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(Acute Respiratory Distress Syndrome-ARDS)
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Oécia evapén avanveuoTIKAC aveNAPKeLaC (Evtocg 7
NUEPWV) HETA ATIO £VA EKKAUTLKO QLiTLO «KATAoTPOPLKO
YEYOVOG»

e ApdoteponAevpa dindRpata otn Ro Owpakog (mov dev
g€nyolvtat ano cUAAoyEG, 6{ouc i ATEAEKTOOLEG)

AVOTIVEUCTLKI OLVETTAPKELA TTOU €V e€nyeitan MARPwG amo
KOLPSLAKN AVETIAPKELO OLVETIALPKELOLG

Pa0,/FiO, (PEEP> 5¢cm H20)

300 > Pa0,/FiO, > 200 ‘Hrto ARDS
200 > Pa0,/Fi0, > 100 Métpto ARDS
PaO,/FiO,< 100 Bapu ARDS




2012 The Berlin Definition




2012 The Berlin Definition

—C. 5855l
AP ERECT

GICU MOBILE
85KV.5MAS

\\“ 1500m FFD ©10.00
N ' )
b




5

KAIVIKEG KATAOTACEISC TTOL 0SNYOoLV ot ARDS

E. Eworuke et al. / Journal of Critical Care 47 (2018) 192-197
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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

Giacomo Bellani, MD, PhD; John G. Laffey, MD, MA; Tai Pham, MD; Eddy Fan, MD, PhD; Laurent Brochard, MD, HOR; 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, M5c; B. Taylor Thompson, MD, PhD; Hermann Wrigge, MD, PhD; Arthur 5. Slutsky, MD, MASc; Antonio Pesent], MD;
for the LUNG SAFE Investigators and the ESICM Trials Group

ICU Incidence DS
represented 10.4% (95% CI, 10.0%-10.7%) of to
issions and 23.4% (95% CI, 21.7%-25.2%)of all pati -

quiring mechanical ventilation and constituted 0.42 cases/
ICU bed over 4 weeks. There was some geographic variation,

Recognition of ARDS
was underdiagnosed, with 60.2% of all patients wi

RDS being clinician-recognized. Clinician recognition o
ARDS ranged from 51.3% (95% CI, 47.5%-55.0%) for mild
ARDS to 78.5% (95% CI, 74.8%-81.8%) for severe ARDS




Lung infection

Aspiration

Sepsis

Multiple trauma,
shock

Other insults
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O&cia eCropopatikn) ®daon (In-3n nuépa)

Oc&ela Evapén av. avemapkelac (ZnUOVTIKT VTOEV YOV,
oL dev Pertiwvetal ue tn yopnynon O2)

RO Odpakoc: apgotepomAcvpa ombnuato cuppéova 1M
AGUUUETPO, TIOAVOV TAELPITIKEG GLAAOYES

CT Bopaxog: KoyeAldukd S1mONUATO Kot ATEAEKTATIKEG
BAGPeG, 101m¢ OTIC LITOKEIUEVES TEPLOYES

D aon ¢ vrepmiaciag(3-7 nuEPES)

Ivotikny eaon (7 nuépeq)

Euuévovca vroSuyovaiuia, Yrepkamvia (a0ENGCT TOL VEKPOU YDPOV)
[Tvevpovikn véptacn

Ro Odpokog: I'pappocdeic okidoelc (eEeMocouevT tvoon), Tvevpobmpakog
CT 0dpokog: Atdyvtec didpeosg okidoeig, bullae




Lung infection

Resolution of edema;
ACUTE Lungs repair of aveolar-caplary
Aspirafion LUNG E I memorane
INRY o
Sepsis L G
Multple trauma,
shock ke Persistence and progression
* Alveolar-capillary membrane g |n1ur¥ |
Other insults njuy * Muiple organ failure
+ Inflammation + Pulmonary fibrosis
+ Increased pemeabilty * Pulmonary vasculr

pulmonary edema destruction



Kovyedioiko oionua:
evepyoc petapopd Na
kot Cl amd 11g kuyeAideg
6TO OLAUEGO YOPO (TO
vepd aKoAovOel
TaONTIKA)

Mn orolvtég
TPWTEIVES. PEcm
PAYOKVTTAPDOCEMC OO
TO, LLOKPOPAYOL

A10AVTES TPWTEIVEG:
LECH OLOYVLOEMC LETAED
TV emONAMaKOV
KUTTAPOV

Auon Tng BAaBng




Auon Tng BAaBng

Dleyuovmon
KOTTOPO. pécm
OTTOTTTMOGEMC

1o koyelloika

kottopo. tomov 11
TOALOTAGOLOLOVTOL VIO VO
KaADwoov ™ Poaocikn
UEUPPOVY Ko eV auveyElo
O10.POPOTOLOVVTIOL TE KDY,
KotTopo. Tomov 1




ARDS -duoiodoyia

e AvtaAlayn tTwv aepiwv
« IPa0n2: Tshunt, Swatapayéc V/Q
« T Paco2: TvD/VvT, T napaywyr CO2

=4 Mveupovikou oykou (baby lung)
ol FRC

ol VC

ol EVOOTIKOTNTAC

Volume above FRC, L

/ o0—90
08 e - i
’/ ~ \
/ High inflection
¢ point
s
X Low inflection
i point
0.0 O 7 7 | |
0 10 20 30 40

Airway pressure,cm H,0

&L
100%




Volume above FRC, L

1.6

1.2

0.8

04-1

0.0

Evbotikotnta- Compliance ARDS

—

Low inflection

point

Vs

High inflection

point

Airway pressure,cm H,0

1
20

Volume Upper
Inflection

Pressure



ARDS -¢puacloloyia

e [TveulOVIKN KUKAOdOopLO

T PVR: amodpaén ayyeiwv
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apaktnpilovtal amno
Lo, Ko xpetadovtol
L&n TNG avarvong




Ol acBeveic pe ARDS yapaktnpilovtal ano Bopla utoéuyovaruia, Ko
XpeLaloviol HnNXovVikn vrootPELEn TS aVarvonC

A=ONE2 2TOXEY2H2 TOY MHXANIKOY AEPIZMOY 2TO ARDS scze

* Emapkng o§uyovwon (PaO, 55-80 mm Hg, Sa0,: 88-95%)

e EAaxiotonoinon twv BAaBwv ou MPOoKAAEL 0 aAVATIVEULOTAPOLC »
(Ventilator Induced Lung Injury-VILl)



Mnyavikog aepiopog 6to ARDS

1. Emapknc oéuyovwon

a. I FiO,- To§wotnta

ROS (Type of Free Radicals) Damage

& CELL MEMBRAK

& —
FOR D =

Oxygenation Index
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* Ol = (FiO,xmean airway pressure)/Pa0,

Rachmale, Respir Care 2012



Mnyovikog agpiopnos 6to ARDS

1. Emapkng oéuyovwon: Sa0, >88-95%
= D FiO,- To€wotnto

o AUEnon Tou AEITOUPYIKOU OYKOU TOU MVEUNOVA
(NOU CUMPETEXEI OTNV avTaAAayn Twv agpiwv)




Volume {mL)

20 Peak pressure

10 Plateau pressure




Mnyavikog aepropnog oto ARDS

2. Atodpuyn twv BAaBwv rou TPOKAAEL O AVOTTIVEUOTNPOLC
(Ventilator Induced Lung Injury-VILI)
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2. Ventilator Induced Lung Injury (VILI)
Hubmayr J Appl Physiol, 2005
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Ventilation Induced Lung Injury

B Ventilation at high lung volume

Barotrauma

Hyperinflation }
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Ventilation Induced Lung Injury
Biotrauma

Biotrauma

Activated neutrophils
and macrophages




High-stretch
ventilation

B with VALI

A Injured alveolus

Pulmonary
edema

Injured

endothelium

Interstitial
space

C No VALI

~Increased

pulmonary fw
edema \

Persistent
endothelial injury

Low-stretch
ventilation

TNF-«, IL-6,
IL-8
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proliferation

Decreased
pulmonary
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Increasing Intensity of Intervention

Mild ARDS Severe ARDS

| | | | I I
300 250 200 150 100 50

Pa0,/Fio,




ARDS: Lung protective ventilation

Tv: 6mL/kgPBW
Pplat: <30 cm H,0O

RR: 6-35/min
pH: 7.30-7.45

"_‘—.—---“
sl

upper “Inflection Point"

! § VT1=6ml/kgr
= ------ lower "Inflection Point"
E Pressure
: : [mbar]
< X X >
B C
: i IPPV

Ppl <30 cm H20

‘ S B Ppeak

L——— PEEP

.....................

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

ARDSnet, N Engl J Med 2000
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= ; 7 -== Discharge
0.0+« : ]

T T = | T T T 1
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Days after Randomization

Traditional ventilation: 39,8%
(Pplat<50cm H20, VT=12 mL/Kqg)
Lung protective ventilation: 30.1%
(Pplat<30cm H20, VT=6mL/Kg)
Mortality rate: 20% reduction



Patients with first tidal volume = 6.5 mlkg PEW

[ToAvkevTpkn perén

0.8 4
482 acBeveic pe ARDS
Zz 11.558 petpnoeic VT (dvo popég tnv nuépa)
O 064
B
o Needham, AJRCCM 2015
g 0.4 + =t
3
0.2 - j________r

—— Decreass in tidal wolume afier initial wventilator sefting at ARDS onsef
—— Increase in tidal volume after initial ventilator setting at ARDS onset

T T T
25 50 7h
Time from ARDS onsat (in days)



ARDS: Lung protective ventilation

1 ccmo Long-Simmering Questions
- For the Bedside
Prone Position o hich Tidal Volume? >

Noninvasive Ventiistion Neuromuscular Blockade * Which PEEP?

Higher PEEP * Recruitment Maneuvers?
Low — Moderate PEEP * Proning?

* High Frequency?

Low Tidal Volume Ventilation

. . . * Patient or Physician Control?
Increasing Severity of Injury

Increasing Intensity of Intervention

> — Encourage Spontaneous Breathing or not?
.
» Steroids?
| I T T I T = R 3
300 250 200 150 100 o Extra-Pulmonary Gas Exchange-
Pa0,/Fio, ENETC

—

The ARDS definition Task Force: JAMA 2012 Marini J. Crit Care 2015




Lung Protection:
Scaling the delivered tidal volume

VT6 mI/kg




Lung stress, Transpulmonary pressure,

|deal Body Weight= 70 Kg

\/T: 420 ml (6 m|/|<g IBW) Lung Strain=VT/FRC

Pelosi P for PROVENet



Mnyavikog agpropdc ato ARDS:
Tv ardaler?

. @ Lung stress, Transpulmonary pressure, TL cucxetileTou pe TNV kBacn?
* Jl Lung Strain=VT/FRC « H pUBULON TWV TMOPAPETPWY TOU OVATVEUOTH P
. /. *  OL UNXOVLIKEG TTOPAETPOL TOU TTIVEU OV
Lung pr otective ventilation (amoToKOL TWV PUBUICEWY TOU avamveLoTHPA)
1. Pplat<30cmH,0 a :Z;;;,%W“
, e ° p=0772
Q__VT=6mL/Kg PBW - Py
. g 10 P o
3. High PEEP = WY )
= S e
2 s o _‘:° (% Q% ==
)
;3-. % fo'g. ‘f.:.‘.—._.‘.a. Y e
3 6 e M * 0.0 .
= ® o ® U
= g @
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4 .. o
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’ 0 200 fC'f)C 15.;..'0 Z;L'IU'.." 2500 314"0'.‘ 3‘.;'.7'0 4DICU

Lung gas volume at PEEP 5 cmH,O (mL)

Chiumello, Crit Care 2016



ventilation

100 - y = 35.268 - 0.00703 x
F =0.234
o p < 0.001
80
60

AP= Pplat-PEEP

Pk
/ I Lp,ybf

Respiratory system elastance at PEEP 5 cmH,0 (cmH,0/L)

1
u 7 I '
l‘\\ I/ .Iﬂaw ;
‘\ ' —'1\ ¥ 0 500 1000 1500 2000 2500 3000 3500 4000
Y > N Lung gas volume at PEEP 5 cmH,O (mL)
20 s

Chiumello, Crit Care 2016



Nedtepa 0TO LNXOVIKO OLEPLOLO
Driving Pressure

The NEW ENGLAND JOURNAL of MEDICINE

SPECIAL ARTICLE

Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen Q. Meade, M.D., Arthur S. Slutsky, M.D.,
Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D.,
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H.,
Alain Mercat, M.D., Jean-Christophe M. Richard, M.D.,

Carlos R.R. Carvalho. M.D.. and Rov G. Brower. M.D.

N ENGL) MED 37%53 MNEJM.ORG FEBRUARY 19, 2015

Lung protective ventilation

(Fpo Prlat
, ge
il " v 7 }; Raw 1. Pplat <30cm H,0O
\l S Ll F r \ /\l
o e e e S 2. VT =6 mL/KgPbw

3. High PEEP

AP= Pplat-PEEP



Years of
recruitment

ARDSnhetpgep’ 1999-2002

Amato et al.t® 199]1-1995

2 EXPRESS’ 2002-2005
Stewart et al. 1995-1996

Brochard etal.”  1994-1996 LOVS® 2000-2006

Brower et al.’ 1994-1996
Talmor et al.” 2004-2007
ARDSnet,;’ 1996-1999

M ENGL ) MED 372;8 MNEJM.ORG FEBRUARY 19, 2015
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Airway Pressure [cm of water)

Multivariate Relative Risk
of Death in the Hospital

2.0

1.4+

10

607 635 574 597

0.7

0.5

-----

Higher plateau pressuw

Amato MBP, et al. N Engl J Med 2015;372



Driving pressure and survival in ARDS

Multivariate Relative Risk
of Death in the Hospital

Airway Pressure [cm of water)

Resampling A:

Resampling B:

Matched PEEP Matched AP
40 40
30— 30
AP
AP
20— 20
9 1A PEEP
PEEP
- o
566 577 696 568 582
Mo. of Patients in Subsample
2.0+ 7.0+
1.4+ } 1.4
1.0 { E 1 C‘——} """ ‘{ { i """ {'_
0.7+ { 0.7
0.5 P<0.001 0.5+ P=0.61
0.0 T T T T T 0.0 T T T T T
s, S S5 S, & s, S, S5 S5, &
A B
>, - A
e, _Contrast ___.--"" Tee-...__Contr:

Higher plateau pressure: Not always risky

Higher PEEP: Not a

Amato MBP, et al. N Engl J Med 2015;372



Driving pressure and survival in ARDS

Multivariate Relative Risk
of Death in the Hospital

Airway Pressure [cm of water)

Resampling C:
Matched Plateau Pressure

AP

PEEP

Resampling A: Resampling B:
Matched PEEP Matched AP
40+ 40 40
30— 30— 30—
AP
AP
20— 20+ 20—
1A 1o+ PEEP 1o+
PEEP
0- - -
566 577 696 568 582
Mo. of Patients in Subsample
2.0+ 2.0+ 2.0+
1.4 } 1.4 1.4
1.0 { { 1.0+ * ------ —{ { ‘{’ """ {-— 1.0
0.7 { 0.7+ 0.7+
0.5+ Pecumdl 0.5 P=0.61 0.5
0.0 T T T T T 0.0 T T T T T 0.0
s, S5 5 S5, 5 s, S5 5 S5, 5
A B
A o A
Tte-w..__Contrast _ e ."--..____I:c-_rljr_zs:___

Higher plateau pressure: Mot always risky

Higher PEEP: Not always protective

Amato MBP, et al. N Engl J Med 2015;372



2.5
¥ 5 P<0.001 0
[ = 2.0 e
Q *
2 8 -
k. L7 =
£ 154 -
Q
2 E 1.0+--------- = QLA
33 I
0.5
&
e 5 10 15 20 25 30 '
Median Vy
(10th-90th percentile) — AP (cm of water)
mg/ kg of predicted
body weight §0 5579

Amato et al, N Engl J Med 2015

« H eéaptnuevn petafAnT)
AP oxetideTal loxupa Ko
oveEXPTNTO LE TNV
eTulwaon.

Meiwaon Tou VT ) avénon

NG PEEP £xouv emidpaon
otnv eflwaon Hovo eav
oxetidovTal he Pelwan tng
AP




ARDS: Lung protective ventilation

)

Ecmo Long-Simmering Questions
S For the Bedside

HFO

Prone Position * Which Tidal Volume?
Noninvasive Ventilation Neuromuscular Blockade . @ch PEEP‘-’)

Higher PEEP Recruitment Maneuvers?
Low — Moderate PEEP

Low Tidal Volume Ventilation

Proning?

High Frequency?

. . . Patient or Physician Control?
Increasing Severity of Injury

Increasing Intensity of Intervention

> — Encourage Spontaneous Breathing or not?
Moderate ARDS Severe ARDS -
» Steroids?
! I T T T T A R 3
300 250 200 150 100 0 Extra-Pulmonary Gas Exchange-
Pa0,/FiO, B ETC..

The ARDS definition Task Force: JAMA 2012 Marini J. Crit Care 2015




EmiAoyn tng PEEP

AuvnTIK ) OTPATEUCIMOTNTA TOU TTVEUHOVO

ATToQuUYNR UTTEPBIATAONG AW@M@H@W@W@H@

Table 1. Settings for Positive End-Expiratory Pressure
(PEEP), According to the Required Fraction of Inspired PEEP =0 cmH,0 PEEP =12 cmH,0 PEEP =24 cmH,0
Oxygen (F10,).* ,
FIO, PEEP c
2
0.3 5 §
0.4 5—8 3
o
0.5 8-10 o
c
0.6 10 -
0.7 10-14
0.8 14
0.9 14-18 c
2
1.0 18—24 ©
a
* Settings are from the ARDSNet trial.*® The required F10O, E’
is the lowest value that maintains arterial oxyhemoglobin S
saturation above 90%5. After the corresponding level of i
PEEP is selected, arterial oxyhemoglobin saturation and
plateau airway pressure should be monitored in the pa-
tient.

Pelosi Curr Opin Crit Care 2011



EmiAoyn tng PEEP

Electrical Impedance Tomography

Voltage (V)
Impedance (Z) =

Current (l)

AuvnTIK} CTPATEUCIMOTNTA TOU TTVEUMOVA

AtToQuUYR UTTEPOIATAO NG

Bedside estimation of recruitable alveolar
collapse and hyperdistension by electrical
impedance tomography

Patient 1_

-

Patient2 _

Costa et al, Intens Care Mes 2009; 35

PEEP 23
Hyperd 29%
Colapse 1%

PEEPO7
Hyperd 0%
Collapse: 41%.

PEEP 23
Hyperd 53%
Collapse 2%

PEEP(O3
Hyperd D%
Collapse 37%



hyperdistension

—=— Hyperdistension

—== Collapse

3 & 8 &

Hyperdistension/Collapse (%)

(=]

rrTTT T T T
232119171513119 7 §
PEEP step

PEEP = 19

PEEP =15

PEEP Shep

0

deda P

10

Colapse (%)
0.59
Qwerdstendon(%)
J0.88

FEEP Sep

0

deda P

10

Colapze (%)
3.73
Owerdtenten(9%)
23.81

PEEP Ship
0
detap
10
Colapre (%)
3.62
Owerdstendon(9%)
16,06

PEEP Step
0
deda P
10
Colapze (%)
3.56
Quardstandon( %)
107

PEEP Step

0

dela P

10

Colapze (%)
6.13
Owverdstendon(%)
2.22

PEEP =13

PEEP = 11

PEEP Sp

0

deta P

10

Collspas (96)
10.69
Overdstension( %)
1.14

PEEP Step
0
ddta P
10
Collspsee (%)
11.08
Ovardistansiond %)
0.28

PEEP Shp
0
deta P
10
Collapze (96)
19.33
Overdstension(%)
0.09

PEEP Step

0

deta P

10

Collapza (96)
29141
Overdgtenaion( %)
0

PEEP Step
0
dedia P
10
Colapse (36)
39.13
Ovardstension{ %)
0

Collapsed



EmiAoyn Tng PEEP oto ARDS

AuvnTIK OTPATEUCIMOTNTA TOU TTVEUMOVA

Stress Index

AtroQuyn utrepdIATao NS

AVENGN TOL VEKPOL YOPOV Fiow
VEXPaCO2/40 >10L/min 9
~ Vd/Vt=50% e

Stress index < | Stress index = | Stress index > 1

Ranieri AJRCCM 1994
Grasso CCM 2004



EmiAoyn tng PEEP oto ARDS

Chest wall mechanics!! PTpP= Paw-Pes

Obese Patient Pediatric patient
patient with with after lung
severe ARDS moderate transplantation
ARDS
50
e WM WEW L
0
25 -
Pes (cm H,0) M
AN
0 -
30 -
04
-10 -

Akoumianaki AJRCCM 2014

Faly = static Paw Paw
(at zero flow)

Prs = Paw - Phs
Py Paw = Ppl
Pow = Ppl = Phs

(o2}
o

ALl patients
v ARDS patients

(o))
o
o

B
o

60

ATranspulmonary plateau pressue (cmH,O)
3
o \ \

Airway plateau pressure (cmH,0)

Chiumello et al AJRCCM 2008



ARDS: Lung protective ventilation

Which Tidal Volume?
Which PEEP?

*CRecruitment Maneuvers? >

Long-Simmering Questions
For the Bedside

Proning?
High Frequency?
Patient or Physician Control?
— Encourage Spontaneous Breathing or not?

Steroids?
Extra-Pulmonary Gas Exchange?
EICH

Marini J. Crit Care 2015

A
ECMO
S ECCO,-R
=
) HFO
-
. Prone Position
R =
'o-o- Noninvasive Ventilation Neuromuscular Blockade
F .
s Higher PEEP
o
‘é Low — Moderate PEEP
0 . m—
- Low Tidal Volume Ventilation
a
g Increasing Severity of Injury
>
g =
Moderate ARDS Severe ARDS
| | | | | |
300 250 200 150 100 SO

Pa0,/FiO,

The ARDS definition Task Force: JAMA 2012



ARDS: Lung protective ventilation |

|X8Lptouoi otpatevong (Recruitment maneuvers)

Auvapikn dladikaaia diavoiEng acTabwyv Kal KAEIOTWV
RMSs KUWEAIDWYV JEOW TNG OKOTTIUNG EQAPPOYNAG TTAPODIKAG
aug¢nong TnG OIATTVEUUOVIKAG TTiEONG

CONFERENCE REPORTS AND EXPERT PANEL

CrogsMar

Surviving Sepsis Campaign: @
International Guidelines for Management
of Sepsis and Septic Shock: 2016

Androw Rhnda<!” 1 anra E Fuang? Walaad Alharrani? Mitchall M | ave® Maccima Antonalli® Ricard Earrar®

4. We suggest using recruitment maneuvers in adult
patients with sepsis-induced, severe ARDS (weak
recommendation, moderate guality of evidence).
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dapuaka: Neuromuscular blockers in early ARDS

[MoAukevTpIKr, OITTAR TUQAN MEAETN pE 340 aoBeveic e
Bapu mpwipo ARDS (PaO,/FiO, < 150 mm Hg)
Cisatracurium besylate (178) or placebo (162) for 48 h
Mortality at 28 days:

23.7% cisatracurium besylate

33.3% placebo (P=0.05)

|CU- acquired paresis not significantly different

Papazian et al NEJM 2010
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Figure 2. Probability of Survival through Day 90, According to Study Group.




ARDS: Lung protective ventilation

Long-Simmering Questions
For the Bedside

Which Tidal Volume?

Which PEEP?

Recruitment Maneuvers?
oning?

High Frequency?
Patient or Physician Control?
— Encourage Spontaneous Breathing or not?

Steroids?
Extra-Pulmonary Gas Exchange?
EIC>

Marini J. Crit Care 2015
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Prone Positioning in Severe Acute Respiratory Distress
Syndrome

Claude Guérin, M.D., Ph.D., Jean Reignier, M.D., Ph.D., Jean-Christophe Richard, M.D., Ph.D., Pascal Beuret, M.D.,
Arnaud Gacouin, M.D., Thierry Boulain, M.D., Emmanuelle Mercier, M.D., Michel Badet, M.D.,

Alain Mercat, M.D., Ph.D., Olivier Baudin, M.D., Marc Clavel, M.D., Delphine Chatellier, M.D., Samir Jaber, M.D., Ph.D.,

Sylvéne Rosselli, M.D., Jordi Mancebo, M.D., Ph.D., Michel Sirodot, M.D., Gilles Hilbert, M.D., Ph.D.,
Christian Bengler, M.D., Jack Richecoeur, M.D., Marc Gainnier, M.D., Ph.D., Frédérique Bayle, M.D.,

Gael Bourdin, M.D., Véronique Leray, M.D., Raphaele Girard, M.D., Loredana Baboi, Ph.D., and Louis Ayzac, M.D.

for the PROSEVA Study Group®

26 |CUs, 456 pts
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AECCC 1994

Mnx. aeplopog < 36 h

Bapw ARDS (PaO,/FiO,< 150 mm HQ)
FiO2 > 0,60
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VT: 6 mL/Kg
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Figure 2. Kaplan—Meier Plot of the Probability of Survival from Randomiza-
tion to Day 90.




ARDS: Lung protective ventilation

Long-Simmering Questions
For the Bedside

* Which Tidal Volume?
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High-Frequency Oscillation in Early Acute Respiratory
Distress Syndrome

Arthur S. Slutsky, M.D., and Maureen O. Meade, M.D., for the OSCILLATE Trial Investigators
and the Canadian Critical Care Trials Group*

Niall D. Ferguson, M.D., Deborah J. Cook, M.D., Gordon H. Guyatt, M.D., Sangeeta Mehta, M.D., Lori Hand,
Peggy Austin, C.C.R.A., Qi Zhou, Ph.D., Andrea Matte, R.R.T., Stephen D. Walter, Ph.D., Francois Lamontagne, M.D.,
John T. Granton, M.D., Yaseen M. Arabi, M.D., Alejandro C. Arroliga, M.D., Thomas E. Stewart, M.D.,

R.R.T,

HFOY Group  Control Group  Relative Risk
Cutcome (N=275) (N=273] [95% €1 P Value
Lregth in hospital— no, (3 128 {47 D603S)  J33(100- 16  O00F
Death in intensive care unit — no. (%) 123 [45) 84 [31) 145 {1.17-181) 0.001
Death before day 28 — no. (%) 111 (40 78 (29) 141 (1.12-1.79) 0.004
Mew barotrauma — no.ftotal no. (%6)* 45256 [18) 34359 (13) 1.37 (0.91-2.0s) 013
Mew tracheostomy — no.ftotal no. (%)T 50273 [22) G667 (25) 0LET [0.64-1.19) 0.9
| Refracion hvporemiz — ro, [96) 12 (7] JE[1&) 0501020 084)  0.007
Death after refractory hypoxemia — no_ftotal no. [35) 15/19 79) 25/3% (6&) 1.20 [0.87-1.66) 031
Refractory acidosis — no. (%) LRE] 53 1.12 {0.44-2 85) 0.52
Refractory barotrauma — no. [35) 1{:1) 2 (=1} 0,99 [0.14-7.0:0) 0.99
U=ze of mechanical ventilation, among sumwivors 0.59
— days

Median 11 10

Interguartile range -19 1%
Stay in intensive care, among sunivors — days 0.93

Median 15 14

Interguartile range Q-75 o-25
Length of hospitalization, amaong survivors — days 074

Median 30 25

Interquartile range 16-45 15-41

Controlled trlal
39 ICUs

Moderate to severe ARDS

HFQV or Controlled ventilation
(with low VT, high PEEP)

548 Pts (1200)

In conclusion, in adults with moderate-to-
severeARDS,theeadyapphcanm ofHPOV

andlugh PEEP and that permits HF onlym
cases of refractory hypoxemia — does not re-
>~mortality and may be harmful.




ARDS: Lung protective ventilation

Long-Simmering Questions
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EDITORIAL

g g . : ®-- * Which Tidal Volume?
Ventilation-induced lung injury exists :
in spontaneously breathing patients with acute ¢ Which PEEP?
respiratory failure: We are not sure

Luciano Gattinoni’

* Recruitment Maneuvers?
* Proning?

* High Frequency?

. ient or Physician Control?
Qcourage Spontaneous Breath@

» Steroids?

* Extra-Pulmonary Gas Exchange?
R ETCH

Marini J. Crit Care 2015



Mnyevikég agpropdg ato ARDS: Spontaneous breathing

Spontaneous breathing

*Beltioverl Tnv 0Euyovmen). Carvalho, JAP 2011

* Evooovel Ty 6TPATELGT] TVELROVIKOD OYKOV
101l(MG OTIC VITOKELUEVES TTEPLOYES

*  AvEAveL TOV UEPLGUO TMV VTOKELUEVOV
TEPLOYMV. Putensen, AIRCCM 1999

* AmoTpEmEL TNV OTPOPLA TOV
OVOTVEVGTIKMV MUV Levine NEJM 2008

% Vinopsi va tpokodréoe VILI

Gama de Abreu, Cur Opin Cri Care 2014
Yoshiba et al, AJRCCM in Press
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Table 2 Relationship between Al and duration of MV, reintubation, tracheostomy, and ICU and hospital mortality by comparing patients

AT < 10 vs AT > 10 %

Al < 10 % (n = 44) Al = 10 % (n = 6) p value
Length of MV (days) 6 [50; 15.0] 16 [9.7. 2010] 0.061
Eeintubati on O (20 %) 0 (D 9% 0.57
Tracheostomy 14 (32 %) 2 (33 %) 0.999
ICU monality 6 (14 %) 4 (67 %) 0.011=
Hospital mortality 10 (23 %) 4 (67 %) 0.0g4%
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Extra-corporeal Membrane Oxygenation (ECMOQO)
and/or CO2 Removal (ECCO2-R)

Arterio-venous
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Figure 2. Kaplan—Meier Survival Estimates in the Intention-to-Treat Popula-
tion during the First 60 Days of the Trial.
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What'’s new in ARDS: can we prevent it? &

Roy G. Brower! and Massimo Antonelli"

“an ounce or prevention
is worth a pound. of

cure,”’
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TABLE 2 | Calculation of the Lung Injury Prediction | Hpélﬂ\l’n 'AGOg\’aig \)\lln;b(){) KlVﬁlr)VOl)

Score (LIPS)

Points
Characteristic Awarded 40 -

Predisposing conditions

Shock 2 35 - LlPSE4
Aspiration 2
Sepsis ;) 30 - Sensitivity 0.69
TRECEN e 25 Specificity 0.78
High-risk surgery=

Orthopedic spine 1

Acute abdomen 2 20 -

Cardiac 2.5

Aortic vascular 3.5 15 -
High-risk trauma

Traumatic brain injury 2 10 -

Smoke inhalation 2

Near drowning 2 oy

Lung contusion 1=5 0 | memm - -

2 3 4 5 6 7 28

% ALI/ARDS

Multiple fractyres 1.9
Risk modifiers =
Alcohol abuse 1 LIPS Points
Obesity (BMI>30 kg/m2) 1 N= 1063 1154 1092 852 548 394 225 253
Hypoalbuminemia 1
(albumin< 3.5 g/dL)

Chemotherapy 1
Fio,>0.35 (>4 L/min) 2
Tachypnea (respirations > 30/min) 15
Spo,<95% 1
Acidosis (pH<7.35) 1.5
Diabetes mellitys with sapsis ol Gajic Am J Respir Crit Care Med, 2011

Adapted with permission from Gajic et al.” Spo, = oxygen saturation as
measured by pulse oximetry.
*Add 1.5 points if emergency surgery.
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Genetic predisposition Biomarkers
[evetikn Tpodidbeon * 20 Brodeixteg dtbryvoong

2VYKEKPLUEVA YOVIOLOL * 19 Biodeixteg TpOYyVOONC

Table 1 Specific markers with a predictive value for development s
and/or outcome of ARDS Endothelial injury Ang-2, VWF, VEGF,
Biological compartment and . . : s
Cell injury/inflammation
markers
Surfactant proteins,
Plasma SIS ey RAGE, CC16, KL-6,
. . ICAM-1
RAGE Epithelium
Ang-2 Endothelium -\ & A kesiaemaory HMGB1, IL-1B, IL-6
— s IL8, IL-10, TNF-ct,
SP-D Epithelium soluble TNF-u receptors
IL-8 Acute inflammation o ibir Coagulation and
BALF ' PAL,, protein C,
v D% 4 thrombomodulin
Fas, Fas ligand Epithelium 4 ' Alveolar-capillary
PCP | Fibroproliferation EF/PL protein ratio
PCP I Fibroproliferati
ibroproliferation Apopiosis
Exhaled air Eeraa.
Octane Lipid peroxidation —~Fibroblast . Fibrosis
- PCPIIl
Acetaldehyde Bacterial metabolism,

inflammation

3-methylheptane Lipid peroxidation
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“Two Hit” Phenomenon

disease
= Radiation
= Chemotherapy

Conservative fluid

management [>

5 W
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- Aspiration Z S Restrictive
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De Haro, Annals Intens Care 2013
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The Role of Potentially Preventable Hospital Exposures in the

Development of Acute Respiratory Distress Syndrome: A
. . @Cmm 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, MBES,
Henry J. Schiller, MD, Sonal R Pannu, MBES, Balwinder Singh, MBBES, Guangxi Li, MD, and
Ognjen Gajic, MD, M5c

414 acBeveic otn ddpxeta 10 etdv

) ! . a

&) L ow tidal volume Selected Exposures in ARDS Cases and Controls

>

) - ) Exposures C:ﬁ;ﬁ;ggﬁﬂ}j Ellgt:er Cases and -:1.‘:ntru|': afier :llli_]'].'l.'ihl.llg
8 Restnc“ve tranSfUS|On (N=308 pair) for hazeline characteristics
2 : OR (95% CT) P value” OR (95% CT) P value”
g.) Sepsis management Any adverse events 47 (3.0-7.6) P=0.001 6.5 ( 4.1-10.4) P=0.001
= Inadequate empiric antimicrobial 2.5 (1.3-4.7) P = 0.006 3.6 (2.0-6.7) P=0.001
- Conservative fluid Aspiration 34.0 (4.7-248.4) P <0.001 52.0 (7.1-383.2) P=0.001
D

5 management Fed blood calls® 1.4 (1.2-1.6) P <0.001 1.4 (1.2-1.5) P=0.001
E Fresh frozen plasma® 1.4 (1.2-1.6) P =0.001 1.4 (1.2-1.6) P<0.001

Platelete" 2.9 (1.6-5.5) P =0.001 2.0 {1.4-2.9) P=0.001

-_-—
m— e —— p—

T pBW? 1.3 (0.82-22) P0.25 2.1(1.1-4.1) P = 0.025 >

Abbreviations: ARDS, acute respiratory distress syndrome; O, odds ratio; PBW. predicted bodv weight: TV, nidal volume
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: 916 critically ill patients who received blood 1 L%ﬁ’:;'::fcf]
Low tidal volume product transfustion atbOrzalon

Restrictive
transfusion

Sepsis management

Conservative fluid
management

Gajic AJRCCM 2007

A 4

v

398 patients with worsening
respiratory status
0-24 h after the transfusion

503 patients with no worsening
in respiratory status
0-24 h after the transfusion

l

A 4

144 mild worsening
in oxygenation
without chest x-ray
evidence of
pulmonary edema

E

y

69 hydrostatic
pulmonary
edema (TACO)

v

74 controls

74 ALI

within 6 h of
transfusion

¥ N\

106 worsening of

pre-existing
diffuse pulmonary
infiltrates

5 ALl TABLE 3. TRANSFUSION-RELATED RISK FACTORS FOR ACUTE LUNG INJURY
6-24 h after Unadjusted* Adjusted'
& transfusmg Variable OR (95% C)) P Value OR (95% CI) P Value
Any high plasma volume components (FFP or platelets) 2.55(1.27-5.11) 0.009 2.78 (1.21-6.38) 0.016
Number of units 1.09 (0.99-1.20) 0.081 1.11 (0.99-1.25) 0.086
Number of units from female donors 1.30 (1.03-1.66) 0.029 1.51 (1.08-2.12) 0.016
Amount of plasma from male donors, | 1.55 (0.79-3.06) 0.202 1.60 (0.76-3.37) 0.215
Amount of plasma from female donors, L 3.23 (1.17-8.91) 0.024 5.09 (1.3/-18.85) 0.015
[Amoum of plasma from female donors with at least 4.41 (1.00-19.55) 0.050 9.48 (1.38-65.35) 0.022 J
one pregnancy. L
Number of pregnancies among donors 1.11 (1.00-1.22) 0.047 1.19 (1.05-1.34) 0.007
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 1™ units 1.93 (0.88-4.28) 0.103 3.08 (1.15-8.25) 0.025
Number of GIF* units 4.19 (1.22-14.32) 0.023 4.85 (1.32-17.86) 0.018
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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160 acBeveic pe onmrikd shock, ywpic Tvevpovikn PAASN

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

) .

®  Low tidal volume

= Tahle 2, Risk factors for development of ALI in patients with septic shock: multiple logistic

V) . .- . i rERs] analvsis

@ Restrictive transfusion i S

S Hpown Oepaneia Odds Ratio 05% CI p Value

g SGpSlS Delaved goal-directed resuscitation 3.55 1.52-8.63 004

it management Delaved antibiotics 2.39 1.06-5.59 039

"E Respiratory Tate [per Shy ERIES [38-3.08 =TT

[eB) _ : Chemotherapy G.AT 1.99-249 i3

(]>_) Conservative fluid Chronic alcohol use 2.08 BR-5.10 JE
Transfusion 2.7 1.22-6.37 A16

-

ol management Aspiration 3.48 1.22-10.78 24
Diabetes mellitus A4 JA7-1.07 D76

Iscimen, Crit Care Med 2008
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14.620.5 vs. 12.1+0.5,
P=0.001
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D_ 12 mL P=0.001 g o7 . - Fig. 2 Frequency of acute respiratory distress syndrome (ARDS)
g ey f o8 , e T development acoording to amount of fluid administered during the
Ventilator Free Days o ; Sberal stmsery first & h of hospital presentation
=

AL Table 4 Shock subgroup analysis: multivariable analysis

5 28.4% p=0.30 1/ of total velume in first 6 h and the development of ARDS
Odds ratio (95% CI) p value
Shock 1.05 (0.87-1.28) 060
Thee Natianad Hiesrt, Lung, snd Blocd nssiite Azute Respiratary Desiress Syndrome [ARDS) Chalesl Mo shock 1.21 (1.05-1.38) 0.01

Trials Hetwark. H Engl J Med 250 2052578

Thie odds ratic indicatas the increasad odds of ARDS for a 1-lincreasa in volume
of fluids 2dministerad

Seethala R, An Intens Care 2017
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To ARDS &ivan £€va cuvopopo, Oyt o vocog

Agv givan 6001 o1 acBeveic ue ARDS 1d101 ko dpa. 1o 1810 Thavo va evvonbovv
amd o cuykekpluEvn Bepameia

Ot acBeveic pe ARDS pmopet va. £xovv d10popeTikovS TapdyovTES KIvovvov,
OLULPOPETIKEC GLVOGTPOTNTES, OLALPOPETIKT] TABOPLGIOAOYIKN €EEMEN TG VOGOV

| . . . | g 1 | 11 == [ — . 1
Intensive Care Med (2016) 42:756-767
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Personalized medicine for ARDS:
the 2035 research agenda

Jeremy R. Beitler'", Ewan_ . Goligherz, Matthieu Schmidt®, Peter M. Spieth”, Alberto Zanella®,
Ignacio Martin-Loeches®, Carolyn S. Calfee’, Alexandre B. Cavalcanti® and The ARDSne(x)t Investigators

U Larni v VEIIL: Lhnans rUILIVE 11 1an
I triale O I T TR | f R

C The ARDSne(x)t research agenda for the next 20 years calls for bringing personalized
E medicine to ARDS, asking simultaneously both whether a treatment affords clinically
ri meaningful benefit and for whom

LeosioerGwAY genome= ;O INTeNsIve Care unit, (NS NeUromusCUlar DIoCKING agents, FIF peak INspIratory pressure, Fin
polymorphonuclear cells, Vvolume, vent. ventilation. (Modified from [21])




