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Lung Safe Study
Global Epidemiology of ARDS

• International, multicenter, prospective cohort study in winter 2014
– 459 ICUs from 50 countries

• 10.4% (3022/29144) of ICU admission and 23% of patients requiring MV 
fulfilled ARDS criteria.

• Underrecognized
– Clinician recognition of ARDS only 60%
– Clinician recognition of ARDS at the time of fulfillment of ARDS criteria was 34.0%

• Undertreated
– Less than 2/3 Vt < 8 of mL/kg.
– Pplat measured in 40.1%, whereas 82.6% PEEP < 12 cm H2O.
– Prone positioning was used in 16.3% of severe ARDS.

• High mortality
– Hospital mortality, mild 34.9%, moderate 40.3%, severe 46.1%.

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



Mild ARDS in Lung Safe Study

Anesthesiology 2019; 130:263–83

Among 580 patients with initial mild ARDS, 18% (103 of 580) continuously improved, 36% (210 of 
580) had persisting mild ARDS, and 46% (267 of 580) worsened in the first week after ARDS 
onset.
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Main Result:
An increase of 1 ml/kg PBW in initial tidal volume was 

associated with a 23% increase in ICU mortality risk (adjusted HR 
1.23; 95% CI, 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.



Taiwan Severe Influenza Research Consortium. 
Journal of the Formosan Medical Association (2018) xx, 1e8
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Day -0

Tidal volume 平均值(201806-201905)

指標/月份 201806 201807 201808 201809 201810 201811 201812 201901 201902 201903 201904 201905

Tv mean± SD 8.9±0.9 8.6±1.5 8.1±1.5 7.8±1.7 7.7±1.3 7.6±1 7.6±1.5 7.5±1.5 7±1.8 7.3±1.6 7.4±1.7 7.2±1.5
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N Engl J Med 2004;351:327-36.



PEEP Guided by 
Esophageal Balloon

1. Optimal level of PEEP has 
been difficult to determine

2. Adjusting PEEP in according 
to lung and chest wall 
mechanics is achievable

3. Pao = flow x resistance + 
Vt/compliance

4. Ptp = Paw - Ppleura (Pes)



Esophageal Balloon-Guide PEEP setting

End expiration End inspiratory pause
N Engl J Med 2008;359:2095-104.

Vt 400ml, FiO2 0.6, PEEP 12, colon ca. with perforation and peritonitis



End expiration End inspiratory pause

+4 +12

PEEP increase from 12 to 24 cm H2O, 
Vt 320ml



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

Esophageal P. vs Conventional Tx

Log rank test, p=0.13



Neuromuscular Blockade in Early ARDS
ACURASYS study

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

• 340 patients with ARDS admitted 
to ICU within 48 hours

• Cisatracurium besylate v.s. 
placebl

• Hazard ratio of 90 days death in 
the cisatracurium v.s. placebo is 
0.68 (95% CI,  0.48 to 0.98; P = 
0.04), 

N Engl J Med 2010;363:1107-16.
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Progression of Lung Injury

Am J Respir Crit Care Med Vol 195, Iss 4, pp 438–442



Severe Lung Injury

More Severe Less Severe

Papazian L et al. New Engl J Med 2010
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Early Neuromuscular Blockade in ARDS
ROSE trial, PETAL network

NEJM May 19, 2019



Arthur S. Slutsky et al NEJM 2019



Reverse Triggering

• 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

– FiO2 ≥ 0.6

– PEEP ≥ 5 cm H2O

• ≥ 16 hours/day

N Engl J Med 2013;368:2159-68.



Dual Effect of Prone Position on Ppl Gradient in 
Acute Lung Injury
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CMAJ 2014. DOI:10.1503/cmaj.140081



Nasal High Flow for Acute Hypoxemia

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



ExtraCorporeal Life Support (ECLS)

ExtraCorporeal Membrane Oxygenation
(ECMO)

ExtraCorporeal CO2 Removal (ECCO2R)



ECMO in 1971



Zapol W. JAMA 1979:242:2193-6



Morris A.H. AJRCCM 1994, 149:295–305

(n=21)
(n=19)

Salt Lake City study
PCIRV + ECCO2R



ECMO volumes and indications

Bartlett RH,  J Am Coll Surg, 2014



Theexplosion  (2009-today)



ECMO for 2009 
Influenza H1N1

Severe ARDS
Australia and New 

Zealand 

JAMA. 2009;302(17):1888-1895



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 sufficient 
experience, volume, and expertise 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 restraint in the 
widespread use of ECMO 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



• UK-based multi-center trial

• 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 H₂O of PIP) or high FiO₂ (>0.8) ventilation for more than 
7 days; intracranial bleeding; any other contraindication to limited 
heparinisation; or any contraindication to continuation of active treatment

• Survive to 6 months without disability

– ECMO 63% (57/90) vs conventional 47% (41/87) (RR 0.69; 95% CI 0.05–0.97,
p=0.03)

Lancet 2009; 374: 1351–63



48.5% (33/68)

48.9% (44/90)



Adherence to protective ventilation 
strategy

ECMO Conventional



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.

1. Very sick patients

• P/F ratio < 80 mmHg

• CRS < 30 cmH2O

• Driving pressure > 16 cmH2O

• SOFA > 10

2. Strict study design

• 100% ECMO in study group

• Optimal care in control group

• Low tidal volume, 90% prone, 

100% NM blockade

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

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

1. Ethical consideration
2. 35(28%) in the control group 

crossover to ECMO
3. Crossover patients are sicker

• Higher Pplat, ∆P, Lower 
compliance, more CXR 
infiltrates

4. High mortality (57%), without 
crossover (41%)



Meta-analysis of ECMO for ARDS

Lancet Respir Med 2019;7: 163–72

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.



Management Algorithm of ECMO for ARDS

The Lancet Respiratory Medicine 2019/01





PaO2 v.s. PaCO2 Responders

Gattinoni et al, Crit Care Med 2003; 31:2727–2733

PaO2 responders: PF ratio 

increased 20 mmHg

PaCO2 decrease more than 1mm 

Hg after 6 hrs in the first pronation



Predictors for Prone Position Ventilation in 
Influenza-related ARDS

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



Dynamic Driving Pressure for ARDS with ECMO



Plateau pressure測量人數(201806~201905)

Day-0
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Plateau pressure 平均值m (201806~201905)

Day-0

指標/月份 201806 201807 201808 201809 201810 201811 201812 201901 201902 201903 201904 201905

Pplat平均值
± SD

21.8±6.6 18.9±3.4 21.6±3.9 21.4±5.2 20.9±5.1 22.5±5.4 21.7±4.9 23.4±5.7 20.8±4 23.6±3.9 21.4±3.9 22.6±6.1
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Acute Hypoxemic 
Respiratory Failure

High Flow Oxygen

Invasive Mechanical 
Ventilation

ARDS screening

Severe ARDSMild ARDS

ARDS

1. Standard protective ventilation strategies
2. Fluid balance and Hemodynamic stability

Monitoring

1. Optimization of PEEP setting
2. Neuromuscular blockade
3. Prone  position ventilation

Improved and 
weaning

Severe ARDS

Extracorporeal Life Support
ECMO and ECCO2R

Monitoring Treatment response
1. Respiratory Mechanics
2. Oxygenation
3. Acid-base balance

Palliative care
End of life issues





Feasibility and safety of extracorporeal CO2 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 (VT 4 mL/kg and PPLAT ≤ 25 cmH2O)with PaCO2 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 ECCO2R 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 you!


