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Trends in Mortality of ARDS in South Korea

Yonsei Med J. 2022 May;63(5):452-460.
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Focal vs Non-focal

Lancet Respir Med. 2019;7:870–80.



Wide Variation in Lung Physiology in Early ARDS



Different Phenotypes of COVID-19 ARDS

Type L Type H

Elastance Low High

Mechanism of 
hypoxia

Low V/Q High shunt

Lung weight Low High

Lung recruitability Low High

Gattinoni et al. Intensive Care Med (2020) 46:1099–1102



Comparison of Early “Typical” ARDS 
vs Early COVID-19 ARDS

“Typical” ARDS COVID-19 ARDS

Vascular injury, 
microthrombosis

+ +++

Mechanism of hypoxia
Shunt due to increase 
in non-aerated tissue

Vasoplegia, increased 
V/Q mismatch due to 

microthrombi

Aerated lung volume ↓↓↓ ↓

Recruitablility Variable Low?



Pathophysiology of ARDS

By courtesy of Kim, JH. Korea Uni.



Radiologic phenotype of ARDS



The radiographic assessment of lung edema (RALE) score

European Respiratory Journal 2019 54:



Distinct Molecular Phenotypes of 
Direct vs Indirect ARDS

• Epithelial markers
• Surfactant protein D (SP-D), soluble receptor for advanced glycation 

end products (RAGE)

• Endothelial markers
• angiopoietin-2 (Ang-2), von Willebrand Factor antigen (vWF)

• Inflammation markers
• IL-6 and IL-8, 

CHEST 2015; 147(6): 1539 - 1548



• Direct
• Pneumonia, 

aspiration

• Epithelial markers

• Indirect
• Nonpulmonary

sepsis

• Endothelial

CHEST 2015; 147(6): 1539 - 1548





N Engl J Med 2017;377:562-72.



Plasma protein biomarkers of ARDS

• Systemic inflammation 
• (interleukin [IL]-6, IL-8, soluble tumor necrosis factor [TNF] receptor-1, IL-18),

• Epithelial injury 
• (angiopoietin-2, intercellular adhesion molecule-1),

• Endothelial injury 
• (soluble receptor for advanced glycation end products [sRAGE], surfactant 

protein-D)

Wilson and Calfee Critical Care (2020) 24:102



The hypo-inflammatory and hyper-inflammatory
subphenotypes of ARDS

Wilson and Calfee Critical Care (2020) 24:102



Latent class analysis: Hyper vs Hypo-

1022 patients: 473 in the ARMA cohort and 549 in the ALVEOLI cohort.

hyperinflammatory subphenotype 

• higher plasma concentrations of inflammatory biomarkers, 

• higher prevalence of vasopressor use, 

• lower serum bicarbonate concentrations, and 

• higher prevalence of sepsis 

higher mortality and fewer ventilator-free days and organ failure-free days 

ALVEOLI cohort, the effects of ventilation strategy (high PEEP vs low PEEP) 

• mortality, ventilator-free days and organ failure-free days 

(p=0·049 for mortality, p=0·018 for ventilator-free days, p=0·003 for organ-failure-free days).

Lancet Respir Med. 2014;2:611–20



FACCT re-analysis

IL-8, bicarbonate, and tumor necrosis factor receptor-1 accurately classified the subphenotype.

Am J Respir Crit Care Med. 2017;195:331 –8



Interaction between ARDS Subphenotype and 
Fluid-Management Strategy

Am J Respir Crit Care Med. 2017;195:331 –8



The hypo-inflammatory and hyper-inflammatory
subphenotypes of ARDS



“Reactive” vs “Uninflamed” phenotype of ARDS

• “Molecular Diagnosis and Risk Stratification of Sepsis”
• Plasma concentrations of IL-6, IFN–γ, ANG1/2 and PAI-1

• mRNA expression profiles 210 sepsis patients with ARDS. 
• 82(38%) “uninflamed” and 128 (62%) “reactive”

Am J Respir Crit Care Med. 2019;200:42 –50



Targeting the immune 
response in ARDS patients?

• “Reactive” phenotype 

• neutrophil activation 

• oxidative 
phosphorylation 

• “Uninflamed” phenotype 

• MAP2K4

• RAF1 dependent 
MAPK pathways.

Am J Respir Crit Care Med. 2019;200:42 –50



Novel Clinical 
Phenotypes 
for Sepsis

JAMA. 2019;321(20):2003-2017.

29 clinical variables

27 serum biomarkers



Machine Learning 
Classifier Models • Training data set 

(ARMA [High vs. Low VT], 
ALVEOLI [Assessment of 
Low VT and Elevated End-
Expiratory Pressure to 
Obviate Lung Injury], and 
FACTT [Fluids and 
Catheter Treatment 
Trial]; n = 2,022), 

• Validation data set 
(SAILS [Statins for Acutely 
Injured Lungs from 
Sepsis]; n = 745).



Bedside phenotype



1. Ventilatory Ratio 
in ARDS

• Ventilatory ratio is defined as

[minute ventilation (ml/min) × PaCO2 (mm 
Hg)]/(predicted body weight × 100 × 37.5)

Am J Respir Crit Care Med . 2019 Feb 1;199(3):333-341.



2. Lung Ultrasound 
Score in ARDS

Am J Respir Crit Care Med . 2019 Feb 1;199(3):333-341.



3. Shunt in ARDS 





Eur Respir Rev 2021; 30: 200317
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Back to the Basic 
(Best Supportive Care) 

• Ventilator bundle

• Prevent Hospital acquired infection

• Nutrition support

• Routine practice is NOT ROUTINE in COVID-19 pts.





Thank you for your Attention!!


