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One of the early symptoms of chronic venous disease (CVD) is varicose veins (VV) of the lower limbs. There are
many etiological environmental factors influencing the development of chronic venous insufficiency (CVI), although

genetic factors and family history of the disease play a key role.

chronic venous insufficiency varicose vein pathophysiology inflammation

oxidative stress

| 1. Introduction

Chronic venous disease (CVD) is associated with a disease of the veins of the lower extremities. The veins
develop into varicose veins (VV), which are characterized by the presence of dilated, bulging, twisting veins
beneath the surface of the skin. In addition, there are spider veins that may surround the varicose veins. These are
smaller red or purple blood vessels near the surface of the skin . It is believed that the formation of varicose veins
is caused by valve dysfunction and venous reflux, which consequently leads to venous stasis and hypoxia. Left
untreated, VVs can lead to the formation of venous leg ulcers (VLU) [&. However, in some cases, they can lead to
serious health problems such as thromboembolism. A common cause of varicose veins is chronic inflammation,
which may have a genetic basis and can cause damage to the valves in the veins of the lower limbs &l Blood
stasis in varicose veins and hypoxia can lead to cells releasing inflammatory mediators and growth factors through
endothelial cells (ECs). Inflammatory mediators attract and activate neutrophils, leading to their infiltration of the
venous wall, and initiate damage to extracellular matrix components. In contrast, growth factors cause migration,
proliferation, and dedifferentiation of smooth muscle cells, which stimulates the formation of neointima 4 As a
consequence, there is stagnation of blood flow, hypoxia, and further damage to the vein causing the formation of
varicose veins. It has been shown that varicose veins are characterized by a greater infiltration of inflammatory
cells compared to the normal vein. Macrophages/monocytes and mast cells participate in the damage and
remodeling of the vein BB, Numerous studies have shown that growth factors secreted by macrophages, pro-
inflammatory cytokines, matrix metalloproteinases (MMPs), and adhesion molecules are involved in the etiology of
varicose veins . Of all white blood cells, macrophages/monocytes are most numerous in damaged veins of the
lower limbs. Compared to healthy veins, these cells are located near valves and vein walls &l They were found in
adventitia and vasa vasorum but not in the muscular layer [, These cells can release proteolytic enzymes and
reactive oxygen species (ROS), participating in damage to valves and venous walls 8. It has been shown that the
neutrophils of patients with a chronic venous disease produce more ROS compared to healthy individuals 1911,

Pro-inflammatory factors, including ROS and matrix metalloproteinases, are released by the vascular endothelium,
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leading to the accumulation of neutrophils and platelets at the site of inflammation. Inflamed endothelial cells
express cell adhesion molecules such as E-selectin, P-selectin, and von Willebrand factor (vWf). Neutrophils and
platelets form bonds with these molecules, which initiates an inflammatory cascade and in consequence leads to
thrombosis (221,

Factors favoring the development of VV include familial and genetic predisposition associated with CVD, as well as
other factors such as behavioral and dietary factors, including obesity and a sedentary lifestyle. Moreover, the
etiology and pathophysiology of chronic venous disease include genetic, proteomic, hormonal, and cellular
mechanisms that influence the changes induced in the structure and functioning of venous vessels. The expression
of several genes related to angiogenesis, vascular hyperplasia, and venous regulation influences the incidence of
cVI 22l |n addition, inflammation, changes in mMRNA expression, protein levels, and the proteolytic activity of matrix

metalloproteinases (MMPs) have been found in VV and VLU 2,

Depending on the severity of the disease, varicose veins can be treated with compression stockings, oral
medications, laser therapy, sclerotherapy, or surgery 24, There are various types of surgical treatment for sealing
pathological venous vessels. Some of these methods, such as endovascular laser or radiofrequency ablation use
thermal ablation, others mechanical ablation, using a special catheter and foam or chemical ablation using special
foam in a similar way to sclerotherapy. Pharmacological treatment, used at all stages of CVD and together with
other methods, involves the use of venotropic drugs of plant origin as well as synthetic drugs. However, if left
untreated, varicose veins can lead to serious consequences, such as venous leg ulcer development and
thrombosis, including deep vein thrombosis (DVT). Altered venous hemodynamic triggers proteolytic remodeling of
the venous wall and inflammatory processes as well as degradation of the protective endothelial glycocalyx,
resulting in a wide spectrum of clinical symptoms ranging from varicose veins to venous ulcers, which have been

termed chronic venous disorders (CVeD).

| 2. Chronic Venous Insufficiency
2.1. Factors Influencing the Occurrence and Development of CVeD

Varicose veins are a very common disease, affecting about 1/3 of the adult population. They occur more often in
women than men. The factors contributing to the occurrence of varicose veins include the general health and the
age of patients (over the age of 50), which is related to the aging of the vein walls (the veins lose elasticity and
stiffen) and valves, which no longer function as efficiently as at a younger age. In addition, varicose veins can arise
as a result of a sedentary lifestyle, obesity, and smoking. No less important are familial predispositions, and the
occurrence of the disease in the family. In the case of women, female hormones can lead to stretching of the walls
of the veins. In addition, taking birth control pills can aggravate this process. Menopause is also a factor
contributing to the disease. The most common symptoms of chronic venous disease of the lower extremities are
pain, heaviness, leg fatigue, cramps, itching, burning sensation, swelling, and restless legs syndrome. In addition,
visible changes in the lower extremities are skin changes, induration of subcutaneous fat (lipodermatosclerosis),

telangiectasias, reticular veins and varicose veins, edema, pigmentation, and ultimately ulceration 22!,
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2.2. Changes in the Vein Wall Structure

Chronic venous insufficiency is caused by abnormalities in the wall structure and dysfunction of the venous valves,
as well as disorders resulting from previous deep vein thrombosis 18], Disturbances in the structure of the vein wall
are related to the abnormal extensibility of the connective tissue in the vein wall. It has been shown that the veins
of patients with varicose veins differ, among other things, in their elastic properties compared to the veins of
healthy people 7. Primary varicose veins are a consequence of venous dilatation and valvular failure without
previous deep vein thrombosis. Secondary varicose veins are caused by DVT or superficial thrombophlebitis 28], In
the vessels of the lower limbs, the calf muscle pump, called the peripheral heart, plays an important role influencing
proper blood flow and preventing venous stasis.

With properly functioning valves, contraction of the calf muscle compresses the vein and pumps blood upwards 19,
During walking, the calf muscle pump causes a decrease in the capacity of the venous system, which leads to a
decrease in the pressure in the veins. In turn, the relaxation of the muscle pump causes the veins to refill with
blood. Dysfunction of the valves of the venous system leads to a reverse flow of blood, i.e., venous reflux, and the
development of chronic venous insufficiency. This process concerns superficial and deep veins, perforating veins,
and venous tributaries 29, As the insufficiency increases, various changes are observed at the level of the venous
walls. Disturbances in the types of collagen in the venous wall affect not only the fibroblasts in the vein walls but
also the skin fibroblasts of patients with varicose veins [21. Moreover, genetic influence on the remodeling of vessel
walls has been demonstrated, which is associated with imbalance in tissue MMPs and their inhibitors and a
decrease in the expression of desmuslin in smooth muscle cells, as well as thrombomodulin mutations
1208/1209TT [22, |t has been shown that the ratio of collagen | to collagen Il is disturbed in CVD patients, i.e.,

there is an increase in the collagen l/collagen Ill ratio and MMP-2, and the TIMP-2 expression levels are reduced [
2

Changes in shear stress leading to activation, leukocyte adhesion, and migration across the endothelium contribute
to inflammation and subsequent remodeling of the venous wall and valves [22. Pathological shear stress with
multidirectional orientation can cause the expression of atherogenic and thrombogenic genes, and accelerate
endothelial cell proliferation and turnover. In addition, it has pro-inflammatory, pro-coagulant, pro-oxidative, and
pro-apoptotic effects, which consequently lead to endothelial dysfunction 2324],

2.3. The Role of Inflammation in CVD

The main mechanism associated with the pathophysiology of chronic venous insufficiency is an increase in venous
pressure, which is a consequence of damaged venous valves, shear stresses, and reflux (23] These factors cause
further damage to the valves, increasing pressure and dilating the vein. Changes in the vein are transferred to
microcirculation, disturbing the function of endothelial cells and the vascular microenvironment, which in turn leads
to venous microangiopathy, characterized by dilatation and tortuosity of the capillary beds 22, Changes in vessel

hemodynamics activate various biological processes, such as inflammation, proteolytic enzymes release in the
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vascular microenvironment, as well as leukocyte adhesion, degranulation, and the release of granules from

neutrophils, mastocytes, endothelial cells, and platelets [26]

In patients with varicose veins, the presence of many inflammatory molecules, cytokines, chemokines, vasoactive
factors, selectins, and prothrombotic precursors has been demonstrated, including adhesion molecules: ICAM-1,
VCAM, chemoattractant protein MCP-1, L-selectin, E-selectin, cytokines: IL-1(3, IL-4, IL-6, IL-8, IL-12, IL-13, p40,
G-CSF, GM-CSF, IFN-y, TNF-a, MIP-1a, and matrix metalloproteinases MMP-1, -2, -3, -8, -9, -12, and -13, and
macrophage inflammation protein 1b 24, Platelets reach sites of inflammation and can lead to coagulation as well
as an immune response promoting leukocyte—endothelial interaction. Thus, platelets are involved in the pathology

of inflammation (28],

2.4. Classification System for Chronic Venous Disorders

The CEAP (clinical-etiology—anatomy—pathophysiology) classification has been adopted throughout the country to
enable the assessment of the CVD status and the use of appropriate treatment methods 22, The pathophysiology
of CVD is characterized by different clinical stages, starting with the clinical class COs, which includes patients
without visible or palpable symptoms of a venous disease. Between 13% and 23% of the general population
belong to the COs class. The main cause of CVeD is remodeling of the vein wall and damage to the valves, which
is a consequence of blood stasis, hypoxia, and interaction of the endothelium with white blood cells. The formation
of varicose veins can cause changes leading to prothrombotic syndrome followed by deep vein thrombosis. In turn,
skin changes and ulcerations are caused by venous hypertension, which is transferred to the microcirculation B9,
In cutaneous microcirculation, changes are progressive in groups C1 to C6. It was also found that the diameter of
the capillaries increased and their morphology deteriorated in groups from C2 to C5. In turn, an increase in the
diameter of the dermal papilla, as well as in the diameter of the volume of capillaries, appears in groups C3 to C5.
In contrast, the functional capillary density (FCD) decreases from groups C4 to C5 8%, The presence of varicose

veins may lead to a prothrombotic state and then to deep vein thrombosis.

| 3. Vascular Endothelium

In the pathogenesis of vascular lesions, an important role is performed by the vascular endothelium, which directly
interacts with blood cells. One of the functions of the endothelium is to concentrate various biochemical and
biomechanical signals to maintain a barrier function providing selective permeability, vascular tone, proper blood
viscosity by regulating laminar flow, and the formation of new vessels. The endothelium covering the inner surface
of blood vessels is in constant contact with the morphotic components of blood, but also with its metabolites and
immune cells, being responsible for the regulation of homeostasis B1. In the presence of inflammation, the
vascular endothelium is exposed to many factors, for example, ROS, proteases, and others, which may lead to its

dysfunction or damage.

3.1. Vascular Endothelium in Inflammation
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During inflammation, ROS are overproduced. On the one hand, excessive ROS production inhibits the release of
nitric oxide (NO-), which affects vascular stiffness and contractility, leading to endothelial dysfunction 2. However,
the overproduction of NO leads to oxidative stress and cell apoptosis 22, Many studies have shown a significant
contribution of nitric oxide synthases (mainly INOS and eNOS) and nitric oxide in ROS activity in vascular
diseases. In addition, endothelial cells can regulate gene expression. For example, class A genes include E-
selectin, thrombomodulin, endothelial protein C receptor, endothelial isoforms of nitric oxide synthase (eNOS),
endocan, and vWf. In turn, the vascular endothelial growth factor (VEGF) released by platelets and other cells
regulates endothelial cell (EC) proliferation and migration. Endothelium is also involved in the processes of aging,
autophagy, and cell death, and releases signaling molecules such as nitric oxide, prostanoids, and others 22, |t
participates in inflammation initiated by infection or tissue damage. Inflammatory factors interacting with ECs lead
to impaired vascular tone, increased permeability, increased procoagulant dynamics, and impaired vascular
formation mechanisms. A dysregulated mechanism related to the inflammatory response is associated with the

development of vascular diseases.

3.2. The Role of Adhesion Proteins and Cytokines in Inflammation

Non-activated endothelial cells express intercellular adhesion molecules (ICAM). On the other hand, E-selectin and
vascular cell adhesion molecules (VCAM) are found only in stimulated ECs. In inflammatory conditions, cytokines
TNF-q, IL-1B, and IFN-y, acting on endothelial cells, can initiate the synthesis and expression of E-selectin and
VCAM, and also lead to an increase in the level of ICAM 3. In the adhesion of leukocytes to the endothelium
under flow conditions, interactions between selectins and their respective ligands perform an important role B4, In
inflammation and infection or vascular damage, the surface of the endothelium becomes susceptible to the
adhesion of leukocytes, which is an innate immune response. This process is regulated and consists of a multi-
step cascade that includes successive stages of interaction between leukocytes and the endothelium. Selectins are
involved in the initial phase, and after leukocyte activation by chemokines present on the endothelial surface,
leukocyte integrins (CD11/CD18) are activated, leading to leukocyte adhesion to the endothelium. In addition,
platelets circulating in the bloodstream may participate in the coagulation process as well as in the immune
response [28. The basic integrin ligands that participate in leukocyte adhesion include intercellular adhesion
molecules 1-5, vascular cell adhesion molecule-1, and junctional adhesion molecules (JAMs) expressed on
endothelial and other cells 331281, |n addition, the important adhesion receptors involved in leukocyte recruitment
include platelet endothelial cell adhesion molecule-1 (PECAM-1) and endothelial cell adhesion molecule (ESAM)
[37][38]

Proinflammatory cytokines and adhesion molecules perform important roles in the development of venous
thrombosis. In inflammation, neutrophils aggregate and adhere to ECs [B2[40 |nitially, P, E, and L selectins
participate in the process of adhesion to the endothelium 1. P-selectin, in particular, performs an important role in
diseases associated with damage and thrombosis of blood vessels, selectin initiates the accumulation of
leukocytes and adhesion to the endothelium and then in the accumulation of platelets [42. However, stronger
binding to the endothelium occurs through the CD11/CD18 complex and the ICAM-1 and ICAM-2 23144 Adhesion

can also be induced by cytokines (IL-8 and IFN-y), platelet activation factor (PAF), as well as the active
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complement complex and arachidonic acid metabolites #2453, Activated neutrophils produce reactive oxygen
species and proteases (48] On the other hand, TNF-a causes increased activation of neutrophils, their adhesion,

degranulation, and the production of ROS, which occurs in the presence of p55 and p7 proteins 221481,

3.3. Cellular Response in Inflammatory Conditions

There is chronic inflammation in varicose veins as indicated by elevated levels of inflammatory and prothrombotic
markers 4930 The consequences of chronic inflammation after vascular damage are pathological interactions of
the activated endothelium, neutrophils, and platelets, as well as fibrosis and thrombosis 2. In the case of varicose
veins, the developing disease causes damage to the vein, which can lead to the formation of blood clots.
Inflammation accompanies the pathophysiology of deep vein thrombosis, pulmonary embolism, and peripheral

arterial disease B, Patients with varicose veins have a significantly increased risk of DVT 52,

Cells respond to the influence of the environment, which may lead to changes in morphology, mobility, or
proliferation, affecting their state of differentiation 22!, The structure and condition of the endothelial cytoskeleton
performs an important role in leukocyte recruitment and fibrosis. In endothelial cells stimulated by TNF-q, there is a
gradient of cortical stiffness of rolling neutrophils, which causes them to be directed to sites of transmigration B4,
Pro-fibrotic promoting factors, e.g., autotaxin (ATX), responsible for the production of lysophosphatidic acid, lead to
the rearrangement of endothelial actin and cell contractility, which causes vascular leakage, leading to the
migration of fibroblasts in the underlying tissue B2, Moreover, changes in the structure of the cytoskeleton
contribute to changes in the distribution and function of the glycocalyx 28, which in turn further deepens endothelial

dysfunction and leads to vascular damage.

Using two fluorescent probes located at different depths of the lipid monolayer of the membrane, researchers
demonstrated lower membrane fluidity of human varicose vein endothelial cells (HVVEC) in comparison to the
human umbilical vein endothelial cells (HUVEC) in the subsurface area of the membrane. Greater differences in
membrane fluidity were found for the probe located in the deeper region of the monolayer. These results
demonstrated a higher stiffness of HVVEC plasma membranes compared to HUVEC cells. Differences in the
fluidity of normal and pathological membranes may be the result of lipid—lipid and lipid—protein interactions or may
be caused by oxidative stress occurring in the pathological vein B2, Changes in membrane fluidity are closely
related to the passive and active transport of substances across membranes into and out of the cells 581391,
Previous studies have shown that the fluidity of the plasma membrane of the cells performs a significant role in the
mechanism of cell adhesion 621 Membrane fluidity is also an important parameter determining communication
between cells 62831 The mechanism of cell adhesion is improved by building nanoclusters, ordered lipid rafts
heterogeneously distributed in the membrane, which are associated with adhesive complexes 4. A more fluid
environment allows the rapid dispersal of lipid rafts, which leads to a reduction in adhesions (261 The reduced
fluidity of HVVEC may result in increased adhesion properties and, therefore, a greater likelihood of venous
thrombosis. Interestingly, drugs used in varicose vein therapy such as diosmin and aescin, as well as bromelain,
lead to a slight increase in fluidity in the near-surface region of the lipid bilayer of the membrane and in

consequence to their lower adhesive properties 27,
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