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Abstract
Recent evidence has been established that the inflammatory process is involved in the pathophysiology of VTE and may have a significant role in prediction of the 
disease. It is likely that classical and non-classical risk factors modulate thrombosis through inflammatory mediators. Inflammation of the venous wall promotes 
the release of tissue factor, whereas other coagulation factors inhibit the release of anticoagulant factors and hamper endogenous fibrinolysis. Inflammatory markers 
are also negatively related to thrombolysis and restoration of blood flow in the acute phase of the disease. Despite the growing evidence of the involvement of 
inflammation in pathogenesis of VTE, the importance of anti-inflammatory treatment of this disease was overlooked. Aspirin was shown to be effective in the 
prevention of recurrent venous thrombosis after treatment with anticoagulant drugs. Some anti-inflammatory drugs like NSID may have negative effect and increase 
risk of VTE. Therefore, the recent research was dedicated to searching new specific anti-inflammatory drug inhibitors of inflammatory markers, which were shown 
to be involved in the pathogenesis of VTE. As thrombus formation is based on the activation of coagulation system, provoked by inflammation prevention and 
treatment of VTE, should include both anticoagulant and anti-inflammatory agents. To reduce bleeding complications of combined treatment, sub-therapeutic doses 
of both drugs should be used to improve the efficacy of management of VTE without increasing risk of bleeding.
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Introduction
The role of inflammation in the etiopathogenesis of arterial 

thrombosis has been elucidated. However, less is known about the 
relationship between inflammation and venous thrombosis. Recently, 
inflammation has been accepted as possible mechanism through 
which different risk factors trigger thrombus formation in veins [1,2]. 
Inflammation of the vessel wall, which is usually induced by vessel 
wall damage, stimulates the coagulation system. Not only mechanical 
factors (turbulent blood flow) but also biochemical factors, in 
combination with a pro-coagulant state, provoke thrombus formation. 
Disease processes, including inflammatory components such as cancer, 
inflammatory bowel disease and some rheumatic diseases lead to 
increased release of inflammatory cytokines that may stimulate platelet 
activation and damage of endothelium, which consequently loses its 
anticoagulant properties and provokes blood coagulation [3].

Interrelationship between inflammation and haemostasis 
The first event in thrombus formation is most probably activation 

of endothelial cells, platelets and leukocytes with formation of micro 
particles that trigger the coagulation system through the induction of 
tissue factor (TF). Monocytic TF and activation of the intrinsic pathway 
with neutrophils promote thrombus formation [4]. Therefore the key 
event in the initiation of VT is most probably vein wall inflammation. 
The involvement of inflammation in the pathogenesis of VT is also 
supported by markers of inflammation such as C-reactive protein 
(CRP), interleukin-6 (IL-6) and interleukin-8 (IL-8) and tumour 
necrosis factor alpha (TNF-α) [5,6]. In one of our studies it was shown 
that patients with idiophatic venous thrombosis in its stable phase have 
increased levels of circulating markers of inflammation (CRP, IL-6, 
IL-8). It indicates that patients in the stable phase of the disease had 
an increased systemic inflammatory response, which was related to 
markers of endothelial dysfunction [7]. In this group of patients with 
idiopathic venous thrombosis also anti-inflammatory interleukin-10 

was significantly decreased. To elucidate the dilemma if increased levels 
of inflammatory markers in patients with VTE are consequence of the 
disease or the cause, this group of patients was followed up for 4 years 
and in patients with or without complete recanalization of previously 
occluded veins, inflammatory markers (CRP, IL-8) were increased 
and anti-inflammatory IL-10 were significantly decreased. It indicates 
that a systemic inflammatory response is most probably not the 
consequence of the disease but is involved in its pathogenesis [8]. The 
inflammatory markers, particularly pro-inflammatory cytokines, 
play an important role in pathogenesis of VTE by promoting a 
pro-coagulant state, primarily by inducing the expression of tissue 
factor [9].

Inflammation and fibrinolysis 
Inflammation plays a central role in initiation and resolution of 

venous thrombi. Neutrophils infiltrate the venous thrombus early 
and play a critical role during the early phase of venous thrombus 
resolution and collagenolysis [10,11]. Neutrophils also facilitate the 
recruitment of monocytes into the thrombus, where they produce 
various chemokines and matrix-degrading proteases and stimulate 
thrombus resolution. However, inflammatory markers, particularly 
interleukins (interleukin-6), have been linked to fibrosis and inhibit 
fibrinolysis. The neutralisation of IL-6 with antibodies was shown to 
accelerate thrombus resolution and decrease vein wall fibrosis [12]. In 
the study which included patient with superficial venous thrombosis 
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where the recanalization rate and extent of thrombus was followed 
up to 1 year, it was shown that the recanalization rate was negatively 
correlated with levels of inflammatory markers. Patients with a lower 
recanalization rate had increased levels of CRP, IL-6 and TNF-alpha [13]. 

Inflammation therapeutic target in management of VTE
In the recent clinical setting, anticoagulation therapy represents 

a successful option in preventing the propagation of venous 
thromboembolic events. However, faster resolution of the thrombus 
is the key for the improvement of disease prognosis. Inflammation 
most probably represents basic pathogenetic mechanism of VTE and is 
involved in thrombolysis. It is expected that inhibition of inflammation, 
together with anticoagulation, may improve the efficacy of prevention 
of thromboembolic events and stimulate recanalization of thrombotic 
occlusions of veins [14]. In the past, for the prevention of VTE, aspirin, 
which also has anti-inflammatory properties, was used. When given for 
antithrombotic prophylaxis in higher-risk medical or surgical patients, 
aspirin was shown to reduce the incidence of venous thromboembolism 
in some clinical studies. However, the evidence of efficacy of aspirin in the 
primary prevention of venous thromboembolism was too weak for general 
recommendation to use aspirin in the primary prevention of VTE [15].

In contrast, recent studies and meta-analysis indicated that 
aspirin is effective in the prevention of VTE as extended treatment of 
patients who completed initial anticoagulant treatment. The INSPIRE 
collaboration study showed that aspirin, after anticoagulant treatment 
of patients with the first unprovoked VTE, reduces the overall risk of 
VTE reoccurrence by more than 1/3, without significantly increasing 
the risk of bleeding [16]. In the study of Brighton, et al. aspirin, as 
compared to placebo, did not significantly reduce the rate of recurrence 
of venous thromboembolism, but resulted in a significant reduction in 
the rate of major vascular events. This indicates that aspirin, when it 
is given to patients after initial anticoagulant therapy of unprovoked 
venous thrombosis, is of therapeutic benefit [17].

The results of these studies point out the importance of anti-
inflammatory treatment for prevention and management of 
patients with VTE. However, the studies indicated that effects of 
anti-inflammatory drugs on coagulation and thrombus formation 
differ. It was shown that nonsteroidal anti-inflammatory drugs or 
cyclooxygenase-2-selective inhibitors (COX-2) increase risk of VTE 
[18]. A recent systemic review and meta-analysis indicated that the risk 
ratio among NSAID users is 1.8-times for VTE [19]. As a relationship 
between some inflammatory markers (interleukins, selectins) and VTE 
was shown the interest for searching new anti-inflammatory drugs – 
inhibitors of inflammatory markers are growing. The pivotal role of 
P-selectin in the pathophysiology of venous thrombosis has prompted 
researchers to evaluate different ways of inhibiting this pathway [20]. 
P-selectin inhibition promotes thrombus resolution and prevents vein 
wall fibrosis. In a model of murine thrombosis induction, a selectin 
inhibition with its inhibitor has been shown to decrease inflammation 
and venous thrombosis [21]. As the studies with interleukins and 
tumour necrosis factor-alpha inhibitors indicated to be effective in 
prevention of atherosclerotic cardiovascular events [22], recently are 
investigated as potential drugs for prevention treatment of VTE. 

Further, drugs with a pleiotropic anti-inflammatory effect like 
statins are reported to reduce the occurrence of VT [23]. Statins have 
shown anti-inflammatory effects in rodent models of thrombosis 
with the reduction of inflammatory biomarkers, including cytokines 
and P-selectins, neutrophil and macrophage infiltrations within the 
thrombi and vessel wall [24]. 

Heparins also have reported to have anti-inflammatory properties 
and act to reduce several components of inflammation [25]. Heparins 
also reduced inflammation through their ability to inhibit factor-Xa 
and thrombin [26].

Authorship and contributionship
This review was written by single author – Pavel poredoš, who collected 

the data from published papers and findings from his research group.

References
1. Aksu K, Donmez A, Keser G (2012) Inflammation-induced thrombosis: mechanisms, 

disease associations and management. Curr Pharm Des 18: 1478-1493. 

2. Poredos P, Jezovnik MK (2007) The role of inflammation in venous thromboembolism 
and the link between arterial and venous thrombosis. Int Angiol 26: 306-311. 

3. Tieken C, Versteeg HH (2016) Anticoagulants versus cancer. Thromb Res 140 Suppl 
1: S148-153. [Crossref]

4. Rodger M, Versteeg HH (2016) An inflammatory fascination for thrombosis. Thromb 
Res 144: 224-225. 

5. Folsom AR, Lutsey PL, Astor BC, Cushman M (2009) C-reactive protein and venous 
thromboembolism. A prospective investigation in the ARIC cohort. Thromb Haemost 
102: 615-619. 

6. Mahemuti A, Abudureheman K, Aihemaiti X, Hu XM, Xia YN, et al. (2012) 
Association of interleukin-6 and C-reactive protein genetic polymorphisms levels with 
venous thromboembolism. Chin Med J 125: 3997-4002. 

7. Jezovnik MK, Poredos P (2010) Idiopathic venous thrombosis is related to systemic 
inflammatory response and to increased levels of circulating markers of endothelial 
dysfunction. Int Angiol 29: 226-231. 

8. Jezovnik MK, Fareed J, Poredos P (2017) Patients With a History of Idiopathic Deep 
Venous thrombosis have long-term increased levels of inflammatory markers and 
markers of endothelial damage. Clin Appl Thromb Hemost 23: 124-131. 

9. Saghazadeh A, Hafizi S, Rezaei N (2015) Inflammation in venous thromboembolism: 
Cause or consequence? Int Immunopharmacol 28: 655-65. 

10. Ortega-Gómez A1, Perretti M, Soehnlein O (2013) Resolution of inflammation: an 
integrated view. EMBO Mol Med 5: 661-674. [Crossref]

11. Mackman N (2012) New insights into the mechanisms of venous thrombosis. J Clin 
Invest 122: 2331-2336. [Crossref]

12. Nosaka M, Ishida Y, Kimura A, Kuninaka Y, Taruya A, et al. (2018) Contribution of the 
TNF-α (Tumor Necrosis Factor-α)-TNF-Rp55 (Tumor Necrosis Factor Receptor p55) Axis 
in the Resolution of Venous Thrombus. Arterioscler Thromb Vasc Biol 38: 2638-2650. 

13. Poredoš P, Spirkoska A, Ježovnik MK (2019) In patients with superficial vein 
thrombosis the inflammatory response is increased and related to the recanalization 
rate. Arch Med Sci 15: 393-401. [Crossref]

14. Poredoš P, Poredoš P, Kaja Jezovnik M (2020) Factors influencing recanalization of 
thrombotic venous occlusions. Vasa 49: 1-6. 

15. Becattini C, Agnelli G (2014) Aspirin for prevention and treatment of venous 
thromboembolism. Blood Rev 28: 103-108. 

16. Simes J, Becattini C, Agnelli G, Eikelboom JW, Kirby AC, et al. (2014) INSPIRE 
Study Investigators (International Collaboration of Aspirin Trials for Recurrent Venous 
Thromboembolism). Aspirin for the prevention of recurrent venous thromboembolism: 
the INSPIRE collaboration. Circulation 130: 1062-1071. 

17. Brighton TA, Eikelboom JW, Mann K, Mister R, Gallus A, et al. (2012) ASPIRE 
Investigators. Low-dose aspirin for preventing recurrent venous thromboembolism. N 
Engl J Med 367: 1979-1987. 

18. Schmidt M, Christiansen CF, Horváth-Puhó E, Glynn RJ, Rothman KJ, et al. (2011) 
Non-steroidal anti-inflammatory drug use and risk of venous thromboembolism. J 
Thromb Haemost 9: 1326-1333.

19. Ungprasert P, Srivali N, Wijarnpreecha K, Charoenpong P, Knight EL (2015) Non-
steroidal anti-inflammatory drugs and risk of venous thromboembolism: a systematic 
review and meta-analysis. Rheumatology (Oxford) 54: 736-742.

20. Diaz JA, Wrobleski SK, Alvarado CM, Hawley AE, Doornbos NK, et al. (2015) 
P-selectin inhibition therapeutically promotes thrombus resolution and prevents 
vein wall fibrosis better than enoxaparin and an inhibitor to von Willebrand factor. 
Arterioscler Thromb Vasc Biol 35: 829-837. 

https://www.google.com/search?client=firefox-b-d&biw=1920&bih=1064&q=venous+thromboembolism&spell=1&sa=X&ved=2ahUKEwiC2Ou_09_mAhXDDewKHQqJCogQkeECKAB6BAgPECU
http://www.ncbi.nlm.nih.gov/pubmed/27067969
http://www.ncbi.nlm.nih.gov/pubmed/23592557
http://www.ncbi.nlm.nih.gov/pubmed/22751108
http://www.ncbi.nlm.nih.gov/pubmed/30899292


Poredoš P (2020) Inflammation and venous thromboembolic disease

 Volume 5: 3-3Hematol Med Oncol, 2020         doi: 10.15761/HMO.1000198

21. Branchford BR, Carpenter SL (2018) The Role of Inflammation in Venous 
Thromboembolism. Front Pediatr 6: 142. 

22. Kosmas CE, Silverio D, Sourlas A, Montan PD, Guzman E, et al. (2019) Anti-
inflammatory therapy for cardiovascular disease. Ann Transl Med 7: 147. 

23. Glynn RJ, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, et al. (2009) A randomized 
trial of rosuvastatin in the prevention of venous thromboembolism. N Engl J Med 360: 
1851-1861. 

24. Feng Y, Lei B, Zhang F, Niu L, Zhang H, et al. (2017) Anti-inflammatory effects of 
simvastatin during the resolution phase of experimentally formed venous thrombi. J 
Investig Med 65: 999-1007. 

25. Poterucha TJ, Libby P, Goldhaber SZ (2017) More than an anticoagulant: Do heparins 
have direct anti-inflammatory effects? Thromb Haemost 117: 437-444. 

26. Esmon CT (2014) Targeting factor Xa and thrombin: impact on coagulation and 
beyond. Thromb Haemost 111: 625-633. 

Copyright: ©2020 Poredoš P. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.


	Title
	Correspondence
	Abstract
	Key words
	Introduction
	Interrelationship between inflammation and haemostasis  
	Inflammation and fibrinolysis  
	Inflammation therapeutic target in management of VTE 
	Authorship and contributionship 
	References

