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Abstract. Complex mechanisms of thrombosis are traditionally regarded within the so called Virchov’s pathogenic 
thriade consisting of blood vessel injury +  hypercoagulation +  blood-flow slowing down. On spite of multiple additions 
and attempts at sophistications its essence remaiтs unchanged. However this threenominal scheme which is more or 
less applicable for explaining the pathogeny of venous thrombosis can be used in case of arterial ones only to a limited 
degree. Of late a different concept is under discussion namely that of arterial thriade consisting of different components: 
1. Arterial stenosis and acceleration of bloodflow; 2. Platelets activation and their interaction with Von Willebrand factor 
(VWF); 3. Blood vessel wall injury. This composition of arterial thriade is more successfully explaining thrombosis 
mechanisms in case of arterial stenosis especially in case of atherosclerosis. Of late the attention is focused also at 
the association between new COVID-infection and increased risk of thrombosis. The new “arterial thriade” concept 
in addition to classical “Virchov’s thriade” or even that of “tetrade” will help pathophysiologists to better discriminate 
pathogenetical features of arterial thromboses vs the venous ones and for the clinical doctors to improve prophylaxis 
and treatment of these separate conditions.
Key words: venous thrombosis; arterial thrombosis; Virchow triad; COVID-19.
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Резюме. Сложные механизмы тромбообразования традиционно принято рассматривать в рамках так называемой 
патогенетической триады Вирхова: повреждение сосуда + гиперкоагуляция + замедление кровотока. Несмотря 
на многократные дополнения и усовершенствования данной концепции, ее суть оставалась прежней. Однако 
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эта трехчленная схема, более или менее применимая для объяснения патогенеза тромбообразования в венах, 
в классическом ее виде для артериальных тромбозов имеет ограниченное значение. В последнее время начали 
обсуждать несколько иную концепцию артериальной триады, включающую другие компоненты: 1 — стеноз 
артерии и ускорение кровотока, 2 — активация тромбоцитов и их взаимодействие с фактором фон Вилле-
бранда (VWF), 3 — повреждение сосудистой стенки. Эта компоновка артериальной триады успешнее объясняет 
механизмы тромбообразования при стенозах артерий, в первую очередь, при атеросклерозе. С недавних пор 
также повысилось внимание к связи между заболеваемостью новой коронавирусной инфекцией (COVID-19) и 
повышением риска тромбообразования. Введение понятия «артериальная триада» в дополнение к «триаде 
Вирхова» или «тетраде» позволит патофизиологам лучше разделить патогенетические особенности артери-
альных и венозных тромбозов, а для клиницистов — профилактику и терапию этих состояний в отдельности.
Ключевые слова: венозный тромбоз; артериальный тромбоз; триада Вирхова; COVID-19.

An important factor affecting the hemostasis system is 
pregnancy. The balance of hemostasis is shifted towards 
physiological hypercoagulation to prevent major blood loss 
during delivery [1, 2, 25]. Pregnant women have increased 
activity of coagulation factors, decreased levels of protein S. 
Moreover, resistance of factor V to protein C is formed [20]. 
The fibrinolysis system is suppressed due to an increase in 
plasminogen activator inhibitor-1 (IAP-1), as well as the ap-
pearance of placental plasminogen activator inhibitor (IAP-2) 
[8, 25]. Decrease in the number of platelets is compensated 
by their increased activity. Similar effects are observed when 
taking outdated drugs of exogenous sex steroids in order 
to contracept, to obtain non-contraceptive effects or as 
perimenopausal therapy. The concentration of clotting fac-
tors increases, anticoagulants decrease, and acquired (or 
congenital) resistance of factor V to protein C occurs [3, 6].

Recently, the attention of researchers to von Willebrand 
factor (VWF) has increased [4, 14, 22] (Fig. 1), which en-
hances platelet fixation on fibrin filaments during blood flow 
disorders.

Anyway, Virchow’s pathogenetic triad describes the mecha-
nisms of venous clot formation quite well. These clots are 
predominantly composed of fibrin and erythrocytes. At the same 
time, when describing the pathogenesis of arterial thrombi, 

The complex mechanisms of thrombosis have been com-
monly considered as part of the so-called classical Virchow triad, 
including: 1) vascular injury; 2) hypercoagulability and 3) slowing 
of blood flow. Despite repeated additions and improvements of 
this concept, its essence remained the same. Besides damage 
to the vascular wall, hypercoagulation is still considered to be 
one of the main elements of thrombosis. Activation of the coa-
gulation link of hemostasis leads to fibrin filaments formation 
on vessel endothelial lining. In addition, platelet aggregates 
are more often found on the outer side of the clot and additio-
nally contribute to its growth. Moreover, there are factors that 
increase blood clotting, they are congenital and acquired ones. 
Congenital factors include deficiencies of antithrombin III, pro-
tein C, protein S, as well as mutations of factors V (Leiden) and 
prothrombin 20210A. Acquired factors include surgery, trauma, 
cancer, medications (hormonal contraceptives), autoimmune 
diseases (lupus anticoagulant), prolonged bed rest, and so 
on. Processes which are close to neoplasia are also a typical 
example of acquired hypercoagulability [16, 26].

The relationship between slower blood flow and throm-
bosis has not yet been definitively elucidated. There are 
various hypotheses explaining how this factor may increase 
thrombosis. There is evidence that decreased blood flow 
velocity favors the accumulation of procoagulant proteins 
[4, 8]. Venous hyperemia and hypoxia induce inflammatory 
changes in the endothelium, release of reactive oxygen 
species and expression of cell adhesion molecules. In ad-
dition, hypoxia induces a complex of changes leading to a 
decrease in nitric oxide (NO) synthesis. However, it is worth 
noting that activation of thrombosis is largely driven by the 
release of tissue factor as a result of gross damage to the 
vascular endothelium. However, it is difficult to fully explain 
the mechanism of fibrin formation in the absence of endo-
thelial damage. There is evidence that tissue factor expres-
sion is increased upon exposure to bacterial toxins as well 
as on the vascular endothelium of malignant tumors [5]. 
Nevertheless, no tissue factor expression has been found 
in microcirculation disorders only [5, 36].

Fig. 1. Von Willebrand factor enhances platelet fixation on fibrin 
filaments
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Virchow’s triad is often not mentioned in its original form, or its 
interpretation differs from the original version. Thus, instead of 
the term “blood flow slowdown” or “stasis”, the broader concept 
of “blood flow disturbance” is more often used [13].

It should be kept in mind that ideas resembling the arterial 
triad existed long before its modern description: “For some 
time scientists hoped to explain the interesting connection 
between kidney disease on the one hand and increased 
blood pressure and arteriolosclerosis on the other hand by 
the newly discovered properties of adrenaline” [5, 27]. More 
than 100 years ago, experts already noted the relationship 
between changes in blood flow as a result of vasospasm and 
thrombosis and the development of atherosclerosis, which 
often leads to the formation of large wall clots [27]. Accor-
dingly, the doctrine of the arterial triad of thrombosis should 
not be considered unique and something completely new.

It may seem strange that hypercoagulability is less 
significant within arterial clotting: for example, the 20210A 
gene mutation does not affect the risk of arterial thrombosis. 
However, it is associated with the risk of acute myocardial 
infarction and pregnancy complications [9, 14]. In any case, 
hypercoagulability, as interpreted by the classical Virchow 
triad, has much less influence on arterial clot formation.

In contrast to the two factors mentioned above, blood 
flow velocity occupies central role in the pathophysiology 
of arterial thrombosis. The effect of blood flow velocity is 
assessed by two parameters: shear rate and shear stress.

Shear rate is the rate at which neighboring fluid layers move 
in relation to each other. It is directly proportional to the blood 
flow velocity and inversely proportional to the vessel diameter. 
Accordingly, the higher the blood flow velocity and smaller the 
vessel diameter, the greater the value of shear rate [5].

Shear stress is the frictional force generated by the 
blood current along the endothelium of the vessel and di-
rected along the blood flow.

In case of arterial vasoconstriction and corresponding 
increase in blood flow velocity, platelet hemostasis is acti-
vated, which, in turn, promotes the formation of “white” clot. 
VWF normally circulates in the blood in globular form as 
huge proteins (more than 20 000 kDa) and has a unique 
property to change its geometry when blood flow velocity 
increases. The factor spreads from its globular form and be-
comes filamentous, opening up hundreds of additional sites 
for binding to platelet receptors and their subsequent activa-
tion and aggregation. At high shear rates, VWF is capable 
of so-called self-association — the protein multimers begin 
to bind to each other as a result of A2 domain opening [3, 
5]. Self-association leads to the formation of grid-like struc-
tures, which is an excellent place for platelet attachment 
and further clot growth.

It is worth mentioning that VWF is cut by the enzyme 
called ADAMTS-13 in the A2 domain to inhibit excessive 

platelet activity. When the enzyme is not active enough, less 
VWF is exposed to it, which, again, leads to an increased risk 
of thrombosis. In some cases, a condition called thrombotic 
thrombocytopenic purpura (TTP) occurs. TTP is a rare, acute, 
and life-threatening condition resulting from thrombocytopenia 
consumption in diffuse thrombosis processes in microvessels. 
As a consequence of mechanical intravascular hemolysis, 
non-immune hemolytic anemia occurs, as well as multi-organ 
failure. A key link in the pathogenesis of TTP is congenital or 
acquired ADAMTS-13 enzyme deficiency [13, 19, 28].

The conditions of clot formation in arterial vessels do not 
have an absolute correspondence to Virchow’s triad in its clas-
sical interpretation. Several different components have been 
proposed to describe the pathogenesis of arterial thrombosis: 
1) vessel stenosis, 2) endothelial damage, 3) prothrombotic 
processes (VWF and platelet activation, decreased ADAMTS-13 
activity) [6, 21, 28]. We can say that this concept has a connec-
tion with Virchow’s classical triad in terms of endothelial da mage. 
The platelet response is undoubtedly one of the elements of 
arterial thrombogenesis and is to some extent equivalent to the 
presence of hypercoagulability in Virchow’s triad (Fig. 2). In con-
trast to venous thrombosis, the presence of initially high platelet 
activity is not necessary for arterial clot formation.

Considering specifically arterial clotting, platelet activation 
with increased blood flow velocity in stenosed vessels should 
be assumed. Various types of erythrocyte pathology should 
also be taken into account. The new coronavirus infection 
COVID-19 [30] may cause the possible complications, as well 
as preventive vaccination against it [31] (Tab le 1). There are 
pathologic reactions that occur after administration of recom-
binant adenovirus vector [32, 39] and mRNA vaccines [33, 
34]. These reactions include thrombocytopenia, thrombosis, 
and hemorrhage, and are associated with sex and age, life 
history, the vaccine administered, and concomitant use of 
other drugs. Thrombi are most often localized in the cerebral 
venous system. Women are most commonly affected [37]. 
The main risk factors are anticoagulant therapy, pregnancy, 
brain infections, head trauma, and use of medication con-
traceptives. Therefore, the use of Astrazeneca vaccine has 
been temporarily restricted in European countries [38, 39].

Understanding the pathogenesis of arterial and venous 
thrombosis has become particularly important in clinical 
practice after the COVID-19 pandemic, which, according to 
WHO, lasted from January 30, 2020, to May 5, 2023. Ac-
cording to various reports, the incidence of acute thrombo-
sis as a complication of coronavirus infection ranged from 
0.39% to 11.1% [7, 18, 24, 35].

The discovery of SARS-CoV-2 virus tropism to vascular 
endothelium [11, 12, 20] radically changed the approach to 
therapy of this infection. In general, when analyzing the li-
terature data for 2020-2021, the association of the incidence 
of thrombosis as a complication of COVID-19 with gender 
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and age is revealed. Men over 50 y.o. are significantly more 
prone to thrombosis. However, the mortality rate due to 
acute thrombosis is many times and sometimes 10 times 
higher in women [7, 17, 23, 29, 37].

The correlation between risks of thrombosis and severity 
of the disease remains a matter of debate. According to nu-
merous data [18, 25, 29], thrombosis is more likely to develop 
in moderate and severe course of infection. However, some 
sources report that thrombosis also occurs in the mild course 
of COVID-19 [28]. Criteria for assessing severity may vary not 
only between countries but also between physicians them-
selves. It is quite possible that thrombosis in the mild course 

Fig. 2. Schematic of platelet activation. ADP, adenosine diphosphate; TXA2, thromboxane A2; Gai, α subunit of G-protein; Gaq, αq 
subunit of G-protein; Gα12/13, α12/13 subunits of G-protein; AC, adenylate cyclase; PI3K, phosphoinositide-3-kinase; PLCβ, 
phospholipase C β; PLCγ, phospholipase C γ; PLA2, phospholipase A2; ROCK, Rho-associated protein kinase; IP3, inositol-
3-phosphate; DAG, diacylglycerol; SFK, Src-family kinase; GP (IB, IIa, IIb V, VI, IX), glycoproteins; VWF, von Willebrand factor; 
SGR, small regulatory G-protein; COX1, cytochrome oxidase subunit 1; TXAS, thromboxane A synthase

Table 1
Association of thrombosis with COVID-19 vaccination

Vaccine Number 
of patients

Type 
of vaccine Age Women, % Venous sinus thrombosis, % Mortality, % 

Astrazeneca [32] 11 Vector 22–49 18 % 82 % 55 %
Moderna [33] 23 mRNA 21–77 61 % 57 % 30 %

Pfi zer [34] 19 mRNA 20–89 63 % 58 % 5 %

of infection was an isolated incident and not reliably associated 
with the severity of the disease course. In addition, there are 
no reliably identified cases of thrombosis in outpatients. This 
could be attributed to various factors: death of patients from 
other causes, development of acute thrombosis as iatrogenic 
complications (which are more likely to occur in inpatient care 
rather than outpatient care), and asymptomatic course and 
spontaneous resolution of thrombosis during recovery. In 
general, the development of coagulopathies at any severity of 
coronavirus infection is associated with a significant increase 
in D-dimer levels [15, 18, 24]. Meanwhile, studies of plate-
let levels, activated partial thromboplastin time (APTT) and 
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prothrombin time (PTT) did not reveal statistically significant 
changes, which suggests a different mechanism of COVID-
associated coagulopathies.

There is evidence that SARS-CoV-2 particles are ca-
pable to adhere to erythropoiesis precursor cells [7, 28, 35]. 
Erythroid cells showed significant expression of arginases 
and reactive oxygen species exerting a damaging effect on 
the endothelium. The virus is able to penetrate erythrocytes, 
leaving S1 spike proteins, CD147 receptors and band 3 
transmembrane proteins on their surface. In general, these 
changes lead to a decrease in erythrocyte ATP activity, 
impaired erythrocyte deformability and consequently tissue 
hypoxia, which can lead to hypercoagulability. Shear stress 
increases, VWF activity rises, which, as described above, 
enhances thrombosis even more. As a result, erythrocyte 
adhesion to the endothelium increases, and huge VWF mul-
timers attach, which initiates blood stasis [10, 14].

Analyzing the data on venous and arterial thromboses, it is 
possible to distinguish them as complications of the new coro-
navirus infection. Taking into account the above mentioned, it 
is possible to put forward the question whether thromboses in 
COVID-19 are a new form of pathologic processes that unite 
both components of Virchow’s triad and arterial triad. Perhaps 
it even makes sense to identify a new pathogenetic chain of 
thrombosis in form of a tetrad rather than a triad, including 
hypercoagulability, decreased or increased blood flow velocity, 
endothelial damage, and platelet activation, which we would 
suggest labeling as the “Virchow tetrad” (Fig. 3).

CONCLUSION

Presumably, a new interpretation of the pathophysi-
ologic patterns of thrombosis will allow clinicians to take a 
closer look at the tactics of treatment of arterial thrombosis, 
including those associated with COVID-19. In any case, the 
introduction of the concept of “arterial triad” in addition to 
the “Virchow triad” or “tetrad” instead of it will allow patho-
physiologists to separate pathogenetic features of arterial 
and venous thrombosis better. As for clinicians, it will help 
to prevent and treat these conditions separately.
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