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1. Chiva Definition

CHIVA is a French acronym for a type of treatment: Conservatrice et Hemodynamique de l’Insuffisance Veineuse en Ambulatoire, which means conservative and hemodynamic treatment of venous insufficiency in ambulatory care [100-106]. The original goal of CHIVA was the preservation of the superficial venous capital for further possible arterial by-pass necessity, thus any aggressive treatment of the superficial venous network was avoided. However, the fact that varices and most other venous disorders are treated by lying down and, above all, by raising the legs suggests that any treatment that can control hydrostatic pressure, including positioning, deserves great medical interest. Most varices and venous insufficiencies are postural because they are triggered by positions in which hydrostatic pressure is too high and not physiologically corrected because of an impairment in dynamic fractionation of hydrostatic pressure (DFHSP). Such impairment is usually caused by superficial and deep closed shunts (CS) or superficial derived open shunts (DOS) due to venous incompetence that disrupts DFHSP control by the valvulo-muscular pump (VMP). Since valve repair or prosthesis is neither easy nor feasible to date, interruption at or immediately under escape points should repair the VMP and suppress pathologic shunt flow. At the same time, these interruptions fractionate permanently and dynamically the column of pressure. Furthermore, and in order to fragment better the hydrostatic column in long incompetent superficial veins, other interruptions immediately under possible competent perforators connected with those veins are performed. This means that CHIVA restores venous physiology in walking patients by maintaining a low distal venous pressure due to renewed VMP efficiency and its effect on DFHSP and blood drainage. Ultimately, venous disorders and varices are supposed to heal. Venous disorders caused by excessive transmural pressure (TMP) should heal due to restoration of DFHSP and venous drainage repair. Varicose calibres should decrease to normal thanks to aggressive shunt flow suppression and efficient VMP blood aspiration. These theoretical hypotheses have been confirmed by numerous publications since their initial presentation at Precy-sous-thil France in October 1988, at which time a text was published entitled Theorie et pratique de la Cure Conservatrice et Hemodynamique de l’Insuffisance Veineuse en Ambulatoire [105].


2. Fundamentals of the Chiva Strategy

2.1. Strategy, Tactics, and Definitions

Strategy is the intellectual concept of the actions that have to be taken in order to reach a goal according to a theoretical model. Tactics are the material means selected to perform the actions according to the strategy. In this field, successful strategy relies on understanding venous pathophysiology, and the efficiency of the tactics depends on the quality of the material means. For example, an arterial by-pass can fail because of a mistaken strategy (wrong indication according to the arterial pathophysiology knowledge) or because of a bad tactic (faulty prosthetic material or surgical error). Many CHIVA failures are either due to disrespect or misunderstanding of the strategy or inadequate material means. For this reason, both a clear understanding of the theory and adequate training are necessary to perform CHIVA. 


2.2. Fundamental Rules of Strategy

CHIVA strategy is conservative not only to preserve the venous capital for further arterial by-pass, but also because vein destruction involves hemodynamic disorders. Actually, venous destruction precludes the drainage that causes tissue suffering and varicose recurrence by vicarious effect. CHIVA strategy is hemodynamic because it restores proper distal venous pressure. As a matter of fact, CHIVA reduces lateral pressure and consequently transmural pressure (TMP) by restoring DFHSP through disconnection of closed shunts, suppressing pathogenic shunt flows, and preserving beneficial vicarious shunts. CHIVA strategy is focused on the re-entry quality, that is, on its ability to drain the venous network properly in order to avoid the effects of drainage preclusion. For this reason, limited venous interruptions are preferable to extensive ones, even if the immediate aesthetic outcomes are less satisfactory. Actually, aesthetic outcomes improve with time, long-term results are much better, and recurrences are much fewer with limited interventions. Clearly, however, any removal or occlusion of nondraining or redundant veins is not contrary to CHIVA strategy, which consists of the following principles:
A Preservation of deep and superficial draining flows even in varicose veins. 
B Disconnection of deep and superficial CS and superficial DOS in a way that blocks the shunting flow WITHOUT precluding the draining flow. 
C Fractionation of the hydrostatic pressure column WITHOUT precluding the draining flow.
D Adaptation of the re-entry efficiency to the needs of draining flow.
E Minimization of venous interruptions. The less the veins are interrupted, even in extended varicose, the better the long-term results. The more the veins are destroyed, even if varicose, the better the short-term results but the worse the long-term [100-106].

2.2.1. Preservation of Deep and Superficial Draining Flows Even in Varicose Veins
Any venous flow, even in varicose veins, is composed totally or partially of physiologic draining blood from tissues. Any blockage of that draining flow involves upstream tissue suffering including capillaro-venular overload (telangiectasias and micro-varicosities). Collateral veins, overloaded and dilated by the force of draining flow, act as natural venous by-passes that circumvent a blockage and allow for physiologic drainage of the upstream tissues. In this way, a vicarious open shunt (VOS) is formed. VOS can be elicited by a functional block, thrombosis, sclerosis, ligation or removal, the latter two being the reason for recurrent varices after disrespect of draining flows. There is no indication for VOS destruction, even if VOS is an unsightly varice. However, it is obvious that removal or occlusion of non-draining or redundant veins is compatible with CHIVA strategy.

2.2.2. Disconnection of Deep and Superficial Closed Shunts (CS) and Superficial Derived open Shunts (DOS) in a way that Blocks Shunting flow WITHOUT Compromising Draining Flow
2.2.2.1. Disconnection of deep closed shunts (CS). The principle of CHIVA in deep veins is disconnection of the shunting deep incompetent vein at its junction with the deep competent but shunted vein. Thus, during VMP systole, the distal flow is totally injected into the competent vein and does not flow back again during the diastole. Also, correct dynamic fractionation of hydrostatic pressure (DFHSP) is once again possible. The competent shunted vein can be close to or distant from the incompetent shunting. It is sufficient that the blood drained by the incompetent vein can be transported by the competent one. If it cannot be, disconnection of the incompetent deep vein is obviously contraindicated because it would be hazardous to physiologic drainage. For example, the incompetent collateral of a double superficial femoral vein can be successfully blocked if the other one is competent. An incompetent superficial femoral vein can be blocked only if the deep femoral vein is competent and participates to the drainage of the calf. The same reasoning applies to deep shunts of the calf. An incompetent posterior tibial vein, for example, can be interrupted if the competent fibular vein can drain the tibial territory and vice versa.

2.2.2.2. Disconnection of superficial closed shunts (CS). Superficial veins can shunt other superficial or deep veins in closed circuit either open circuits. 
2.2.2.2.1. Superficial veins shunting other superficial veins in closed circuit. This type of shunt is usually not much overloaded because it is not connected directly with the deep network, so it is not much activated by the VMP. However, its disconnection at the escape junction can reduce its calibre. Furthermore, this shunting vein can be destroyed when redundant. It corresponds to shunt type 2.
2.2.2.2.2. Superficial veins shunting deep veins in closed circuit. These represent a major cause of chronic venous insufficiency and varicose veins. They are classified in shunts type 1, 3, 4, 5, and 6 according to the patterns of the superficial veins that shunt the deep veins. CHIVA strategy attempts to disconnect the closed shunts at the escape point without affecting the physiological blood drained by the shunting vein. Therefore, particularities of disconnections depend on the hemodynamic configuration of each CS. Disconnection at the escape point (i.e., at the N1-N2 junction) has to take into account the shunt’s ability to provide for efficient re-entry for the proximal tributaries. If it can, N2 can be disconnected immediately beneath the junction. If not, N2 will be disconnected at the junction.
2.2.2.2.2.1. Shunt 1 CHIVA strategy: Shunt 1 is N1-N2-N1. It can involve the great or small saphenous veins. One has to make sure that these shunts are not just the diastolic phase of a mixed shunt because the strategy would be different.


Figure 7.1. Shunt type 1+N3 and associated CHIVA 1 procedure.

2.2.2.2.2.1.a. Shunt 1 in great saphenous vein (GSV): When the sapheno-femoral junction (SFJ) is the escape point (EP), GSV is precisely disconnected at the GSV. This disconnection could be made immediately beneath the arch in order to drain the arch and its tributaries through the SFJ. This is not because of the risk of recurrence by the arch tributaries. As a matter of fact, at this point aspiration is weak (no VMP), and terminal valve incompetence does not prevent excessive pressure in the deep network (from coughing, defecating, lifting heavy loads, etc.). For these reasons, the arch and its tributaries are better drained by distal re-entry.
When the escape point is an incompetent perforator connected to the saphenous trunk, it remains preferable to disconnect the perforator itself when the corresponding VMP is not efficient. This is the case in the thigh. On the contrary, in the lower region of the leg, disconnection can be performed at the saphenous trunk immediately beneath the incompetent perforator thanks to the efficiency of calf VMP. This efficiency can be assessed by Doppler, which shows whether or not there is an inflow during VMP diastole while N2 is compressed by a tourniquet or a finger.

2.2.2.2.2.1.b. Shunt 1 in small saphenous vein (SSV): Usually the RP is at the saphena-popliteal junction (SPJ).Theoretically, the shunting SSV has to be disconnected at SPJ. In fact, Giacomini vein (GV) hemodynamics allow disconnecting of the SSV immediately beneath its junction with GV because GV can function as a vicarious pathway in case of flow-pressure excess in the popliteal vein, thereby preventing recurrences through forced perforators of popliteal fossa.

2.2.2.2.2.2. Shunt 3 CHIVA strategy: Shunt 3 is N1-N2-N3-N1. It can involve the great or small saphenous veins. One has to make sure that these shunts are not just the diastolic phase of a mixed shunt because the strategy would be different. Shunt 3 differs from shunt 1 by N3 segment interposition between N2 and the re-entry point (REP). The strategies are also different. Actually, disconnection at the junction as in shunt 1 is problematic because it would disconnect a closed shunt at N1-N2 but leave a derived open shunt (DOS) N2-N3 called shunt 2. N3 would be less overloaded because CS shunting flow would have been interrupted and the pressure column would have been fractionated at the arch, but overload would still be excessive because of the remaining shunt 2. Disconnection at both N1-N2 and N2-N3 junctions would disconnect both shunts 1 and 2, but N2 draining flow would be precluded because there would be no available re-entry points (REP) on its track. Even if this approach is conservative, disconnects the shunts, and fractionates the hydrostatic pressure, double disconnection in shunt 3 is not CHIVA because it does not allow draining flow. In order to carry out a correct CHIVA in shunt 3, two different procedures are possible. The first is limited to one disconnection at N2-N3 that stops the shunt 1 and 2 shunt flows. In that case, N2 and N3 drain no more shunt flows. N3 is retrograde but drains only its territory, and hydrostatic pressure is fractionated at the N2-N3 junction. N2 is antegrade due to no efficient re-entry on its track, but it is still subjected to the previous nonfractioned column of hydrostatic pressure because of no N1-N2 fractioning. N2 segment submitted to excessive hydrostatic pressure explains two phenomena: 1) calibre is partially reduced due to shunt flow suppression but does not return completely to normal, and 2) in some cases a previously small and inefficient perforator located on this N2 segment can enlarge, so that N2 flow is reversed and the previous shunt 3 is converted to shunt 1. In the latter case, the induced shunt has to be corrected, like any shunt 1, by a disconnection at the N1-N2 junction. This procedure is called CHIVA 2 because it may need of two different procedures planned when the duplex investigation confirms the transformation of type 3 shunt into type 1. The latter consists of disconnections at both the N1-N2 and N2-N3 junctions associated with distal N2 devalvulation until an efficient re-entry is represented by one or more perforators.

2.2.2.2.2.3. Shunt 4 CHIVA strategy: Shunt 4 is a CS N1-N3-N2-N1. EP at the N1-N3 junction is usually a pelvic escape point, gluteal, obturatory, inguinal (I point) or perineal (P point). Disconnection must be performed only at the EP. 


Figure 7.2. CHIVA II first and second step for Shunt type III.


Figure 7.3. Shunt type IV and associated CHIVA procedure.

2.2.2.2.2.4. Shunt 5 CHIVA strategy: Shunt 5 is a CS N1-N3-N2-N3-N1. As in shunt 4, EP at the N1-N3 junction is usually a pelvic escape point, gluteal, obturatory, inguinal (I point) or perineal (P point). Disconnection must be performed not only at the N1-N3 EP, but also at the N2-N3 in order not to leave a shunt 2.

2.2.2.2.2.5. Shunt 6 CHIVA strategy: Shunt 6 is a CS N1-N3-N1. EP can be a pelvic escape point or any other EP. This shunt can appear in congenital malformations but is more usually seen in recurrences following removal of varices and saphenas.

2.2.2.3. Disconnection of a mixed shunt (MS): A mixed shunt is composed of two shunts: a vicarious open shunt (VOS) and a closed shunt (CS) that share the same EP and distal segments of the shunting veins. Their REP and proximal segments are different. REP of VOS is proximal to LP, and REP of CS is distal to LP. As VOS has to be preserved and CS disconnected, the disconnection cannot be at LP but only at the distal venous segment of CS where it diverges from the distal venous segment of VOS. 

2.2.2.4. Disconnection of superficial derived open shunts (DOS): DOS are shunts 2, N2-N3-N1. Disconnection of DOS is done simply on N3 at the N2-N3 junction.

2.2.2.5. Disconnection of composite shunts: Practically speaking, most shunts are composite in that a shunt 1 can be connected to a shunt 2 and so on. Sometimes the REP of one shunt is not efficient enough, and drainage is also provided by the REP of an associated shunt. Therefore, any shunt can be disconnected as long as its disconnection does not preclude any draining flow in the associated shunt. For this reason, the proper REP of every associated shunt has to be assessed by dynamic tests. For example, when a composite shunt is shunt 1+2 (N1-N2-N1-N2-N3-N1), disconnection can be carried out at N1-N2 and N3-N1 as long as REP in N2 is efficient. If REP in shunt 1 is not obviously efficient, this composite shunt can be assimilated to a shunt 3 and treated by CHIVA 2 or CHIVA devalvulation. In another case, two EPs can be superimposed and be drained by the same distal REP (N1-N2-N1-N2-N1). Fractionation can be done immediately at the upper EP. It may be also done beyond the lower EP even if refluxing during diastole, but only if testing shows it to be efficient enough as REP. Thus, under appropriate conditions, a previous EP can be transformed into REP. 

2.2.3. Static Fractionation of Hydrostatic Pressure Column WITHOUT Compromising Drainage
Disconnection of CS and DOS shunts also allows for static fragmentation of the column of hydrostatic pressure. Sometimes the incompetent segment disconnected from the shunt is too long and high, so it needs a complementary fractionation. As this fractionation must not preclude drainage, every remaining subsegment of vein must have a REP. 

2.2.4. Adaptation of the Re-Entry Efficiency to the needs of Draining Flow 
Re-entry is the place where shunt flow rejoins its physiologic pathway. After CS or DOS disconnection, flow is limited to the draining flow but can be too great for the capacity of the REP, either because its calibre is too small or because downstream aspiration is too weak. REP is efficient when it allows a correct drainage of the network that converges on it, that is, when its calibre is sufficient and downstream aspiration is correct.
When more than one REP drain a CS or DOS, hemodynamic assessment of each perforator is performed by diastolic flow velocity registration in the shunting vein while other veins that carry the same flow to other re-entries are blocked. An inefficient re-entry leads to tissue suffering, telangiecstases, and vicarious varices.

2.2.5. Superficial CS and Deep Venous Incompetence 
In cases of superficial CS or DOS, the greater the efficiency of the VMP, the more the diastolic flow. On the contrary, the lower the VMP efficiency, the less the diastolic flow. That is why, in cases of totally inefficient VMP, as when the deep veins are totally incompetent, dynamic tests of VMP will not show any diastolic flow in the superficial veins, even if they are very large and varicose. Actually, during the diastole, total incompetence does not allow the VMP to reduce venous pressure, so the gradient of the re-entry perforating vein is not favorable to inflow. This is illustrated by the Perth test, which shows no reduction of varices when walking despite a tourniquet at the hip. It is also demonstrated by an unexpected lack of reflux in superficial varicose veins during dynamic tests, such as Paranà maneuver. The CHIVA strategy is to correct before deep incompetence occurs, through disconnection in case of deep closed shunt or valve repair if there is total incompetence without any CS, followed by disconnection of superficial shunts. 
Superficial disconnection without deep incompetence correction makes no haemodynamic sense because no HDSFP cannot be achieved 


2.3. Post Chiva Controls

After CHIVA, clinical and instrumental tests have to be interpreted according to CHIVA patterns. 

2.3.1. Regression of Clinical Symptoms: is favored by walking. All functional symptoms and oedemas related to venous insufficiency, such as postural pains and heaviness, should disappear or diminish during the first postoperative days. Ulcers should close within few weeks. Hypodermitis should disappear in the course of several weeks. Pigmentation should regress after several months, up to two years. The caliber of varicose veins should return to normal within a few days or weeks, depending upon their pre-operative size.Thus, clinical outcome cannot be definitely assessed until some weeks or months after the procedure.

2.3.2. Post-CHIVA Echo-Doppler Assessments: Valsalva maneuver has to be negative at the operated shunts. Retrograde flow during dynamic tests does not necessarily signify a failure. Poor systolic but significant diastolic retrograde flow attests to shunt 0, thus a correct drainage [6,45,47,56,255].

2.3.3. Air PLethysmography Assessments: The pressure-volume relationship in the leg has to normalize according to the efficiency of the procedure [251].


2.4. Post-Chiva Iterative Procedures

Except for CHIVA 2, no further procedures usually have to be performed. Actually, in complex cases such as multi-shunts in venous congenital malformations, it is better to spread the cure over two or more operations every six months in order to avoid excessive interruptions and to clarify the situation progressively.


2.5. Short and Long Term Results

The less the veins are interrupted, even in extended varicose, the better the long-term results [56]. The more the veins are destroyed, even if they are varicose, the better the short-term results but the worse the long-term. It is preferable to spread CHIVA over two distant procedures, thereby delaying to the second operation those complementary interruptions that are not obviously safe for drainage. This is the case, for example, when in a shunt 1+2, the REP in shunt 1 is not obviously efficient. This composite shunt can be assimilated to a shunt 3 and treated by CHIVA 2. These iterative operations, when necessary, are not difficult because they are ambulatory, brief, and performed using local anaesthesia.
Obviously, complete removal or closure of all varicose veins results in immediate aesthetic success. Telangiectases, micro-varicosities and vicarious varices that appear over time are not due to a “natural” evolution of the varicose disease, but rather to long-term complications of nonhemodynamic procedures. On the contrary, hemodynamic procedures like CHIVA preserve the veins, even if varicose, in order not only to spare the venous capital for further arterial by-pass, but also to restore correct venous function. The so-obtained correct venous function progressively cures varicose veins and trophic disorders and prevents further recurrence. The time necessary for healing ranges from several days to several weeks, and the varicose veins remain visible during that period. Patients accept this delay for a better final outcome. 

2.5.1. Chiva and Recurrence
Varicose recurrence is usually imputed either to an incomplete destruction of superficial veins (especially incomplete resection of the arch of great saphena or small saphena and its tributaries) or to the natural evolution of varicose disease. Actually, thanks to pre- and post- operative echo-Doppler findings, the problem can be identified as one of four conditions.
Same varices reappear: Varicose reappearance over time (of the same varices as before the therapy) constitutes true recurrence. An example is when an occluded or caliber- reduced varicose vein becomes permeable and dilated again. In this case, recurrence could be due to the forcing of veins by draining flow because of inefficient re-entry or an inefficient interruption. If the recurrence is due to an inefficient REP, it is better not to repeat any interruption at the same point, but rather check another one beyond a better REP. If the recurrence is due to a tactical (material) interruption failure, a more reliable technique is necessary.
Remaining varices: Some or all of the varices may be left untreated by the therapist e.g., when some or all of varices remain immediately after therapy. In this case, a complementary CHIVA can be performed.
Varices in different territories: Varices different from those previous to therapy can be due to an independent varicose evolution, e.g., when new varices of previously normal small saphena occur after therapy of great saphena. Here, too, complementary CHIVA can be carried out.
Iatrogenic varicose veins: Varices may be induced by previous therapy, so that one can call them long-term iatrogenic complications. For example, it is not rare to notice new varices without any leak point but made only of vicarious veins. This occurs because previous draining normal or varicose veins were destroyed. In the case of superficial VOS due to drainage preclusion, static fractionation is possible only if intermediate perforators (REP) are found on their track. In the case of CS created by anarchical VOS that open incompetent perforators, CHIVA has to disconnect them. Unfortunately, most cases of recurrence after venous removal are VOS without much intermediate REP, which reduces the therapeutic possibilities. 


3. Particular Chiva Strategies

When venous pressure increases, transmural pressure (TMP) increases so that liquids and metabolic wastes from the tissues cannot pass into circulation. An obstacle to the passage of liquids involves the appearance of oedemas. Intra-tissue accumulation of toxic metabolites associated with capillary flow slowdown is responsible for trophic disorders. The reactive vasodilation of arterioles and the opening of micro-shunts worsen tissue ischemia in two ways: 1) TMP increases because of residual pressure (RP) enhancement; and 2) the opening of micro-shunts steals capillary flow, thereby worsening cellular necrosis. This explains the coexistence of oxygenated (red) blood with necroses in venous ulcers. Infection occurs because of the ideal culture medium that this type of ulcer represents. CHIVA has to reduce TMP through lateral pressure reduction. Disconnection of shunts and fractionation of pressure have to be done with the utmost attention to drainage of the damaged tissue. However, those sites that theoretically have to be interrupted but that involve inflamed tissues must not be touched at the first operation. The first procedure is performed only at sites having healthy tissues. A second procedure is performed at the remaining sites when their trophicity is improved by the first procedure. Actually, correct and long-term durable interruptions cannot be obtained in inflamed tissues. 


3.1. Congenital Venous Malformations

Examination is necessary to identify which varicose and/or incompetent deep and/or superficial veins are CS, DOS, VOS, mixed shunts, or NON draining malformative vein. In these multiple and complex situations where, in addition to shunting flows, superficial “physiologic” flows are increased by superficial angiomas, interruptions must divided into multiple operations in order to correct hemodynamic disorders in the most efficient, accurate, and safe manner.


4. Chiva Mapping

Mapping is a schematic design that depicts the venous anatomo-functional configuration of each patient. Flow direction according to the systole-diastolic phase of dynamic tests and Valsalva maneuver is indicated by an arrow for each depicted vein. Data are obtained through echo-Doppler. In this way EP, shunting veins, REP, and occluded or removed veins can be identified and analyzed in order to plan an appropriate CHIVA strategy. Only echo-Doppler allows such mapping and thus a correct CHIVA strategy. 
Clinical examination is not sufficient to assess accurately different types of shunts. Use of an ultrasound duplex scanner is mandatory because it is the only noninvasive instrument able to show in real time the anatomy of the venous network and, contemporaneously, venous flow direction and velocity in any position and during any dynamic maneuver.


4.1. Valsalva Manoeuver (VM)

Positive VM, that is an antegrade or retrograde flow elicited by thoraco-abdominal and diaphragm contraction, evidences a deep incompetence when in deep veins and a closed shunt CS when in superficial veins. Escape point is checked upstream. Valsalva maneuver is negative in VOS and DOS [46,48,241].


4.2. Manual or Pneumatic Squeezing of the Calf

It can evidence reflux upon relaxation but can be false negative when squeezing is performed incorrectly or when the aspiring VMP sector is not involved by compression. Moreover, squeezing compresses superficial veins, which does not occur during physiologic VMP motion [102,148,150]. 


4.3. Dynamic VMP Activation

Paranà maneuver allows a “physiologic contraction” and, at the same time, facilitates ultrasound scanning in the standing immobile position due to an isometric reflex contraction of the muscles of the lower limbs to a slight push-pull at the patient’s waist. Flow is activated by VMP systole and /or diastole [102].

4.3.1. In the superficial network, diastolic flows are elicited by the VMP in CS and DOS. Systolic flows are elicited in CS, VOS and DOS. Diastolic velocity is proportional to the shunting flow. Diastolic and systolic flow directions are usually opposite in CS and DOS but can be the same as CS that involve Giacomini vein. In the case of multiple REPs in CS or DOS, the efficiency of the REPs proximal to the terminal can be assessed by diastolic flow velocity while compressing the terminal re-entry. This assessment is useful to the hemodynamic therapeutic strategy. Reflux time, Psatakis index, or dynamic reflux index (DRI) measurement can evidence reflux only when systolic and diastolic flow directions are opposite. Flow directions remain pathologic even when pressure and velocity return to normal but remain inverted after shunt disconnection. In this case, flow direction is abnormal but no longer pathogenic. In some cases, the flow in great incompetent varicose saphena cannot be activated by diastole when the VMP is disabled because of total deep venous valve incompetence. That is why valve incompetence allows retrograde flow only if the pressure gradient is inverted, that is, when the VMP is efficient. In other cases, diastolic reflux occurs while deep venous veins are refluxing, too. This means that there remains an efficient valvulo-muscular portion connected to the shunt. In other words, the greater the superficial diastolic reflux, the better the VMP efficiency.

4.3.2. In the deep network, systolic and diastolic flows are elicited by the VMP. Diastolic flow evidences a proximal valve incompetence without deep CS when diastolic flow volume is less than or equal to systolic, or when DRI >1. Deep CS is demonstrated when diastolic flow volume is greater than systolic, or DRI >1, because, as explained previously, CS carries deviated flow in addition to normal during diastole. Detection of deep CS is the central goal of deep venous incompetence investigation because it is determinant for hemodynanamic therapeutic strategy.


5. Other Conservative and Hemodynamic Treatments

CHIVA can be associated with other hemodynamic and conservative techniques but is incompatible with nonhemodynamic techniques [43,98,99,126-128,153,154]. In order to reduce transmural pressure (TMP), those methods affect lateral or external pressure. Surgical and medical treatments can be classified into two categories, according to whether they are in accordance with hemodynamic principles or not. TMP is the central parameter of the regulation of venous function. Consequently, treatments must restore a TMP that is favorable to drainage and an optimal venous capacity. The therapeutic action must consist of either increasing extra-venous pressure or decreasing intra-venous pressure. 


5.1. Increase in Extra Venous Pressure

An increase in external pressure reduces TMP and thus supports drainage and the reduction of venous caliber. This can be obtained by an increase in atmospheric pressure, which is maximal at sea level. Generally, however, increases in EP are obtained through passive external compression with rigid or elastic bandages, but also by immersion in a water bath or even in a mercury bath. Sometimes active pneumatic compression is used. In all cases, the goal is reached when the TMP is corrected. Such applied external pressure cannot exceed the arterial blood pressure because of the risk of ischemia. Also, when intravenous pressure is very high, strong external compression can be painful due to the crushing of tissues between excessive intravenous and external pressures. Therefore, external compression is appropriate only when the intravenous pressure is not too high. The hemodynamic effects of rigid and elastic bandages differ in two ways. Rigid application increases VMP efficiency during systole because it confines the content of the pump in a rigid container, but it is less efficient at rest. Elastic application cushions the hemodynamic effects of the systole and is more efficient at rest. For these reasons, rigid application is preferred for subjects who walk. In any case, compression represents a logical and effective hemodynamic treatment for venous insufficiency. It is free of side effects except when overdone, and it can be applied alone or associated with other treatments. Because of its direct effect on TMP, compression also constitutes also a major preventive treatment under temporary physiological conditions, such as presence at high altitude, long-term standing or sitting, and pregnancy.


5.2. Reduction of Venous Pressure

Reduction of venous lateral pressure (LP) decreases TMP, thereby improving drainage, venous size, and venous caliber. LP depends on HSP and the lateral component of residual pressure (RP).

5.2.1. Postural Therapy: 
At the ankle, HSP is maximal in the motionless standing position, low in the lying position, and negative (lower than the atmospheric pressure) when the foot is raised above head level. Therefore, posture can control TMP by action on the HSP. So, lying and, moreover, raising lower limbs support drainage and decrease venous caliber. 

5.2.2. Thermo-Therapy: 
Heat increases RP by reducing microcirculatory resistance and increases LP as well. Thus, cooling the legs reduces LP. 

5.2.3. Valve Repair or Valve Prosthesis: 
In cases of deep venous valvular incompetence without any shunt, the theoretical treatment consists of valvular repair or valvular prosthesis [142,168,265-267]. Unfortunately, these techniques have need of improvement. In most cases, only postural and compressive therapy can be applied. 


5.3. External and Lateral Pressure-Associated Correction 

Treatments for venous insufficiency by TMP correction often combine external pressure increase with LP reduction. This occurs when one walks into the sea because the external effects of compression by water are combined with maximal atmospheric pressure, with LP reduction caused by reduced superficial flow from thermoregulation, and with DFHSP induced by walking. It is also the case when an imperfect correction of closed shunts is supplemented by compression. 


6. Tactic Material Means in Chiva

Which are the best procedures to achieve the strategic decisions? In other words, which are the most accurate, efficient and lasting material means to perform flow interruptions at the right places according to strategic needs? How not to confuse tactic failure with strategic error? Is a forced or by-passed interruption due to an inappropriate tactic or a mistaken strategy? 


6.1. Surgery

First of all, a previous precise marking under duplex ultrasound by an operator aware of the surgical necessities is indispensable. Venous short resection (1 to 4 cm) associated with nonresorbable ligation and nonresorbable closure of the perforated fascia seems to be the most precise, efficient, and long-lasting material means to date. Simple nonresorbable ligations are seldom forced and reopened. Multiple ligations with nonresorbable thick thread seem to resist better. Resorbable venous ligation after section could favor a recanalisation due to inflammatory angiogenetic effects. 


6.2. Endovenous Procedures: 

Endovenous procedures, such as sclerotherapy, laser, and radiofrequency, are not yet appropriated for precise, limited, and lasting interruptions. Nevertheless, they are useful when surgery is not feasible, as for example in sciatic nerve varices where surgery is not suitable for the great risk of iatrogenic nerve damage [199].


Figure 7.4. Sciatic nerve varices and its therapy by echo-guided sclerotherapy. The sciatic veins are deep veins and lay within the sciatic nerve The nerve was easily visible on ultrasound imaging because of thickening of the neural sheath and dissection of the nerve fibres by the dilated vessels (Fig. A transversal access, B longitudinal access. C varicose veins ot the lateral aspect of the leg fed by reflux coming from sciatic veins through a perforator Please note in D) the echo coming from the foam reaching its target in an area not so easily reachable by surgery.
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Chapter 8


Haemodynamics of Venous Insufficiency: Assesment Techniques


Claude Franceschi1 and Paolo Zamboni2
1Saint Joseph and Pitié-Salpétrière Hospitals, Paris, France;
2University of Ferrara, Italy.


Functional investigations measure the various haemodynamic parameters of the venous system.


1. Venous Pressure Measurement

1.1. Invasive Pressure Measurement

Invasive pressure measurement of distal venous pressure is independent of the orientation of the endovenous sensor when the subject is motionless. This is because circulatory velocities are too low to create sufficient dynamic energy, and total pressure is roughly equal to lateral pressure (LP). On the contrary, when the subject is moving, circulatory velocity is no longer negligible, and measurement has to take into account the angle of the sensor to the flow (tubes of Pitot). However, despite some overlaps, ambulatory venous pressure is widely considered the gold standard assessment of venous function [19,23,26,58,135,183].


1.2. Non-Invasive Pressure Measurement

1.2.1. Doppler and Sphygmomanometer: 
Measurement of venous pressure is performed at the ankle with a sphygmomanometer. Although this type of assessment is incapable of providing an accurate pressure value, it provides an indicative value for assessing the presence of venous disorders. The sphygmomanometer is inflated to 120 mmHg and deflated immediately. Venous pressure is the pressure value when the posterior tibial venous flow is heard at the Doppler. The sphygmomanometer has to be deflated immediately in order to avoid any overevaluation of venous pressure. This pressure is normally lower than 30 mmHg in the supine position. It rises in the case of a proximal haemodynamic obstacle to the venous flow. A comparative measurement at both ankles prevents misleading due to artefacts. The Authors think that such a procedure may produce an additional parameter, i.e., the time of appearance of venous flow after sphygmomanometer deflation, which is probably related to refilling time. However, the significance of this parameter in clinical practice has not yet been assessed [13].

1.2.2. Ultrasonographic Derived Venous Pressure (Zamboni Pressure): 
The relationship between vein volume and pressure (venous compliance) is known to be linear after completion of the filling phase, in which the vein is distended by the increase in blood volume. However, during the filling phase, the volume/pressure relationship is not linear. Rather, there is a significant increase in volume with little change in pressure. The volume/pressure relationship becomes linear starting at pressure values around 20 mmHg, that is, near the completion of the filling phase. 
Because of the particular anatomical and structural configuration of veins related to their function, vein diameter reflects vein volume. This assumption is confirmed by our demonstration of linearity in the filled saphenous vein, starting at a pressure value of 20 mm Hg, and also by the pressure/diameter relationship of the GSV in patients affected by primary venous insufficiency. This observation has allowed us to describe a new, ultrasonographic method of determination. We have experimented with a non-invasive method for extrapolation of saphenous AVP values from a diameter/pressure curve. This can be obtained by drawing a straight line from the point of initial venous distension (20 mmHg) that best approximates the two pressure/diameter values determined noninvasively and measured effectively under different hydrostatic conditions (sitting and standing).
In clinical practice, if the venous system is able to empty with exercise, we can document reductions in both vein diameter (assessed by ultrasound) and vein volume (expressed by RVF), as in the clinical Perthes test. By contrast, if the system is unable to empty satisfactorily due to impaired muscle pump function or another cause, we cannot document a significant reduction in vein diameter and/or volume (and, of course, in AVP since these three parameters are linearly related after the filling phase).
The ultrasonographic technique is simple, non-invasive and thus easily repeatable, and performed with equipment widely used for vascular investigations.
Minor errors in diameter assessment could occur due to the fact that the probe is held manually, thus the accuracy of the ultrasonic measurement is strictly operator-dependent. However, this is a general limitation of ultrasound techniques [258,259,260,262,284].


Figure 8.1A. ULTRASONIC MEASUREMENT OF DIAMETER OF THE SAPHENOUS VEIN IN DIFFERENT CONDITIONS. ASSESSMENT OF THE HYDROSTATIC PRESSURE. Diameter and pressure were first measured in two different hydrostatic positions: sitting and standing. The two values of diameter (D1, D2) were measured by duplex scanning in a saphenous segment of the thigh. P1-2 is the pressure of the hydrostatic column, i.e. the distance between the heart level and the point of saphenous diameter measurement in quiet standing (P1) and in sitting position (P2) according to the formula P = ρx g x h. At 37 °C and with an ambient pressure of 1 atm, ρ x g can be considered a constant. Consequently, P1-2 (mm Hg) is equal to 0,7723 x h, where h is the distance (in cm) between the heart level and the point of measurement


Figure 8.1B. EXTRAPOLATION OF AVP FROM A LINEAR DIAMETER-PRESSURE CURVE (ZAMBONI’S METHOD): Extrapolation of ultrasonic AVP values from a diameter/pressure curve of the saphenous vein. Zero point of the curve is arbitrarily considered a pressure value of 20 mmHg (P0). This is the lowest level of pressure from which the saphenous diameter/pressure relationship at the thigh can be approximated to a straight line. Hence, the axes intersection was set to 20 mm Hg in order to shift the reference system to the minimum level from which the diameter/pressure relationship was demonstrated to be linear. By drawing a straight line from this zero to the middle point of the segment joining the two diameter/pressure values measured in sitting and in standing position (Fig 8.1A), a linear diameter/pressure curve can be drawn for each patient. This is the line that starts from the point of initial venous distension (20 mm Hg) and best approximates the two pressure/diameter values non invasively determined in different hydrostatic conditions. Subsequently it is necessary to assess the GSV diameter after 10 consecutive tip-toe movements, both with and without external tourniquet occlusion of the proximal saphenous vein. (Fig. 8.1A). The two values of GSV diameter after exercise are plotted on the diameter/pressure curve previously created, allowing the extrapolation of two AVP values, respectively with and without sapheno-femoral reflux elimination, as shown in Figure 8.1B.

1.2.3. Postural Venous Cardiac Controlled Impairment Assessment, or Tilt Test: 
The subject lies on a table inclined close to vertical in order to test his vagal reaction to lower limb extreme venous stasis, given the totally motionless standing position, that is, without VMP support. The operator has to be careful not to elicit a malign vasovagal syndrome [5].

1.2.4. Leg Oedema Volume Measurement (LEVM): 
assesses variations in edema of the lower limbs. Many means of measurement have been proposed: mercury volumetry, infrared volumetry, echo volumetry and water volumetry, magnetic resonance imaging (MRI), impedancemetry, and Leg-O-Meter. Volume varies with the causes of the edema [186,232].

1.2.5. Plethysmography 
1.2.5.1. Mercury gauge plethysmography: measures variations of volume in the limb, based on derived limb circumference without prejudging it to its value of the pressures [89].
1.2.5.2. Air plethysmography: measures variations in pressure and volume of the calf during stress tests, and thus variations in transmural pressure (TMP). It divides the venous function according to change in posture and activation of the VMP, permitting the derivation of four useful parameters [19,59]:
· total volume (TV), the amount of blood to be found in the venous reservoir; air plethysmography measures the change in volume (in ml air) produced by passage from the supine position with the leg raised at 45° to the standing position;
· venous filling index (VFI), the volume variation produced in a limb in a defined time by passage from the supine to the standing position; VFI is related to the severity of the reflux and is expressed in ml air/sec;
· ejected fraction (EF), the rate of reduction in TV after a single tiptoe movement; It reflects the calf muscular systole; and 
· residual volume fraction (RVF), the rate of reduction in TV obtainable after ten tiptoe movements; this index is related to ambulatory venous pressure measurement.
We measured the changes in all of these parameters after CHIVA procedures (see chapter 12).


Figure 8.2. APG TRACE: The red color in the limb indicates the filling rate according to the different condition of volume measurement. The parameters are indicated in yellow and described in the text. 

2. Flow Measurement

2.1. Angiography, or Dynamic Phlebography

It can assess the competence or incompetence of valves. However, the filling of veins depends on the point of introduction of the contrast, and contrast dispersion may be incomplete, especially where a "washing" effect occurs [143].


2.2. Doppler

It is an anatomical and haemodynamic non-invasive technique of major interest in venous investigation. It has allowed decisive progress in the comprehension of venous haemodynamic physiopathology and remains indispensable to an accurate diagnosis. Its accuracy depends on the operator’s expertise [61,72,151,159].

2.2.1. Antegrade Flows: 
(AF) are those in the direction of the valve’s opening, as recorded by Doppler. However, normal direction is insufficient to indicate normal flow, since flow content, origin, and velocity must also be normal. AF can be recorded in open shunts and closed shunts, depending on the patterns of the particular shunt and the stress test or manoeuvre involved.

2.2.2. Retrograde Flows: 
(RF) are those in the opposite direction of the valve’s opening, as recorded by Doppler. Such reversed flow direction is insufficient to indicate pathologic flow, and the content, origin, and velocity of the flow must be considered as well. Just as for AF, RF can be recorded in open shunts and closed shunts, depending on the patterns of the particular shunt and the stress test or manoeuvre involved.

2.2.3. Reflux Time: 
(RT) has to be > 0.05 m/s to be pathologic because a short proto-diastolic backflow is physiologic. RT lasts as long as the reflux but is not necessarily proportional to the importance of the reflux because the smaller the leaking valvular hole, the longer the RT, yet the importance of the reflux time is less. In addiction, RT is not proportional to the clinical class of severity of the disease. Finally, can be different in accordance with the manoeuvre used for eliciting reflux. For example, in the GSV is longer by using Wunstorf rather than squeezing manoeuvre [150,151,162,172,184,188].

2.2.4. Psatakis Index (PI): it is an index of reflux assessed in deep veins during compression-relaxation of the calf. PI = diastolic reflux velocity surface / systolic velocity flow surface.
It takes into account the reflux volume but not the flow and is considered pathological when it is >0.40. The limitations of PI are roughly equal to those of RT, for the same reasons explained above. Therefore, PI varies according to reflux volume but not to reflux flow rate [102].

2.2.5. Dynamic reflux index (DRI): it takes into account volume and flow rate of reflux, in order to avoid the limitations of RT and PI. DRI = [(diastolic reflux mean velocity)². diastolic reflux time] / [(systolic reflux mean velocity)². diastolic flow time]. Because DRI varies according to the reflux flow rate, it expresses more completely than RT or PI the degree or severity of reflux haemodynamics. Thus, for the same diastolic reflux volume, the higher the diastolic reflux flow rate, more the reflux volume between two steps while walking, and vice versa. When, for the same volume, the diastolic reflux flow rate is low, and consequently the reflux time is long, the systole of the successive step interrupts the reflux so that it is of minor importance during walking [58,184,224].


2.3. Infrared Plethysmography (IRP)

It measures the refilling time (RFT) of the deep network by the superficial one through the perforating veins after calf stress (VMP motion). This time is proportional to the volume of available superficial blood and to the gradients of pressure generated by the VMP. For this reason, RFT may be false negative in case of VMP impairment [19,265].



Figure 8.3. a) Valsalva negative manoeuvre b) Valsalva positive manoeuvre.

2.4. Assessment Manoeuvres for Valve Competence and Shunts 

2.4.1. Valsalva’s Manoeuvre (VM): consists of forced systolic phase of the thoraco-abdominal pump (TAP) against a blocked expiration. The patient tries to expire with the glottis closed while contracting the thoracic muscles, diaphragm, and abdominal muscles all at once. Contemporaneously, venous flow is blocked and the abdominal veins are compressed, particularly the retro-hepatic cava vein, so that the pressure gradient is reversed. The transmission of this gradient involves a backward pressure wave in the entire venous network of the lower limbs and pelvis, stops the flow in competent veins, and involves reflux only in incompetent veins. VM is said to be negative when it blocks the flow, and positive when it induces reflux. As pointed out above, the reflux occurs at the escape point but may be antegrade, thus in the physiologic direction, in part or all of its superficial pathway. An example can be seen in the descending tributaries of the great saphenous arch when its antegrade flow is fed by a pelvic escape point during VM. Upon VM relaxation, normal flow is released in the normal direction (Figure 8.3a,b) [46,48,172,241].

2.4.2. Manual Squeezing: with proximal compression is used to test valve competence during squeezing, while distal compression is used to test valve competence when. However, manual compression, particularly when intended to simulate the systoles and diastoles of the VMP, does not correspond accurately to normal or pathological behaviour. In fact, flow data depend on the location, duration, and force of manual compression [148,150,151]. In particular, flow duration and velocity may be underestimated, especially when the affected part of the VMP location is different from the compressed one. In addition, manual compression affects superficial veins, as opposed to VMP systole, which affects only deep veins. Lastly, manual compression may be not feasible in cases of large, stiff, wounded, or painful calf.

2.4.3. Voluntary Muscular Contractions: (walking, rising on tiptoes, etc.) and proprioceptive reflexes provide data that are preferable to those of manual compression because the former are physiological or pathophysiological.
2.4.3.1. Paranà’s maneuvre: consists of testing VMP-induced flows in subjects during immobile standing through use of the proprioceptive reflex. A slight push to the waistline triggers an isometric contraction of the leg muscles that activates the VMP and allows data recording. It induces VMP systole during the impulsion and diastole upon release. Thanks to the immobility, it is particularly interesting for Duplex-scan examination and is feasible as long as the patient can stand up [102].
2.4.3.2. Oscillation manoeuvre: consists of simulating the first moment of plantar pressure of walking and is limited to it. The conditions of examination are similar to those of Parana’s manoeuvre [257].
2.4.3.3. Toe flexion manoeuvre: is performed voluntarily by the subject in the same position as Parana’s manoeuvre with roughly the same meaning [151,179].
2.4.3.4. Active foot dorsi-flexion: muscular systole is voluntarily provoked by the subject under this movement; muscular diastole corresponds to the subsequent rest position (the so called Wunst La dorsi-flexion orf Manoeuvre). 
2.4.3.5. Rising on tiptoes manoeuvre: is performed in the immobile standing position. It is supposed to detect, in superficial veins, vicarious open shunts (VOS) due to dynamic and postural occlusions of deep veins. 
2.4.3.6. Walking is possible only with appropriate tests, such as plethysmography, but not with angiography or Doppler.


2.5. Assessment Manoeuvres for Physical Examination of CVD of the Lower Limbs

2.5.1. Trendelenburg manoeuvre: (TM) consists, according to the visible varices and making the patient standing up, in the application of a tourniquet. If the tourniquet presses at the level of, or immediately below an escape point, the reappearance of visible varices will not be immediate but delayed. This is related to the fractioning of hydrostatic pressure [14-17,238].

2.5.2. Perthes manoeuvre: (PM) also consists of applying a tourniquet at different levels of the leg, according to the location of visible varices. When the subject walks, the varices collapse if the deep veins are normal, but they do not if the deep veins are impaired. Like TM, this test involves fractioning the column of hydrostatic pressure and disconnecting superficial closed shunts simultaneously. For this reason, the varices collapse when the subject walks, due to the re-entry in an efficient valvulo-muscular pump (VMP). Varices do not collapse when the VMP is impaired, especially because of deep venous incompetence. This is also why Doppler cannot register any reflux flow in saphenas in cases of major deep venous incompetence, yet the saphenas are varicose, being dilated with incompetent valves [14-17].


Figure 8.4. Trendelenburg and Perthes maneuvers. Trendelenburg maneuver: a: standing up varicose patient. Varice visible. b: in supine position varice reduces dramatically because Hydrostatic pressure due to gravity is close to 0. A tourniquet is placed at the root of the thigh. c:Then the patient stands up again but immobile . The reduction of the varice persists a while thanks to the fractionation of the hydrostatic pressure column but do not last because the valvulo-muscular pump is inactive and does not fractionate dynamically the deep column of hydrostatic pressure and refills the varice by connected vessels effect. If the maneuver is negative, that may mean that the tourniquet doesn’t press properly the escape point of the CS or DOS or that the varicose is due to other causes as VOS or varices fed by an arterio-venous fistulae. e: If the maneuver is positive, the varice remains dilated again except if the patient walks. f,g,h: walking, the varices reduce their caliber because the valvulo-muscular pump is activated and fractionates dynamically the deep column of hydrostatic pressure, which pumps out the varice that cannot be overloaded anymore by the escape point of the shunt, thanks to well placed tourniquet. If walking is inefficient, that means that the valvulo-muscular pump cannot fractionate dynamically the hydrostatic pressure (DFHSP). The most frequent cause is a deep valvular incompetence. 
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Chapter 9


How to Perform a Duplex Mapping


Paolo Zamboni
University of Ferrara, Italy.


The next two chapters, due to their eminently practical objectives, are thought as an atlas text. We herein present several paradigmatic cases, choose among the more frequent situations in clinical practice, and adopting an educational technique defined Clinical Theatre. In the present chapter, by referring to the paradigmatic cases, we show as you can realize a complete venous mapping by reconstructing duplex findings found at different levels in the venous system of the lower extremities. Haemodynamic findings are drawn together in a pre-existent model of venous anatomy, subdivided in the different venous networks previously showed. The reader can easily learn a procedural duplex protocol in order to realize a complete venous mapping. 
In the chapter 10, the same clinical cases undergo to a haemodynamic correction procedure (CHIVA) on the basis of the haemodynamic mapping showed in this chapter. The techniques will be demonstrated both by figures and operative pictures.
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Fig. 1:

Duplex mapping. 

Phase 1: investigation of 

the SFJ in standing. Rough 

analysis by the means of 

color Doppler and calf 

squeezing clearly shows 

reflux in the proximal GSV 

(red color) with normal 

emptying (

blu

color) at the 

level of the SFJ, 

epigastric

vein EV and femoral vein 

FV

.
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TERMINAL VALVE

at the 

saphenous

-

femoral junction
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-
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VEINS

POINT OF 

ANALYSIS

Fig. 2: 

SFJ duplex  assessment  

at the femoral side of the 

terminal valve allows to achieve 

fundamental operative 

inforrmations

. The Investigation 

should be performed eliciting 

reflux either by 

Valsalva

or by 

squeezing. The former tests the 

competence of the terminal 

valve, the latter the presence of 

a gravitational gradient due to a 

point of re

-

entry located below.

46

SFJ duplex  assessment 

in standing is usually 

limited to the duplex 

investigation of the GSV 

arch under squeezing
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Fig. 3:

Further analysis by 

placing the Doppler 

sample on the femoral side 

of the terminal valve 

demonstrate a competent 

valve at the 

Valsalva

manoeuver

. The 

correctness of the patient

’

s execution is proved by 

the re

-

appearance of the 

spontaneous forward flow 

at the 

Valsalva

release.

46,241,245

Fig. 3a:

Any visible and palpable vein 

of the lower limb is then outlined by a 

waterproof pen.

3a

3
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Fig. 4:

A.

The 

saphenous

eye sign, in the 

transverse access, allows to identify 

the GSV main trunk below the 

competent S

-

F terminal valve.  GSV is 

insufficient when eliciting reflux by 

squeezing (Doppler PW trace: 

negative wave in compression

-

systole, positive wave at the release

-

diastole).

B.

Localization of the junction between 

the GSV (N2) and the insufficient 

tributary T (N4). This is a reflux point 

N2

-

N4 (change of compartment from 

AC2 to AC3). 

C.

The escape point feed by reflux a 

tributary T, lying above the superficial 

fascia, whereas the GSV, markedly  

reduced in caliber, is now competent.

D.

The long insufficient T re

-

enters into 

the N2 (GSV) for a short segment. 

This is the reason because the T is to 

be considered a N4 instead of a N3 

(N2

-

N4

-

N2 circuit).

E.

Again, through a second reflux point 

the blood changes compartment and 

flows from N2 to N3, feeding by reflux 

varicose veins of the medial and 

posterior aspect of the leg.
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Fig. 5:

Since duplex allows a 

perfect flow analysis but point 

by point, the investigator 

reports the findings on a 

model, depicted in panel A, in 

order to permit a  coherent 

overview of the entire venous 

tree. 

Legenda

: Black N1 

segments, blue N2 segments, 

interrupted line N4 segments, 

green N3 segments. Down

-

ward arrows indicate reflux, 

while up

-

ward arrows 

competent segments. Red 

arrows depict points of reflux. 

Green arrows re

-

entry points. 

Green ovoid re

-

entry 

perforator. 

B)1 Point of reflux N2

-

N4, 2 

Point of reflux N2

-

N3.Green 

arrows re

-

entry points. Green 

ovoid re

-

entry perforator.
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Fig. 6:

REFLUX ELIMINATION 

TEST. Simple finger 

compression of the origin 

of reflux in the tributaries  

allows to re

-

test the 

directional flow both in 

the GSV and in the N3

-

N4 tributaries, and to 

identify the shunt type, 

as well. In such case a 

type III shunt is showed 

(with competent terminal 

valve previously 

assessed). 

In fact finger 

compression allows to 

completely eliminate 

reflux in the proximal 

GSV. This is the best 

demonstration that reflux 

in the GSV trunk is due 

to the 

antidromic

gradient 

created by the long 

incompetent and 

valveless

N4.

254
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Fig

. 7:

69 

yo 

man, 

farmer

.

Mother

affected by 

CVD

C3s (
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, 

ref

.  
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, 

pain

)
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Fig. 8:

Panel A:

SFJ is recognized by the 

so

-

called 

Mikey

Mouse Sign, 

depicted in the transverse duplex 

access of the groin by the 

anatomical relationship of the FV, 

the head, with the 2 ears, GSV and 

FA, respectively. The Doppler PW 

sample placed on the femoral side 

of the terminal valve registers a SF 

reflux under 

Valsalva

.

Panel B:

Color Doppler mode 

confirms the incompetence of the 

terminal valve (red color through 

the junction). 

Panel C:

The correctness of the 

patient

’

s execution is proved by 

the re

-

appearance 

of the 

spontaneous forward flow 

at the 

Valsalva release

, blu Color.

Squeezing of the proximal GSV 

confirms reflux. Concordance of 

squeezing and 

Valsalva

is the 

indication to the treatment of the 

SFJ.
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Fig. 9:

Duplex findings are reported in a different cartographic model,

which can be 

adopted by the reader in alternative to that proposed for the ca

se A. It reports just 

N1 (deep) and N2 trunks (GSV, SSV, 

GiacV

). It allows the reconstruction of the 

venous map step by step.
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Fig. 10:

Panel A:

thigh 

varicose vein 

originating from 

the GSV at point 

2.   

Panel B:

Since it 

lies above the SF 

layer in the AC3, 

and re

-

enters in 

N1 through a re

-

entry perforator, 

it is a N3 

tributary.

Panel C:

Reflux 

N2

-

N3 with 

change of 

compartment is 

clearly 

documented by 

color Doppler 

and squeezing.
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Fig. 11:

Reflux  is still present in GSV main 

trunk below the reflux point 2, N2

-

N3. 

This 

finding suggests the presence below of 

further re

-

entry points. 

“

No reflux, no re

-

entry 

and

viceversa

”

.

11


image21.wmf
 

Fig. 12:

Below the knee a new N2

-

N3 reflux point is detected at point 3. Again reflux in the GSV 

is detected below,

suggesting the presence of a re

-

entry distally.
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Fig

. 13:

Finally

, few 

centimeters above 

the 

ankle 

a re

-

entry 

perforator located 

on the 

saphenous trunk is detected 

(A

-

B

-

C). 

Please

, note the in 

ward flow 

demonstrated 

at the 

release

-

muscular 

diastole 

proved by 

the negative 

wave 

(D). 

Now 

the 

distal 

GSV 

is competent
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Fig. 14:

REFLUX ELIMINATION TEST AND SHUNT DEFINITION.

Finally, reflux is reduced but still active at the level of the 

GSV main trunk 

(B1

-

B2), despite finger compression of reflux points 2 and 3. A grad

ient 

between SFJ and the re

-

entry point (green arrow) maintains a closed type I 

shunt. Please, compare this case with the same test performed in

the 

clinical case A.
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.
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Fig

. 15:

Reflux elimination 

test 

permit to differentiate type 

III 

from type 

I 

shunt

. 

Reflux elimination 

test in the case of the 

farmer 

was 

negative 

for 

the 

presence 

of a re

-

entry 

perforator 

on the GSV (

persistent gravitational gradient

).
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D. Tibbs 
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and 
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16

GSV

Type III

T N3

The 

reflux flow shunts from 

the GSV

-

N2 

into 

the 

varicose 

tributary 

T N3
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N 2

N3

GSV 

>3 mm

N4

N 1

3

2

1

4

N 4

N 2

N3

N 1

3

2

1

4

Fig. 17: 

In the illustrated case, as in 

the farmer case, the terminal valve is 

incompetent requiring treatment (both 

squeezing and

Valsalva 

positive for 

reflux). However, differently from the 

farmer, reflux elimination test (finger 

compression of the origin of the 

tributaries) 

254

eliminates reflux in the 

GSV by eliminating the gravitational 

gradient, as in the lawyer case. 

See 

chapter 10 for the different CHIVA 

management of this case.

Val +

Sq +

17

Reflux 

elimination
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Fig

. 18:

32 

yo 

woman in 

childbirth

. 

Both

parents affected by 

CVD. C2 s (

heaviness

, 

ref

. edema in the 

evening

). 

Vulvar 

varices 

in 

pregnancy

, 

now disappeared

. Varicose 

veins 

of the 

internal 

and 

anterior aspect 

of the 

thigh

. 

Cosmetic 

complaints.

Duplex examination of both terminal valve and 

saphenous 

arch 

negative for reflux at 

Valsalva 

and squeezing test. But also the 

proximal 

saphenous 

vein is competent (Sq 

-

). Where does the 

reflux come?

18
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Fig

. 19:

A.

As

previously stated

duplex 

investigation 

in standing 

demonstrates 

at the SFJ 

level 

(Minnie 

sign 

in woman) a 

competent 

terminal valve 

with 

no 

reflux 

in the 

proximal 

GSV. 

This 

finding is reported 

in 

map 

1. 

B.

Following 

by 

the duplex probe 

the 

outlined 

varicose 

veins 

clinically manifest 

at the 

groin 

level 

(C), 

we find 

out a 

reflux 

of 

the round

ligament vein

at the

level

of the

inguinal

canal. 

It fed

a N3

vein

of the 

thigh 

through the  

so

-

called 

I 

point 

(

see chapter 

7), 

corresponding to 

the 

external 

opening 

of the 

inguinal 

canal (C).

2.

Corresponding

duplex

map shows

the

above described findings

, 

and the re

-

entry of the

insufficient

N3(

red tortuos 

line) in 

the GSV 30 cm 

below 

the SFJ.

19
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Fig

. 20:

Careful 

observation 

of the 

patient 

demonstrates 

varicose 

veins 

also 

in the upper 

internal aspect 

of 

the 

thigh

, 

corresponding to 

the P 

point 

described 

at 

chapter 

7, blue 

circle

. The 

corresponding 

ultrasonography   

is given 

in A. 

In B, 

reflux 

through the P 

point

, via the 

vein 

of the 

Alcock 

canal, 

into 

the 

insufficient 

N3 

is 

well 

demonstrated

.
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Fig. 21:

The 

corresponding 

map indicates 

that the second 

insufficient N3 

joins the first 

one, and re

-

enters the GSV 

through a 

common 

segment, in A. 

The GSV, fed by 

both pelvic 

refluxes is 

incompetent 

below the re

-

entry point. In 

turn, the GSV re

-

enters through a

paratibial 

perforator into 

the competent 

N1.

GSV

Re

-

entry

21
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Fig. 22:

The herein presented case shows CVD in 

the GSV territory with competent proximal 

GSV.

In our survey this case represents 8% of the 

varicose networks in females.

Standard

\

endovascular surgery should 

eliminate the main outflow route and does 

not treat the real source of reflux.

2,63.64

In this case we cannot use standardized 

ablative

\

endovascular procedures but 

surgery tailored and guided by duplex 

findings (see chapter 10, 20

-

22).

22


image32.wmf
 

A:

Duplex 

investigation in 

standing of the GSV 

territory is 

completely negative. 

However, physical 

examination 

indicates CVD from 

reflux in the SSV 

territory. No DVS 

incompetence.

Fig

. 23:

52 

yo 

woman, 

hairdresser

.

Symptomatic varicose 

veins 8 years ago.

C5 s (

heaviness

, 

pain

, 

edema, 

recurrent 

varicose 

ulcers despite 

elastic stocking 

exerting 

20

-

30 

mmHg 

at the 

ankle

). 

Low QoL

23
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Fig. 24:

A) Further duplex investigation of 

the 

popliteal fossa 

in the 

longitudinal access reveal no 

reflux either under squeezing or 

Valsalva 

at the level of the SSV, 

popliteal 

vein (PV), 

gastrocnemius 

vein (GV). PA and GA are referred 

to 

popliteal 

artery and 

gastrocnemius 

artery, 

respectively. 

B) 

ColorDoppler 

investigation in 

the transversal access of the 

popliteal fossa 

demonstrates  a 

huge reflux starting on the lateral 

side of the competent PV. Note 

the little diameter of the 

competent SSV, which proximally 

is not involved in the reflux 

(

saphenous 

eye sign, where SF 

indicates the superficial fascia).  

The reflux goes outward through a 

vein called perforator of the 

popliteal fossa 

(PPF). Such vein is 

also named Dodd or 

Thiery 

perforating vein from the name of 

the Authors who described it.
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Fig. 25:

A. B.

Following the route of the PPF it easy to demonstrate the absen

ce of 

contact with proximal SSV (eye sign, SF superficial fascia). The

route of the PPF 

from its origin on the lateral side of the PV is really very 

tortuos

.
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Fig. 26:

A) After a long 

subfascial 

pathway, previously shown, the PPF enter in the AC2 compartment 

and feed by reflux the SSV, 

which becomes incompetent for a very short segment. Note the enl

argement of the SSV after connection with the refluxing 

PPF (non terminal perforator, reflux outward flow in muscular di

astole). Immediately below such connection, the reflux 

shunts from the AC2 compartment to the AC3 compartment (reflux N

2

-

N3).

B) The N2

-

N3 reflux makes apparent a varicose vein located really distally

from the reflux point in the 

popliteal fossa

. 

C) The N3 goes downward and runs medially toward the re

-

entry perforating veins, where the reflux re

-

entries into the N1. 

Inward flow in muscular diastole

The map reports all the above described duplex findings.

C

SSV

Re

-

entry

PV

Re

-

entry flow

In diastole
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Fig. 27:

The herein presented case shows severe CVD, 

CEAP C5, related to varicose veins of the SSV territory. 

However, duplex mapping demonstrates that reflux was 

detected in SSV main trunk just in a segment of few 

centimeters. In addition, the SPJ as well as the rest of the 

trunk are completely competent.

In this case we cannot use standardized ablative 

procedures but surgery tailored and guided by duplex 

findings (see chapter 10). 

63

-

65, 76, 83, 88, 109, 190, 198

Finally, the closed shunt is a circuit between two 

perforators: In the 

popliteal fossa 

the reflux point is a non 

terminal perforator (reflux in diastole, see chapter 12), at the

ankle the re

-

entry point is a terminal perforator (correct flow 

in

-

ward in muscular diastole).

The re

-

entry perforator is located close to the scar of the 

healed ulcer and such a topography is enough for indicating 

its ablation, despite the correct 

haemodynamic 

function. To 

the contrary, its flow is insufficient respect to the reflux flo

w 

transported through the PPF. The 

haemodynamic 

overload 

should be corrected by the treatment of the latter.

The preoperative assessment of the flow direction at 

muscular relaxation in perforators is the key for giving or not 

the surgical indication to their treatment (chapter 12).
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Fig. 28:

46 

yo 

man, saleswoman.

Varicose veins in the left calf 

heaviness, pain, edema, hitching 

confined to the left leg C2S

Working disability

Duplex investigation in standing of 

the GSV territory is completely 

negative. 

Truncular 

varicose veins 

are visible and palpable at the left 

calf, according to referred symptoms.
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Fig. 29:

A.

Duplex exploration 

of the 

popliteal fossa 

shows a dilated SSV 

and 

gastrocnemius 

vein (GV) at the level 

of the 

poplitel fossa

. 

B

-

C

SPJ is a common 

trunk with the terminal 

GV

The common outlet of 

both SSV and GV is 

showed in relative 

map and B

-

Mode 

image

29
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Fig. 30:

A.

Both 

Paran

à

and 

squeezing 

manouver 

demonstrates reflux at the 

SPJ and in the SSV main 

trunk. 

Valsalva 

is positive 

at the confluence between 

SSV and GV , indicating 

the incompetence of such 

valve. 

B.

We document reflux also 

in the GV, elicited by active 

manouvers 

and not by 

Valsalva

, indicating the 

competence of the 

common trunk terminal 

valve. From the common 

outlet in the PV, reflux is 

extensively propagated 

along the entire muscle in 

the AC1, while PV is 

competent below the SPJ.

C.

The above reported 

findings are reported in the 

map under construction.
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Fig. 31:

A. 

Reflux from the SSV shunts 

to N3, and feed a gross 

varicose tributary of the 

posterior aspect of the calf.

B.

The corresponding  B

-

mode 

image of the N2

-

N3 reflux.

C.

The long N3 reenters in a 

calf perforator connected with 

the GV.

D.

The corresponding 

colorDoppler 

of C 

demonstrates the reflux in the 

N3 (red), the reentry in the N1 

(blue), and the propagation of 

reflux in the distal GV (red). 

E.

The corresponding map of 

the above reported findings.
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Fig. 32:

A.

Modification of the 

haemodynamic 

pattern 

by elimination of the 

gravitational gradient 

created by the 

incompetent N3, 

obtained by finger 

compression of its origin 

on the SSV trunk.

B.

Pattern of reflux in the 

SSV main trunk.

C.

Disappereance 

of SSV 

reflux by finger 

compression, and re

-

appearance at finger 

release.

D.

Reflux in the 

Gastrocnemius 

vein. 

E.

Reflux elimination in 

the 

Gastrocnemius 

vein 

by simple finger 

compression of the N3 

which aspirates

blood flow 

from N1.
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Giac

SPJ

SSV

33

Fig. 33:

A.

B

-

mode study of the 

Giacomini 

vein. 

B.

Emptying under 

Paran

à

manouvre 

also through the 

Giacomini

’

vein.

C.

Forward flow along the 

Giacomini

’

vein during muscular systole. 

A

B

Giacomini

C

•

This finding indicates the 

Giacomini 

as a valuable outflow 

route to be used in our 

haemodynamic 

surgery plan (see 

chapter 10).
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c. 

Normal deep 

veins outflow

a. 

Reflux 

in the 

gastrocnemius vein

b. 

Elimination 

of the 

aspirating gradient

Fig. 34:

We learn from this case the followings:

·

A deep reflux could be the 

haemodynamic 

effect of blood aspiration from a refluxing superficial vein. 

133,210,247

·

A primary deep reflux is not always synonymous of a disease of t

he deep veins

·

It could be managed by simple superficial surgery, avoiding eith

er unsatisfactory conservative treatment or 

useless aggressive surgical procedures.

34


image44.wmf
 

Fig. 35:

45 

yo 

woman, 

molecular biologist. Varicose 

veins, heaviness, pain, 

oedema

, hitching confined to 

the the right leg. C2S

Duplex 

investigation at the 

femoral side of the 

terminal valve 

shows clearly the 

incompetence of 

the valve (

Valsalva 

positive). 

Squeezing is even 

positive.
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Fig. 36:

Immediately below the 

junction the 

saphenous 

trunk is split into two 

veins, both of the AC2. 

The alignment sign 

indicates the anterior 

accessory 

saphenous 

vein (AASV) as the vein 

on the right, while the 

vein not aligned with the 

femoral vessels (FA, FV) 

is the GSV (Fig. A).

Both the GSV and the 

AASV appear insufficient 

at squeezing 

manouvre 

(Fig. B). 

The map under 

construction shows the 

so called lambda 

presentation of the 

sapheno 

femoral 

junction.
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Fig. 37:

Following the AASV we 

find a N2

-

N4 reflux that 

reentries in the GSV at the level 

of the knee (D).

Subsequently, following the 

GSV we find a  N2

-

N3 reflux at 

the superior third of the leg (A 

and B). 

The corresponding map under 

construction

AASV

GSV
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Fig. 38:

Following the 

N3, it feeds by reflux 

large varicose veins. 

The main circuit 

reenters in a 

Cockett 

perforator (B), while a 

secondary circuit lies 

posteriorly 

where in 

turn reentries. 

B)Reentry through a 

Cockett 

perforator in 

muscular diastole of 

the main N3 

circiut 

(blue color indicates 

the inward flow). 

The corresponding 

map is given in C.
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Fig. 39:

Finally, following the GSV reflux by duplex scan we identify it

s re

-

entry through a 

perforator (Fig. A) in muscular diastole. As we can see in Fig. 

B It is placed on the   GSV trunk at 

the level of the middle third of the leg. 

The corresponding map is now totally constructed.
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Fig. 40:

A.  The alignment sign for detection of the AASV. 

Insufficiency of the AASV is detected in 12 % 

of cases in our survey

B. The concept of secondary private circulation, a 

vicious circuit inside the N3 circuit with 

separate re

-

entry. The secondary private 

circulation need to be disconnected to avoid 

recirculation of blood in the varicose network.

N3

B
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Fig

. 41:

-

56 

yo 

man, 

tobacconist

. 

-

Mother

affected by 

CVD. 

-

C2s (

heaviness

, 

ref

. 

oedema 

in the 

evening

, 

in 

summer

).

-

Varicose 

veins clinically 

visible 

in the para

-

tibial 

region

, at the 

knee

,  and 

in the 

lateral aspect 

of 

the 

leg

.
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Fig

. 42:

Duplex 

investigation 

in standing 

demonstrates 

at the SFJ 

level 

a 

competent 

terminal 

valve 

with 

no 

reflux 

in the 

proximal 

GSV.

The 

corresponding map is 

under 

construction

(

Fig 

B).
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Fig. 43:

Following by the duplex probe the outlined varicose veins, clin

ically 

manifest at the

para

-

tibial

region and at the lateral aspect of the leg, we find 

out a tributary of the

saphenous

vein with the origin in the

saphenous

compartment of the medial aspect of the upper third of the leg a

nd with its 

re

-

entry focused in the N3 compartment. 

It runs inside the compartment AC2 with a transversal direction 

from the 

medial aspect of the leg to the

antero

-

lateral one for at least 5 cm (Fig. A).

Its deep position makes often impossible its inspection and palp

ation. 

The same tributary feeds the visible varicosities mentioned abov

e.

For the peculiarity of its anatomical shape as well as duplex ap

pearance we 

defined it as the 

“

T

”

vein.

253

GSV

GSV

N3

“

T

”
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AC2

AC3

Fig. 44:

•

Varicose veins occurs in the GSV territory with a competent

GSV trunk. 

152

•

This contributes to overcome the old concept that superficial

reflux means

saphenous 

reflux.

•

N2

-

N3 reflux points and change of hierarchical order of 

emptying from AC2 to AC3 play a major role in CVD
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