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SUMMARY
Venous reflux represents an inversion of the natural venous flow, caused by a retrograde dynamic pressure capable of deteriorating valvular structures. As a consequence, a mass volume of blood is dislocated distally, most often in the superficial venous system, thus laying the foundations for future varices. This study intends to map a specific topography for reflux sources and to systemize the types of reflux observed. 

Material and method

Our study included a group of 583 lower limbs with varicose veins in 513 patients over a period of 5 and a half years (2001-2006). All patients were examined in duplex color echography (Aloka device with multivariable ultrasonic sensor) in clinostatism and orthostatism, using reflux generated manoeuvres. The 583 varicose vein cases were distributed as follows: 391 primary varices (67,06%), 40 secondary varices (6,87%), 152 recurring varices (26,07%). 

Results

Reflux through the sapheno-femoral junction occurred in 57,08%, 40%, and 21,71% of cases respectively; reflux through the perforating veins in the leg occurred in 30,69%, 55%, and 46,05% of cases respectively. Refluxes are, initially at least, pure - also called gravitational or pump refluxes. In time, they become combined or coupled. 

Conclusions

Venous reflux pathogenesis is far more complex than previously proposed. Each reflux type is correlated with a specific type of varix, as well as with the progression of chronic venous insufficiency. 
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INTRODUCTION

Venous reflux represents an inversion of the natural venous flow, caused by a retrograde dynamic pressure capable of deteriorating valvular structures. As a consequence, a mass volume of blood is dislocated distally, most often in the superficial venous system that has certain structural characteristics which allow the “absorption” of pressure (greater distensibility, less valves compared to the deep venous system). In effect, autonomous venous loops are generated, consisting of a deep vein segment, a perforating vein (or similarly, the sapheno-femoral junction [SFJ], the sapheno-popliteal junction [SPJ]), a superficial vein segment and another perforating vein. Through these loops, blood is recirculated at impressive rates. In time, these autonomous loops which elude the central neuroendocrine feed-back keep extending, their reception capacity for refluent blood expands progressively as more blood is being recirculated, leading to a mass volume of blood being detoured from the general blood circulation. When the refluent volume encounters the normal flux, easily objectifiable at valvular level in duplex color examination (1), an interesting hemodynamic pathology - insufficiently explained (turbine thermodynamics, energy conversion etc.) since our research is currently in an incipient phase - is generated through the nozzle-flap mechanism (2, 3). The local mecanical-biochemical effect of this phenomenon is represented by venous remodelling with consequent morphological changes at macro and microstructural level. The reflux induced hydrodynamic shock, partially diminished by valves, is transmitted further affecting the microcirculation and becomes clinically apparent as the devalving of major venous trunks, both superficial and deep, progresses.

This study aims to systemize the various types of reflux observed in duplex colour examination and to correlate them with the types of varix.

Material and method

Our study included a group of 583 lower limbs with varicose veins in 513 patients over a period of 5 and a half years (2001-2006). All patients were examined in duplex color echography (Aloka device with multivariable ultrasonic transducer) in clinostatism and orthostatism, using reflux generated manoeuvres: the Valsalva manoeuvre, the alternated compression proximally and distally to the ultrasonic transducer, and the simultaneous circular compression above and below the ultrasonic transducer. If used repeatedly, this last manoeuvre has high sensitivity in demonstrating the reflux and the reentering phenomenon. We searched for reflux at the sapheno-femoral junction (SFJ), the sapheno-popliteal junction (SPJ), in perforating veins in the leg (pVL), the perforating veins in the thigh (pVT), and in the femoral-popliteal axis (the deep venous system, DVS). 

Results
The 583 varicose vein cases were distributed as follows: 391 primary varices (67,06%), 40 secondary varices (6,87%), 152 recurring varices (26,07%). In primary varices, heredo-collateral antecedents positive for variceal pathology were an almost constant encounter associated with a varicose-favouring professional background. In secondary varices, most antecedent causes referred mostly to lower limbs traumas with fractures, in 28 cases (4,81%); in just 12 cases (2,06%), we noted idiopathic or postsurgical thromboses of the thigh and leg, with or without affecting the femoral-iliac axis. Recurring varices localized in the leg or the thigh emerged over a variable period of time after the primary intervention (2-6 years); we also observed varices recurring after numerous surgical interventions. Reflux topography and frequency on insufficient venous segments are presented in Chart 1. 
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In primary varices, we encountered many associated reflux sources and insufficient segments; those aspects are systemized in descending order of frequency (see Chart 2):

	Type of reflux
	Associated insufficient segments
	No. of cases (%)

	Type I
	SFJI+ISVI
	98 (25%)

	Type II
	SFJI+ISVI+SFVI+pVI
	75 (19,1%)

	Type III
	SFJI+Associations*
	65 (16,7%)

	Type IV
	SFJI+ISVI+pVI
	40 (10,2%)

	Type V
	SFJI+ISVthigh continent +ISVIleg +pVI
	36 (9,2%)

	Type VI
	SFJ continent +ISVI segmental +pVI
	32 (8,2%)

	Type VII
	SFJI+ISVI+PVI+pVI
	27 (6,9%)

	Type VIII
	SFJI+ISVI+DVSI+pVI
	18 (4,7%)



SFJI – sapheno-femoral junction insufficiency

ISVI – internal saphenous vein insufficiency

SFVI – superficial femoral vein insufficiency

pVI – perforating veins insufficiency

SPJI – sapheno-popliteal junction insufficiency 

PVI – popliteal vein insufficiency

DVSI – complete deep venous system insufficiency

Discussion

Reflux in the venous circulation of the lower limbs follows a brutal acute venous hypertension in the context of either sustained or progressive, chronic physical efforts, or in prolonged orthostatism. Even in orthodynamic conditions, pressure increases (100-300 mmHg – according to Bergan) generate hydrodynamic (hemodynamic) shocks that spread with the speed of sound. These shocks force valvular structures in axial and perforating veins above pump level (the so called “admission valves”), thus charging the pressure “chambers”. Since the superficial venous system has a greater distensibility compared to the deep venous system, valvular density and lower resistance at this level allows “pressure absorption” and the appearance of a “reception space” for the volume of blood pushed backwards. Thus, in pathogenic terms, reflux can be either passive, static, gravitational (gravitational reflux) or dynamic (dynamic reflux) in the segments above pump level.

Close clinical examination, phlebographic monitoring, then echodoppler and duplex colour examinations convinced us that certain distinctions regarding venous reflux were necessary. In this perspective, we proposed a new pathogenic conception regarding hydrostatic varices and their progression – possibly orthograde, not necessarily retrograde as well (4, 5). In this study, considering the study group described above, gravitational reflux through the sapheno-femoral junction was seen in 57,08% of cases; pump reflux is also significantly frequent, 49,1% in primary varices. The leg is most often affected by pump reflux routes (46,03%) in direct correlation with the retrograde dynamic pressure and the hydrodynamic shock generated by the muscular-venous pump of the leg. Cockett II and III perforating veins are defunctionalized most often; their location below the leg pressure chamber (the calf muscular mass), their short course almost perpendicular make them more vulnerable to the pressure transferred axially (cos 900=1), that constitutes the basis for valvular insufficiency. 

Up to a point, even when femoral-saphenous reflux is present, we can admit the influence of the retrograde hydrodynamic shock generated by the abdominal pump. In other words, the femoral-saphenous reflux is a combined type of reflux, both gravitational and pump-induced. The constitutional background is a definitely significant factor in primary varices pathogenesis. Profession, activities that imply prolonged immobility, not necessarily orthostatism, appear to overthrow the importance of the hereditary factor from pathogenic considerations. 

Based on the nature of venous refluxes, we acknowledge two types of varices:

· gravitational, hydrostatic diathetic varices, in a close pathogenic relationship with the constitutional factor;

· nondiathetic varices, or better said dysplastic, pump varices, in a close pathogenic relationship with the professional environment (prolonged orthostatism associated with physical effort in high temperature). Heredo-collateral antecedents show many generations with no morbid elements specific for collagen disorders (chronic venous disease, hernias etc). Prolonged statism imposed by professional requirements, not necessarily orthostatism (“desk” activities), defunctions the muscular-venous pumps, generating blood stasis. Blood flow annulment stimulates endothelial cellular apoptosis. Either at segmental or at sectorial level, an emerging endothelial dysfunction (an attenuated inflammatory process) “fragilizes” the venous wall reactivity; remodelling is then achieved according to the new pressure charges. 
If the progression of gravitational varices is unanimously accepted as retrograde (see also Hach’s classification) and faster, the progression of pump varices is orthograde and much slower. The perforating veins’ metamerical disposition, the perforating system’s structural and functional redundancy in the leg allows the recirculation phenomenon and the compensatory taking over (4, 6, 7) of the mass volume refluated through the short loop. This explains the long, apparently inactive progression of leg varices (10-15 years), as the large number of perforating veins at this level allows for an insufficient perforating vein to be compensated by the perforating veins nearby (4). The internal saphenous trunk’s progressive varicose transformation is caused by an orthograde volume charge, followed by dilatation and truncal insufficiency. From this point of view, pump varices are pathogenically closer to secondary varices. The recirculation phenomenon, this time on a long loop, is seen in gravitational varices; their faster progression is correlated not only with the orthograde volume charge, but also with frequent flux inversions and flux collisions that generate turbulences. Hemodynamic disorders reflect on the normal parietal function and structure. Demonstrating the existence of isolated reflux perforating veins in the leg (4% of cases) and the varicose transformation of the receiving saphenous trunk (7) in 39% of cases in the presence of an intermediary continent internal saphenous trunk segment, with or without crossa insufficiency, represents a duplex colour argument in favour of varices orthograde progression. Siedel et al. indicate a 43% prevalence of reflux through large internal saphenous vein collaterals with competent ostial valve and saphenous trunk (8).

Insufficient perforating veins, more frequently in the leg, can sometimes be noticed with no clinical expression, with no symptoms whatsoever, in sportsmen. The same aspect was noticed in children 10-12 years old, with family history positive for primary varices, by Schultz-Ehrenburg in the Bochum study (9). The lack of symptoms is correlated with an increased blood flow speed (which has trophic and apoptosis inhibiting roles, causing a reduced stress on the stretching venous wall) and also with young age.

The analysis performed on the various associated reflux types in primary varices points out certain interesting aspects. Initially, refluxes may be pure, strictly gravitational (type I – 25%) or strictly pump induced (type IV – 8,2%); later, as they progress, associations occurs, and refluxes become combined. Pure refluxes are decoupled, whereas combined refluxes may be both decoupled (type V – gravitational reflux through the crossa, and pump reflux through pV in the leg) and coupled (types IV, VIII). Coupled refluxes signal a severe varicose disease. 

Secondary varices are caused by increased flow following mass volume transfers in SVS. We noted a relatively high incidence of SFJ insufficiency (40%), which suggests an orthograde valvular defunctionalization of the ISV trunk in nondiathetic, pump varices. We also noted that, in secondary varices, the common femoral vein (CFV) has a smaller diameter compared to the CFV diameter in primary varices.

Where recurring varices are concerned, our echographic observations indicated that refluxes are almost always combined - that is, gravitational DVS refluxes and pump SVS refluxes – and coupled, in continuity. Reflux coupling is a sign of progression in varicose disease. In approximately 10% of cases, Perrin did not identify a source for the varices he studied, nor for the reflux (10). In our study, we figured that saphenous crossas must have been continent since they were excluded from primary surgery. Junction defunctionalization, as well as the emergence of new reflux perforating veins were considered aggravating factors in the chronic venous disease of the lower limbs (6, 7), next to procedural and tactical deficiencies, neovascularisation, other uncertain, combined or unspecified causes (10). Certain authors communicate a significant increase of DVS insufficiency incidence in patients with varicose recurrences, over 10% compared with primary varices, “for which there is no actual explanation” (11). Our study observes a 26% increase of perforating vein insufficiency incidence, and a 16% increase of deep venous axis insufficiency incidence, in other words a deterioration of venous return. Commenting the valvular reconstruction results obtained by Raju S and his collaborators in deep venous axis insufficiency, H.W. Welch notes that varicose ulcer recurrence rates over two years increases from 28% to 40% when saphenous stripping is associated with perforant veins ligature (12). Other reports indicate an immediate benefit on the muscular-venous pump of the leg following saphenectomy in combined, both superficial and deep venous insufficiency (13, 14). The pletismographic postsurgical values of hemodynamic parameters usually deteriorate in time. 
We consider that a reflux through SFJ denotes a combined insufficiency, of the internal saphenous vein and a segmental insufficiency (at least) of the common femoral vein. A latent DVS insufficiency may become aggravated following saphenectomy because the return flow through the superficial venous system is compelled to deviate through perforating veins thus overcharging the deep veins. The supplementary blood volume stress through DVS leads to an increase of the cross-section surface that aggravates the existing valvular insufficiency and venous hypertension. The next step implies a pressure stress on the “admission routes” in the “pressure chamber” – in other words, on the perforating veins and the venous segment upstream. The emergence of new reflux perforating veins is closely linked to the constantly high values of venous hypertension in the deep veins, aggravated not only by orthostatism, but also by walking (ambulatory venous hypertension).

Considering the above mentioned aspects, the initial surgical intervention must be nuanced by means of a hemodynamic diagnosis as precise as possible, using the compulsory duplex colour examination. Competent segments of the saphenous trunk should be preserved because, where even discrete echographic signs of deep venous insufficiency are present (increased diameter, short reflux), on principle saphenectomy determines its aggravation in a relatively short period of time. In this particular situation, surgery must achieve two major compulsory objectives: annulling the axial gravitational reflux in order to reduce the DVS venous hypertension, and intercepting reflux routes (the insufficient junctions and perforating veins) in order to avoid pressure losses at pump level. Surgical interventions that reestablish the valvular function and concomitantly sustain the venous wall through a “splint” effect represent an efficient therapeutic method, especially in primary chronic venous disease. Surgery should be performed before the angiotissular unit becomes impaired. 
Conclusions

Duplex colour examination is fundamental to the functional and morphological evaluation of the lower limbs. It is a noninvasive examination that can objectify the presence and the type of venous reflux; the accuracy of the hemodynamic diagnosis constitutes the key to a correct therapeutic decision and to a nuanced surgical intervention. Adjusting the surgical intervention, modulating it according to individual hemodynamic parameters will reflect in the surgical outcome and its durability. 
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