CHAPTER 17

CHRONIC VENOUS INSUFFICIENCY
AND BIOCHEMICAL PERSPECTIVE ON
PHARMACOLOGICAL THERAPY
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CHRONIC VENOUS INSUFFICIENCY

Chronic venous insufficiency (CVI) and varicose veins are important causes of
morbidity and appear as common chronic health and socioeconomic problems.
Venous insufficiency (VI) and varicose veins affect approximately 40% of the pop-
ulation (1). It has been reported that leg complaints compatible with venous dis-
ease symptoms such as heaviness and swelling are present in 49.1% of the male
population and 62.1% of the female population (2,3). The Millennium Research
Group estimates that by the end of 2021, CVI treatments will double from 2011
levels (4).

In venous circulation, the leg veins work in the opposite direction of gravity as
they send blood to the lungs. The transport of blood to the lungs occurs when the
veins are compressed as a result of the contraction of our leg muscles and by the
musculovenous pump and when the muscles relax, the venous valves in the leg
veins prevent the return of blood. Valves open as blood goes up and close when
blood returns. In this way, they ensure that venous blood flows in one direction
to the lungs (5). When one or more of the components in this system fail, clinical
venous insufficiency with a wide range of symptoms occurs (6).

In CVI, dysfunction occurs due to congenital or acquired factors in the valves
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in the lower extremity veins that prevent the backflow of blood with the effect of
gravity. Varicose veins occur due to insufficiency of the valves of the deep, super-
ficial, and/or perforating veins. This insufficiency causes backflow of blood and
an increase in venous pressure, causing problems with the enlarged, elongated or
tortuous subcutaneous veins of the lower legs (7).

Anatomical, ultrasound, and plethysmographic studies have determined that
valvular regurgitation is widely distributed throughout the leg in affected indi-
viduals. Insufficiency is most commonly seen in the great saphenous vein below
the knee. It has been shown that increased venous pressures are associated with
increased disease severity (8). Impairments in valve function cause hydrostatic
pressure to be reflected in the venous segments and backflow of blood. With an
increase in venous pressure, the veins expand and the valves diverge. As a re-
sult, valve insufficiency and reflux become evident. Proximal valvular regurgi-
tation progresses distally and may involve long segments. Venous hypertension
can cause protein-rich fluid and blood cells to migrate through the capillary walls
into the intercellular space. Thus, soft tissue edema occurs in the early period.
In the long term, the risk of skin thickening, hyperpigmentation and ulceration
increases (9,10).

Risk factors for varicose veins include family history, age, gender, occupation
or previous history of deep vein thrombosis, sedentary life, sitting work, hyperten-
sion, long-term use of birth control pills, smoking, obesity, pregnancy, and chron-
ic constipation etc. (11). Women are more likely to have varicose veins than men,
and their severity increases in successive pregnancies. Estrogen and progesterone
affect the formation of varicose veins in different ways. Estrogen increases venous
capacitance by changing blood volume, intra-abdominal pressure. Progesterone
on the other hand causes venous relaxation and body weight is known as another
risk factor in the formation of varicose veins. There are data showing that the in-
cidence of varicose veins is higher in overweight or obese women (12).

The clinical manifestations of chronic venous insufficiency can range from
mild symptoms such as swelling, edema, pigmentation to more serious symptoms
such as induration and ulceration. The most common early symptoms of CVI
include the appearance of varicose veins and lengthening of the saphenous veins,
and leg distention (13).

The treatment of varicose veins can be listed as conservative treatment, com-
pression treatment, pharmacological treatment and surgical treatment (14).

Conservative treatment: Conservative treatment aims to reduce or control
symptoms. Basic life style changes such as increasing daily walking, being careful
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not to stand for a long time, leg elevation, weight loss constitute the first stage of
conservative treatment. It is necessary to avoid wearing tight clothing and smok-
ing, which may cause an increase in pressure in the proximal region. Since the
sudden increase in temperature causes vascular enlargement, effects such as hot
bath and sauna should be avoided (15).

Compression Therapy: Elastic compression stockings are recommended in
the treatment of CVI to support veins with reduced vascular wall resistance, in-
crease venous hemodynamics, reduce edema, and relieve symptoms (16).

Surgical Treatment: Surgical techniques are classified in two groups as
Ablative Surgery and Conservative Surgery. Ablative surgery methods; includes
saphenous scraping, simple crossectomy, and phlebectomy. Conservative surgery
technique is aimed to continue saphenous vein drainage and to prevent reflux.
Safenofemoral external valvuloplasty or CHIVA (Conservatrice Hemodynamique
de Insuffisance Venieuse en Ambulatorie) method is applied (17).

PATHOPHYSIOLOGY OF CHRONIC VENOUS DISEASE

The venous wall be formed of the endothelial lining and this lining encircled by an
extracellular matrix (ECM) formed of collagen, elastin, smooth muscle cell (SMC)
and proteoglycans. Structural and functional unity of this type of capacitance is
preserved by a susceptible balance of protein synthesis and degradation between
the vessels and the extra-cellular matrix. Scientific reports showed that there is a
significant correlation between decreased elastin content and enlargement of the
venous wall (18). Similarly, Aunapuu et al. found an increase in the connective
tissue of varicose veins and a deterioration in the elastic network around the SMC
bundles. In the results of the study, an increase in laminin, intercellular adhe-
sion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) was
found in the elderly and varicose group. In addition, it was found that women
have higher expression levels of ICAM-1 and VCAM-1 (19). SMC and fibroblast
culture from varicose patients showed significantly less collagen III and fibronec-
tin and regular collagen V levels compared to normal controls (18).

Venous hypertension and shear stress play crucial role in the development of
inflammation in both the vessel wall and surrounding tissue (20). In general, re-
leasing of the signals for suppressing inflammation and reactive free radical pro-
duction is activated by laminar shear stress. It is recognized that low shear stress,
tempestuous flow of blood and stasis lead to inflammation and the thrombotic
mediators relase from vessels because of inflammation.

IL-6 is an inflammatory cytokine. In case of trauma or other tissue damage

-185-



General Internal Medicine I1

that leads to inflammation it is secreted by T cells and macrophages secreted IL-6
in order to induce the immune response. IL-6 also supports the arrengement of
metabolic, regenerative and neural processes. In a study, a significantly increased
IL-6 level was found in varicose veins (21). This data shows that inflammatory re-
sponse elevated in the damaged blood vessels. According to the findings of Yasim
et al., there were no significant differences in systemic IL-6 levels between the
group has varicose veins and the group of normal vessels (22).

According to Virchow’s triad, endothelial dysfunction and damage to the ve-
nous wall represent one of the fundamental mechanisms not only in the devel-
opment of deep vein thrombosis, but also in the development of varicose veins
and complications. Endothelial damage is expected in varicose veins. Trauma and
shear stress are the most common major cause of endothelial damage. In a study
by Poredos et al., von Willebrand factor (vWF) levels formed by endothelial cells
were measured in order to examine endothelial activity and/or damage. As a re-
sult, they reported that vWF levels increased significantly in varicose veins com-
pared to systemic blood (23).

Yasim et al. measured the plasma levels of procoagulant and endothelial mark-
ers in volunteers who has varicose veins and healthy people. According to their
results there where not a significant difference between two groups in plasma lev-
els of protein C, fibrinogen, tPA, IL-6 and NO. However, they reported that some
parameters such as protein S, vWf, Vascular endothelial growth factor (VEGF)
and IL-12 are statistically higher in the varicose vein group than the control group
(24).

Major factors known to play an critical role in CVI are hypoxia, hemosid-
erin deposition, fibrinogen/fibrinolysis, and endothelial/glycocalyx dysfunction.
Inflammation is at the center of the damage process, and leukocytes secrete in-
tensely cytokines (23). Mansilha et. al. compared the blood sample drawn from
the varicose area with the venous blood sample from arm of the same person.
They reported that IL-6, fibrinogen and hemoglobin levels were higher in the var-
icose area compared to arm blood. With this data, it was confirmed that some
inflammatory processes are activated in patients with varicose veins and this acti-
vation increases the concentration of IL-6 and fibrinogen (25).

The balance between matrix metalloproteinase (MMP) enzymes and their en-
dogenous tissue inhibitors is very important for regulating the homeostasis of the
extra cellular matrix. MMPs belong to a family of proteases known as metzincins
and are zinc-dependent endopeptidases. These enzymes can degrade most com-
ponents of the ECM. Humans are known to have 23 MMPs, and vascular tis-
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sues can express 14 of these MMPs. Although the structures of MMPs are similar,
they can effect differently to homeostasis of the extra-cellular matrix. Gene tran-
scription, protein translation and pro-MMP activation are the control points for
the regulation of MMPs. Plasma proteins and tissue inhibitors of metalloprotein
(TIMPs) are also act as inhibitors of MMPs. There is scientific evidence that vari-
cose veins have instability between MMP and TIMP (26, 27). Varicose veins also
have some other disfunctions such as loss of the collagen-elastin network, changes
in collagen type I to III ratio and high activity of matrix-metalloproteinases (28,
29). It has been shown that activation of EP (EP1-EP4) receptors in endothelial
cells triggers proinflammatory responses, MMP-9 expression and angiogenesis
(26). In vascular smooth muscle cells, the prostacyclin receptor usually associates
with the G-protein subunit Gas, which is linked to a signaling cascade that pro-
motes relaxation and a decrease in vascular tone (30).

PHARMACOLOGICAL THERAPY

Venoactive drugs and diuretic drugs are generally used as pharmacological treat-
ment in the treatment of varicose veins. There is no consensus on the optimal
treatment yet. Venoactive drugs are drugs that interfere with the pathophysiologi-
cal mechanism of CVI and are used to reduce the symptoms of varicose veins, es-
pecially pain and edema. Venoactive drugs used in the treatment of varicose veins
play an active role in reducing edema formation and hemorheological healing by
regulating blood flow, reducing capillary filtration and regulating lymph circula-
tion. These drugs usually contain active metabolites of herbal origin obtained by
extraction methods. For this reason, the pharmacological activities of venoactive
drugs are high and the use of these drugs is quite safe. Some natural and synthetic
venoactive drugs are listed below.

Natural:
« Benzopines: Coumarin, flavonoids, hydroxyrutosides etc.,
o Saponosides: Horse chestnut extras,
o Micronized purified flavonoid fraction (MPFF)
o Plant extracts; Anthocyans, oligomers, ginko biloba.

Synthetic:

o Adenosinephosphate,
e Benzarone,
o Calcium dobesilate (31,32).

In 2005, experts came together and exchanged scientific views on randomized
clinical and meta-analysis studies in the literature to establish standards in the
treatment of chronic venous insufficiency. Following this meeting, an internation-
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al consensus was reached in 2008, giving recommendations on the evidence levels
of venotonic drugs at Grade A, B and C levels that will guide chronic venous
insufficiency (33).

Apart from these studies, researches on drugs used in pharmacological
treatment are still continuing today. MPFE, for example Daflon®, contains large
amount of diosmin and less other active flavonoids such as hesperidin, diosmetin,
linarin, and isorhoifolin. Daflon® is also prescribed very often and it is one of the
well-researched venoactive drugs. MPFF’s major effects have been investigated
by both clinical and non-clinical researches. Improvements in venous tone and
contractility, microcirculation and venous ulcer healing have been reported. Also
researchers have showed decreases in edema, inflammation, leukocyte adhesion
and inflammatory mediator production (34,35). Coleridge Smith et al. studied the
effects of 500 mg Daflon® on the surface expression of leukocyte adhesion mole-
cules in chronic venous disease. Administiration of Daflon® for 60 days have been
chanced the CD11b and CD62L expression levels in neutrophils and monocytes
respectively. These results suggest that Daflon® can be inhibit of leukocyte adhe-
sion and activation (36, 37). The anti-hypertensive effects of diosmin have been
demonstrated in a rat model, probably due to its activity in the elimination of su-
peroxide anions (38). Diosmin, a pharmacological vasoactive agent, has the abili-
ty to inhibit inflammatory pathways by increasing anti-angiogenic factors and de-
creasing the level of pro-angiogenic factors in plasma (39,40). It has been shown
that MPFF has the ability to effectively reduce endothelin 1 and TNF-a levels in
patients with CVD (41). Another form of venoactive bioflavonoids is Rutosides.
Anti-inflammatory properties of rutosides have been showed and rutosides can
heal cronic venous disease signs and symptoms. In vitro experiments have shown
rutoside’s potential on the inhibition of the inflammation-related gene expres-
sion such as TNF-a, IL-1, and IL-6 (42). Another research using peripheral blood
neutrophils has shown that Rutin, another flavonid, can reduce nitric oxide, and
TNEF-a production and can also suppress myeloperoxidase activity (43). One of
the most prescripted drug for treatment of cronic venous disease is Calcium do-
besilate and its antithrombotic properties have been shown. It has been reported
that calcium dobesilate regulates vascular homeostasis by raising the nitric ox-
ide-synthase activity (44, 45). Sulodexide is a highly purified glycosaminoglycan
mixture (46) and it can significantly reduc the secretion of pro — and complexed
MMPs from leukocytes and monocytes (47,48).

Loss of endothelial glycocalyx and degradation of some proteolytic enzymes
due to increased shear stress or hydrostatic pressure in CVI reduce the barrier
function and facilitate the extravasation of reactive “leukocytes”. The highly neg-
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atively charged, unbranched polysaccharide family of GAGs can modulate the
involvement of leukocytes and neutrophils, a vital process in inflammation, by
mediating chemokine mobilization (49).

Glycosaminoglycans physiologically function as a protective layer and an im-
portant barrier for all endothelial cells. In addition, commercially available GAG-
based drugs can limit the deleterious inflammatory and proteolytic cascade and
enhance anti-inflammatory pathways and tissue remodeling through modulation
of a wide variety of biocompounds with opposing biological activities (50,51).

CONCLUSION

There is no consensus yet on the gold standard pharmacological treatment ap-
plied in the treatment of chronic venous insufficiency. However, venoactive drugs,
which have become widespread recently, are drugs that interfere with the patho-
physiological mechanism of chronic venous insufficiency and are used to reduce
the symptoms of varicose veins, especially pain and edema. We think that serious
steps will be taken in the permanent treatment of CVI as the pathophysiology of
chronic venous insufficiency and the mechanisms of action of venoactive drugs
are clarified.
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