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HE acute respiramory distress syndrome is a

common, devastating clinical synd.lurnc of

acute lung injury that affects both medical and
surgical patients. Since the last review of this syn-
drome appeared in the Josrmal! more uniform def
initions have been devised and important advances
have occurred in the understanding of the epidemi-
ology, natural history, and pathogenesis of the dis-
case, leading to the design and testing of new treat-
ment strategies. This arficle provides an overview of
the definitions, dinical features, and epidemiology of
the acute respiratory distress syndrome and discusses
advances in the areas of pathogenesis, resolurion,
and treatment.
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Ventilator-Induced Lung Injury

Arthur S. Slutsky, M.D,, and V. Marco Ranieri, M.D.

muscles while providing adequate gas exchange. Ventilarory support proved

r | “HE PURPOSE OF MECHANICAL VENTILATION ISTO RESTTHE RESPIRATORY

0 be indispensable during the 1952 polio epidemic in Copenhagen, decreasing
mortality among patients with paralyeic polio from more than 80% to approximately
40F%.* Lespite the clear benefits of this therapy, many pacients evenmally die after
the initiation of mechanical ventilation, even though their arterial blood gases may

have normalized.

‘This moreality has been ascribed to multiple factors, including complications
of ventilation such as barotranma (.e., gross air leaks), oxygen toxicity, and hemo-
dynamic compromise®* During the polio epidemic, investigators noted thar me-
chanical ventilation could cause seructural damage to the lung# In 1967, the term
“respirator lung" was coined to describe the diffuse alveolar infiltrates and hyaline
membranes that were found on DOStMOTtem examination of patients who had
undergone mechanical ventilation.* More recenty, there has been a renewed focus

on the
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Lung Safe Study

Global Epidemiology of ARDS

International, multicenter, prospective cohort study in winter 2014
— 459 |CUs from 50 countries
(3022/29144) of ICU admission and of patients requiring MV
fulfilled ARDS criteria.

Underrecognized
— Clinician recognition of ARDS only
— Clinician recognition of ARDS at the time of fulfillment of ARDS criteria was

Undertreated
— Less than 2/3 Vt < 8 of mL/kg.
Pt measured in 40.1%, whereas 82.6% PEEP < 12 cm H,0.
— Prone positioning was used in 16.3% of severe ARDS.
High mortality
— Hospital mortality, mild , moderate 40.3%, severe 46.1%.

JAMA. 2016;315(8):788-800.



Mild ARDS in Lung Safe Study

Among 580 patients with initial mild ARDS, (103 of 580) continuously improved, (210 of
580) had persisting mild ARDS, and (267 of 580) worsened in the first week after ARDS
onset.

Nonworsening, Worsening,
N =313 N =267 Pvalue

Outcome
Clinician recognition of ARDS, No. (%) 146 (46.6) 146 (54.7) 0.065
Decision of withholding or withdrawing life-sustaining treatments, 44 (14.1) 61 (22.8) 0.008
No. (%)

Duration of mechanical ventilation, median (IQR), days 5(3,11) 11(6,18) < 0.001
Ventilator-free days, median (IQR), days 22 (6, 25) 9 (0, 20) < 0.001
ICU length of stay, median (IQR), days 9 (5,17) 14 (8, 22) < 0.001
ICU mortality, No. (%) 53 (16.9) 89 (33.3) < 0.001
Hospital length of stay, median (IQR), days 20 (11, 38) 19 (11, 37) 0.950
Hospital mortality, No. (%) 73 (23.5) 99 (37.4) < 0.001
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" Timing of Low Tidal Volume Ventilation and Intensive Care Unit
Mortality in Acute Respiratory Distress Syndrome
A Prospective Cohort Study

Dale M. Needham'?34, Ting Yang®, Victor D. Dinglas'?, Pedro A. Mendez-Tellez'*, Carl Shanholtz®,
45 and Elizabeth Colantuoni'®

Jonathan E. Sevransky7 Roy G. Brower?, Peter J. Pronovost

'Outcomes After Critical lliness and Surgery Group, “Division of Pulmonary and Critical Care Medicine, School of Medicine, *Department
of Physical Medicine and Rehabilitation, School of Medicine, Am1strong Institute for Patient Safety and Quality, °Department of
Anesthesiology and Critical Care Medicine, School of Medicine, and ®Department of Biostatistics, Bloomberg School of Public Health,
Johns Hopkins University, Baltimore, Maryland; ®Division of Pulmonary and Critical Care Medicine, University of Maryland, Baltimore,
Maryland; and ‘Division of Pulmonary Allergy and Critical Care, Emory University School of Medicine, Atlanta, Georgia

Main Result:

An increase of PBW in initial tidal volume was
associated with a increase in ICU mortality risk (adjusted HR
1.23; 95% Cl, 1.06-1.44, P=0.008).

Conclusions:

Higher tidal volumes shortly after ARDS onset were associated
with a greater risk of ICU mortality compared with subsequent tidal

volumes.
Am J Respir Crit Care Med Vol 191, Iss 2, pp 177-185, Jan 15, 2015



Table 3

Cox proportional hazard regression for 30-day mortality.

Characteristics Univariate Multivariate

HR (95% C.L.) P value HR (95% C.1.) P value
Age, per 1 year increment 1.009 (0.991-1.027) 0.33 1.016 (0.992—1.041) 0.19
Sex

Female 1 [Reference] 1 [Reference]

Male 1.072 (0.663—1.819) 0.80 0.845 (0.452—-1.581) 0.60
BMI, per 1 kg/m” increment 0.940 (0.889—0.994) 0.03 0.960 (0.892—1.034) 0.28
Cerebrovascular disease

No 1 [Reference] 1 [Reference]

Yes 2.165 (1.028—4.557) 0.04 0.899 (0.307—2.635) 0.85
Pa0,/Fi0,, per 1 increment 0.995 (0.990—1.000) 0.03 0.998 (0.992—1.004) 0.54
APACHE [I, per 1 increment 1.087 (1.054—1.121) <0.01 1.058 (1.014—1.105) 0.01
_actate, per 1 mg/dl increment 1.014 (1.009-1.019) <0.01 1.011 (1.004—1.018) <0.01
FCMO

No 1 [Reference] 1 [Reference]

Yes 2.068 (1.211-3.529) <0.01 1.096 (0.526—2.286) 0.81
Vasopressor-use

No 1 [Reference] 1 [Reference]

_Yes 2.125 (1.225-3.683) <0.01 1.896 (0.877—4.099) 0.10
Day-intubation V;+/PBW, per 1 mL/kg increment 1.250 (1.091-1.431) <0.01 1.261 (1.072—1.484) <0.01

Taiwan Severe Influenza Research Consortium.

Journal of the Formosan Medical Association (2018) xx, 1e8
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2018-10~2019-03
Total ICU patients
Receiving
mechanical ventilator
(N=915)

ICU A
N=85
(44.3%)

ICUA
mortality
N=26
(30.6%)

ICUB ICUC ICUD ICUE
mortality mortality mortality mortality
N=9 N=6 N=7 N=2
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Probability

Higher versus Lower Positive End-Expiratory Pressures
in Patients with the Acute Respiratory Distress Syndrome

The National Heart, Lung, and Blood Institute ARDS Clinical Tria

Lower PEEP, overall survival

—~————

Higher PEEP, overall survival

—_—————

1
20 30 40

Days after Randomization

s Network*

Table 1. Summary of Ventilator Procedures in the Lower- and Higher-PEEP Groups.*

Procedure Value

Ventilator mode Volume assist/control
Tidal-volume goal 6 ml/kg of predicted body weight
Plateau-pressure goal =30 cm of water
Ventilator rate and pH goal 6-35, adjusted to achieve arterial pH =7.30 if possible
Inspiration:expiration time 1:1-1:3
Oxygenation goal
Pa0O, 55-80 mm Hg
SpO, 88-95%

Weaning Weaning attempted by means of pressure support when level of arterial oxygenation acceptable
with PEEP =8 cm of water and FiO, <0.40

Allowable combinations of PEEP and FiO,
Lower-PEEP group
FiO, 03 04 04 05 05 06 0.7 0.7 07 0.3 09 09 09 1.0
PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 18-24
Higher-PEEP group (before protocol changed to use higher levels of PEEP)
FiO, 03 03 03 03 03 04 0.4 05 05 0508 08 09 1.0
PEEP 5 8 10 12 14 14 16 16 18 20 22 22 22-24
Higher-PEEP group (after protocol changed to use higher levels of PEEP)
FiO, 03 03 04 04 05 05 0508 08 09 10
PEEP 12 14 14 20 22 22 22-24

N Engl J Med 2004;351:327-36.
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Respiratory-System Compliance
(mlfcm of water)

Esophageal P. vs Conventional Tx
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Appendix 3: Kaplan-Meier survival functions for comparison between esophageal
pressure-guided vs. conventional ventilation protocols.
10

Esophageal pressure guided protocol
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Cummulative Survival

Log rank test, p=0.13
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N Engl J Med 2008;359:2095-104.




Neuromuscular Blockade in Early ARDS
ACURASYS study

* Multi-center, double-blind,
randomized controlled trial

e 340 patients with ARDS admitted
to ICU within 48 hours

Cisatracurium
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placebl
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e Hazard ratio of 90 days death in
the cisatracurium v.s. placebo is
0.68 (95% Cl, 0.48t0 0.98; P =
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Days after Enrollment

N Engl J Med 2010;363:1107-16.



High P, & Strong Effort

Paralysis Strong Effort

/// Ppl -20 cmH,0
(Pleural)

I- 20 ¢mH,0 P|_ 50 cmH,0

(Transpulmonary) (Transpulmonary)




Spontaneous breathing during lung-protective ventilation in an
experimental acute lung injury model: High transpulmonary
pressure associated with strong spontaneous breathing effort may
worsen lung injury*

Takeshi Yoshida, MD; Akinori Uchiyama, MD, PhD; Nariaki Matsuura, MD, PhD;
Takashi Mashimo, MD, PhD; Yuji Fujino, MD, PhD (Crit Care Med 2012; 40:1578-1585)
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Progression of Lung Injury

—_— Capillary
Leak

P-SILI Impaired

I Palv Gas Exchange
TVi, Pendelluft Mechanics
Increased Pes swings

Increased
Respiratory Drive

Figure 2. lllustration of the vicious cycle of injury present in patients with acute respiratory failure.
Palv = alveolar pressure; Pes = esophageal pressure swings; P-SILI= patient self-inflicted lung injury.

Am J Respir Crit Care Med Vol 195, Iss 4, pp 438-442
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he Comparison of Spontaneous Breathing and
Muscle Paralysis in Two Different Severities of

Experimental Lung Injury®

(Crit Care Med 2013; 41:536-545)
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Early Neuromuscular Blockade in ARDS
ROSE trial, PETAL network
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Table 1. Comparisons of the ACURASYS and ROSE Trials.*

Variable
No. of centers (location)

No. of patients (intervention group
vs. control group)

Trial design for group assignment

ARDS definition
Criteria for moderate-to-severe ARDS

Median time from ARDS diagnosis
to trial inclusion (IQR) — hr

ACURASYS Trial
20 ICUs (Europe)

340 (178 vs. 162)

Double blind

American—-European consensus

Pao,:Fio, <150 mm Hg with PEEP
=5 cm of water

16 (6-29)

ROSE Trial

48 hospitals (United States)
1006 (501 vs. 505)

Unblinded

Berlin criteria

Pao,:Fio, <150 mm Hg with PEEP
=8 cm of water

8 (4-16)

Commentary

It is unlikely that different practices across the Atlantic would
explain the different results of the two trials.

Estimates for sample-size calculations were different.

Potential effect should be minimal.

It is unlikely that this difference had a major effect on the char-
acteristics of patients enrolled in the trials.

ROSE allowed enrollment of patients with Pac,:Fio, of 150-200
mm Hg after initial assessment but before randomization.

Earlier inclusion time in ROSE may have resulted in enrollment
of some patients who might have died before they could
L L

Nod o A0 A cwe

Intervention vs. control strategies

Cisatracurium infusion plus deep
sedation vs. deep sedation

Cisatracurium infusion plus deep
sedation vs. light sedation

No routine neuromuscular blocking agents were allowed in the
control groups.

Mechanical-ventilation approach

Monitoring of patient—ventilator
dyssynchrony

ICU-acquired paresis and long-term
outcomes

Serious adverse events

Lung-protective ventilation
with low PEEP

Not reported

No difference between groups

Pneumothorax more frequent in the
control group (11.79 vs. 4%)

Lung-protective ventilation
with high PEEP

Not reported

No difference between groups

Rates of overall barotrauma did
not differ between groups

In the first 7 days, PEEP levels were higher by about 2-3 cm of
water in ROSE than in ACURASYS.

Ideally, future studies should assess dyssynchronies.

Patients in the control group in ROSE had higher mean levels
of activity to day 6 than patients in the intervention group.

There were more acute cardiovascular events in the interven-
tion group in ROSE than in the control group.

* Shown are comparisons between the ARDS et Curarisation Systematique (ACURASYS)? and Reevaluation of Systemic Early Neuromuscular Blockade (ROSE)® trials, which assessed the
use of neuromuscular blocking agents in patients with moderate-to-severe acute respiratory distress syndrome (ARDS). ICU denotes intensive care unit, IQR interquartile range,
Pao,:Fio, the ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen, and PEEP positive end-expiratory pressure.

Arthur S. Slutsky et al NEJM 2019




Reverse Triggering
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Reverse triggering is a type of
dyssynchrony that occurs when a
patient effort occurs after (‘is triggered
by’) the initiation of a ventilator (non-
patient triggered) breath.

Frequently recognized, in patients
heavily sedated.

Can be injurious, including breath
stacking, pendelluft, excessive regional
stress.

CHEST 2013; 143(4):927-938



Prone positioning in severe ARDS

Multicenter, prospective,
randomized, controlled trial

446 patients

— 237 prone, 229 supine
Severe ARDS

— P/F ratio< 150

— Fi0,20.6

— PEEP>5cmH,0

No. at Risk
> 16 hours/day onegroup 237 186

Prone group
Supine group 229 139
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N EnglJ Med 2013;368:2159-68.



Dual Effect of Prone Position on Ppl Gradient in
Acute Lung Injury

Supine Prone Supine Prone
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Control Edema
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Mutoh, JAP 1992



CMAJ

CMAJ 2014. DOI:10.1503/cma;j.140081

Effect of prone positioning during mechanical ventilation

on mortality among patients with acute respiratory
distress syndrome: a systematic review and meta-analysis

No. of Deaths, n/N I? value, Favours ' Favours

Variable trials Prone Supine RR (95% ClI) % «— prone : suping —»
Protective lung ventilation ir

Mandated 6 154/510  209/506 0.74 (Cl 0.59-0.95) 29 +: ] p =0.05

Not mandated 4 229/458  205/395 0.98 (Cl 0.86-1.12) 0 -6|-
Duration of prone positioning i

=16 h/d 6 191/565  243/547 0.77(Cl 0.64-0.92) 21 +i p=0.02

< 16 h/d 4 192/403 171/354 1.02 (C1 0.88-1.17) 0 -Ii-
Level of hypoxemia* ;

Severe 6 75/210  102/209  0.76 (Cl 0.61-0.94) 0 +i

Moderate 6 751274  102/268 0.74 (C1 0.48-1.16) 42 —o—g— ] p=>0.9

Mild 4 3/22 3/23 0.98 (C1 0.18-5.24) 0 f:.

’.
0.1 1 10

RR (95% ClI)



Nasal High Flow for Acute Hypoxemia

High-flow oxygen

Standard oxygen
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N Engl J Med 2015;372:2185-96.




ExtraCorporeal Life Support (ECLS)

ExtraCorporeal Membrane Oxygenation
(ECMO)

ExtraCorporeal CO, Removal (ECCO2R)




ECMO in 1971




Patient Qutcome
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Salt Lake City study

PCIRV + ECCO,R
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ECMO volumes and indications

I I I @Card (16 years and over)
BCard (1 year <16 yoars)
BCard (31 days < 1 year)
BCard (0 - 30 days)
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Figure 8. Cases in the Extracorporeal Life Support Organization
Registry, July 2013. (From the Extracorporeal Life Support Organk
zation Registry, reprinted with permission.)
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Figure 9. Adult respiratory cases, Extracorporeal Life Support
Organization Registry July 2013. (From the Extracorporeal Life
Support Organization Registry, reprinted with permission.)
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Theexplosion (2009-today)

Efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane
oxygenation for severe adult respiratory failure (CESAR):
a multicentre randomised controlled trial

374:1351-63

Giles | Peek, Miranda Mugford, Ravindranath Tiruvoipati, Andrew Wilson, Elizabeth Allen, Mariamma M Thalanany, Clare L Hibbert,

AnnTruesdale, Felicity Clemens, Nicola Cooper, Richard K Firmin, Diana Elbourne, for the CESAR trial collaboration

Lancet 2009;

Extracorporeal Membrane Oxygenation
for 2009 Influenza A(H1N1)
Acute Respiratory Distress Syndrome

The Australia and New Zealand JAMA. 2009;302(17):1888-1895
I".\[|'i-_il'll|'|Hl|'l‘i-_'i| “l'['ll}ll‘;llll'
1]\'_\:_":'“ ion (ANZ ECMO) Influenza
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Table 3. Patient Outcomes?
2009 Infl A(H1N1)
S | ECMO for 2009

Confirmed Suspected
Infection Infection All Infections

Outcome Measure (n =53) (n=15) (N = 68) I nfl uenzdad H 1 N 1

Length of stay, median (IQR), d
ICU 26 (16-35) 31 (15-38) 27 (16-37)

Hospital a5 (24-45) 40 (27-54) 39 (23-47) S evere A R D S

Duration, median {IQR), d .
Mechanical ventilation 24 (13-31) 25 (13-34) Austr‘alla and New
ECMO support 10 (7-14) 10(7-15)

Survival at ICU discharge a8 48 (71)

Still in ICU - 6(9)

Survival at hospital discharge 22 32 (47) JAMA. 2009;302(17):1888-1895
Sill in hospital® 14 16 (24)

Ambulant at hospital discharge® 21 31 (97)

Sa0, on room air at hospital a7 (95- 97 (95-98)
discharge, median (IQR), %°

Discharge destination
Died 11 14 (21)

Home 18 22 (32)
Other hospital 1(1)

Zealand

Cause of deathd
Hemorrhage

Intracranial hemorrhage
Infection

Intractable respiratory failure



Position paper for the organization of ECMO for
ARDS (ECMONet)

* Because ECMO is a complex, high-risk, and costly modality, at
present it should be conducted in centers with
to ensure it is used safely.

 The aim of this paper is to provide a description of the optimal
approach to organizing ECMO programs for ARF in adult patients.

* Given the need for further evidence, we encourage
until we have a better appreciation for
both the potential clinical applications and the optimal techniques
for performing ECMO.

Am J Respir Crit Care Med Vol 190, Iss 5, pp 488-496



“In God we trust;
All others must bring data”

E. Edwards Deming
1900-1993



Efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane
oxygenation for severe adult respiratory failure (CESAR):

a multicentre randomised controlled trial

v, Clare L Hibbert,

 UK-based multi-center trial
e 180 patients,1:1 ratio, conventional vs ECMO

— aged 18-65 years, severe (Murray score >3.0 or pH <7.20)

— high pressure (>30 cm H,0 of PIP) or high FiO, (>0.8) ventilation for more than
7 days; intracranial bleeding; any other contraindication to limited
heparinisation; or any contraindication to continuation of active treatment

e Survive to 6 months without disability
— ECMO 63% (57/90) vs conventional 47% (41/87) (RR 0.69; 95% Cl 0.05—-0.97,
p=0.03)
Lancet 2009; 374: 1351-63



766 patients screened for eligibility 586 excluded

103 bed unavailable for EQWO

» 99 had Murray score <3-0or pH =720

L 86 had high- pressure ventilation for =7 days

180 enrolled and randomly 298 other*
allocated to treatment

|
3 B

22 did not receive ECMO 90 assigned for consideration 00 assigned to receive
16 improved with conventional to receive ECMO corventional management

management

3 died within 48 h before transfer . .

2 died during transfer 68 recef a0 received corventional

1 had contraindication to heparint received ECMO support

management

; .| 3 withdrew from the study before
: v v 7 6-month follow-up
b e e = = -»| 00 reached primary outcome 87 reached primary outcome;

00 continued to be assessed 48.9% (44/90)

for 6-month follow-wp
33 died before & months
44 died before & months
48.5% (33/68) v v
| 57 eligible for 6-month follow-up 46 eligible for 6-month follow-upi
I withdrew from the study and
b had no information about
% had restricted information about severe disability at & months
status at & months from GP or ot
hospital data 11 had restricted information about
b status at & months from GP
or hospital data
¥ ¥

L2 assessed at & months | | 32 assessed at & months




Adherence to protective ventilation
strategy

Treatment by low-volume low-pressure <0.0001
ventilation strategy at any time

Time under strategy (days) 23.9 (20-4) 15.0 (21-1) <0.0001




Extracorporeal Membrane Oxygenation for Severe Acute
Respiratory Distress Syndrome

A. Combes, D. Hajage, G. Capellier, A. Demoule, S. Lavoué, C. Guervilly, D. Da Silva, L. Zafrani, P. Tirot, B Veber,
E. Maury, B. Levy, Y. Cohen, C. Richard, P. Kalfon, L. Bouadma, H. Mehdaoui, G. Beduneau, G. Lebreton, L. Brochard,
N.D. Ferguson, E. Fan, A.S. Slutsky, D. Brodie, and A. Mercat, for the EOLIA Trial Group, REVA, and ECMONet*

1.0+,

09 : Very sick patients
g:j: ‘H\wp . P/F ratio < 80 mmHg
. Cgrs <30 cmH,O

0.6
05- Control group . Driving pressure > 16 cmH,O

47 . SOFA> 10

0.3+

02 : Strict study design
P=0.07 by log-ranktest . 100% ECMO in study group

R . Optimal care in control group

Days . Low tidal volume, 90% prone,
No. at Risk 100% NM blockade

ECMO 124 105 100 92
Control 125 94 81 79

Probability of Survival

The routine use of ECMO in patients with severe ARDS is not superior to the use of ECMO as a
rescue maneuver in patients whose condition has deteriorated further.

N Engl J Med 2018; 378: 1965-75.



ECMO vs Control

ultraprotective strategy

N Engl J Med 2018; 378: 1965-75.



Survival Without Treatment Failure

Crossover to ECMO or Death for the Control Group and Death for the ECMO Group
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P<0.001 by log-rank test

o

0

No. at risk
ECMO 124
Control 125

ECMO group

Control group

. Ethical consideration
. 35(28%) in the control group

crossover to ECMO

. Crossover patients are sicker

* Higher P, AP, Lower
compliance, more CXR
infiltrates

. High mortality (57%), without

crossover (41%)

N Engl J Med 2018; 378: 1965-75.



Meta-analysis of ECMO for ARDS

ECMO cmv Weight (%)  Risk ratio (95% Cl)
Events  Total Events  Total
Peek et al (2009)°

Combes et al (20

Combined 0.76 (0-60-0-95)

+— —Pp
Favours ECMO  Favours CMV

Figure 3: Forest plot of mortality at latest follow-up in randomised controlled trials of ECMO vs CMV in adults with severe acute respiratory distress syndrome
6-month mortality or death before discharge was the latest follow-up timepoint in Peek et al's trial, whereas 60-day mortality was the latest timepoint in Combes

et al's trial. Risk ratios were calculated with a random-effects model. ECMO=extracorporeal membrane oxygenation. CMV=conventional mechanical ventilation.
df=degree of freedom.

Interpretation: Compared with conventional mechanical ventilation, use of venovenous ECMO in adults with
severe acute respiratory distress syndrome was associated with reduced 60-day mortality. However, venovenous
ECMO was also associated with a moderate risk of major bleeding.

Lancet Respir Med 2019;7: 163-72



Management Algorithm of ECMO for ARDS

Treat underlying cause of acute respiratory distress syndrome
Standard lung-protective ventilation strategy
Diuresis or resuscitation as appropriate

v v

Pa0,:Fi0; <150 mm Hg Pa0,:Fi0, =150 mm Hg

v v

Strongly recommended Is pH <7.25 with PaC0, =60 mm Hg
+ Prone positioning (unless contraindicated) for =6 h*?

Recommend

+ Neuromuscular blockade

+ High PEEP strategy

Consider

+ Inhaled pulmonary vasodilators
» Recruitment manoeuvres

¢ v Vest

Continue Are any of the following criteria met? Contraindication to ECMO?$ Consider
current P + Pa0,Fi0, <80 mm Hg for =6 h adjunctive
management | + Pa0,Fi0, <50 mm Hg for=3 h therapies§ as
+ pH <7-25 with PaC0O, =60 mm Hg for=6 h* T

v No

Recommend ECMOS]

Continue
current
management

The Lancet Respiratory Medicine 2019/01




“Prediction is very difficult,
especially about the future”
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Predictors for Prone Position Ventilation in
Influenza-related ARDS

Table 3 Cox regression analysis of clinical variables associated with 60-day mortality in influenza pneumonia-related
ARDS with prone positioning

Clinical variables Univariate Multivariate

Hazard ratio (95% Cl) p value Hazard ratio (95% Cl)

ARDS acute respiratory distress syndrome, C/ confidence interval, APACHE Il Acute Physical and Chronic Health Evaluation, PS/ pneumonia severity index, A difference
between before and after prone positioning 1 day

*p<0.05

Kao et al. Ann. Intensive Care (2018) 8:94



Dynamic Driving Pressure for ARDS with ECMO

Table 2 Cox proportional hazards regression model with ICU mortality as outcome

Factors
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Hazard ratio (95% ClI)

Driving pressure (AP) = 21 cmH_ O

Driving pressure (AP) = 21 cmH,O

70 80 90

Chiu et al. Ann. Intensive Care (2017) 7:12
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Plateau pressure = 35 m (201806~201905)
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201806 201807 201808 201809 201810 201811 201812 201901 201902 201903 201904 201905
OPplatT =i+ SD

201903 201904 201905

Pplat-T 3=

+SD 21.846.6 18.9+3.4 21.6+3.9 21.445.2 20.9+5.1 22.54¢5.4 21.744.9 23.4+5.7 20.844 23.6#3.9 21.4+3.9 22.616.1






Membrane VCO,
80 mL/min

[———'-.:"_‘O}'
(R ANE AR

o
@)

Sweep gas flow |
8 L/min
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Feasibility and safety of extracorporeal CO, removal to enhance
protective ventilation in ARDS: the SUPERNOVA study

Prospective multicenter international phase 2 study

Primary endpoint was the proportion of patients achieving ultra-protective
ventilation ( )with PaCO, not increasing more than
20% from baseline, and arterial pH > 7.30

Results

— Ninety-five patients were enrolled

— 78% and 82% of patients achieved ultra-protective settings by 8 h and 24 h respectively

— ECCO2R was maintained for 5 [3—8] days
Use of ECCO,R to facilitate ultra-protective ventilation was feasible. A randomized
clinical trial is required to assess the overall benefits and harms.

Intensive Care Med (2019) 45:592-600



Conclusions

ARDS remains a common and important issue in critically ill
patients needing mechanical ventilation, but often under-
recognized and under-treated.

Mortality of ARDS remains high, even in mild ARDS.

Routine screening ARDS management should be individualized
based on physiological management.

ECLS for severe ARDS are evolving, should be reserved and
centralized in skilled and well-organized units and teams.



Thank youl!



