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NEWS IN PATHOGENESIS OF CHRONIC VENOUS INSUFFICIENCY

Mazuchova J1, Pec M!, Halasova E!, Valentova V!, Sarlinova M!, Mazuch J2, Zelnik S.3

Comenius University in Bratislava, Jessenius Faculty of Medicine in Martin and University Hospital in Martin
'Department of Medical Biology, 2Clinic of Surgery and Transplant Center, *ZILPO, s.r.o., Zilina

Abstract

This review article is concentrating on the news in the pathophysiology of chronic venous insufficiency (CVD).
Despite ongoing progress in understanding the molecular aspects of CVD the exact mechanism of its development
remains unclear. Many different factors may play role in the pathogenesis of CVD, including changes in hydro-
static pressure, valvular incompetence, increased capillary permeability, endothelial dysfunction, activation of
leukocytes, deep venous obstruction, capillary microthrombosis, ineffective function of calf muscle pump, bio-
chemical and structural changes in the vessel wall, extracellular matrix alteration, and several other mechanisms.
A better understanding of the pathophysiology is an important step in the finding of new potential treatment.
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INTRODUCTION

Chronic venous disease (CVD) affects approximately one-third of the adult Slovak popu-
lation (1). It is one of the most common disorders of the venous system of the lower extrem-
ities where persistent ambulatory venous hypertension leads to various pathologies. If it is
left untreated it can lead to pain, varicose veins development, edema, hyperpigmentation,
lipodermatosclerosis, venous eczema, atrophie blanche, healed or active leg ulcers and
venous thrombosis (2, 3, 4). A high portion of uncomplicated varicose veins (C2) can
progress to higher clinical stages (C3-C6). Rabe and Pannier (2015) in their long-term spot-
ted that the progression rate of varicose veins reaches approximately 4.3% of all CVD
patients per year (5, 6).

The exact mechanism of CVD development remains unclear. Current experimental stud-
ies attempt to create an unifying theory about the pathophysiology of venous reflux and the
manifestation of venous hypertension and CVD (7, 8, 9). Early theories assumed that vari-
cose veins arose as aftereffects of valvular incompetence and venous hypertension.
Unfortunately, there is little evidence of a constitutive valvular abnormality in primary
venous disease. In addition, these theories cannot explain why are truncal varicosities often
found below properly functioning valves, why normal valves are often seen between those
exhibiting varices, or why dilation often precedes valvular incompetence (10). That’s why in
the past decade, there has been a shift from initial theories based purely on mechanical fac-
tors to the hypotheses pointing to complex molecular changes leading to the histologic
changes in the vessel wall and extracellular matrix composition (11).

Many different factors may play role in the pathogenesis of CVD, including changes in
hydrostatic pressure, valvular incompetence, increased capillary permeability, endothelial
dysfunction, activation of leukocytes, deep venous obstruction, capillary microthrombosis,
ineffective function of calf muscle pump, biochemical and structural changes in the vessel
wall, extracellular matrix alteration, and several other mechanisms (12, 13).

The veins of the lower extremities are organized into three systems - superficial, deep, and
perforator venous system. Perforating veins connect the superficial veins to the deep veins
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(14). Proper functioning of the peripheral venous system depends on vessels patency, proper
functioning of vein valves and muscle pumps. The vein valves are essential in assuring that
blood flows in the correct direction, especially in the standing position. There is a series of
one-way bicuspid valves located throughout the deep and superficial venous system. Their
opening allows the blood flow toward the heart and closing prevents its return toward the
feet. (4, 15). The failure of valves located at the junctions of the deep and superficial sys-
tems (saphenofemoral and saphenopopliteal junctions) allows high pressure to enter the
superficial veins. In this situation, venous dilatation and varicose veins start to form and
propagate from the proximal junction site down the extremity. High pressure can also enter
the superficial system as the consequence of the perforator valves malfunction (4) In the
normal state most perforators are inactive. In the presence of venous hypertension, they
open up and reflux the blood from deep to superficial veins (14)

Very interesting is the Graub et al. study (2014) which is focussed on the number of
venous valves and the degree of their deterioration in great saphenous veins of patients with
CVD in term of their clinical classification. The authors noticed a negative correlation
between age and the number of valves. They detected a possitive correlation between C-class
(CEAP classification) and increasing age, but no significant correlation between the average
number of valves per meter and C-class. Also, valve disease class was positively correlated
with the C-class. Therefore further quantitative and qualitative investigation of venous
valves in patients with CVD is needed (16).

Structural failures such as valve weakness and wall dilatation in saphenous veins result
in retrograde venous blood flow in lower extremities called reflux (17). Reflux in asympto-
matic and mildly symptomatic patients is usually isolated and segmental. In patients with
skin changes and ulceration, reflux is usually multisegmental and often involves deep, per-
forating, and superficial veins (18). Naoum and Hunter (2007) found no demonstrable trun-
cal saphenous reflux and, therefore, suggest that observed varicosities were the result of
isolated perforating and nonsaphenous vein incompetence (19).

Valves dysfunction in the deep venous system is most often a consequence of previous
deep vein thrombosis. Obstruction of the deep veins may limit the outflow of blood, caus-
ing an increase of venous pressure with muscle contraction, and lead to the secondary dys-
function of muscle pump. Dysfunction of the muscle pump appears to be a significant
mechanism for the development of complication such as leg ulcers (4).

Both reflux or obstruction can lead to the increased distal venous pressure. (3, 17).
Venous hypertension or a failure to reduce venous pressure leads to distended veins and to
the severe forms of CVD e. g. hyperpigmentation, lipodermatosclerosis, and eventual ulcer-
ation (4, 8). Under the hypertension influence the blood flow slows down in the microvas-
culature, capillaries dilate and their permeability barrier is damaged. Therefore fluid and
plasma proteins easily infiltrate the interstitial space and predispose to the formation of
edema (20). Hemosiderin deposits from degraded hemoglobin from extravasated erythro-
cytes cause pigmentary changes. (21) Proteins, especially fibrin, located around the vessels
as cuffs, together with interstitial edema, inhibit oxygen diffusion and metabolic exchange
(20). In addition to alterations in the blood vessels and connective tissue, also changes in
the lymphatic network and nervous system may occur. Fragmentation and destruction of
microlymphatics may further impair extremity drainage whereas dysfunction of local nerve
fibers may alter regulatory mechanisms (4). These processes lead to the development of
microangiopathy, with serious cosequences (20). Capillary convolution is strongly associat-
ed with the most severe stages such as lipodermatosclerosis and healed ulcerations. The
pericapillary fibrin cuffs present in the dermis of the gaiter skin has been associated with
a risk of developing leg ulcers before clinical signs of lipodermatosclerosis. The halo forma-
tion is a consequence of pericapillary edema resulting from capillary leakage (22).

Histologic abnormalities typical for varicose veins include irregular thickening of intima,
fibrosis between intima and adventitia, atrophy and disruption of elastic fibers, thickening
of individual collagen fibers, and disorganization of the muscular layers that are heteroge-
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neously distributed throughout the great saphenous vein and its tributaries (10). The disten-
sibility of the venous wall is controlled by collagen, elastin, and smooth muscle cells. Tunica
media, containing smooth muscle cells, is responsible for wall tone, which is influenced by
autonomic nerves and circulating stimulants. Collagen and elastin are providing for passive
tone (23). Structural changes of the vein wall contribute to pathological weakening and result
in the venous dilatation. Overproduction of collagen type I decreased synthesis of collagen
type II, and disruption of the elastin fibers and smooth muscle cells arrangement have been
observed in histological studies of varicose veins segments (24). The total elastin content in
varicose veins is reduced, but changes in collagen content are not always significant (25).
Aunapuu and Arend (2005) reported that the vein wall was changed in 78% of the cases with
varicose veins. The majority of specimens had either damaged or missing endothelium with
the risk of thrombus formation. Smooth muscle cells in media and adventitia were destroyed
or showed altered morphology. The amount of connective tissue was increased together with
the irregular organization of collagen fibers and disruption of the elastic network around
smooth muscle cell bundles. Laminin expression was increased in varicose veins wall and the
severity of damage is related to increasing age and female gender (26).

It is certain that both, the pathological alterations in the venous wall and the valves
are involved in the early events leading to venous disease. Yet whether the venous wall
changes precede the valve insufficiency or venous insufficiency is causing venous dilatation
is questionable (3).

The core pathological process of the CVD development is inflammation within the venous
circulation that is subjected to increased hydrostatic pressure, therefore resulting in
increased ambulatory venous pressure (27). Venous hypertension is thought to induce the
associated skin changes through a number of inflammatory mechanisms (8).

Endothelial glycocalyx has several physiological roles in vascular biology. The endothelial
dysfunction results from the damage of the glycocalyx and is promoted by inflammatory
cells and mediators (28). The inflammatory response involves leukocytes (macrophages,
monocytes, T lymphocytes), inflammatory modulators and chemokines, cytokine expres-
sion, growth factors, metalloproteinase activity and many regulatory pathways that perpet-
uate inflammation (27). Endothelial cells on the luminal surface of the blood vessels react
to both physical stress, and biochemical stimuli (28). The endothelium and glycocalyx can
through the specialized receptors sense changes in shear stress and expression of adhesion
molecules which allows the activation of leukocytes (3). Activated leukocytes then during the
inflammatory process release proteases and proteinases, free radicals, growth factors,
chemokines and inflammatory cytokines into the vessel microenvironment (25, 28). Their
unbalanced expression results in an environment of persistent inflammation and is respon-
sible for the changes of the venous wall and valves, reflux, venous hypertension, and the
progression of tissue destruction and skin changes (3, 28). Lymphocyte trafficking in
inflammatory processes is mediated by endothelial E- and P-selectins by interacting with
lymphocyte selectin ligands (29). Selectins are a family of lectin-like adhesion glycoproteins.
The firm adhesion and transendothelial migration of leukocytes are mediated by the inter-
action of integrins (CD11/CD18, VLA-4) on the surface of leukocytes with immunoglobu-
lin-like adhesion molecules on endothelial cells (ICAM-1, VCAM-1). The expression of
P-selectin, E-selectin, ICAM-1 and VCAM-1 on the endothelial surface is temporally coordi-
nated to ensure that the processes of leukocyte rolling and migration can occur for several
hours after the initiation of the inflammatory response (30). Activated leukocytes attach
to the endothelium, undergo diapedesis, and migrate into the venous wall or valves result-
ing in the venous wall injury and accumulation of inflammatory cells in the interstitial tis-
sues (3, 25). Excessive inflammation and raised levels of proinflammatory cytokines are
typical for venous ulcers (31). Activation of the endothelium and stimulation of the leuko-
cytes recruitment and the release of a range of growth factors can stimulate proliferation
and migration of vascular smooth muscle cells (25). Proliferation and migration of smooth
muscle cells lead to medial thickening and to the formation of neointima, resulting in the
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wall thickening and decrease of lumen space (32, 33). It is still unknown if C-reactive pro-
tein, inflammatory mediator correlated with neointimal hyperplasia, is a marker of
increased risk or a causative agent of the condition (34). Remodeling following migration of
immune cells is a critical determinant of vessel patency (35).

Many studies are nowadays pointing to matrix metalloproteinases as important mediators
of the degenerative process involved with venous insufficiency. This may be preceded by an
inflammatory process which further contributes to venular degeneration and endothelial
dysfunction seen in the advanced presentation of disease (36). Matrix metalloproteinases
(MMPs), are a family of at least 25 zinc-dependent endopeptidases which can degrade a wide
range of substrates, including extracellular matrix components like collagens, laminin,
fibronectin, vitronectin, aggrecan, enactin, tenascin, elastin, and proteoglycans (36, 37).
They are secreted in the inactive pro-MMPs form by fibroblasts, vascular smooth muscle
cells, and leukocytes (38). The MMPs production is stimulated by factors such as oxidative
stress (reactive oxygen species, NO), growth factors, and inflammation (cytokines) which
lead to its up- or down-regulation with the subsequent remodeling of extracellular matrix
(39, 40). The increased hydrostatic venous pressure in the lower extremity is thought to
induce hypoxia-inducible factors and other MMP inducers such as ECM inducer,
prostanoids, chymase, and hormones which lead to increased activity of MMP (41).

MMPs may also affect the endothelium and vascular smooth muscle cells, causing vas-
cular smooth muscle cell migration, proliferation, Ca?* signalling, and changes in the relax-
ation and contraction mechanisms of the vein (42).

Varicose veins commonly show increased levels of MMP, but may show no change or
decreased levels, depending on the region of varicose veins (atrophic regions with little ECM
versus hypertrophic regions with abundant ECM) and MMP form (inactive pro-MMP or
active MMP) (41).

Lim and Davies in 2009 observed upregulation of MMP-1, MMP-2, MMP-3, MMP-7 and
MMP-9, and tissue inhibitor of metalloproteinase TIMP-1 and TIMP-3 in varicose veins (25).
Gomez et al. results showed a significant increase in the content of collagen in large diam-
eter varicosities, where MMP-1 and MMP-2, responsible for its degradation, were signifi-
cantly reduced. Imbalance in vascular vein remodelling by decreasing the ratio MMP/TIMP
could result in collagen accumulation in varicose veins. This mechanism could be protec-
tive in order to restrain the blood stasis by reinforcing the vein wall, avoiding ectasic seg-
ment formation and venous wall rupture (43). According to Gérmis et al. (2014), the up-
regulation of elastin expression may play an important role in the pathogenesis of primary
varicose veins and, the up-regulation of MMP-2 expression was strongly correlated with
hyperlipidemia associated with varicose veins (44).

In 2014 Gomez et al. published the study about control of MMPs expression by PGE, dur-
ing the wall remodelling of varicose veins. Besides remodelling, prostaglandin PGE, is also
involved in the control of vascular tone, inflammation, and pain. Results of the study have
shown that PGE, could be responsible for the wall thickening as the counteract to venous
stasis and for collagen overexpression. Reduced content of PGE, and lower density of its
receptor is responsible for MMP/TIMP ratio downregulation in varicose veins. However, the
metabolism and effects of bioactive lipids like prostaglandins and thromboxane have been
poorly investigated in the context of varicose veins (43).

Oxygenation of the vein wall is achieved by oxygen diffusing from luminal blood and vasa
vasorum (45). Hypoxia together with high hydrostatic pressure can induce an increase in
the thickness of the tunica media and intima. To fit this remodeling of the vessel wall there
is a secondary expansion of vasa vasorum (46). In the varicosities, the whole media is oxy-
genated by vasa vasorum compared to only the outer two-thirds of media of normal veins.
This suggested that the oxygenation of the outer two-thirds was provided by vasa vasorum
and inner one-third of the vein wall by luminal blood. The relative oxygenation and nour-
ishment of the vascular wall may vary depending on several factors including the type and
size of the vessel and luminal oxygen tension (45). In areas of intimal hyperplasia, vasa
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vasorum were found to penetrate the whole media as compared to only the outer two-thirds
of the media in normal segments of veins. The 3D network of vasa vasorum implies that
these layers are metabolically highly active and, therefore, need a continuous blood supply
(47). Studies using cell cultures and ex vivo explants demonstrated that leukocytes and
endothelium activated by hypoxia released mediators regulating vein wall remodeling are
similar to those observed in varicosities (45). Among the regulatory factors of vessel tone,
synthesizes, pro- and anti-inflammatory, adhesion molecules and the transcription factor
hypoxia-inducible factor-1 alpha (HIF-1 o), which are responsible for activation of leuko-
cytes, are very important (48). Hypoxia-inducible factors (HIF-1a, HIF-2a) are transcription
factors that regulate the expression of several genes of oxygen homeostasis. Lim et al. in
2012 investigated if hypoxia was associated with varicose veins by assessing the expression
of HIF-1a, HIF-2a, HIF target genes, and upstream HIF regulatory enzymes. Authors
observed an increased activation of the HIF pathway, with upregulation of the expression of
HIF-1a and HIF-2a transcription factors, and HIF target genes in varicose veins. The data
suggest that the HIF pathway may be associated with several pathophysiologic changes in
the wall of varicose veins (49).

Adherence molecules like selectins, endothelin-1 are regulating not only the inflammato-
ry infiltration of the vessel wall but as well an oxidative stress. Increased oxidative stress is
partly mediated by impaired NO bioavailability due to endothelial dysfunction and NADPH
oxidase overexpression. The ability to produce NO is crucial for endothelial cells in order to
adapt to the stress conditions (50). Nitric oxide is potent vasodilator causing the smooth
muscle relaxation and that inhibit cell adhesion, migration, and proliferation (51, 52). It is
synthesized by nitric oxide synthase, which has 3 known isoforms: neuronal (nNOS),
inducible (iNOS) and endothelial (eNOS) (51). NO synthesis and bioactivity may be reduced
by reactive oxygen species (ROS). ROS are produced in the vessel wall and their production
is induced by proinflammatory cytokines (53). Arteries release more nitric oxide than veins
do. The effect of nitric oxide is reduced by endothelium-derived elements originating from
the cyclo-oxygenase pathway. Vascular smooth muscle cells are more sensitive than arteri-
al smooth muscle cells to both, nitric oxide and endothelin (54). Haviarova et al. (2011) his-
tomorphological and semi-quantitative evaluation of NOS isoforms showed discontinuous
and significantly lower expression of all 3 NOS isoforms in tunica media of varicose veins.
Lower levels of nitric oxide in varicose vein wall suggest that varicose vasodilatation is due
to other until now unknown mechanism (51).

Abnormal events in the cell cycle may also contribute to changes in the structural integri-
ty of the vein wall, thus predisposing to the development of varicosities (55). Variety of apop-
totic markers such as Bax, Bcl-2, Bcl-6, Bel-x1, Bel-xs, Fas, FasL, NF-kappaB, Ki-67, differ-
ent caspases, pb53 and others have been measured in human varicose veins and the results
of these studies are controversial (55-64). In these publications, tested varicose veins origi-
nated from different locations and from patients with various clinical stages of chronic
venous disease which could explain differences in described results. Regulation of prolifer-
ation, migration and apoptosis is multifactorial and involves the complex regulation of pro-
teases, integrins and extracellular molecules (65).

The big rise in the incidence of varicose veins in women occurs during pregnancy and
around the time of menopause, when levels of hormones change (66, 67). In the time of
pregnancy, when estrogen levels are elevated, varicose veins develop and they regress after
birth when sex hormones decline (68). Estrogens cause the relaxation and loosening of the
bonds between the collagen fibers and an increase in the synthesis of coagulation proteins
which may result in the higher risk of venous thrombosis and its consequences. Increased
levels of fibrinogen and coagulation factors VII, VIII, IX and X, and von Willebrand factor are
typical for the pregnancy (69). Progesterone inhibits smooth muscle cells contraction, which
leads to increase of veins capacity, valvular incompetence and vein dilatations disorders.
Estrogen has been shown to accelerate the rate of wound healing in elderly patients by
attenuating the inflammatory response. The estrogen receptor proteins (ER and ER ) medi-
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ate the actions of estrogen during wound repair by the activation or repression of target gene
transcription (31). Since alteration of the estrogen receptor- (ER) expression could directly
enhance the cellular volume of smooth muscle cells and leads to the disorganization of the
contractile-elastic units. Therefore, hypertrophy of SMC could induce the weakness of the
venous wall (67). Ashworth et al. (2007) investigated in the case-control study whether sin-
gle nucleotide polymorphisms in the ERbeta gene are associated with venous ulceration in
elderly patients (age >50 years). Polymorphisms in close proximity to upstream regulatory
regions of the ERbeta gene, including the ON exon and promoter transcribed in inflamma-
tory cells, have shown significant association (p < 0.05) with venous ulceration. Therefore
common variation in the regulatory regions of the ERbeta gene may predispose to venous
ulceration in a Caucasian British population (31).

Despite ongoing progress in understanding the molecular aspects of CVD, therapies for
varicose veins are directed toward anatomic and physical interventions. But these
approaches do not fully treat the causes of CVD (11). Effective methods of correcting the
venous reflux include the surgeries focused at the restoration of the valvular function in the
femoral veins. Pokrovski et al. (2014) were able to restore the valvular function in 84% of
surgery cases. In the remote postoperative period they observed valvular competence in
74.6% of patients. Carrying out such surgeries may significantly improve the course of the
disease due to decreasing the malleolar volume, manifestations of symptoms of chronic
venous insufficiency, and improving the quality of life (70). A better understanding of the
pathophysiology of CVD is an important step in the identification of new potential thera-
peutic targets and new treatment strategies and personalized therapy (25). The synthetic
MMP inhibitors have been developed as a new strategy, now their effects in the treatment of
varicose veins need to be examined (41).
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