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Definition

•Acute onset 

•Noncardiogenic pulmonary oedema

•Hypoxaemia

• The need for mechanical ventilation



2012 Berlin definition
• Timing: respiratory failure within 1 week of a known insult or new and/or worsening respiratory  

symptoms

• Origin: respiratory failure not fully explained by cardiac function or volume overload (need 

objective criterion such as echocardiography to exclude hydrostatic oedema if no risk 

factor is present)

• Imaging: bilateral opacities on chest radiograph or CT not fully explained by effusion, collapse or 

nodules

• Oxygenation: acute onset of hypoxaemia defined as PaO2/FiO2 <300 mmHg on at least PEEP 5 

cmH2Oa

-- PaO2/FiO2 of 201–300 mmHg is mild ARDS

-- PaO2/FiO2 of 101–200 mmHg is moderate ARDS

-- PaO2/FiO2 ≤100 mmHg is severe ARDS



2016 Kigali modification

• Timing and origin: as in the Berlin definition

• Imaging: bilateral opacities on chest radiography or   

ultrasonography scan not fully explained by effusion, 

collapse or nodules

• Oxygenation: SpO2/FiO2 <315; no PEEP requirement



Normal alveolus Injured alveolus

Nat Rev Dis Primers. 2019 Mar 14;5(1):18.



Biomarkers associated with ARDS

• Epithelial markers (principal source)

Receptor for advanced glycation end products (alveolar epithelial type 1 cells)

Surfactant protein D (alveolar epithelial type 2 cells)

Club cell 16 (airway epithelial cells)

• Endothelial markers (principal source)

von Willebrand factor (endothelium and platelets)

Angiopoietin 2 (endothelium and platelets)

Intercellular adhesion molecule 1 (endothelium, epithelium and macrophages)

Syndecan (endothelial glycocalyx)

Endocan (endothelium)

Nat Rev Dis Primers. 2019 Mar 14;5(1):18.



Biomarkers associated with ARDS

• Inflammatory markers (principal source)

IL-6 (monocytes, macrophages, neutrophils and alveolar epithelium)

IL-8 (monocytes, macrophages, endothelium and alveolar epithelium)

Soluble tumour necrosis factor receptor 1 (alveolar epithelial type 1 and type 2 cells  

and macrophages)

IL-1β, IL-1 R antagonist (monocytes, macrophages and alveolar epithelium)

Neutrophil extracellular traps (neutrophils)

• Coagulation and fibrinolysis markers (principal source)

Protein C (plasma)

Plasminogen activator inhibitor 1 (endothelium and macrophages)

• Apoptosis markers (principal source)

FAS and FasL (endothelium, alveolar epithelium and inflammatory cells)

Nat Rev Dis Primers. 2019 Mar 14;5(1):18.



Common respiratory pathogens in ARDS and associated 
demographic features and comorbidities

Nat Rev Dis Primers. 2019 Mar 14;5(1):18.



Prevention

• Steroid (negative results)

• Ineffectiveness of high- dose methylprednisolone in preventing 
parenchymal lung injury and improving mortality in patients with 
septic shock. Am. Rev. Respir. Dis. 138, 62–68 (1988).

• Early steroid therapy for respiratory failure. Arch. Surg. 120, 536–540 
(1985).



Prevention

• Aspirin

• Effect of aspirin on development of ARDS in at- risk patients 
presenting to the emergency department: the LIPS- A randomized 
clinical trial. JAMA 315, 2406–2414 (2016).

• 7673 patients→ 7273 excluded→ 400 patients randomized

• Aspirin did not reduce the risk of ARDS at 7 days. 



Prevention

Crit Care Med. 2017 May ; 45(5): 798–805. 

Randomized Clinical Trial of a Combination of an 
Inhaled Corticosteroid and Beta Agonist in 
Patients at Risk of Developing the Acute 
Respiratory Distress Syndrome



Crit Care Med. 2017 May ; 45(5): 798–805.



least square (LS) means of saturation divided by FiO2 (S/F) ratio

Crit Care Med. 2017 May ; 45(5): 798–805.



An Official American Thoracic Society/European Society of Intensive
Care Medicine/Society of Critical Care Medicine Clinical Practice

Guideline: Mechanical Ventilation in Adult Patients with Acute
Respiratory Distress Syndrome

• ARDS:  the recommendation is strong for mechanical ventilation using 
lower tidal volumes (4–8 ml/kg predicted bodyweight) and lower 
inspiratory pressures (plateau pressure,30 cm H2O) 

(moderate confidence in effect estimates). 

• severe ARDS: the recommendation is strong for prone positioning for 
more than 12 h/d 

(moderate confidence in effect estimates). 

Am J Respir Crit Care Med. 2017 May 1;195(9):1253-1263.



An Official American Thoracic Society/European Society of Intensive
Care Medicine/Society of Critical Care Medicine Clinical Practice

Guideline: Mechanical Ventilation in Adult Patients with Acute
Respiratory Distress Syndrome

• moderate or severe ARDS: 
strong against routine use of high-frequency oscillatory ventilation  

(high confidence in effect estimates) 

conditional for higher positive end-expiratory pressure (moderate    

confidence in effect estimates) and recruitment maneuvers (low confidence in 

effect estimates).

• Additional evidence is necessary to make a definitive 
recommendation for or against the use of extracorporeal membrane 
oxygenation in patients with severe ARDS

Am J Respir Crit Care Med. 2017 May 1;195(9):1253-1263.



Treatment-low tidal volumes (6ml/kg)

N Engl J Med 2000; 342:1301-1308



Treatment-low tidal volumes (6ml/kg)

https://www.nejm.org/doi/full/10.1056/nejmct074213



Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute lung injury and the acute 
respiratory distress syndrome. The Acute Respiratory Distress Syndrome Network. N Engl J Med 2000; 342:1301



Treatment-higher PEEP

Mortality

Ann Am Thorac Soc. 2017 Oct;14(Supplement_4):S297-S303. 



A higher PEEP strategy for ARDS of any severity 

• Not significantly decrease barotrauma

• Not significantly decrease New organ failure

• Not significantly decrease ventilator-free days when compared with a 
lower PEEP strateg

Ann Am Thorac Soc. 2017 Oct;14(Supplement_4):S297-S303. 



Treatment-higher PEEP

Oxygenation

Ann Am Thorac Soc. 2017 Oct;14(Supplement_4):S297-S303. 



Higher PEEP

• should not be used among unselected patients with ARDS of any 
severity (moderate evidence).  

• should be used for selected patients deemed to have greater 
amounts of potentially recruitable lung (e.g., moderate to severe 
ARDS).

• should not be used for patients without potential for lung 
recruitment with high PEEP (e.g., mild ARDS), based on moderate-
level evidence. 

Ann Am Thorac Soc. 2017 Oct;14(Supplement_4):S297-S303. 



Treatment-neuromuscular blockade

N Engl J Med. 2010 Sep 16;363(12):1107-16.



N Engl J Med. 2010 Sep 16;363(12):1107-16.



N Engl J Med. 2010 Sep 16;363(12):1107-16.



Treatment-prone position

https://www.arjo.com/en-us/products/medical-beds/critical-care/rotoprone/

https://www.arjo.com/en-us/products/medical-beds/critical-care/rotoprone/








Prone positioning 
in severe acute respiratory distress syndrome

• endotracheal intubation and mechanical ventilation for ARDS for less 
than 36 hours; and severe ARDS (defined as a Pao2:Fio2 ratio of <150 
mm Hg, with an Fio2 of ≥0.6, a PEEP of ≥5 cm of water, and a tidal 
volume of about 6 ml per kilogram of predicted body weight

• Patients assigned to the prone group had to be turned to the prone 
position within the first hour after randomization. 

• They were placed in a completely prone position for at least 16 
consecutive hours.

N Engl J Med. 2013 Jun 6;368(23):2159-68. 



Treatment-prone position

N Engl J Med. 2013 Jun 6;368(23):2159-68. 



N Engl J Med. 2013 Jun 6;368(23):2159-68. 



N Engl J Med. 2013 Jun 6;368(23):2159-68. 



Treatment-Glucocorticoids

• Patients were enrolled from 
August 5, 1997, through 
November 17, 2003, at 25 
hospitals of the National Heart, 
Lung, and Blood Institute 
(NHLBI) ARDS Clinical Trials 
Network

4123

180



Methylprednisolone

• A single dose of 2 mg /kg of predicted body weight

• 0.5 mg /kg of predicted body weight every 6 hours for 14 days

• 0.5 mg /kg of predicted body weight every 12 hours for 7 days

• Then tapering of the dose.



Treatment-Glucocorticoids

N Engl J Med. 2006 Apr 20;354(16):1671-84.



Conclusion-Glucocorticoids

• Methylprednisolone did not increase infectious complications 

• Methylprednisolone may have increased the risk of neuromyopathy
associated with critical illness

• Should not routine use methylprednisolone in patients with 
persistent ARDS

• Methylprednisolone therapy may be harmful when initiated more 
than two weeks after the onset of ARDS



Adjunctive corticosteroids for Pneumocystis 
jiroveci pneumonia in patients with HIV infection

Cochrane Database Syst Rev. 2015 Apr 2;(4):CD006150.



Adjunctive corticosteroids for Pneumocystis 
jiroveci pneumonia in patients with HIV infection

Cochrane Database Syst Rev. 2015 Apr 2;(4):CD006150.



Adjunctive corticosteroids for Pneumocystis 
jiroveci pneumonia in patients with HIV infection

Cochrane Database Syst Rev. 2015 Apr 2;(4):CD006150.



Treatment- Extracorporeal carbon dioxide   
removal (ECCO2R)

• similar in concept to ECMO

• lower flow rate and does not significantly oxygenate the patient. 

• a primary treatment for hypercarbic respiratory failure 

• an adjunct to reduce potentially injurious levels of mechanical 
ventilator support in hypoxemic respiratory failure.

https://link.springer.com/chapter/10.1007/978-3-319-33341-0_10

https://link.springer.com/chapter/10.1007/978-3-319-33341-0_10


Treatment-ECMO

N Engl J Med. 2018 May 24;378(21):1965-1975.



Treatment-ECMO

N Engl J Med. 2018 May 24;378(21):1965-1975.



Treatment-ECMO

N Engl J Med. 2018 May 24;378(21):1965-1975.



Treatment-ECMO

N Engl J Med. 2018 May 24;378(21):1965-1975.



Treatment-ECCO2R
Lower tidal volume ventilation Preventing intubation

Facilitating extubation Bridge to lung transplant

www.thelancet.com/respiratory Vol 6 November 2018



https://www.alung.com/training-support-global/cr4/



https://www.alung.com/training-support-global/cr4/

https://www.alung.com/training-support-global/cr4/


Treatment-ECCO2R- ultra- protective strategy

• removes CO2 from the venous blood using a moderate (0.5-1 l per 
min) extracorporeal blood flow.

• permits the use of very low tidal volume (3–4 ml per kg PBW) without 
causing severe respiratory acidosis

• the benefit on outcomes in patients with ARDS remains unknown



Treatment-ECCO2R

Intensive Care Med. 2013 May;39(5):847-56.



Treatment-ECCO2R

Intensive Care Med. 2013 May;39(5):847-56.



Treatment-ECCO2R

Intensive Care Med. 2013 May;39(5):847-56.



Treatment-ECCO2R

Intensive Care Med. 2013 May;39(5):847-56.



Thanks for your attention


