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Abstract: Thrombosis is a complex pathological process characterized by the formation of a blood clot within the
vascular system, which is one of the most dangerous conditions for human health [1]. In explaining this process,
the concept of Virchow's triad — endothelial damage, impaired blood flow (stasis), and hyperhomocoagulation
— is accepted as the main pathophysiological mechanism [2]. In the last decade, molecular and clinical studies of
each component of this triad have revealed many new aspects of the development of thrombosis [3]. For example,
endothelial dysfunction occurs as a result of atherosclerosis, hypertension, chronic inflammation, and oxidative
stress, which leads to the loss of anticoagulant properties of the vascular wall and creates conditions for thrombus
formation [4]. Stasis of blood flow is observed in the venous system, especially in conditions such as heart failure,
varicose veins, or prolonged immobilization, and it increases erythrocyte aggregation and platelet adhesion to the
wall [5]. Hyperhemocoagulation can be associated with genetic mutations (e.g., F5 Leiden or Prothrombin
G20210A) or develop secondarily as a result of pregnancy, cancer, or autoimmune diseases [6].

Studies from 2020-2025 have shown that these three factors are interconnected and synergistically increase the
risk of thrombosis [7]. Also, using RNA-seq and proteomics technologies, the expression of endothelial
inflammatory markers (e.g., ICAM-1, VCAM-1, IL-6) has been found to increase the susceptibility to thrombosis
[8]. At the same time, thrombotic events associated with cardiovascular diseases, COVID-19 infection, and
hormonal therapy are also explained on the basis of Virchow's triad [9].

This article analyzes the role of each component of Virchow's triad in the formation of thrombosis and their
modern molecular mechanisms. The results of the study provide an important theoretical and practical basis for
individualizing the prevention and treatment of thrombosis [10].

Keywords: Virchow's triad, thrombosis, endothelial damage, blood flow stasis, hyperhomocoagulation, heart
failure, genetic factors.

method based on articles published in Scopus,
PubMed, ScienceDirect and Wiley Online Library
databases between 2015 and 2025 [8]. Article selection
criteria: clinical observations, multicenter studies,
meta-analyses and systematic reviews.

Introduction: To analyze the mechanism of thrombosis
development based on the concept of Virchow's triad
with the help of modern scientific research, to
determine the pathophysiological role of each
component and to highlight its clinical significance [7].
METHODS Thrombosis is a  pathophysiological process

characterized by the formation of a blood clot

The article was prepared using the literature review (thrombus) in a blood vessel, and is one of the most
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dangerous consequences of cardiovascular diseases
[1]. The “Virkhov triad,” proposed by the German
scientist Rudolf Virchow in 1856, includes three main
factors in the pathogenesis of thrombosis: endothelial
damage, impaired blood flow (stasis), and
hyperhemocoagulation [2]. This concept has not lost its
importance today as a fundamental pathophysiological
model for clinical medicine and basic research [3].

Modern studies show that each component of
Virchow's triad operates in a strong relationship with
each other and that the synergistic effect between
them constitutes the main mechanism of thrombosis
development [4]. Endothelial cell dysfunction occurs as
a result of oxidative stress, chronic inflammation,
metabolic syndrome and atherosclerosis, which leads
to the loss of the antithrombotic properties of the
vascular wall [5]. At the same time, stasis of blood flow
creates a favorable environment for thrombus
formation due to the slowing of blood circulation in the
venous system [6]. Another important factor is
hyperhomocoagulation, i.e. excessive activity of the
blood coagulation system, which may be associated
with genetic mutations (F5 Leiden, Prothrombin
G20210A), malignant neoplasms or hormonal changes
[7]. A series of global studies conducted between 2015
and 2025, in particular articles published in Nature
Reviews Cardiology, Blood, and the Journal of
Thrombosis and Haemostasis, analyzed the
mechanisms of thrombosis at the molecular level and
confirmed that inflammatory processes associated
with high expression of endothelial surface markers
(e.g. VCAM-1, E-selectin, and tissue factor) promote
thrombus formation [8].

The COVID-19 pandemic also brought a new scientific
perspective to the pathophysiology of thrombosis - it
was found that the SARS-CoV-2 virus directly affects
endothelial cells, causing micro- and macrothrombus
formation [9]. Therefore, thrombosis is considered not
only as a local vascular disease, but also as a global
pathobiological process associated with systemic
inflammation and immuno-thrombotic responses [10].

As noted in the introduction, an in-depth study of the
mechanisms of thrombosis development, especially
the analysis of the molecular basis of the components
of Virchow's triad, is an important scientific direction in
the development of thrombosis prevention and
individual treatment strategies [11]

RESULTS

Endothelial damage is one of the initial and most
important stages in the pathogenesis of thrombosis [1].
Endothelial cells in a healthy state provide an
anticoagulant barrier of the vascular wall, maintaining
a natural balance against blood clotting through
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substances such as nitric oxide (NO), prostacyclin (PGl,)
and thrombomodulin [2]. However, when the
endothelial layer is damaged as a result of mechanical,
biochemical or inflammatory effects, this balance is
disrupted and the thrombogenesis process is activated
[3].

Mechanical damage - for example, situations such as
surgical interventions, intravascular catheterization or
prosthesis implantation - directly damages cells at the
endothelial level. As a result, collagen and tissue factor
(TF) are released into the bloodstream, which leads to
the activation of von Willebrand factor (VWF) [4]. VWF,
in turn, promotes platelet adhesion and primary
thrombus formation [5].

Inflammatory processes also play a crucial role in the
development of endothelial dysfunction and
thrombosis. In atherosclerosis, chronic metabolic
diseases (e.g., diabetes), or infectious processes,
endothelial cells secrete inflammatory markers such as
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-
a), and C-reactive protein (CRP) [6]. These mediators
increase the expression of E-selectin, P-selectin, and
ICAM-1 molecules on the endothelial surface, which
promotes leukocyte adhesion to the wall and increased
thrombin activity [7].

Oxidative stress is the molecular basis of endothelial
damage. Free radicals and reactive oxygen species
(ROS) damage endothelial DNA and lipids, resulting in
activation of NADPH oxidase and reduced nitric oxide
bioavailability [8]. This disrupts vascular tone and
enhances the procoagulant state. Studies conducted in
2022-2025 have shown that oxidative stress alters the
levels of von Willebrand factor and thrombomodulin,
which accelerates thrombus formation in arteries and
veins [9]. COVID-19-associated endothelial
inflammation (endotheliitis) has also been implicated
in the increase in thrombotic events. Ackermann et al.
(2020) confirmed that SARS-CoV-2 directly damages
endothelial cells, enhancing micro- and
macrothrombus formation [10]. Therefore, endothelial
damage—whether mechanical, inflammatory, or
oxidative in origin—activates the initial mechanism of
thrombosis, as a central element of Virchow’s triad.

Blood flow stasis is an important pathophysiological
factor that leads to the formation of a thrombus within
a vessel as a result of slowing or stopping blood flow
[1]. Healthy blood flow is laminar, which ensures a
stable distribution of platelets and plasma flow.
However, in a state of stasis, blood flow becomes
turbulent, which increases mechanical stress on the
endothelial wall and activates the process of thrombus
formation [2]. Heart failure is the most common cause
of stasis. When the cardiac output is reduced, blood

174

https://theusajournals.com/index.php/ijmscr



International Journal of Medical Sciences And Clinical Research (ISSN: 2771-2265)

stagnation, especially in the left ventricle, significantly
increases the risk of thrombosis [3]. A study conducted
by Kondo et al. in 2025, demonstrated that slowing
blood flow in patients with heart failure is directly
related to endocardial thrombosis [4]. At the same
time, cardiac arrhythmias, in particular atrial
fibrillation, cause blood to stagnate in the left ventricle,
which is the pathogenic basis of 90% of strokes of
cardiac origin [5].

Stasis in the venous system is also one of the main
sources of thrombosis pathogenesis. Prolonged
immobilization (after surgery, paraplegia, or long
journeys), venous valve dysfunction, or varicose veins
cause blood circulation to slow down [6]. This condition
leads to the development of venous thromboembolism
(VTE). A clinical review published by Downey in 2024
noted that venous stasis accounts for 60—70% of VTE
cases [7].

Sleep apnea syndrome has also been considered a
factor in the pathogenesis of thrombosis in recent
years. Hypoxia and pressure changes during apnea
episodes increase blood viscosity, resulting in stasis at
the microcirculatory level [8]. A review article
published in 2025 by Gholinataj Jelodar and Rahimi
showed that the risk of venous thromboembolism is
doubled in patients with obstructive sleep apnea (OSA)
[9].

Microcirculatory stasis is a slowing of blood flow at the
capillary level, as opposed to the large vessels, and is
observed in the setting of inflammation, hyperviscosity
syndrome, or sepsis. This condition is accompanied by
increased expression of inflammatory markers of
endothelial cells, in particular E-selectin and P-selectin,
which increase platelet adhesion [10].

Thus, blood flow stasis is associated with clinical
conditions such as heart failure, venous thrombosis, or
sleep apnea, and together with endothelial damage
and hyperhomocoagulation, occupies an important
place in Virchow's triad as a central component of the
pathogenesis of thrombosis.

Hyperhomocoagulation is a pathological condition
characterized by an increased tendency to thrombosis
as a result of excessive activation of the blood
coagulation system [1]. This process is the third
component of Virchow's triad and is caused by a
number of genetic and acquired factors. Normally,
coagulation and anticoagulant mechanisms work in
balance: thrombin, fibrin, and platelets activate the
coagulation process, while protein C, protein S, and
antithrombin Il keep it under control [2]. However,
genetic or metabolic disorders in this system lead to
the development of a hyperhomocoagulant state.

Genetic factors are one of the main causes of
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hyperhomocoagulation. For example, mutations in the
protein C receptor (EPCR) or Factor V Leiden (FVL)
genes result in a decrease in the functional activity of
the anticoagulant system [3]. In 2022, genetic analyses
by Mackman and Key found that the risk of venous
thromboembolism increased by 3.5 times in patients
with EPCR mutations [4]. At the same time, the
prothrombin G20210A polymorphism also increases
procoagulant activity in plasma and accelerates the
process of fibrin formation [5].

Increased hyperhomocoagulation can be associated
with physiological or pathological conditions. For
example, during pregnancy, increased estrogen levels
activate coagulation factors such as fibrinogen, factor
VIl, and von W.illebrand factor [6]. This, in turn,
increases the risk of venous thrombosis in pregnant
women by 4-5 times. In a study published in 2025 by
Zhang and Shao, it was scientifically proven that
placental microthrombi are directly related to maternal
endothelial dysfunction [7].

In addition, oncological diseases, especially pancreatic,
lung and colon cancer, dramatically change the
coagulation status of the blood. Tumor cells produce
tissue factor (TF), cancer procoagulant (CP) and
microvesicular TF-carrying exosomes, which enhance
thrombin generation [8]. The results of a meta-analysis
conducted by Levine et al. in 2023 showed that D-dimer
levels in patients with lung cancer are 2.7 times higher
than normal, which in turn increases the likelihood of
clinical thrombosis by 5 times [9].

Metabolic syndrome, diabetes, and obesity also
contribute to an increased hyperhomocoagulant state.
These conditions increase the secretion of factor VIl
and  fibrinogen  through insulin  resistance,
inflammation, and oxidative stress [10]. In a 2021
article by Owens and Mackman, it was shown that
chronic inflammation associated with obesity increases
the risk of thrombosis through epigenetic mechanisms
that activate procoagulant factors [11]. In summary,
hyperhomocoagulability is a multifactorial condition
resulting from genetic mutations, hormonal changes,
and tumor processes, and it is an integral component
of Virchow's triad, which plays a key pathogenic role in
the development of thrombosis.

DISCUSSION

Virchow's triad is central to medical science as a key
theory in explaining the pathogenesis of thrombosis
[1]. This triad—endothelial injury, blood flow stasis,
and hyperhomocoagulability—interacts with each
other to activate the process of thrombus formation
[2]. Increased expression of von Willebrand factor and
thrombomodaulin, resulting from endothelial
dysfunction or inflammation, enhances platelet
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adhesion [3]. This is especially true in cardiovascular
diseases, surgical procedures, or chronic inflammatory
conditions [4].

Blood flow stasis is one of the main manifestations of
hemodynamic disorders, which plays an important role
in the development of venous thrombosis and
pulmonary embolism [5]. Factors such as heart failure,
prolonged immobilization, obesity, and sleep apnea
syndrome reduce venous return, increasing local
hypoxia and endothelial stress [6]. Therefore, slowing
blood flow not only increases the risk of thrombus
formation, but also stimulates the activity of
inflammatory mediators [7].

The mechanism of hyperhemocoagulation is often
associated with genetic and acquired causes.
Physiological conditions such as protein C receptor or
factor Leiden mutations, antithrombin Il deficiency, as
well as pregnancy, cancer, and estrogen-based
therapy, increase the susceptibility to thrombus
formation [8]. Studies have shown that patients with
cancer have a 4-7-fold increased risk of thrombosis,
which is associated with procoagulant microparticles
secreted by tumor cells [9].

The emergence of new-generation anticoagulant
therapies (e.g., dabigatran, apixaban, rivaroxaban) has
been a major step in the management of
thromboembolic diseases [10]. At the same time,
individual risk assessment systems — such as HAS-BLED
and CHA,DS,-VASc — have allowed for more effective
planning of thrombosis prevention [11]. Current
scientific research, in particular, the study of the
mechanisms of immunothrombosis and NETosis
(neutrophil extracellular trap formation), is revealing
new molecular pathways in the pathogenesis of
thrombosis [12].

In general, all three elements of Virchow's triad act as
a complementary system. It is not the dominance of a
single pathological factor, but their interaction that
underlies thrombogenesis [13]. Therefore, in modern
clinical practice, thrombosis prevention requires a
multifactorial approach, which provides the basis for
the development of personalized therapy based on
molecular markers [14].

CONCLUSION

Virchow's triad - endothelial damage, blood flow stasis
and hyperhomocoagulation - remains important as
three main pathophysiological factors in the
pathogenesis of thrombosis. Modern studies show that
this triad reinforces each other through complex
interrelated mechanisms. For example, endothelial
dysfunction is associated not only with mechanical or
inflammatory processes, but also with oxidative stress,
DNA damage and the activity of immune cells. Thus,
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endothelial nuclear gene expression changes, and
increased secretion of thrombomodulin, von
Willebrand factor and interleukin-6 is observed.

Blood flow stasis, in cases of heart failure, venous
thrombosis or hypodynamia, reduces hemodynamic
stress, causing platelets to be in contact with the
endothelium for a longer period. This leads to the
accumulation of fibrin, which forms the initial nucleus
of the thrombus. In recent years, studies on stasis
developing after sleep apnea, long flights or orthopedic
surgery have further proven the clinical importance of
this factor.

Hyperhemocoagulation states are observed in genetic
(e.g., protein C or antithrombin Il mutations) and
acquired (pregnancy, inflammatory syndromes, cancer)
forms. Many studies after 2020 have noted tumor-
specific procoagulant molecules — tissue factor and
microparticles — as the main mediators of enhanced
thrombogenesis.

In general, the joint study of the components of
Virchow's triad in the prevention of thrombosis,
especially the identification of individual risk factors
and the development of preventive strategies based on
biomarkers, is considered a relevant direction. In
clinical practice, a combination of anticoagulants,
endothelial function-restoring drugs, and lifestyle
changes plays an important role in reducing the global
burden of thrombosis.
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