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ABSTRACT

BACKGROUND - The multifactorial aspects involved in the inflammatory cascade of events that are encompassed in the irreversible transformation of a normal vein into a varicose vein are reviewed.

OBJECTIVE - The purpose of this paper is to review well established and new theories involved in the series of events that will transform a normal vein into a varicose vein.

METHOD - This report is based on a review of recent literature published between 1992 until date.

CONCLUSIONS - The cascade of local inflammatory changes that will lead to lost of wall distensibility and valvular incompetence are reviewed.  This inflammatory sequence appear to have an important role in the irreversible nature of primary varicose veins.  Although it appeared that this medical entity will continue to afflict mankind for sometime to come, what it appears on the horizon is not only interesting but indeed encouraging in regard to the shedding of much light on the etiopathogenesis of this still poorly understood disease.

Pathophysiology of Varicose Veins

     Varicose veins are the most common and oldest known vascular abnormality in the human person, having afflicted mankind since recorded history and beyond.  Nonetheless, the transition from normal veins to varicose veins still remains a mystery.  There are, however, some data about varicose veins that are generally accepted and a body of emerging data shedding some light on the pathogenesis of this interesting clinical entity. (1) 

     This treatise is an attempt to better understand the transition from normal veins to varicose veins and what factors might be involved to bring this about.  A review of the recent literature was undertaken in order to update the present thinking concerning the etiopathogenesis of primary varicose veins.

GENERALLY ACCEPTED DATA AND UPDATE

     Varicose veins are peculiar to upright man and has been known to occur since antiquity.  It is estimated that perhaps about 8-10 million individuals are afflicted with varicose veins in America at the present time.

     A number of factors related to and or commonly associated with varicose veins are well known for they have been postulated for some time.  Body weight, environmental heat, sedentary and/or long standing postures, heredity, high-dose estrogen formulations, osteo-articular lesions of the lower limbs, pregnancy, age, smoking, etc. have all, at one time or another been implicated.  None nor all taken together can satisfactorily explain the transition from normal veins to varicose veins. (1)

     More recently Cordts and Gawley(2) studied the physiologic effects of pregnancy on lower extremity hemodynamics in eight women, six with no know venous disease and two with documented deep venous obstruction.  Patients were studied from the 

first trimester and monthly thereafter.  None of the six women with no known venous disease had obstruction, or elevated ambulatory venous pressure by air plethysmography.  In addition, despite significant increases in common femoral vein and saphenofemoral junction diameters, no woman with no known venous disease had reflux.  The venous filling index increased significantly during pregnancy and decreased significantly postpartum, but all values remained within the normal range.  Common femoral vein diameters as well as saphenofemoral junction vein diameters similarly increased and decreased in size.  Neither of the two women with deep venous thrombosis showed deterioration of outflow fraction or venous filling index as pregnancy progressed and neither had thromboembolic complications despite moderate to severe preexisting obstruction.  No woman in the study developed varicose veins.  Pregnancy-induced changes, the authors concluded, were detected in lower extremity hemodynamics in all patients but were small.  It would appear that hormonal(3) and/or other systemic factors(4,5,6,7) must play a significant role in the development of postpartum varicose veins.

     Herrick et al(8) noted that the process of aging in human subjects was associated with an up-regulation of elastase during acute wound healing and that an abnormality in down-regulation of this process could be partially responsible for the transition to chronic wound healing states in the aged.  One might speculate that this process could also be operative in the transition from normal veins to varicose veins.

     Freischlag et al(9) studied the effects of cigarette smoke on the endothelium of the superficial femoral veins of rabbits.  They found that when the superficial femoral veins were exposed to cigarette smoke there was a significant decrease in endothelium-dependent relaxation in response to acetylcholine without smooth muscle injury.  This

 loss of vasomotor tone could be detrimental over time and could play a role in the development of varicose veins.

     The most commonly involved veins of the lower extremity to become varicose are the greater saphenous vein and its tributaries.  The most common area of the lower extremity involved with varicose veins is the medial aspect of the lower one-third of the leg, known as the gaiter area.  It is precisely this area which is also commonly involved in the clinical manifestations of chronic venous insufficiency.

BASIC ANATOMICAL AND PHYSIOLOGIC PRINCIPLES OF VEINS

     Veins are the capacitance vessels of the systemic circulation, especially those of the lower limbs which contain three times the volume of blood than in the arteries.  Their walls are thin and fragile; however, they still maintain the basic vascular architecture of an intima, media and adventitia.  They have a much lower content of smooth muscle than corresponding arteries, although the number of smooth muscle cells increases distally toward the feet in order to sustain the large hydrostatic pressure that is present at this level.  In the neck and chest veins, for example, there are no muscle cells, while in the abdominal veins they comprise 10%, in the femoral veins 30% and in the foot veins 60% of the bulk of the wall.  The increased component of smooth muscle in these anatomical areas means that the veins are able to undergo dilatation and constriction in response to humoral and sympathetic stimulation.  This allows them to play a major role in regulating flow and redistributing blood in times of stress.(1,2)

    The venous system in the lower extremity is divided into three parts comprising the superficial, deep and perforator veins.  The major superficial veins are the greater and lesser saphenous veins, which have a reasonably constant structure and course.  They are connected by an inconstant network of ramifying venous channels.  The most 

important of the tributaries is the posterior arch vein, which runs posterior to the long saphenous vein and is frequently varicose.  It is with this tributary that the more important perforator veins in the leg connect it to the posterior tibial vein.  The deep system of veins comprises extremely thin-walled, such as the gastrocnemial and soleal venous sinuses, and the named veins that accompany the anterior tibial, posterior tibial and peroneal arteries.  These exist as multiple venae comitantes.(10)  The tibial and peroneal veins coalesce into the popliteal space to form the popliteal vein.  Duplication is a common variant in all major veins.  The perforator veins are short veins that connect the superficial and deep systems be passing obliquely through the deep fascia.  They are estimated to number about 90 per leg.  The most important perforator veins are on the medial side of the leg connecting the posterior tibial and posterior arch veins and thence the greater saphenous vein.  There positions are quite constant with a small group below the medial malleolus and three major veins at constant height above the medial malleolus.  Others are situated laterally in relation to the lesser saphenous vein and in the thigh, joining the greater saphenous vein and the femoral vein in Hunter’s canal.

     All the veins in the leg contain bicuspid valves that prevent retrograde blood blow down the limb and assure that blood flows from the superficial veins to the deep veins.  All valves consist of two leaflets or folds of intima reinforced centrally with connective tissue.  On the downstream side of each valve there is a sinus in the vein, i.e. a dilatation that prevents the valve from coming into contact with the vein wall.  The number of valves for a given length of vein increases distally in the leg.  There are no valves in the inferior vena cava, 2 to 3 in the iliac veins, 10 to 12 in the femoropopliteal veins and 7 to 15 in the tibial and peroneal veins.  The number, however, varies 

considerably from patient to patient and from side to side.  There are eight pairs in the long and short saphenous veins, the most important and constant occurring at the saphenofemoral and saphenopopliteal junctions.  The slits between the valve cusps of the superficial veins lie parallel to the skin surface, whereas those of the deep veins lie at an angle to each other so that blood in the deep system tends to flow in a spiral direction.

     The deep fascia of the leg is an integral part of the musculovenous pump.  It lies beneath the subcutaneous fat and is attached to the tibia and fibula.  It forms a rigid fascial envelope and with the increase in muscle volume associated with exercise, allows very high pressures to be generated within the muscular compartments.

HEMODYNAMICS

     The peripheral venous circulation is a high-capacity venous reservoir.  It contains 60% of the blood volume and plays a major role in distribution of blood volume during exercise, hemorrhage and stress; thus maintaining cardiac output and perfusion of essential organs.

     Olsen and Lanne(11) studied venous compliance in the calf of humans in regard to its importance for capacitance function in relation to age with the aid of negative lower body pressure.  LBNP or Lower Body Negative Pressure is an experimental approach use to pool blood in the capacitance vessels in the lower part of the body to created central hypovolemia in order to explore the baroreceptors as well as cardiopulmonary volume receptor function changes in aging.  The negative pressure transmission to the calf as well as changes in calf volume were studied and venous capacitance was calculated (change in volume with pressure change).  Transmission of negative pressure to the subcutaneous tissue was almost 100% without any changes with age.  

However, it was reduced to 80% in the underlying muscle tissue, irrespective of depth.  Venous compliance in the young was reduced by 45%.  Furthermore, the hemodynamic response to hypovolemic circulatory stress was attenuated with age.  The reduced pressure transmission in muscle tissue was interpreted as being probably due to restriction of the muscle fascia envelope.  The reduced venous compliance with age and the concomitant reduction in capacitance response during lower body negative pressure have implications for both the sympathetic reflex responses as well as the capacitance response during acute hypovolemic circulatory stress, which might be defective in aging humans.  It is postulated that both deficiencies, after a period of time, might have deleterious effects on the vein wall causing dilatation and thus play a role in subsequent varicose formation.

     Pressure-flow relationships in veins are much more complex than in arteries.  Because of their collapsible nature, veins are able to undergo larger increases in flow volume with little change in resistance and pressure.  When the vein assumes its circular configuration, usually at a pressure of 10 to 15 mm Hg, the relationships become more linear and the hemodynamics less complex.

     The pressure present in the venous system in a supine subject is low and equal in all veins at the same level.  When the subject is erect, however, there is an extra 500 cc of blood redistributed to the leg veins, and the pressure in the veins at the ankle increases to 80-100 mm Hg.  The pressure at the ankle is assumed to be secondary to the hydrostatic pressure due to a vertical column of blood measured from the foot to the right atrium.  The pressure in the deep veins of a normal person has been noted to be 2-3 mm Hg less than in the superficial system, thus insuring a pressure gradient toward the deep system at rest.  While blood flows from the superficial to the deep veins 

through the perforator veins, most of the blood in the superficial veins flows into the deep system through the saphenofemoral opening.(12)

     With prolonged standing there is a gradual increase in the volume of the leg due to stress relaxation of the vein walls and filtration of fluid through the capillary walls into the extramuscular space.  The consequent rise in intramuscular pressure ensures that this phenomenon is self-limiting.

     More recently Raju et al(13) investigated the factors determining postexercise pressure and the relationship of venous valve closure and venous column segmentation to ambulatory venous pressure changes.  From their studies they noted that the femoropopliteal venous column above the popliteal valve remains unsegmented and continuous during ambulatory venous pressure changes in response to calf muscle contraction.  They therefore felt that ambulatory venous pressure changes could not be explained purely on the basis of hydrostatic column pressure changes but rather felt that postexercise pressure appeared to be determined by a complex set of factors: 1 - physical segmentation of the venous column below the popliteal valve (i.e. tibial valve closure); 2 - tube collapse below the closed valve, which further aids in the breakup of the hydrostatic column pressure and dampens the effect of any reflux through or around the closed valve; 3 - ejection fraction, which influences the degree of tube collapse; and 4 - the interaction of the resultant pressure forces with the wall properties of the venous pump.  They concluded that the mechanism of ambulatory venous pressure reduction is complex and multifactorial.  They postulated that after a thrombotic process changes in the venous wall could conceivably influences ambulatory venous pressure and recovery time in the absence of reflux.  In this regard a point mutation in the factor V gene which frequently causes activated protein C 

resistance may play a role toward thrombosis.(14)  It has been shown that this entire process could ensue quite insidiously in the soleal and gastrocnemial veins.(15)

      Venous compliance reflects the mechanical properties of the vein wall.  Zamboni et al(16) studied the relationship between in vitro and two in vivo methods of compliance measurement.  Compliance of the saphenous veins was determined in 20 patients, using both an invasive and noninvasive method.  They found that the relationships with the in vitro measurements that were determined validate both in vivo methods for assessment of saphenous vein compliance.  Although the authors were primarily interested in the suitability of the saphenous vein as an adequate replacement for coronary artery by-pass, the same information could be used to discern those veins which may have a greater propensity to become varicose.  A related study(17) showed that the high resolution echo-tracing device previously used for arterial compliance measurements, allows the detection of pulsatile changes in the canine saphenous vein and thus permits calculation of both the pulsatile and static compliance of superficial veins in vivo.  Using this technique, the authors demonstrated that the novel alpha-adrenoreceptor agonist S 18149 constricts canine saphenous vein in vivo and decreases the saphenous vein compliance after oral administration.

      The muscle pump is an important physiologic mechanism for propelling blood toward the heart and decreasing the cardiac afterload.  It has been estimated to contribute 30% of the energy needed to maintain the blood circulation.  It has been coined the peripheral heart and comprises the skeletal musculature and fascia, the intramuscular venous sinuses and the superficial and deep veins of the leg.  When a person exercises, there is markedly increased pressure in the intrafascial muscular compartments which has been measured at 250 mm Hg in the calf and 100 mm Hg in the thigh.  The intramuscular veins appreciably narrow.  Blood is propelled proximally and retrograde flow is restricted by the function of the valves.  This period of active pumping during muscle exercise is referred to as “systole”.  During “diastole”, when the calf muscles relaxes, blood from the distal veins and the superficial veins is “sucked into” the intramuscular veins.  The pressure in the superficial and deep veins decreases markedly during the exercises, and the total calf volume decreases, returning to normal within about 30 seconds.  Much of the blood that fills the veins is derived via the capillaries in the calf muscles.  From the calf pump blood is propelled to the less efficient thigh pump and thence to the large veins of the abdomen.  The muscle pump also plays a role in increasing muscle perfusion.  When it functions, the venous pressure decreases so that arteriovenous pressure gradient increases, thereby leading to greater muscle blood flow.

     In addition to the muscle pump in the limbs, there is a thoracoabdominal pump whose function is less clear.  During quiet respiration flow in the superior vena cava and inferior vena cava increases with inspiration and decreases with expiration.  In the femoral veins there is a decrease in venous flow with inspiration and an increase with expiration.  The pressure gradients between the abdomen and thorax are poorly understood.  It is believed that the pressure gradient driving blood centrally from the leg is venous pressure in the leg minus the intra-abdominal pressure generated when the patients inspires.  This has the effect of decreasing venous flow during inspiration.  If, however, the venous pressure in the lower extremity is elevated, respiratory changes in intra-abdominal pressure would have very little effect on venous outflow which would have a tendency to become more continuous, especially so if there is also a stiffening of the venous wall as might occur in the post-thrombotic syndrome.

     The venous pump ordinarily is so effective even when a person walks very slowly that pressures in the leg are only 15 to 30 mm Hg.  But when the valves are destroyed, such high pressures (80 to 90 mm Hg) develop in the leg veins that they become progressively distended to diameters four to five times normal, possibly leading to the condition known as varicose veins.

PATHOGENESIS:  NORMAL VEINS TO VARICOSE VEINS

     The transition from normal veins to the common entity of superficial varicose veins in the lower extremity still remains an enigma, even given the fact that varicose veins is one of the better known clinical entities which has afflicted mankind since antiquity.

     As was noted above, low pressure venous return results from several different pump systems.  Blood and velocity depend on sympathetic tone and contraction of the veins modulating distensibility.  In patients with chronic venous insufficiency, different components including hyperdistensibility, hyperpressure, valve failure, back-flow and stasis, lead to a vicious cycle.  These elements modify the venous wall and lead to hyperdistension producing significant dilatation and/or formation of varicose veins.  Endothelial and smooth muscle cells participate in these changes.  Smooth muscle cells play a major role:  some hypertrophy and/or lose their contractility, synthesizing and sometimes rapidly destroying tissue.  These changes in the circulation, sometimes increased by inflammation and thrombosis, affect microcirculatory hemodynamics with a variable delay.(18)

     Three theories have been proposed to explain the cause of varicose veins, citing three different factors as the primary cause:  valvular incompetence, a weakness of the vein wall, and increased arterial inflow associated with multiple arteriovenous communications.(19)  In a study by Clarke et al(20) duplex scanning was used to assess venous valves and venous occlusion plethysmography used to determine the elasticity of the venous wall and the rate of arterial inflow.  Fifty-one control legs and 36 legs with superficial venous insufficiency were examined.  Risk factors were used to divide the control legs into low risk and high risk groups.  The results obtained in the high risk limbs demonstrated a significantly reduced vein wall elasticity and increased arterial inflow compared with the normal limbs, with no corresponding increase in the incidence of valvular incompetence.  The results clearly suggested, according to the authors, that the role of the venous valves in the development of varicose veins is secondary to changes in the elastic properties of the vein wall and the rate of arterial inflow.

     The role of mitochrondrial myopathy with altered respiratory chain function noted in patients with chronic venous insufficiency may also have some importance in the pathogenesis of varicose veins.  This possible chromosomal deletion in the human genone may be a contributing factor in the production of varicosities.  This deficiency may facilitate the development of varicose veins in those individuals having a propensity for such.(21)  Guo and Guo (22) undertook an hereditary analysis of varicose veins of the lower extremities and noted that it was compatible with autosomal and recessive inheritance.  The sex ratio of male:female was 2.39:1.  The transmission was possible from male and female to male and female both.

      Sales et al(23) have shown that the relative lack of valves may be related to the development of venous insufficiency.  Their report documents that reflux in the greater saphenous veins have significantly fewer valves than patients with apparently normal functioning saphenous veins.  Is it a question of quantity?  It has been shown that 

agenesis of valves in the deep venous system does lead to severe skin changes in the gaiter region.(24)

      Kockx et al(25) studied the histopathological aspects of varicose veins and normal saphenous vein by light microscopy and transmission electron microscopy.  They concluded that the cellular hypertrophy of smooth muscle cells and the microherniations could be the basis for disruption of the elastin fibers connected to the smooth muscle cell, in varicose veins.  Disrupted connections between smooth and elastin fibers could in turn induce the weakness of the venous wall observed in varicose disease.

     Saharay et al(26) in their study concluded that venous hypertension results in sequestration of the more activated population of neutrophils and monocytes in the microcirculation of the leg in patients with venous disease.  These cells bind to the endothelium, releasing L-selectin, and do not emerge from the limb when venous hypertension is reversed.  They felt that these findings were the same in patients with varicose veins and those with skin changes.

     Venous valves are more frequent in distal veins and venulae, providing a protecting action against blood skin reflux.  Structurally simple, collagen and endothelium, they allow a cavity to be formed by distension, when occlusion occurs.  In an excellent study by Boisseau(27), venous angioscopy could distinguish bicuspid floating valves, reinforced valves with free edges and seat valves as well as the presence of apertures of small collateral vessels in the sinus, of which they play a role in the filling up.  It was noted that valves may be inefficient in the supine and standing positions among 20% of the adult population.  Sinuses allow vortices to be created, low recirculating zones, where blood flow moves slowly in niches, at a low shear rate, independently from the main stream.  A deep vortex is located in the sinus, usually empty, but likely to receive red cell aggregates and leucocytes in the condition of stasis and hyperviscosity.  Such a vortex is hypoxic, and can cause endothelial activation.  In such areas fibrin-leucocyte nidus are created, histologically recognized, in which the subendothelium has become thick and thrombogenic.  Two stages characterize its progression:  stage 1: a few alterations in the valves.  Little thrombin generation, taken over by the coagulation inhibitors:  AT III, APC and TFPI.  Stage II:  damaged valves, local consumption of the inhibitors and extended generation of thrombin over the platelets, through factor IXa.(28)  Hereditary inhibitor deficits increased the risk (frequent factor Leyden V).(29)  When the coagulation cascade is considered, VIIa-tissue factor complex appears to be the thrombotic pathway, leading first to wall linked thrombin, uneasily reached by AT III and factor IXa non inhibited by TFPI, therefore explaining the platelet extension.  Monocytes, which can bear tissue factor, may be lodged inside the niches.  Besides this important role of deep venous thrombosis, incompetent venous valves are responsible for the skin venous hypertension, a subsequent substrate for the production of venous ulcers.

     Greater saphenous veins removed at surgery for correction of venous dysfunction have few valves.  Those that are present may be shrunken, deformed, or monocuspid.(30)  Question:  Could leucocyte infiltration be associated with valve damage?  Ono et al(31) noted that three of seven specimens studied for morphological changes had clearly shortened valve leaflets.  Collagen degeneration was noted in all seven specimens.  Leaflets had essentially disappeared in three and were shortened to 100 to 2100 microns in five.  Specific leucocytes staining was accomplished.  All ten specimens showed monocyte/macrophages infiltration in valve leaflets and venous wall.  

These were more numerous in the valve sinus and proximal wall both on and under the endothelium. Control specimens showed no monocyte/macrophage infiltration.  The observations, concluded the authors, suggest that venous valve damage in refluxing saphenous veins is associated with a leucocyte infiltrate.  Cell activation and fluid dynamic factors, such as eddies, recirculation and stasis in the valve sinus may be part of the process of leucocyte penetration of the endothelium.  The magnitude of leucocyte infiltration in the vein wall and in the base of the valve leaflet may be responsible in the genesis of primary venous dysfunction.

     Vedenski et al(32) have shown that electron microscopic studies of the venous valves in varicose disease demonstrate that dystrophic changes develop on the external and internal surfaces of the valve cusps.  Endotheliocytes on the external surfaces are located longitudinally in relation to valvular axis and on the internal surface they are perpendicular to it.  Fragments of elastic membrane, collagen fibers and smooth muscle cell are seen under the endothelial lining.  Endothelium actively regulates proliferative processes of smooth muscle cells secreting the so-called “growth factor of endothelial origin”.  The development of venous valve pathological changes in varicose disease is accompanied by endothelial damage, disturbance of morphofunctional state of smooth muscle cells and intercellular substance of the vascular wall.

    Yamada et al(33) have shown that in normal saphenous veins, mast cells are usually singly inbedded in dense collagen bundles as resident cells.  They have characteristic crystalline granules of the storage type.  In varicose veins, mast cells show different features such as an increased of altered granules of the discharging type, degranulation and intimate relationship with fibroblasts and lymphocytes.  These observations suggest the presence of a mast cell-mediated mechanism by releasing some mediators in the development of varices.

     Michiels et al(34) demonstrated that hypoxia was able to activate endothelial cells.  They release inflammatory mediators and become adhesive for neutrophils which are then activated.  These activated leucocytes release free radical and proteases which are able to degrade the extracellular matrix.  In addition, hypoxia-activated endothelial cells secrete growth factors which will trigger smooth muscle cell proliferation and the synthesis of extracellular matrix components.  Together and because they are frequently repeated, these processes could eventually lead to alterations of the venous wall similar to those observed in varicose veins.  Ali et al(35) demonstrated that prolonged hypoxia alters endothelial barrier function but produced no change in the surface expression of ELAM-1 or ICAM-1.  Hypoxia alone produced a significant reversible alteration in endothelial permeability.  However, this change was observed only under severe hypoxic conditions (eg below 20 mm Hg); higher oxygen tensions (25 and 35 mm Hg) had no significance.  Unlike observations made after cytokine exposure, hypoxic breakdown of endothelial barrier was unassociated with up-regulation of either ELAM-1 or ICAM-1.  Montoya et al(36) demonstrated that a reduction in the intracellular oxidative state produces an enhanced beta 2 integrin-dependent adhesion of polymorphonuclear leucocytes to stimulate endothelial cells under flow conditions.  Arnould et al(37) showed that a venotropic drugs containing Ginkgo Biloba extract, troxerutine and heptaminol, appears to blocks the neutrophil cascade as well as neutrophil activation.

     Janssens et al(38) noted that one possible mechanism that accounts for the alternations observed in varicose veins is the activation of endothelial cells by ischemia in the leg during blood stasis and the cascade of reactions that follows.  Because in vitro data suggest that endothelium alteration is a key event in the development of the pathology, it was important to confirm this hypothesis in patients.  The authors used the number of circulating endothelial cells detached from the vascular wall as a criterion of endothelium injury.  The authors compared the number of circulating endothelial cells in patients with chronic venous insufficiency with those of a control population.  A two-fold increase in the circulating endothelial cell count was observed in chronic venous insufficiency patients which indeed suggests an alteration of the endothelium in this disease.  The protective effect of a venotropic drugs, containing Ginkgo Biloba extract, troxerutine and heptaminol were tested by a randomized double blind placebo controlled clinical trial.  The circulating endothelial cell count was decreased by 14.5% after 4 weeks of treatment, whereas in the placebo group the decrease was less (8.4%).  The results of the study appear to confirm the important role of the endothelium alterations in the development of varicose veins and suggest a potential beneficial action of a venotropic drug on the venous wall.

     Schuller-Petrovic et al(39) noted that the role of the endothelium in the vasomotor control of human veins in the lower extremity is little understood.  They tested the hypothesis that the production of relaxing and constricting factors is altered in endothelial cells from varicose saphenous veins which may predispose to the decreased vessel tone observed in primary varicose veins.  The authors measured nitric oxide production, endothelin and prostacyclin.  In addition levels of angiotensin II, bradykinin, cyclic GMP and cyclic AMP were measured in both patients having primary varicosis and healthy volunteers.  They noted that endothelial cells from diseased saphenous veins secrete less constrictor mediators than cells from healthy 

veins and that in disease veins the nitric oxide/cyclic GMP system was up-regulated which could shift the balance of vasoactive factors towards vasodilatation and contribute to the development of primary varicosis.  These findings are essentially in accord with those of Lowell et al(40).

     A number of studies (41-47) looking at different receptors as well as expression of factors in and from endothelium and/or their effects on smooth muscle cells are essentially in their initial reporting stages.  These studies may indeed shed some light on the development of varicose veins.  An interesting observation which need further elucidation and investigation is the suggestion from the study of Reghunandanan et al(48) that arteries may also be involved in the pathogenesis of varicose veins.

     In attempting to characterize endothelin receptors in human varicose veins, Barber et al(49) noted that decreased contractions to endothelin-1 in both varicose and saphenous veins of patients without primary varicosity may be associated with a decreased in the number of receptors.  These receptors may be downregulated in response to increased production of endothelin-1, which is regulated at the transcriptional level.  The difference in receptor numbers between varicose and nonvaricose veins was attributable to differences in the endothelin-B receptor subtype.  Binding affinities were not significantly different for either of the receptor subtypes in all veins studied.

     Porter et al(50) studied endothelin-B receptors as a mediator of intimal hyperplasia in an organ culture of saphenous vein.  Endothelin is a potent vasoconstrictor and a powerful mitogen for vascular smooth muscle cells.  Endothelin-1 has been shown to be mitogenic for human saphenous vein smooth muscle cells and expression also is elevated in human veins graft stenosis.  Their study implicitly suggested that an important role for endothelin as a mediator of human vein graft hyperplasia and implied further that a specific endothelin-B antagonist may have a therapeutic potential for the prevention of vein graft stenosis.

     An interesting study by Mangiafico et al(51) concerning endothelin-1 release in normal and varicose saphenous veins noted that the increased local endothelin-1 release in varicose saphenous veins could be a marker for venous endothelial activation/damage and/or contribute to promote the morphologic alterations of the varicose vein wall by stimulating smooth muscle cell proliferation.  On the other hand, the increased endothelin-1 release could contribute to counterbalancing the varicose venous relaxation and to increasing preload in varicose veins patients via endothelin-1-induced venoconstriction.

     The venous system plays an important role in the determination of cardiac output and venous return.  Venous tone is a property of the venous system which reflects the venous resistance and pressure.  An increased venous tone caused by vasoconstriction leads to an increased net capillary filtration by increasing the venous resistance and venous pressure.  Use of a venotonic agent to increase venous tone would prove useful in treating venodilatation associated with worsening venous insufficiency.  In one study(52) the authors used venous occlusion plethysmography, strain gauge plethysmography and measurement of venous pressure with the aid of a needle inserted into a vein on the dorsum of the foot to assess the function of the vein wall by quantifying the elastic modulus.  The elastic modulus is calculated from the change in pressure and the corresponding change in volume which are measured from the linear high pressure part of the pressure volume curve.  Results showed that there was a clear difference in elasticity between normal limbs and limbs with varicose veins and deep venous incompetence.  The limbs of normal individuals that are at a high risk of developing varicose veins have an abnormal elastic modulus.  In a related article Ibegbuna et al(53) noted that a 4 weeks’ course of 500 mg of Flavonoids daily, a venotonic agent, was effective in improving the venous tone in patients with symptoms but without varicose veins.  Flavonoids have been shown to be effective by others, (54-56) as long as the venous wall is not completely replaced by fibrosis.

     There appears to be a correlation between operation and venodilatation of veins remote from the operative wound.  This dilatation is postulated as being connected with postoperative venous thrombosis.  The venodilatation can be reverse by venotonic drugs.  The precise mechanism of this relationship is not fully known but appears to be the result of a complex interaction of circulating biologically active substances, endothelium-vascular smooth muscle interactions as well as humoral-endothelial-neurotransmitter balance.(57)

SUMMARY AND CONCLUSIONS
     It becomes quite clear that much remains to be studied and investigated before a definitive conclusion regarding the pathogenesis of primary varicose veins can be rendered.  Nonetheless, given the data as presented in this study, as cited in the recent literature, one might at least postulate some events which appear to occur in the production of primary varicose veins of the lower limbs.

     Perhaps this can best be summed up by the observations of Vanhoutte et al(58).  These authors state that “venous insufficiency is a multifactorial pathology that has an important impact on the quality of life in patients.  The primary factor of venous disease is an abnormal wall distensibility, which seems to be correlated with genetic factors.  Facilitating factors include hormonal impregnation and prolonged hydrostatic load, particularly under conditions where the control of the sympathetic nervous system is reduced by an increase in local temperature.  The resulting valvular incompetence, combined with the augmented hydrostatic load, leads to varicosis and venous stasis.  The ensuring tissue hypoxia and local edema favor inflammation and infection, which ultimately favor the occurrence of ulcers.  The available data on the impact of the disease suggest a relation between the pathophysiologic phenomena and some parameters of health-related quality of life”.

     The multifactorial aspect of primary varicose veins would include all the predisposing heredity, familial and/or acquired factors noted in this study.  This multifactorial aspect would also appear to apply to those factors enumerated in this study and which may initiate the process and also to those factors which complete the process of the development of varicose veins.  This predisposition would then, over time, lead to a gradual dilatation of the vein under the influence of hydrostatic pressure.  This dilatation at a point in time would become irreversible.  The resulting stasis and hypoxia would then have its effect not only on the venous wall but also on the valves of the involved vein.  This would then incite endothelial activation, initiating a cascade of local inflammatory events leading to endothelial as well as smooth muscle damage which would lead to complete loss of wall distensibility and valvular incompetence.  This would then represent the substrate upon which varicose veins develops.  The evidence to date would appear to support the above postulated series of events.  

     However, what needs to be better defined is the precise sequence of the inflammatory cascade which presumably occurs and which indeed appears to have an important role in the irreversible nature of primary varicose veins.  In regard to the multifactorial predisposing aspects of this disease what must be explained is, not that they indeed do exist since it appears that they do, but why such a deleterious effect is noted in some patients and not others, apparently both under the influence of the same factors.

     Since there is evidence indicating a potential beneficial effect to venotonic drugs, when should they be used, for how long and most importantly when does dilatation of the vein become irreversible at which point these drugs would appear to lose heir effectiveness?  Furthermore, should more intensive research be devoted to the development of more effective venotonic drugs?

     Primary varicose veins has been with us since antiquity.  Although it appears that this clinical entity will continue to afflict mankind for some time to come, what does appear on the horizon is not only interesting but indeed encouraging in regard to the shedding of much light on the pathogensesis of this still poorly understood disease.
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