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https://www.nationalgeographic.org/media/cellular-respiration-infographic



Cell metabolism
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ARDS cause

Direct Indirect

Bacterial, Fungal, Viral 

Pneumonia

Sepsis

Aspiration of gastric content Trauma

Pulmonary contusion Drug overdose

Inhalation injury Acute pancreatitis

Fat emboli Cardiopulmonary bypass



ARDS

Harrison’s Principles of Internal Medicine



Berlin Definition

JAMA 2012;307:2526-2533

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 effusion, lobar/lung 

collapse, or nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid 

overload. Need objective assessment (e.g., echocardiography) to 

exclude hydrostatic edema if no risk factor present

Oxygenation

Mild 200mmHg<PaO2/FiO2≤300mmHg with PEEP or CPAP ≥5cm H2O

Moderate 100mmHg<PaO2/FiO2≤200mmHg with PEEP ≥5cm H2O

Severe PaO2/FiO2≤100mmHg with PEEP ≥5cm H2O



ARDS mortality

ARDS Severity Mortality (%)

Mild 27

Moderate 32

Severe 45



ARDS Pathology

Diffuse alveolar damage with protein-rich pulmonary 

edema, neutrophil, macrophages, and erythrocytes in 

the alveolar spaces

• Alveolar epithelium: 

disrupted and lined 

by fibrin-rich 

hyaline membranes

• Capillary endothelium: 

Injury of glycocalyx

• Capillary lumen: 

Microthrombi

Fibrosing alveolitis: Lung fibrosis



ARDS Pathology

• Diffuse Alveolar Damage

• Loss of endothelial and epithelial cells

• Protein rich alveolar edema

• Hyaline membrane formation

• Cellular alveolar infiltrates

• Reduced lung compliance and gas exchange

• Extracellular matrix deposition

• Squamous metaplasia, thromboemboli

• Dense fibrosis and honeycomb change

Exudative 

Phase

Proliferative 

Phase

Fibroproliferative 

Phase



ARDS Pathology

• Released by vascular 

endothelial cells, lung 

epithelium, platelets and 

leukocytes

• Enhanced angiogenesis

• Microvascular permeability

VEGF

• Released by activate 

neutrophils

• Trigger neutrophil 

chemotaxis and respiratory 

burst/degranulation

• Neutrophil migration, 

angiogenesis

IL-8

• Increased epithelial and 

endothelial permeability

• The persistence of 

pulmonary edema

• Myofibroblast differentiation

TGF-β

• A marker of alveolar type I 

cell injury

• Important determinant of 

outcomes

RAGE

ARDS



Endothelial Injury

• Glycocalyx : Endothelial cell lining

➢ Vascular barrier

➢ Hemostasis

➢ Leukocyte and Platelet adhesion

➢ Transmission of shear stress to the 

endothelium

➢ Anti-inflammatory and antioxidant effect

• The damage of glycocalyx

• Mechanical cellular stress

• Atrial natriuretic peptide

• Oxygen free radicals

• Endotoxins

• Inflammatory mediators

• Ischemic-reperfusion injury

• Hyperglycemia



Endothelial Injury

J Thromb Haemost 2019;17:283-94



Respiration 2015;89:420-434

Epithelial Injury



Crit Care Clin 2011;27:525-559

Epithelial Injury



Respiration 2015;89:420-434

Exudative phase



Respiration 2015;89:420-434

Recovery Phase



Pulmonary 

ARDS

Extra-pulmonary 

ARDS

https://veteriankey.com/gas-exchange/

https://www.researchgate.net/figure/Histology-of-the-alveolar-capillary-barrier-The-alveolar-

walls-are-lined-by-alveolar_fig26_331485670

Pulmonary vs. Extrapulmonary



Eur Respir J 2003;22:48S-56S

Pulmonary vs. Extrapulmonary



Alveolar fluid clearance

Semin Respir Crit Care Med 2019;40:31-39

Normal alveolus Injured alveolus



VA/Q abnormality

Am J Respir Crit Care Med 2017;196:964-984



Ventilator Induced Lung Injury

Chest 2016;150:1109-17



Patient Self-Inflicted Lung Injury

Intensive Care Med 2020;46:606-618



Patient Self-Inflicted Lung Injury

Am J Respir Crit Care Med 2020;201:20-32



Patient Self-Inflicted Lung Injury

Intensive Care Med 2020;46:606-618



Patient Self-Inflicted Lung Injury

Am J Respir Crit Care Med 2017;195:985-992

Sedation Spontaneous breathing



Patient Self-Inflicted Lung Injury

Ann Intensive Care 2020;10:39

Expiration Inspiration

Pendelluft Phenomenon



Patient Self-Inflicted Lung Injury

Am J Respir Crit Care Med 2017;195:985-992



Patient Self-Inflicted Lung Injury

Am J Respir Crit Care Med 2017;195:985-992



Patient Self-Inflicted Lung Injury

Am J Respir Crit Care Med 2017;195:438-442



COVID-19 lung injury vs. ARDS

Crit Care Clin 2021;37:749-776



COVID-19 lung injury vs. ARDS

Lancet Infect Dis 2020;20:1365-1366



Biomarkers

Crit Care 2020;24:243



Biomarkers

Crit Care 2020;24:243



Biomarkers

Crit Care 2020;24:243

Angiopoietin-2: Increased endothelial permeability

RAGE: Alveolar epithelial injury



Am J Respir Crit Care Med 2017;195:725-736

Prevention

• CLIP

• Steroid, inhaled 

steroid, statin…

• Vaccination

• The prevention of 

aspiration



Am J Respir Crit Care Med 2017;195:725-736

Prevention

• CLIP

• Steroid, inhaled 

steroid, statin…

• Vaccination

• The prevention of 

aspiration

• ABCDEFR bundle

• ICU liberation




