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COVID-19

• Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2)

• 20 Jan 2020: International public health emergency

• 11 March 2020: Pandemic

• 131 millions cases/ 2 millions deaths

• Pulmonary and cardiovascular disease: adverse 
outcomes



Disease severity classification: NIH criteria



Coagulation abnormalities in COVID -19 

• Coagulopathy associated with increased risk of 
death

• Venous, arterial, microvascular thrombosis

• VTE: 25-49%, AMI, ischemic stroke

• 5-fold increase in all cause mortality

• Different than sepsis DIC

• DIC score usually negative 

• High LDH and ferritin

• No signs of hemolysis or schistocytes 

M. Levy et al. Lancet Hematology. Vol 7.June 2020



Platelet count:

Mildly to 

moderate reduced 

in the most severe 

pts

PT: Mild 

prolongation in a 

minority of pts

High fibrinogen: 

in all pts

D-Dimers: 

elevated in non 

survivors

Coagulation characteristics of 
COVID-19

M.Levi, B.Hunt. Res Pract Thromb Haemost 2020;4(5):744-751





▪ 3 Dutch Hospitals
▪ 183 pts COVID-19pneumonia ICU
▪ 31% thrombotic complications
▪ VTE 27%
▪ Arterial thromobosis: 3.7%



Pathophysiology of hemostatic
disorders in COVID-19

• Local tissue damage caused by SARS-CoV2

• Systemic inflammation and viremia

• Endotheliopathy - Immunothrombosis

Connors JM et al. Blood 2020;135:2032-40



Local tissue damage

• S1 attaches ACE-2 on lung alveolar type II cell

• Pyroptosis

• PRR detect PAMPs and DAMPs 

• Chemokines and cytokines 

• ARDS

• Alveolar fibrin deposition-Local fibrinolysis-High 
D-Dimers

• Endothelial damage

J.D.McFadyen et al. Circulation Research;127(4):571-587
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Uncontrolled systemic inflammation

• Viremia

• Detection of viral RNA at most tissues

• CRP, Ferritin, neutrophil to lymphocyte ratio, 
fibrinogen

• Cytokine storm, Macrophage activation syndrome

• IL-6, TNF-a, IL1β

• IL-6, TNF-a strongly associated with survival



Ye Q et al. Journal of Infection;80,2020:607-613



1484 pts, New York city, 
March 21-April 28 2020

IL-6, TNFa: 
independent and 
significant 
predictors of 
disease severity 
and death
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Endotheliopathy

• Viral attack of endothelial cells-ACE2

• Cytokines: Activation of neutrophils and endothelial 
cells

• Procoagulant phenotype: Upregulation of adhesion 
molecules, release of VWF, recruitment of platelets 
and leucocytes

• Upregulation of tissue factor

• Downregulation of natural anticoagulants

• Thrombin generation-Micro and macro vascular 
thrombosis

J.D.McFadyen et al. Circulation Research;127(4):571-587



T-lymphotic inflammation
SARS-CoV-2 within the cell 
membrane

Microthrombi in the 
alveolar capillaries

Autopsy
7 lungs from COVID-
19 pts
7 lungs H1N1
10 control



Immunothrombosis

• The pathophysiological role  of 
coagulation in the innate host response 
to endothelial damage

• Organized recruitement of innate cells 
and platelets at the site of endothelial 
damage, regulated by coagulation 
proteases and inflammatory mediators

• Microthrombi: Complex with 
antimicrobiotic properties-inflammatory 
response, TF expression

Engelmann B et al. Nat Rev Immunol 2013;13(1):34-45



Frantzeskaki F et al. Respiration 2017
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Thrombin: In the heart of 
thrombosis and inflammation

• Enzymatic cleavage of fibrinogen to fibrin

• Proinflammatory effects

• PARs: platelets, epithelial cells, immune cells and 
astrocytes

• A strong platelet agonist

• Activation of leukocytes: cytokines and growth 
factors (IL-6, IL-8, PAF, ICM-1, P-selectin)

• Modulation of immune response to viruses 

J.D.McFadyen et al. Circulation Research;127(4):571-587



M.Levi, B.Hunt. Res Pract Thromb Haemost 2020;4(5):744-751



Graham S et al. Blood 2016;127(24)

Platelets: The first defense 



Neutrophil extracellular traps 
(NETs)

• Released from activated neutrophils

• Chromatine and proteins of activated neutrophils, 
MPO, NE

• Antimicrobial properties-trapping microorganisms

• Procoagulant activities: arterial and venous 
thrombosis 

• Activation of platelets and contact system (FXII)

• Excessive inflammatory response

• TRALI, ARDS, SLE, DIC

Kaplan et al. Journal of immunology 2012. Sep 15;189 (6) 2689-95





• Prospective cohort study in 33 COVID-19 pts

• NETs, PF-4, cytokines

• NETs increased in COVID-19 intubated pts 
compared to controls

• Correlation between NETs and respiratory disease 
severity

• Interaction with platelets in lung vessels

• Potential therapeutic target

E. Middleton et al. Blood 2020, 130 (10)
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Fibrinolysis

• Initially: acute release of plasminogen activators

• Local fibrinolysis in alveoli (D-Dimers)

• Increase in PAI-1

• Fibrin(ogen) fundamental to survive infection

• Fibrin formation: pathogen entrapment

• Bacteria: Fibrinolysis activators (omptins) 

• Dysplasminogenemia: Enhanced survival during 
infection with Y.pestis, streptococci, S.aureus

Delabranche X et al. Ann Intensive Care (2017) 7;117 



Jecko Thachil.  J Thromb and Hemostasis; 2020 Aug;18(8)



Management of coagulation 
disorders

• LMWH reduces mortality in COVID-19 pts with 
elevated D-Dimers

• Heparin: AT mediated inhibition of FXa and 
thrombin

• Heparin: anti-inflammatory effects 

• Heparin: antiviral properties

binding spike protein        inhibiting binding of virus 
to cells

Tang N et al. J Thromb and Haemost 2020;18
Milewska A  et al. J Virol 2014;88









Coagulopathy and inflammation in 
COVID-19

• Local inflammation

• Viremia and systemic inflammation 

• Endotheliopathy

• Immunothrombosis concept

• Arterial and venous thrombosis

• Uncertainties on anticoagulation

• Need for RCT on therapeutic strategies 



Thank you for your attention !!!


