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Lung-protective ventilation

• Low tidal volume (≈6ml/kg)

• “Sufficient” PEEP

• Permissive hypercapnia

• Pressure limitation (Pplat ≤ 30 cmH2O)

“Baby lung”

Overdistention

Repeated 
closing and 
opening of 
alveoli



Ventilator-induced lung injury (VILI)

• Barotrauma: Pplat, driving pressure (ΔP)

• Volutrauma: Vt

• Atelectrauma: respiratory rate (RR), mechanical power

• Ergotrauma: vascular

• Myotrauma: ventilator-induced diaphragmatic dysfunction (VIDD)

• Biotrauma



VILI despite lung-protective ventilation

Am J Respir Crit Care Med 2002;165:242-9



VILI despite lung-protective ventilation

10/30 (33%) of ARDS pts: tidal hyperinflation and elevated 
cytokine levels despite traditional lung protection strategy

Am J Respir Crit Care Med 2007;175:160-6



VILI despite lung-protective ventilation

Am J Respir Crit Care Med 2005;172:1241-5
BMJ 2012;344:e2124

ARDSNet ARMA data set
(n = 787)

485 pts with acute lung 
injury



Ultra-lung-protective ventilation

• Below current standard of care with lower Vt and pressures

• ≤4 mL/kg PBW

• Pplat ≤25 cmH2O



Increasing respiratory rate

• May produce dynamic hyperinflation

• Impair right ventricular dysfunction (acute cor pulmonale)

• Require deep sedation and paralysis

• Increases mechanical power

• Mortality: ↑RR of 4 breaths/min ≈ ↑ΔP of 1 cmH2O

(Costa et al.)

Am J Respir Crit Care Med 2021;204:303-11



ECMO

• Membrane oxygenators designed to replace lungs’ gas exchange 
by supplying oxygen and removing CO2 from blood

• Venovenous: venous blood from IVC through femoral v. and 
reinjected to jugular v. (Vf-Vj) or contralateral femoral v. (Vf-Vf)

• High blood flow (4-8 L/min) and diffusion of gases between 
blood and “sweep gas” flow

→ provide oxygen and remove CO2 directly from blood

→ lower intensity of mechanical ventilation



ECMO

Arbitrary !!!



ECMO

• Minimizing hypoxemia decreases tissue hypoxia → reduce organ 
dysfunction

• Decreases respiratory acidosis and RV afterload → increase 
cardiac output

• May reduce diaphragmatic myotrauma + controlling CO2

elimination → decreasing respiratory drive

• Avoid need for paralysis and reduce sedation requirements

• Keeping pts ambulatory (bridge to lung transplantation)



ECMO

Chest 2012;142:583-92

12 influenza A(H1N1) ECMO-treated pts



Influenza A(H1N1) pandemic

National observational cohorts 
from France, Italy, UK, Australia 

and New Zealand
: reported low mortality (21-36%) 
in ARDS pts treated with ECMO



CESAR trial

Lancet 2009;374:1351-63



EOLIA trial

• International multicenter randomized trial testing the efficacy of 
early VV-ECMO in pts with severe ARDS with conventional MV

28% rate of crossover to ECMO among pts 
with refractory hypoxemia in control group 
(43% of them survived) may have diluted 
potential effect of ECMO …

N Engl J Med 2018;378:1965-75



EOLIA trial

• 90% of control group and 66% of ECMO group received a trial 
of prone positioning

• ECMO group: significant reduction of cardiac failure, renal failure, 
need for dialysis

• Vt and ΔP: reduced from 6.0 mL/kg → 3.4 mL/kg and 17.8 
cmH2O → 13.2 cmH2O after 24 h

• Greatest absolute mortality reduction: in group with severe 
respiratory acidosis with maximum Pplat of 32 cmH2O 

N Engl J Med 2018;378:1965-75



Post hoc Bayesian analysis of EOLIA

JAMA 2018;320:2251-9

High likelihood of survival benefit using ECMO, even 
when skeptical prior distribution was used

0.78 (95% CrI, 0.56-1.04)

0.88 (95% CrI, 0.71-1.09)0.78 (95% CrI, 0.63-0.96)



Meta-analysis

Lancet Respir Med 2019;7:163-72
Intensive Care Med 2020;46:2048-57

30-d mortality

90-d mortality



국내 ARDS CPG 개정



국내 ARDS CPG 개정



국내 ARDS CPG 개정



ECMO in COVID-19 ARDS

Heart Lung 2020;49:348-9

Early reports (Wuhan, China) suggested poor 
prognosis for pts with COVID-19 ARDS treated 
with ECMO, with mortality exceeding 80% 



ECMO in COVID-19 ARDS

Single-center (France, n = 83) ELSO registry (36 countries, n = 1,035)

31% at 60 d
37.4% at 90 d

Lancet Respir Med 2020;8:1121-31
Lancet 2020;396:1071-8



Mortality increasing over time

Am J Respir Crit Care Med 2022 Feb 25



Possible explanations

• ↑Noninvasive respiratory support prior to intubation → leading 
to more P-SILI pre-ECMO?

• Selection bias for more Tx refractory disease?

• COVID-19 targeted Tx → superimposed bacterial infections?

• Emergence of SARS-CoV-2 variants?

• Use of ECMO in less experienced centers in later pandemic?

• More liberal application of ECMO in later pandemic?



ECMO in COVID-19 ARDS

Referred to two specialist 
ECMO centers in UK from 11 
hospitals

209 matched pairs:
OR for mortality of 0.44 (95% 
CI 0.29-0.68, p < 0.001)
ARR of 18.2% (44% vs 25.8%, p 
< 0.001)

Intensive Care Med 2022;48:467-78



Risks



Indications

• Pts who are younger, with reversible etiology, few co-morbidities

• Employed in experienced centers

• Only 1 or 2 organ failures

• Highest baseline alveolar dead space fraction and highest 
respiratory system elastane (or lowest compliance) → most likely 
to benefit from ECLS-facilitated ultra-lung-protective ventilation

(Goligher et al.)

Intensive Care Med 2019;45:1219-30



Predictive survival models

RESP score

PRESERVE score

Am J Respir Crit Care Med 2014;189:1374-82
Intensive Care Med 2013;39:1704-13



Conclusions

• Traditional lung-protective ventilation may not be enough in 
patients with ARDS

• Achieving ultra-lung-protective ventilation with conventional MV 
is neither feasible nor safe

• ECMO can markedly enhance reductions in Vts, airway pressures, 
and RR

• Current evidences suggest efficacy of ECMO in severe ARDS due 
to various etiologies, including COVID-19



Thank you for your attention


