Management of ARDS
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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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Definition of ALI/ARDS

A Acute onset

A Bilateral infiltrates on CXR

At | 2t K ,Qugr0ovdft side heart heart failure
A Hypoxemia
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Berlin Definition

Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome
Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms
Chest imaging® Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

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

Oxygenation®
Mild 200 mm Hg Pao./Fio, 300 mm Hg with PEEP or CPAP 5 cm H,O°¢

Moderate 100 mmHg Pao,/Fio, 200 mm Hg with PEEP 5 cm H,O
Severe Pao,/Fio, 100 mm Hg with PEEP 5 cm H,O

JAMA. 2012;307(23):5669
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Happy 50th birthday ARDS! L
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Barotrauma

Not just air leak

Fig. 3. Comparison of left lungs from rats ventilated with IPPB 14/0, PEEP 45/10, and HIPPB
45/0 (left to right). The perivascular groove is distended with edema in the lungs from rats
ventilated with inspiratory pressure of 45 cm H,O. The dark congested appearance of the lung
ventilated with 45/0 is apparent.

AmRevRespiDis 1974;110:55565.

Figure 1
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VILI in Light Microscope .couiss

Perivascular cuffing Alveolar edema
PC 45cmEO, 5ming PC 45cm kO, 20min




Atelectrauma

A Opening collapsed airway requires
relatively high forces and thus causes
epithelium disruption.

A Ventilation at low lung volumes can
inhibit production of surfactant and/or
lead to surfactant being squeezed ou
of alveoli.

A Reexpansionf atelectaticregions can.
be associated with marked increase i
regional stress.




Biologic alterations g N | Physiological abnormalities
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Figure 9. Alterations caused by ventilator-induced lung injury (VILl). Biologic, physiologic, and systemic effects caused by injurious ventilatory strategies.
Further injury can be caused by mediators released into the lung. These mediators can recruit neutrophils into the lung or cause changes that can promote



Injurious Mechanical Ventilation Affects Local
and Systemic Cytokines
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AJRCCM Vol 160. pp 109-116, 1999



Injurious Ventilation Strategy Leads to Increased
Epithelial Apoptosis
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Increasing Intensity of Intervention
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The ARDS Lung

Gattinoni JAMA 1993, Pelosi AJRCCM 1994, Gattinoni AJRCCM 2002, Gattinoni ICM 2005

.L,

Rouby Intensive Care Med 2000
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VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

THE AcuUTE RESPIRATORY DISTRESS SYNDROME NETWORK*



6 VS 1 2 m I/kg N Engl J Med 2000;342:1301-8

TABLE 4. MAIN OQOUTCOME VARIABLES.*

VARIABLE

Death before discharge home
and breathing without
assistance (%)

Breathing without assistance
by day 28 (%)

No. of ventilator-free days,
days 1 to 28

Barotrauma, days 1 to 28 (%)

No. of days without failure
of nonpulmonary organs
or systems, days 1 to 28

GRroupr
RECEIVING
Lower TIDAL
VOLUMES

GRoupr
RECEIVING
TRADITIONAL
TipAL VOLUMES P VaLuUE

0.007

<0.001

0.007

0.43
0.006

pg/ml
Plasma H6
3
2.5
2
15
1
DEVAE Day 3

A The decrease was greater in the group treated
with lower tidal volumes (P<0.001)

The day 3 plasma interleukBiconcentrations
were also lower in this group (P=0.002).

>s



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 EnglJ Med 2004;351:3236.



Increasing alveolar recruitment and limiting
hyperinflation(EXPRESS Study )aua scos2sses4sss

Table 4. Main Outcome Variables

Minimal Increased
Distension Recruitment P
QOutcome (n = 382) (n = 385) Value

No. (%)
Death in the first 28 d@ . . 31

Death before hospital discharge . . 30

Death in the first 60 d . i 31

Pneumothorax between day 1 and day 28b . : 57

No. of days between day 1 and day 28
Ventilator-free®

Pementage

Maortality AR DS!
PF<200

Minimal distension
Increased recruitment

Log-rank F=.08

. 14 21 28
Days After Randomization

Organ failure—freed

Cardiovascular failure—freed

Renal failure—freed 27.

Abbreviation: [UH, Interquartile range.

8The primary evaluation criterion was the proportion of patients who died within 28 days after inclusion.
Defined as the need for chest tube drainage.

CMedian number of days of unassisted breathing to day 28 after randomization, assuming a patient survives and re-
mains free of assisted breathing for at least 2 consecutive calendar days after extubation.
Median number of days between day 1 and day 28 on which patients were free of respiratory, cardiovascular, renal,
neurological, hepatic, and hematological failure as defined by the ODIN (organ dysfunctions and infection) score.®

Increased recruitment: setting PEEP to reach
plateau pressure 280 cm HO

Breathing without assistar AR DS y
PF<200

Log-rank P=.003

. 14 21 28
Days After Randomization




How about high PEEP + Recruitment?

Lung Open Ventilation Study
JAMA. 2008;299(6):637-645

Figure 2. Probabilities of Survival and Unassisted Breathing From Day of Randomization (Day 0) to Day 75 Among Patients in the Lung Open
Ventilation and Control Groups

Breathing independently All-cause mortality

n ventilation

Log-rank P=.38 Log-rank P=.18
50
r Randomization

91
a7

Patients were censored at hospital discharge and at death in the 2 analyses, respectively.

A The experimental strategy included target tidal volumes of 6 mL/kg of PR, ,not
exceeding 40 cm J&, RM, and higher PEEP.
A Lung open ventilation has less hypoxemia and rescue therapies



Patients with In-hospital time to death
ARDS Patients without ARDS

1.0+
= oed i
g 4 HR, 0.85 (95% CIl, 0.73-0.84); P =.03 4 HR, 1.32 (@5% Cl, O.87-2.00); F=.20 -
& oM e | Higher vs
e I Lower PEEP T
: R axaamcs Lower PEEP
0] 20 40 a0 0 20 40 G0
Days After Randomization Days After Bandomization
No. at risk m I
Higher PEEF 249 a0 893 GGG 183 158 148 144 etaan a yS I S
Leovver FEEF 939 723 249 519 219 196 186 183
Patients with Time to unassisted breathing
Patients without ARDS
1.0+ .
o] HR. 1.16 ©5% Ol, 1.03-1.30); P=.01 |
= 0.6- .
g ]
B 04 1
o i _
- ] HR, 0.79 (95% Cl, 0.62-0.99); P =.04
CI T T T 1 T T T 1
0 7 14 21 28 0 v 14 21 28
Days After Randornization Days After Randomization JAMA. 2010;303(9):865/73
Mo, at sk
Higher FEEF 249 653 408 283 209 183 145 25 a0 44

Lower PEEF 5G9 Sag 328 207 142 219 179 123 83 63



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 O. 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 Roy G. Brower, M.D.

N EnglJ Med 2015;372:74%35
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Resampling A: Resampling B: Resampling C:

Matched PEEP Matched AP Matched Plateau Pressure
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PROGNOSTIC VALUE OF P, . IN ACUTE RESPIRATORY FAILURE
Respir Care 2015;60(1)d20.

60 60 >
A / B /
50 50+
o 40- = o 407 /
® ©
; 30+ / ; 30 /.-f/
g 201 g 20)-
2 =
10 10+
0 0
<20 21-25 26-30 > 30 <20 21-25 26-30 > 30
Admission plateau pressure (cm H20) Plateau pressure at 24 h (cm H20)

Fig. 3. Lower plateau pressure (P, is associated with lower mortality. Subjects were divided into 4 groups (P, = 20, 21-25, and
26-30 cm H,0 and > 30 cm H,0) according to A: P, ,; at admission (P = .002) and B: P at 24 h after admission (P < .001).



Pressure relative to

= PEEP Guided by
5 [ ey Esophageal Balloo

4 seconds elapsed . Optlmal level of PEEP has

Inspiration ! Expiration & been difficult to determine
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Esophageal Ris ConventionalTx

Esophageal pressure

Baseline

0.75
0.70
Conventional treatment
0.65-
0.60-
Esophageal pressure
oss phageal p

050+
q4

Baseline

Appendix 3: Kaplan-Meier survival functions for comparison between esophageal
N pressure-guided vs. conventional ventilation protocols.

- !
Conventional treatment l.l] —

50.04 Esophageal pressure

P=0.01

Esophageal pressure guided protocol

Respiratory-System Compliance ™
(mlfem of water)

0.0-
Baseline

o

Esophageal pressure

{em of water)

Conventional treatment

Baseline

Conventional protocol

m

Transpulmonary End-Expiratary
Pressure (cm of water)

Esophageal pressure

. {' kkkkkk } {

Conventional treatment

Esophageal pressure

Cummulative Survival

B P i

Conventional treatment

Log rank

Plateau Pressure [cm of water)

Baseline 24 Hr

test,p=0.13

Baseline

(1]

Esophageal pressure | | I

60 90 120
Time from enrollment, days

Transpulmonary End-Inspiratory
Pressure (cm of water)

Baseline

N Engl J Med 2008;359:2095-104.



Neuromusculamblockade

Multi-center, doubleblind,
randomized controlled trial

340 patlentS Wlth ARDS admltte _--*____‘ Cisatracurium
to ICU within 48 hours :

Cisatracuriunbesylatev.s placebl

=
=
7]
L
=
=y
=
(]
2
e
o

Hazard ratio of 90 days death in
the cisatracuriunmv.s placebo is

0.68 (95% CI, 0.481t00.98; P =
004)1 0 0 20 30 40 50 60 70 20 90

Days after Enrollment

N EnglJ Med 2010;363:110%6.
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Gatti firksitmal O s

A Multi-center, randomized trial

I December 1996 to October § "
1999 .g 50 - Supine group
5 Prone grou
I ALl and ARDS » 25 arotp

0

I 152 prone, 152 supine

I prone position for 6 or more No. AT Risk

hours daily for 10 days Supine group 152
Prone group 152

Gattinoni L. et al N Engl J Med 2001;345:568-73



Lessons From I G U ASfudlyy A Q&

A Short duration of prone position ventilation
I Six hours per day

A Late application of Prone Position Ventilation
I More than 20% patients has pressure sore at entry
A High tidal volume

I 10.3ml/kg of predicted body weight
I Higher tidal volume in prone group



Big Trials of PPV

tendency of longer duration

TABLE I.— Notable features of the largest randomised controlled clinical studies investigating the effect of prone positioning on the
outcome of patients with hypoxemic acute respiratory failure.

Prone-supine II Mancebo l et al. Guérin C ef al. Prone-supine I
2009 20 2006 18 2004 16 200115
Patients (N.) 342 136 791 304
Enrollment period (years) 2004-2008 1998-2002 1998-2002 1996-1999
Enrollment rate 0.26 pts/ICU/m 0.24 pts/ICU/m 0.24 pts/ICU/m 0.28 pts/ICU/m
Enrollment criteria ARDS with ARDS with Hypoxaemic acute ALI/ARDS
PEEP=5 ecmH50 four-quadrant respiratory failure with PEEP=5
infiltrates at CXR (413 ALI/ARDS pts) emH30O
Last follow-up available At 6 months At hospital discharge At 3 months At 6 months
Actual duration of prone positioning 18 hours 17 hours 9 hours 7 hours
(average) for 8.3 days for 10.1 days for 4.1 days for 4.7 days

ALI acute lung injury; ARDS: acute respiratory distress syndrome; CXR: chest X-ray; ICU: intensive care unit; m: month; PEEP: positive end-
expiratory pressure; pts: patients.

MinervaAnestesioR010;76:44854)



Less Compression of Lungs by the Heart in
Prone Position

Am JRespirCrit Care Medvol161. pp 16601665, 2000



Supine Position Prone Position

Peak Apnea Image End Apnea Image Gas Fraction Peak Apnea Image End Apnea Image Gas Fraction
(5s<t<10s) (40s<t<60s) (5s<t<105s) (40s<t<60s)
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Am J Respir Crit Care Med Vol 172. pp 48071 487, 2005



Study Prone Supina Ratio of Means Weight Ratio of Means

or sub-category M M 95% Cl % a52% Cl
Day 1

Cattinoni 2001 147 148 = 25.70 1.53 [1.40, 1.69]
Watanabe 2002 8 8 — 12.50 1.39 [1.16, 1.66]
Curley 2005 48 51 — 12.82 1.50 [1.26, 1.79]
Mancebo 2006 73 5% — = 14.71 1.25 [1.07, 1.47]
Chan 2007 11 11 I = » z.83 1.53 [1.00, 2.34]
Femandez 2008 21 15 — 6.41 1.22 [0.93, 1.61]
Taccone 2009 160 169 —-— 24.97 1.31 [1.19, 1.44]
Subtotal (95% Cl) 468 481 L 3 100.00 1.39 [1.29, 1.50]

Test for Overall Effect: p=<0.00001
Hetarogeneity: 1° = 35%

Day 2

Gattinoni 2001 121 148 —.— 24.21 1.35 [1.21, 1.50]
Watanabe 2002 8 2 — 12.90 1.38 [1.16, 1.65]
Curley 2005 45 49 I 12.47 1.14 [0.95, 1.37]
Mancebo 2006 71 59 — 15.60 1.27 [1.09, 1.49]
Chan 2007 ] 7 —_) 2.1% 2.00 [1.26, 3.46]
Femandez 2008 21 1& —t - 740 1.18 [0.91, 1.53]
Taccone 2009 159 167 —— 25.26 1.20 [1.09, 1.33]
Subtotal (95% CI) 433 456 < 100.00 1.27 [1.18, 1.37]
Test for Overall Effect: p=<0.00001
Hetarogeneity: 12 = 30%

Day 3

Gattinoni 2001 as 139 —— 29.04 1.26 [1.13, 1.40]
Watanabe 2002 g 3 — 14.59 1.46 [1.21, 1.76]
Curley 2005 a1 a7 = 16.16 1.19 [1.00, 1.42]
Chan 2007 8 7 — 2.74 1.08 [0.66, 1.77]
Femandeaz 2008 20 17 7.58 1.47 [1.10, 1.94]
Taccone 2009 153 161 —.— 28._90 1.23 [1.11, 1.37]
Subtotal (95% CI) 125 379 &P 100.00 1.27 [1.19, 1.35]

Test for Overall Effect: p=<0.00001
Heterogensity: 12 = 0%

05 07 1 15 2
Supine Higher Prone Higher

Fig. 4 Effect of prone ventilation on Pa(), (partial pressure of supine eroup (at the closest available time). Weight is the
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Dual Effect of Prone Position dAplGradient in
Acute Lung Injury

Supine Prone Supine Prone

Ppl (cm H,0)

0.53 : 0.71 0.27
+0.1 : +0.1 +0.1

Control Edema
Mutoh, JAP 1992



Prone Position Reduces Lung Stress and Strain

Plateau Pressure EELV

End-Expiratory Lung Volume
Pre-prone

Prone

Post-prone

O
o
T
=
(&)
-
o
Q.

Pre-prone Prone Post-prone

Eur Respir J 2005; 25: 5341 544



PPV reduces mortality in low PF ratio patients

Study Risk Ratio Risk Ratio
or sub-category 85% Cl % 95%Cl

All Patients

Gattinoni 2001
Beuret 2002

Guerin 2004

Curley 2005
Voggenreiter 2005
Mancebo 2006

Chan 2007

Fermnandez 2008
Taccone 2009

Subtotal (95% CI)
Test for Overall Effect: p=0.54
Heterogeneity: 12=0%

Pa0,/Fi0, = 100 Subgroup
Gattinoni 2001
Guerin 2004
Curley 2005
Mancebo 2006
Chan 2007
Fermnandez 2008
Taccone 2009
Subtotal (95% CI)
Test for Overall Effect: p=0.35
Heterogeneity: 12=0%

Pa0,/FiO, < 100 Subgroup
Gattinont 2001
Guerin 2004
Curley 2005
Mancebo 2006
Chan 2007
Fermnandez 2008
Taccone 2009
Subtotal (95% CI)
Test for Overall Effect: p=0.01
Heterogeneity: 2= 0%

0.5 1 2
Favors prone Favors supine

Intensive Care Med (2010) 36:585i 599




Mortality Benefits in Low P/F patients
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Prone positioning in severe ARDS

A Multicenter, prospective,
randomized, controlled trial

A 446 patients
I 237 prone, 229 supine

A Severe ARDS
T P/F ratio < 150

Prone group

—

Supine group
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N EnglJ Med 2013;368:21568.



CMAJ

CMAJ 2014. DOI:10.1503/cmaj.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
MNoninvasive ventilation
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P=0.02 by log-rank test

| | | | |
30 45 60 75 90

Days since Enrollment

N EnglJ Med2015;372:21856.



HFOV for ARDS

Table 2. Usual Combinations of the Fraction of Inspired
Oxygen (Fio,) and Positive End-Expiratory Pressure (PEEP)
or Mean Airway Pressure Used to Adjust Ventilators.

HFOV Control Ventilation

Mean Airway
Fio, Pressure Fio, PEEP

cm of water cm of water Control

20 . 5
2 . 8
2 . 10
26 . 10
28 i 12
30 , 14
30 i 16
30 : 18 _ P=0.004 by log-rank test
32 . 13
34 . 20 . : | |

34 : 20 15 30 45

34 ] 20
34 , 20 Days since Randomization

34 ¥ 22 .
36 _ ) No. at Risk

. | 22 HFOV 169 08 54
24 Control 181 02 54

©
=
<
S
n
b
=]
e
b~
5
®
e
o
a

N EnglJ Med 2013;368:79805.




ExtraCorporealLife Qupport (ECLS)

ExtraCorporealMembraneOxygenation
(ECMO)

ExtraCorporealCQ Removal (ECCO2R)




ECMO in1971




Patient Qutcome

Dead—Respiratory Dead After Survived After
Iimprovement Respiratory Respiratory
Therapy* Never Occurred Improvement Improvement

_I_ECMO and MV
MV (control)

@& Mechanical Ventilation

@ Mechanical Ventilation & ECMO

urviving Patients

-~
-

Days From Entry Into Study

ZapolW.JAMA1979:242:2193%



SaltLake City study

PCIRV + ECCO2R

e NEW THERAPY
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Theexplosion (2009today)

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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ECMO volumeand indications

@Card (16 years and over)

BCard (1 year <16 yoars)

BCard (31 days < 1 year)

BCard (0 - 30 days)
BAdult Pulm
BPed Pulm

ONeo Pulm

o ® & > O
,9°’ & <a°’ 9°’ & Q“ @ & @ & S

Figure 8. Cases in the Extracorporeal Life Support Organization
Registry, July 2013. (From the Extracorporeal Life Support Organk
zation Registry, reprinted with permission.)

Annual Runs
Cumulative Runs

P o

Figure 9. Adult respiratory cases, Extracorporeal Life Support
Organization Registry July 2013. (From the Extracorporeal Life
Support Organization Registry, reprinted with permission.)

P P f g g P P

Bartlett RH,J AmCollSurg 2014



Table 3. Patient Outcomes?
| 2?09InfluenzaA(H1N1] | ECMO for 2009

Confirmed Suspected
Infection Infection All Infections

Outcome Measure (n =53) (n=15) (N = 68} | nfl U e N Za H 1 N 1

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

Hospital 35 (24-45) 40 (27-54) 39 (23-47) S eve re A R D S

Duration, median (IQR), d .
Mechanical ventilation 24 (13-31) 25 (13-34) Australia 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):188895
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



Positionpaper for the organization of ECMO for
ARDSECMONet

A Because ECMO is a complex, kiigk, and costly modality, at
present it should be conducted in centers with
te:ensure it is used safely.

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

A 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 Resp(CritCare Med Vol 190ss5, pp 488496



E. Edwards Deming
19001993



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

a multicentre randomised controlled trial

Gile

An

A Ukbased multicenter trial

A 180 patients,1:1 ratio, conventionas ECMO
I aged 1865 years, severe (Murray score >3.0 or pH <7.20)
i KAIK LINBaadzNE o0 BHo RAOY Blanidhy 02 I StyLiatAd | A1NI;
7 days; intracranial bleeding; any other contraindication to limited
heparinisation or any contraindication to continuation of active treatment
A Survive to 6 months without disability
i ECMO 63% (57/9@%conventional 47% (41/87) (RR 0.69; 95% ClI¢0.05
0.97,p=0.03)

Lancet 2009; 374: 13563



Adherence to protective ventilation
strategy

B4 (93%) 63 (70%)

<0-.0001

Treatment by low-volume low-pressure

ventilation strategy at any time

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



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 i 90 received corventional
1 had contraindication to heparint 68 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 48.99%

for 6-month follow-wp
33 died before & months
44 died before & months
48.5% Y ¥
| 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 o .
11 had restricted information about
b status at & months from GP
or hospital data
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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
E:?: ‘H\wp A P/F ratio < 80 mmHg
06 CRS <30 cmH,O

A
05 Control group A Driving pressure > 16 cmH,O
04- A SOFA>10

02 . Strict study design
100% ECMO in study group

Optimal care in control group

Probability of Survival

P=0.07 by log-rank test

. A
0.0 : ; : A

0 10 20 30
Days A Lowtidal volume, 90% prone,
No. at Risk 100% NM blockade

ECMO 124 105 100 92
Control 125 94 81 79

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.



Survival Without Treatment Failure

Crossover to ECMO or Death for the Control Group and Death for the ECMO Group

N 1. Ethical consideration
i ST 2. 35(28%) in the control group
igos o crossover to ECMO
;f;: 0 3. Crossover patients are sicker
E%o_z P<0.001 by log-rank test A Higherl:)platz ktz [ 20

compliance, more CXR

o

. Infiltrates
No. at risk 4. High mortality (57%), without
EOMO 124 109 crossover (41%)

Control 125 74

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




Meta-analysis of ECMO for ARDS

ECMO cmv Weight (%)  Risk ratio (95% Cl)

Events Total Events Total
73 (0.52-1.03)

Peek et al (2009)
078 (0-57-1-06)

Combes et al (2018)
Combined 0.76 (0-60-0-95)

Heterogeneity: T'=0 :
Test for overall effect: Z=2-39 (p=0-02)

+— —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, useeabvenousECMO in adults with
severe acute respiratory distress syndrome was associated with reduegdyafortality. Howeverenovenous
ECMO was also associated with a moderate risk of major bleeding.

Lancet Respir Med 2019;7: 162



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”




Predictors for Prone Position Ventilation in
Influenzarelated 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) 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

Kaoet al. Ann. Intensive Care (2018) 8:94



Dynamic Driving Pressure for ARDS with ECM



