
Mechanisms of Thromboinflammation:
lessons from human diseases
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Virchow R. Cellular Pathology. London: John Churchill; 1858.

Rudolf Virchow recognized the inflammatory nature 
of atherosclerotic plaques (mid 19th century)
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the softening manifests itself even in 
the arteries not as the consequence of 
a really fatty process, but as a direct 
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ÅCommon chronic inflammatory and autoimmune diseases are
associatedwith highcumulativeriskfor atherosclerosisandthrombotic
complications

ÅInfectiousinflammation(sepsis)andthrombosis(DIC)

ÅMetabolicsyndromeandsubclinical,low gradesystemicinflammation

ÅEmerginganti-inflammatorystrategiesagainstthrombosis

Inflammation and thrombosis in real-life



High CVD risk patients 

1. HELLENIC SCORE 5-10%

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

3. Familial hypercholesterolemia (FH)

4. Autoimmune rheumatic diseases

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



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

ÅThe dysregulated and excessive activation of 
immunethrombosisresults in 
thromboinflammation, causing tissue damage 
and organ dysfunction (micro- and macro-vascular 
thrombosis)

ÅViciouscircle(s) of innate immune cells (mainly 
neutrophils), platelets, complement system and 
coagulation cascadeactivation

Immunothrombosis/
thromboinflammation

Stakos& Skendros. ThrombHaemost. 2020; Stark K, MassbergS. 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, KambasK, AnyfantiP, DoumasM, RitisK. ExpertOpinTherTargets. 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
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Complement activated neutrophils are able to produce TF





2004:ά bŜǳǘǊƻǇƘƛƭ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ǘǊŀǇǎ όb9¢ǎύ 
is a new antimicrobialƳŜŎƘŀƴƛǎƳέ



Bone 
marrow

Disease-specific
environmental  signals

NEUTROPHIL PLASTICITY

Phenotype-specific
cytokines/mediators

NEUTROPHIL DIVERSITY

Phenotype-specific
bioactive NETs
NET DIVERSITY

Peripheral
neutrophils

Pre-NETotic
neutrophils

NETotic
neutrophils

D
iffe

re
n
t d

is
e

a
se

 p
h
e

n
o

typ
e

s

Figure 2. Plasticity of 
neutrophils can lead to 
functionally diverse NETs.

SkendrosP 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)
ά¢ǿƻ Ƙƛǘǎ ƳƻŘŜƭέ

Modified: Skendroset al. JACI 2017



Mechanisms of neutrophil extracellular trap 
(NET) thrombogenicity

Stakos& Skendros. ThrombHaemost. 2020



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

various clinical models



PLoSOne. 2012;7(9):e45427
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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


Å243 patients with acute ischemic stroke
Åfollow-up 12 months after the ischemic event

Åplasma citrullinated histone3 (citH3) candidate prognostic & 
therapeutic target in stroke



DucrouxC et al Stroke. 2018

ÅNETs content was associated with endovascular procedure length & device number of passes
ÅtPAand DNAse1 co-administration accelerated ex vivo thrombolysis

108 AIS pts



Key interactions between platelets and neutrophils or macrophages

Martinod K, DeppermannC. Platelets. 2021



Support/induce 
NET formation



ÅPlatelet TLR4 regulatesadhesionof platelets to
neutrophils

ÅPlateletsare necessaryfor LPS-inducedneutrophil
NETformation

ÅNETsretain their integrity underflow conditions

ÅNET release occurs primarily in the sinusoidal
capillaries

ÅNETosisoccurs at the expense of injury to
endotheliumandtissue



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

ChrysanthopoulouA, et al. J Pathol2017



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-мф ǇŀƴŘŜƳƛŎ ǊŜŎŀƭƭǎ ƻƭŘ ǎǘƻǊƛŜǎΧΦΦ



Clinical lessons of COVID-19 coagulopathy

COVID-19 is associatedwith venous and arterial thrombosis, stroke,
pulmonaryembolism,andincreasedratesof cardiaccomplications

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

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

Many patientswith thrombosishavebeenin intensivecareunits (ICUs),
however less seriously ill patients are also at significant risk of
thromboemboliccomplications

Thromboticeventsmaybe the initial presentingsymptomof COVID-19

ÅGuoT et al. JAMA Cardiol. 2020 
ÅAckermann M, et al. N EnglJ Med. 2020
ÅFox SE et al. Lancet RespirMed 2020
ÅPoissyJ  et al. Circulation. 2020
ÅZhang Y et al N EnglJ Med. 2020
ÅaǳƷƻȊ-Rivas N et al. ThrombRes. 2021



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

Pulmonary embolism in a severe COVID-19 patient

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

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



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

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

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

Severe thrombotic complication in a COVID-19 patient



Ackermann M, et al. N EnglJ 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

SkendrosP et al. J Clin Invest. 2020

Complement/neutrophil-mediated 
endothelial  activation and 

thrombogenicity 
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acute high-grade 

Thromboinflammation

chronic low-grade

Immediate events 
immunothrombosis/infection

vascular thrombosis/atherothrombosis

Long-term
atherosclerosis

vascular fibrosis/remodeling

fibrous cap rupture



The NLRP3 inflammasomeinstigates obesity-induced inflammation and 
insulin resistance 
Vandanmagsaret al Nature Medicine VOL 17 ; 2 | FEBRUARY, 2011


