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Δεν υπάρχει καμία σύγκρουση συμφερόντων 
σε σχέση με την παρούσα ομιλία 



Virchow R. Cellular Pathology. London: John Churchill; 1858.

Rudolf Virchow recognized the inflammatory nature 
of atherosclerotic plaques (mid 19th century)

“In some, particularly violent cases 
the softening manifests itself even in 
the arteries not as the consequence of 
a really fatty process, but as a direct 
product of inflammation.”







• Common chronic inflammatory and autoimmune diseases are
associated with high cumulative risk for atherosclerosis and thrombotic
complications

• Infectious inflammation (sepsis) and thrombosis (DIC)

• Metabolic syndrome and subclinical, low grade systemic inflammation

• Emerging anti-inflammatory strategies against thrombosis

Inflammation and thrombosis in real-life



High CVD risk patients 

1. HELLENIC SCORE 5-10%

2. One but very high CVD risk factor (eg severe 
hypertension, excessive smoking)

3. Familial hypercholesterolemia (FH)

4. Autoimmune rheumatic diseases

Hellenic Journal of Atherosclerosis 2014;5(3): 151-163



• Inflammation and thrombosis are tightly 
interrelated using common molecular pathways 
and mechanisms in a host defense effector 
mechanism termed immunothrombosis

• The dysregulated and excessive activation of 
immunethrombosis results in 
thromboinflammation, causing tissue damage 
and organ dysfunction (micro- and macro-vascular 
thrombosis)

• Vicious circle(s) of innate immune cells (mainly 
neutrophils), platelets, complement system and 
coagulation cascade activation

Immunothrombosis/
thromboinflammation

Stakos & Skendros. Thromb Haemost. 2020; Stark K, Massberg S. Nat Rev Cardiol. 2021



acute high-grade 

Thromboinflammation

chronic low-grade

Immediate events 
immunothrombosis/infection

vascular thrombosis/atherothrombosis

Long-term
atherosclerosis

vascular fibrosis/remodeling

fibrous cap rupture



The concept of thromboinflammation
Reciprocal relationship and dynamic interplay 

between inflammation and thrombosis

Modified by: Jackson SP et al Blood 2019



Mitroulis I, Kambas K, Anyfanti P, Doumas M, Ritis K. Expert Opin Ther Targets. 2011 



Modified: Coughlin SR. Nature 2000

Coagulation/thrombosis 
Inflammatory responses

Mechanism of PAR1 activation





Thrombin proteolytically cleaves and activates C5 and C3



Neutrophil: key player in thromboinflammation





Redecha P, Tilley R, Tencati M, et al. Tissue factor: a link between C5a and 
neutrophil activation in antiphospholipid antibody induced fetal injury. 
Blood 2007;110:2423-31

Redecha P, Franzke CW, Ruf W, et al. Neutrophil activation by the tissue 
factor/Factor VIIa/PAR2 axis mediates fetal death in a mouse model of 
antiphospholipid syndrome. 
J Clin Invest 2008;118:3453-61

Kourtzelis I, Markiewski MM, Doumas M, et al. Complement
anaphylatoxin C5a contributes to hemodialysis-associated thrombosis. 
Blood. 2010;116:631-9.

Kambas K, Markiewski MM, Pneumatikos IA, et al. C5a and TNF-alpha up-
regulate the expression of tissue factor in intra-alveolar neutrophils of
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Complement activated neutrophils are able to produce TF





2004: “ Neutrophil extracellular traps (NETs) 
is a new antimicrobial mechanism”
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Figure 2. Plasticity of 
neutrophils can lead to 
functionally diverse NETs.

Skendros P et al. CYTONET Project 

Excess NET formation can drive a variety of severe pathologies



1st trigger
Disease inflammatory 

environment

INFLAMMATION

THROMBOSIS

2nd trigger
NETosis

induction

NET release (NETosis)
“Two hits model”

Modified: Skendros et al. JACI 2017



Mechanisms of neutrophil extracellular trap 
(NET) thrombogenicity

Stakos & Skendros. Thromb Haemost. 2020



Neutrophils/NETs are key factors linking 
innate immunity/inflammation to thrombus formation in 

various clinical models



PLoS One. 2012;7(9):e45427
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renal BALF

Ann Rheum Dis 2014







PRESTIGE Investigators

https://www.ncbi.nlm.nih.gov/pubmed/?term=Prevention%20of%20Late%20Stent%20Thrombosis%20by%20an%20Interdisciplinary%20Global%20European%20Effort%20(PRESTIGE)%20Investigators%5bCorporate%20Author%5d


• 243 patients with acute ischemic stroke
• follow-up 12 months after the ischemic event

• plasma citrullinated histone 3 (citH3) candidate prognostic & 
therapeutic target in stroke



Ducroux C et al Stroke. 2018

• NETs content was associated with endovascular procedure length & device number of passes
• tPA and DNAse 1 co-administration accelerated ex vivo thrombolysis

108 AIS pts



Key interactions between platelets and neutrophils or macrophages

Martinod K, Deppermann C. Platelets. 2021



Support/induce 
NET formation



• Platelet TLR4 regulates adhesion of platelets to
neutrophils

• Platelets are necessary for LPS-induced neutrophil
NET formation

• NETs retain their integrity under flow conditions

• NET release occurs primarily in the sinusoidal
capillaries

• NETosis occurs at the expense of injury to
endothelium and tissue



In STEMI thrombin-activated platelets interact with neutrophils to 
release NETs, via secretion of inorganic polyP

Chrysanthopoulou A, et al. J Pathol 2017



Sreeramkumar, V. et al. Neutrophils scan for activated platelets to initiate inflammation. Science 2014

Dynamic reorganization of neutrophil domains and receptors allows simultaneous interactions 
with both the vascular wall and activated platelets in the circulation early during inflammation



How COVID-19 pandemic recalls old stories…..



Clinical lessons of COVID-19 coagulopathy

COVID-19 is associated with venous and arterial thrombosis, stroke,
pulmonary embolism, and increased rates of cardiac complications

Phenotype similar to Thrombotic Microangiopathy (TMA) and/or
Antiphospholipid Syndrome/CAPS

Very high cumulative incidence of thrombotic complications in
hospitalized patients with COVID-19 pneumonia (20-50%)

Many patients with thrombosis have been in intensive care units (ICUs),
however less seriously ill patients are also at significant risk of
thromboembolic complications

Thrombotic events may be the initial presenting symptom of COVID-19

• Guo T et al. JAMA Cardiol. 2020 
• Ackermann M, et al. N Engl J Med. 2020
• Fox SE et al. Lancet Respir Med 2020
• Poissy J  et al. Circulation. 2020
• Zhang Y et al N Engl J Med. 2020
• Muñoz-Rivas N et al. Thromb Res. 2021



COVID-19-2nd Wards, First Department of Internal Medicine, University Hospital of Alexandroupolis

Pulmonary embolism in a severe COVID-19 patient

• Neutrophils: 15600 /μl
• Lymphocytes: 620  /μl
• CRP: 10.2 mg/dl
• LDH: 588 U/L 
• D-Dimers: 4383 ng/ml 

• Male, 62 yrs
• 13th day of disease
• SpO2 = 84%, FiO2 90%
• Arterial hypertension
• BMI 27



COVID-19 2nd Wards, First Department of Internal 
Medicine, University Hospital of Alexandroupolis

• Male, 58 yrs
• 16th day of disease
• SpO2 = 97%, FiO2 35%
• No smoking, BMI 25 
• Well-controlled hypertension
• No history of CVD event

• Neutrophils: 12760 /μl
• Lymphocytes: 680  /μl
• CRP: 7.71 mg/dl
• LDH: 1057 U/L 
• D-Dimers: 976 ng/ml 

Severe thrombotic complication in a COVID-19 patient



Ackermann M, et al. N Engl J Med. 2020

Microthrombi in the 
alveolar capillaries 

(arrowheads)  

Micro-CLOTs



42 studies/8271 patients



Understanding the immunothrombotic
mechanisms in COVID-19 constitutes a 

significant medical challenge today



Complement and tissue factor-enriched neutrophil extracellular 
traps are key drivers in COVID-19 immunothrombosis

Skendros P et al. J Clin Invest. 2020

Complement/neutrophil-mediated 
endothelial  activation and 

thrombogenicity 
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The NLRP3 inflammasome instigates obesity-induced inflammation and 
insulin resistance 
Vandanmagsar et al Nature Medicine VOL 17 ; 2 | FEBRUARY, 2011





Angiotensin II-induced NETs promote thromboinflammation in 
essential hypertension patients

Chrysanthopoulou A, et al. JCI Insight 2021

HAoECs HAoECs



Presence of NETotic neutrophils expressing TF 
in the fibrotic renal and aneurysmal aortic tissue of patients with essential hypertension



Induction of
Atherothrombosis/

Atherosclerosis

Protection from
Atherothrombosis/

Atherosclerosis



Is there any link between this mechanism in 
hypertension and COVID-19 immunothrombosis?



Deregulation of RAS in COVID-19

Ang II

Ang 1-7



Immunothrombosis/thromboinflammation concept

Modified: Kapoor  et al. Thromb Res. 2018; Stakos & Skendros. Thromb Haemost. 2020



Bonaventura A et al Nat Rev Immunol 2021

Immunothrombosis: a conserved mechanism of host defence



Stark K, Massberg S. Nat Rev Cardiol. 2021



Stark K, Massberg S. Nat Rev Cardiol. 2021



✓ Dysregulated innate immunity leading to 
immunothrombosis is involved in the whole spectrum of 

cardiovascular pathology

✓Inflammation emerges as a promising candidate 
therapeutic target in addition to optimizing risk factors 

and targeting platelets and the coagulation system
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