 28 1.3(0.3-53) 0.40 o D '
| Hensel ‘08 17 36(06-21.4) 016 =
Rukbin “30 45 47(15-151) 0.01 Cholatt-Marfin ‘06 1 4611 -674 0.04
Total 385 32(20-52)  <0.01 P clafi-Marn S(1-674) 0
Total 220 24(1.3-43) <0.01 -
0.01 0.10 [i] 10 100
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“Two Hit” Phenomenon

Patient at Risk
(15t hit)
« Pneumonia
« Toxic inhalation
= Pancreatitis

Low tidal volume

Patients at Risk

. Aspiration Restrictive
ity transfusion

- Ricono Sepsis
e anty management

« Preexisting lung
disease

= Radiation

» Chemotherapy

Conservative fluid

management D

; Preventive Measures

De Haro, Annals Intens Care 2013



Intensive Care Med (2016) 42:772-774 Crit Care Mead. 2014 January ; 42(1): . do:10. 1087/ CCKM.0b013e318298a6db.
DOl 10.1007/500134-016-4280-0

The Role of Potentially Preventable Hospital Exposures in the

Development of Acute Respiratory Distress Syndrome: A
. . @Cmsm Population-Based Study
What's new in ARDS: can we prevent it?

Roy G. Brower' and Massimo Antonelli*

Adil H. Ahmed, MBES, John M. Litell, DO, Michael Malinchoc, MS, Rahul Kashyap, MEBES,
Henry J. Schiller, MD, Sonal R Pannu, MBES, Balwinder Singh, MBES, Guangxi Li, MD, and
Ognjen Gajic, MD, MSc

414 acBeveic ot owdpkela 10 etmv

%, _ . a

e Low tidal volume Selected Exposures i ARDS Cases and Controls

- .

) E Cases “%d rﬂﬁltﬁﬂl?,nngzﬂ Caze:z and controls after adjusting

CU I i I Tposures remaving ~ULs =0t for bazeline characteriztics

= Restrictive transfusion (N=308 pair)

2 _ OR (95% CT) P value” OR (95% CT) P value”

() Sepsis management Any adverse events 47 (3.0-7.6) P=0.001 6.5 ( 4.1-10.4) P=0.001

-E Inadequate empinic antimicrobial 25(134TP=0.0086 3.6 (2.0-6.7) P=0.001

CIC) Conservative fluid Aspiration 34.0(4.7-248 4) P =0.001 52.0 (7.1-383.2) P=0.001

q>) management Red blood cells" 1.4 (1.2-1.6) P <0.001 1.4 (1.2-1.5) P=0.001

E Bk 1.4 (1.2-1.6) P <0.001 1.4 (1.2-1.6) P=0.001
Tn_r_pE,g;d 1.3(0.82-22)P0.25 21(1.1-41)P=0.025

Abbreviatons: ARDS, acute respiratory distress syndrome; OF, odds rahio; FBW. predicted bodv weight: TV, tidal volume
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Low tidal volume

17 pelétec, 3659 acbeveic otnv
TEPLEYYELPTTIKT) TEPTI0OO

ARDS: 7,2% o€ acBeveic mov EhaPav ot
KO [l LLETAY'Y1oN

ARDS: 2,5% ywpig petdyyion

Restrictive
transfusion

Sepsis management

Conservative fluid

management ~ A
Gajic AJRCCM 2007
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TABLE 3. TRANSFUSION-RELATED RISK FACTORS FOR ACUTE LUNG INJURY <35

== e e e i Y i o iy D ) e - = 30

Unadjusted* Adjusted' s
' .4 e B PED A — @ 25
Variable OR (95% CI) P Value OR (95% () P Value g 20
e . Lo OO ) S =
Any high plasma volume components (FFP or platelets) 2.55 (1.27-5.11) 0.009 2.78 (1 ,21—6.3E‘_}) 0.0lt‘i §. 15 RBC and FFP
Number of units 1.09 (0.99-1.20) 0.081 1.11 (0.99-1.25) 0.086 o 10 Only FFP
Number of units from female donors 1.30 (1.03-1.66) 0.029 1.51 (1.08-2.12) 0.016 R B
donare | 1.55(079-3 06) 0,202 1.60 (0.76-3.37) 0.215 0 v Only RBC
Amount of plasma from female donors, L 3.23 (1.17-8.91) 0.024 5.09 (1.37-18.85) 0.015 =10 No blood product
Amount of plasma from female donors with at least 4.41 (1.00-19.55) 0.050 9.48 (1.38-65.35) 0.022 ™ 7to10 <7
one pregnancy, L _ - ' . - al volume (mlxg PBW)

Numbper of pregriancies afmonyg dorors T\ 0 .22) v R S il B oY
Number of HLA class I* units 1.81 (0.97-3.38) 0.061 1.70 (0.94-3.09) 0.098
Number of HLA class I~ units 1.93 (0.88-4.238) 0.103 3.08 (1.15-8.25) 0.025
Number of GIF* units 419 (1.22-14.32) 0.023 4.85 (1.32-17.86) 0.018 Serpa Neto An Tra‘nSI MEd 2018
Mean LysoPC 16:0** (per 10-mol/L increase) 1.16 (1.04-1.30) 0.011 1.16 (1.02-1.32) 0.022

Mean LysoPC 18:0** (per 10-mol/L increase) 1.58 (1.10-2.26) 0.013 1.61 (1.08-2.38) 0.018
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Low tidal volume

Restrictive transfusion
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160 acbOeveic pe onmrikd shock, yopic Tvevpovikn BAASN

71 (44%) avéntoéav ALL, 5h petd v évapén tov shock

Table 2. Rizk factors for development of ALI in patients with septic shock: multiple logistic
regression analvsis

Hp(i)lu_rl ngaﬂjgia (dds Ratio 5% CI p Value

Delaved goal-directed resuscitation 3.55 1.52-8.63 04
Delaved antibiobics 1.06-5.549

ESTHIALGTY Tale [ S0 FA 16 | I T MR
Chemotherapy b.4yY 1.99-24.9 AN
Chromc alcohol use 2.9 ABR-5.10 JHIR
Transfusion 2.75 1.22-6.37 J16
Aspiration S48 1.22-10.78 A24
Diabetes mellitus A4 d7-1.07 A6
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Fig. 2 Frequency of acute respiratory distress syndrome (ARDS)
development according to amount of fluid administered during the

first & h of hospital presentation

Table 4 Shock subgroup analysis: multivariable analysis
of total volume in first 6 h and the development of ARDS

Odds ratio (95% Cl) p value
Shock 1.05 (0.87-1.28) 060
Mo shock 1.21(1.05-138) 0.01

The odds ratio indicates the increased odds of ARDS for a 1-l increase in volume
of fluids 2dministerad
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Hpoinyn-Pappoko
Effect of Aspirin on Development of ARDS in At-Risk Patients

Asplrln Presenting to the Emergency Department:
The LIPS-A Randomized Clinical Trial

CONCLUSIONS AND RELEVANCE Among at-risk patients presenting to the ED, the use of
aspirin compared with placebo did not reduce the risk of ARDS at 7 days. The findings of this
phase 2b trial do not support continuation to a larger phase 3 trial.

Azpirin (n = Placebo (n= Mean Difference
195) 195) (00% CT) P Value
Primary outcome
ARDS within 7 4, Ne. 20(10.3) 17(8.T) 1.5(-38t06.8) 53
16 TEII a2
4 e , LI PS 4 Secondary outcomes
OO ac Svglg > Ventilator-free days to 24974 252 (7.0) 026 (-1.46 to 0.94) 72
H dav 28, mean {530V}
325 mg loading dose, 81 mg/d or placebo
ICU length of stay, 52(7.0) 54(7.0 —0.16(-1.75t0 1.43) &7
mean (S0, 4
Hospatal length of EE8(10.3) 9.0(9.9) —027(—1.96to 1.42) 79
stay, mean (5D, d
28-Diay swvival, % 20 (86 to 93) 20 (86 to 93) HE, 1.03 (90% CI, 82
(0% CI) 0.60t0 1.79)
1-Year estimated 73 (67 to T8) 75 (69 to BO) HE, 1.06 (90% CI, 79
survival, %o (90% CT) 0.75 to 1.507
Bleeding-related 11 (5.6} 5(2.8) OF, 2.27 (90% CI, 13
adverse events, No. (%) (.92 to 3.61)

Kor D, JAMA 2016



Ipoinqyn-Pappoko BMJ RESEARCH
Corticosteroids

Corticosteroids in the prevention and treatment of acute
respiratory distress syndrome (ARDS) in adults:
meta-analysis

No developing ARDS
/No of patients
Study Steroid Placebo Odds ratio Odds ratio
group group (95% Crl) (95% Crl)
Weigelt 1985%16 25/39 14/42 —_— 2.36 (1.14 t0 6.28)
Luce 1988"14 13/38 14/37 — 1.15 (0.44 to 2.32)
Bone 1987%13 50/152 38/152 —— 1.48 (0.93 to 2.34)
Schein 1987%1° 7/29 2/13 —_— 1.48 (0.48 to 4.44)
Overall ’ 1.55 (0.58 to 4.05)
Estimate of heterogeneity between studies (SD=0.58) 0.1 1 10 100
Decrease Increase

Peter, BMJ 2008



ARDS

* To ARDS e&ivan €va cOvopopo, Oyt Lo vOoog

e 2uvooevETOL OO UEYAAT BVNTOTNTO KO LOKPOYPOVIEC EMTAOKES

* Agv givau 6hot ot acBeveic pe ARDS o101 kat apa 1o 1010 mhoavd va gvvonbovv
amd U cVYKEKPIUEVT Bepameia

H 1 ¥ 1 lung
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Two Hit Phenomenon

| | e | I | | 1 __ 1 r Y] 1 | |

e Avayvopiote gykaipmg Tovg aobeveic vynAov Kivovvov

*  AVTIUETOTIOTE GUECH KUl GMGTA TN GNYM

* ATOQUYETE TNV U1 ATOPOLTNTN XOPNYNOT OLHATOS Slutsky, ICM 2016

e 2TOVLG OLCOANVOUEVOVS 0eBevEIS amo@UYETE TOVG LEYAAOVS OVATVEOUEVOLC
OYKOVG

* XMOTN OPU OOGOANVOCNG??

e Mn- erepPotikdc unyovikog aepiouog??




