Here are my comments (blue characters) about the following article in order to ovoid any misunderstandings about theoretical basis and practical management of CHIVA that could lead to mistaken practices. The CHIVA model qualified as simple (scientific quality) must not be simplified (flaw). Too many “misinterpreted” or simplified CHIVA have been performed …and published as “genuine”.  I do not comment the paragraphs regarding the commented trials and I will not point the obvious absence of several other trials (20 years CHIVA bibliography in Vasculab) that could free CHIVA out of the “experimental” boundaries marked in the conclusion.  
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Abstract

The presence of haemodynamic abnormalities in chronic venous disease (CVD) has been

well established. The relationships between these abnormalities and clinical

manifestations, or natural history of CVD, are complex and remain to be investigated.

Flow-mediated processes and mechanisms unrelated to blood flow may play an important

role in the pathophysiology of CVD (In every case, excessive transmural pressure  (TMP) provide  two effect. It dilates the veins up to varicose and at the same time blocks the drainage of the tissues at the microcirculation level ( Starling) leading to trophic changes as ulcer. Everyday practice brings this evidence because these venous insufficiency symptoms improve when TMP decreases (either increasing  external pressure by compression or decreasing internal hydrostatic pressure by lifting the feet above the heart level). This is scientific evidence because these facts are in accordance with well-known and proved laws of fluid mechanics. “When we are used to explain the natural phenomenons through bad reasons, we cannot accept the good ones when they occur. The blood circulation being the reason why the vein dilates below the ligature (evidence)  is an example)”.  Pensées 123, Blaise Pascal (1622-1661) father of modern fluid mechanics and Harvey’s contemporary. An evidence Current state of knowledge makes questionable a possibility of building treatment strategies based on a single simplified model of the disease. As an example of such simplified approach, CHIVA introduces an opportunity to critically assess the gaps in knowledge in venous pathophysiology

.

Keywords: varicose veins; haemodynamics; chronic venous disease; venous surgery; CHIVA

Publication of the Exercitatio Anatomica de Motu Cordis et Sanguinis in Animalibus is considered by some to be the beginning of scientific medicine.

The methodology of induction from careful observations and experimentation to a theoretical model followed by testing its predictions became essential to the progress of the biomedical sciences and scientific medicine. One of Harvey’s experiments was the demonstration of unidirectional flow in normal veins. When Sir Benjamin Collins Brodie and Friedrich Trendelenburg demonstrated that this unidirectionality is disrupted in extremities with the varicose veins, it was logical to infer causality, and the haemodynamic paradigm of venous diseases was born. Surgical procedures have

been designed and the outcomes of these treatments continue to provide support for this paradigm. Causality of valvular incompetence that leads to the development of reflux remains to be determined  and so too the mechanisms involved in the relationship between venous reflux and venous diseases.( The very mechanism of venous 
disease is the TMP excess. Among other possible causes ( proximal venous obstacles without any valvular incompetence, etc)  the valvular incompetence increases the TMP and consequently the drainage impairment because the fractionation of the pressure is no more provided by the valve closure when the pressure gradient is reversed. So the flow reversal is not “per se” the cause of venous disease but testifies to the vavular incompetence and its consequent pressure fractionation impairment (can be compared with heart valvular incompetence). This is proved by the fact that, for example, since Trendelenburg the interruption of the GSV at the groin leads to varicose deflation in standing position (so lowered pressure) and reverse flow provided by the diastolic phase of the calf pump doesn’t cause any varicose dilation ( CHIVA hemodynamic and clinical outcomes despite a remaining reverse flow…but no more pathogenic! This back flow at Duplex leads to make some doctors not informed venous haemodynamiics , to conclude for recurrence or bad operation despite a complete clinical success!) This is evidence that reverse flow or valvular incompetence is not necessarily related to an excess of pressure or any harmful venous condition if closed shunts are interrupted and hydrostatic pressure fractioned. Theoretical models have been developed to explain this relationship. However, these models are based on multiple assumptions and, although they provide a valuable and necessary basis for the development of new and improvement of existing therapies, will evolve or even be rejected in the future. Critical analysis of evidence resulting from following each of these models, as well as deviating from them, is therefore an essential part of scientific progress. An example of an alternative avenue in the development of therapeutic approach is a concept often referred to as ‘venous haemodynamics’also known as CHIVA.

Originated in France, CHIVA gained popularity

in southern Europe and, although the number of practitioners adherent to its principals remain small ( Still, CHIVA is more than 50% of venous operations in Spain according to the National health Register) , their reports continue to appear and draw attention on international meetings and in scientific

journals. This lingering interest introduces an

opportunity to critically assess the current state of knowledge in physiology and pathophysiology of venous circulation in lower extremities, and identify areas where new or stronger evidence is needed.  
Principles of venous haemodynamics

The principles of CHIVA treatment and their justification was presented in the most complete form by Franchesci1 in his book. He postulated that the two 
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causes of varicose veins are changes in venous wall and hydrostatic pressure in standing position:

‘Therefore it is necessary to treat effectively either the venous wall or the hydrostatic pressure. CHIVA acts by reducing the hydrostatic pressure,’and it is done by fractionating the column of blood. In addition, disconnecting veno-venous shunts disrupts re-circulation within the superficial system and preserves draining of superficial network. To achieve these goals, CHIVA requires:

(a) preservation of saphenous vein and its first order tributaries; (b) ligation of the great saphenous vein (GSV) at specific points – proximal to the groin tributaries at the saphenofemoral junction (SFJ) (This is just one of the implementations of the CHIVA strategy, i.e.  when the escape point of the veno-venous closed shunt is due to the SFJ valve incompetence. The basic strategy consists in disconnection of ANY shunt (closed or deviating)  at the escape point ( can be any perforator, pelvic escape point, SPJ etc…) , checking and preserving efficient re-entry perforators , preserving the  incompetent venous segment ( varicose or not) of the shunt ( saphenous trunks and tributaries),and distal to ‘re-entry’ perforator, and (c) interruption of the veno-venous shunts by destruction of the second-order tributaries of the GSV ( No, the veno-venous shunts are not interrupted at the second order tributaries but at the escape point as I have previously explained).
The concept of ‘draining’, or low resistance flow from superficial veins into deep system, is the central idea of CHIVA, and makes it different from ‘destructive’ or surgical treatment, which by ‘destroying drainage pathways favours recurrence’.1Therefore the aim and theoretical advantage of CHIVA is reduction of varicose vein recurrences, and the comparison between CHIVA and other approaches to treatment of varicose veins should

use recurrence as a primary outcome measure.

Theoretical model

The unidirectional blood flow in the veins of lower extremities is secured by the presence of multiple valves. Malfunction of these valves can cause unwanted haemodynamic and biological sequelae that are poorly understood and are subjected to on-going investigation ( see my previous explanation) . The two major concepts proposed as an explanation of association between valvular incompetence and clinical manifestations of chronic venous disease are venous hypertension

and re-circulation. Both of these concepts are frequently mentioned when the results of conventional treatment of varicose veins are discussed and when the principles of ‘venous haemodynamics’ or CHIVA approach are justified.

Measurements of the blood pressure in veins of the foot showed that during ambulation it decreases in normal individuals.2 It was proposed that this pressure drop is due to the emptying of the deep veins by the muscle pump. Although an increase

in blood flow during exercise is indisputable,

a simple mechanical explanation based on changes in pressure may not be as accurate as it was thought to be, at least with regard to flow changes in superficial veins. Direct simultaneous measurements demonstrated that dramatic increase in i.m. pressure during movements causes no change in popliteal vein pressure, and slight increase of the pressure in distal GSV.3,4 Use of more sophisticated technology confirmed these observations. The decrease of the pressure in the dorsal foot veins does not relate to the changes in pressure in the popliteal vein, and the latter can increase, decrease or remain unchanged with response to exercise.5 ( As any alternate pump  , heart and valvulo-muscular pumps of the calf propel the blood. So the venous liquid content is squeezed during the systole and aspirated during the systole. The unidirectional flow is provided by valvular devices. It results an upstream depression. Unchanged popliteal pressure during ambulation is not a surprise because downstream to the calf pump, but it decreases dramatically below the knee according to all experimental classical measurements. Any pump impairment due to deep or superficial (veno-venous shunts) incompetence is consequently responsible for an excessive TMP that opposes to a correct drainage. 
Despite the absence of similar pressure changes,substantial increase in blood flow in reaction to foot movement occurs not only in deep, but also in saphenous veins.6 This increase in saphenous flow cannot be explained by the action of muscle

pump as the flow should be directed from superficial veins through perforators into the calf veins.7,8 ( This increase is due to 2 causes; The first one is when walking, the microcircutation dilates and increases the deep and superficial Venous Residual Pressure and Flow while the arterial flow is dramatically increased. The second cause is not constant but the superficial veins can relieve the overloaded deep network thanks to the reversed “physiologically” incompetent plantar valves and may be others.  

Well-designed, controlled experiments on
isolated muscles failed to solve this controversy, and indicate that the muscle pump has only a small direct effect on muscle blood flow.9,10 The concept of recirculation was introduced by Trendelenburg, who described ‘private circulation’, when blood returns from the CFV to the GSV

through incompetent junction and then into the

deep system via perforating veins. This phenomenon unquestionably exists and has been confirmed experimentally11 and by direct sonographic observation. The inferences deducted from this concept include drawing a ‘flow map’ and planning selective interventions aimed to re-direct the blood flow. 
Apart from an obviously questionable cause–

effect relationship between recirculation and

venous disease, these inferences introduce several important questions. Is information regarding competency of the valve always valid? If a valve is incompetent, how often does reversed flow occurs?

At which circumstances reflux happens and how much blood is refluxing? Most importantly, how this recirculation relates to other pathophysiological mechanisms involved in the development and progression of chronic venous disease (CVD)?

Prolonged standing, for example, is associated

with progression of venous disease and its symptoms.( As demonstrated by classical measurements, venous pressure at the ankle is alike in both incompetent and normal individuals in still standing position, because the valves remain open and the hydrostatic column pressure fractioning is not performed. To the opposite, ambulation decreases sufficiently only in normal. The reason is that standing in still position is not harmless, even in normal individuals and ambulation reduces the pressure to values favourable for the drainage when the valves are competent)
Recirculation, however, is an unlikely event

during standing. (However, recirculation is daily   assessed by Duplex in case closed shunts that is the cause of most (not the whole) of venous insufficiency diseases. The hemodynamic data consist in diastolic back flow much more important   than the antegrade systolic during calf squeezing ( not physiological manoeuvre)  and physiological calf contraction triggered by proprioceptive reflex ( Paranà manoeuvre) . This systole-diastolic difference (overload) in amount of flow is necessarily due to an other surging at the escape point from the deep network. So the VARICOSE VEIN IS NOT REPONSIBLE for the reflux, but the escape point. Consequently it is not necessary to ablate the vein that is just a victim of the reflux at the escape point. The flow remaining in the varicose vein after the escape point interruption runs at small volume and low pressure so that the vein shrinks and at the same time drains “normally” its superficial physiological territory through a re-entry perforator aspirated by the calf pump , despite this flow reversal.) A gravitational force equally applies to arterial and venous vessels, and does not change pressure gradients and direction of flow. ( excepted  when the column of hydrostatic pressure is fractioned by alternate valve closure due to the calf pump action). The only effect of the increased hydrostatic pressure is pooling of volume in compliant vessels.

The increase of pressure in the deep veins during muscle contraction is also not a universal phenomenon. 5,12 It appears that while recirculation of blood in the venous system sometimes happens, its pathophysiological role, and the use of it as a therapeutic target, are highly questionable.( Both Trendelenburg and Perthes manoeuvres assess the effects of interrupting the recirculation blood when collapsing ( so reducing dramatically the pressure ) the previously dilate varicose veins, which consequently favours the drainage of the tissues.
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Current clinical testing of venous function is

based on duplex ultrasound and utilizes reflux provoking manoeuvres, such as Valsalva or rapid compression–decompression of the extremity. Such haemodynamic events rarely occur during normal life and should not be confused with the physiological patterns of blood flow in veins. The provoking manoeuvres test the ability of valves to close and do not indicate whether the valves actually

close, or how often reflux exists during

normal physical activities ( see Paranà manoeuvre previously  explained) . Even when reflux is present over considerable time intervals, its haemodynamic impact cannot be estimated by duplex ultrasound. Therefore, the information on valve function obtained by duplex ultrasound cannot be used as guidance for drawing a ‘flow map’ of blood flow in the veins. In addition, the accuracy of ultrasound in identifying small veins and the flow abnormalities in them is highly questionable.

This results in unknown status of the largest

portion of the venous system of extremity even

when the most detailed ultrasound  examination has been performed.( Duplex capabilities rely in  both  expertise of the practitioner and  the haemodynamic background. This is the reason why being based on reasoning and not on recipes, CHIVA performance needs specific knowledge and understanding all along the diagnosis and treatments). 
Recent investigations demonstrated that presence of reflux or turbulent flow produces a cascade of  reactions involved in pathophysiology of venous disease.13 These studies provide the basis for a hypothesis that the key events are initiated by the

presence of few flow disturbances with or without such major haemodynamic sequelae as venous hypertension and recirculation.

It is clear that factors other than mechanical play an important role in the regulation of blood flow in the veins of extremities. While many flow-related phenomena can occur only in diseased veins, our understanding of venous flow mechanics is far from the point when it can be effectively used forthe development of therapeutic strategy. (As a matter of fact, venous insufficiency factors are many, may be more than we suspect. However, the suppression of only one among other necessary but not sufficient factors responsible for a disease is sufficient to cure it. Making ice needs two necessary but not sufficient factors: water and cold. The absence of one of them doesn’t permit to do it.
reatment outcomes

The modern conventional treatment of primary

CVD combines patient-centred and evidence-based approaches. The treatment goal is patient-specific and can range from improvement of appearance, to symptoms relief, to facilitating of ulcer healing

and prevention of ulcer recurrences. The selection of treatment options is based on the evidence of achieving the desirable outcome and reaching the treatment goal. Historical evidence of treatment of many thousands, if not millions, of patients, and results of scientific studies including control randomized trials, consistently indicate that elimination

of reflux provides the best result. In most

cases, treatment of all incompetent veins is impossible, but the fewer refluxing veins that remain untreated, the better the outcome is.

Natural history studies showed that untreated

disease progresses with the development of more refluxing segments and deteriorating the existed incompetent veins leading to more severe stages of venous disease.14 – 17 Leaving in place an incompetent saphenous vein after high ligation is associated

with the same process of disease progression

manifested by appearance of recurrent varicose veins.18 Evidence exists that elimination of reflux

in veins alters this natural history and prevents

disease from progression. It is virtually impossible to find a patient with primary disease who was treated in early stages (C2) by surgical or thermal ablation of incompetent saphenous veins and later developed venous insufficiency (C4–C6) without recurrence. It has been shown by a randomized

trial, that even in the most severe cases of combined deep and superficial venous insufficiency, more complete correction of reflux provides better prevention

of disease progression.16 
Recurrences of varicose veins that need surgery happens in 7.5–25% of extremities after conventional treatment. This undesirable outcome continues to be a subject of investigation.19 Some of these

recurrences have been attributed to technical imperfection of initial treatment. Angiogenesis or neovascularization has been suggested as another factor in the development of recurrent varices.20–24 In some cases, especially long after the initial treatment, development of new varices may be an unavoidable result of the natural history of CVD.

Proponents of the ‘venous haemodynamics’

approach argue that recurrences result from

‘destroying drainage pathways’ by conventional treatment, and could be eliminated, or significantly decreased in the incidence by preserving these pathways.1

However, the results of a randomized trial

showed that the recurrent varices were present in 18% of limbs after CHIVA treatment. Interestingly, there was no difference between CHIVA and stripping-in the incidence of recurrences originated from groin tributaries, and in all CHIVA recurrences there were recurrent veins originating from incompetent

GSV, which was left in place. This is

despite that fact that the selection of patients for this trial was biased in the direction favouring CHIVA.25 The authors of this randomized trial estimate that such patients represent only 30–35% of patients with varicose veins.26,27 This trial clearly

demonstrated that treatment employed in CHIVA group can be effective in selected patients.
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However, even in such a selective group with identical haemodynamic scenarios, factors leading to recurrences remain unknown. Unfortunately, the cited report25,26 is the best available publication of CHIVA outcomes, one of a very few reports on CHIVA that

meet current methodological standards.

General considerations

Development of a new treatment approach is

always exciting news. When this new approach

challenges the established treatment options,

it introduces the opportunity to critically review

our state of knowledge, and identify the gaps that  need to be addressed by future studies. In the case of CHIVA, such comparison is challenging because the real difference is philosophical in nature. CHIVA is based on deductive reasoning with a number of logical inferences derived from a general theoretical model of venous physiology.

The theoretical model utilized by CHIVA reduces the complex biological nature of the venous system to a mechanical aspect of the blood flow in veins, and the physics on which the model is based is mainly applicable to an idealized flow of Newtonian fluid in a rigid tube with fixed geometry. Chiva model doesn’t regard veins as rigid tubes, but visco-elastic, passive and active, that explains the venous dilation not only due to hydrostatic pressure but to valvulo-muscular pump energy that overloads the shunting veins where the NON Newtonian fluid (viscous) scatters an additional energy against the venous wall because turbulent in accordance with Reynolds law when the velocity is too high to remain compatible with a laminar flow. This explains also the delayed but effective vein shrinking after CHIVA (1). Any model, even complex doesn’t take in account the whole of the parameters but only those of which the “weight” is pertinent. A model is good when it is able to predict the events resulting from any change of any parameter taken in account in the model. If I refer to 20 years of multicentric experiments, trials and practice, CHIVA model should be qualified positively.   
Unlike CHIVA, the conventional approach is historically and methodologically based on the inductive reasoning. Clinical observations and results of experimental studies have served as a basis for generalization and synthesis of theoretical models. This includes, but by no means is limited to mechanical aspects of circulation. Within the inductive framework,

the question of whether the theoretical basis

of the treatment is true or false is not epistemically privileged, and this theoretical model changes when new knowledge becomes available. In other words, it is not so important if the GSV stripping or ablation works because it interrupts the column of blood and reduces the hydrostatic pressure, or because it disrupts recirculation, or because it

eliminates the reflux, or because of some other

mechanism unknown to us. What is important is that these procedures give patients a desirable outcome. When a new treatment becomes available we can compare the outcomes and, if they are better,

accept the new treatment. Analysis of why the new treatment works better generates new knowledge and modifies our theoretical model, which in turn provides the basis for the development of even better treatments. An example of such process is

the understanding of the role of groin tributaries in recurrence of varicose veins, which is changing after thermal ablation of the GSV became available.

On the contrary, when deductive reasoning is

employed, the validity of the theoretical model

becomes extremely important, and the model

itself caries with it an epistemic privilege of indubitability and incorrigibility. If the model is false, the whole system collapses. The success of the CHIVA treatment confirms the validity of the theoretical basis, but failure of such treatment should be attributed

to a failure to carry out a correct treatment,

or to other external factors. Such an approach can still produce a new knowledge, particularly by the identification of cases when CHIVA produces acceptable outcomes and analysing their common features. The limitation is that analysis of failures cannot be performed within the CHIVA concept.

The illustrations of this is a selection bias of the

randomized trial comparing CHIVA and conventional treatment25,26 in which only cases previously identified as likely to result in the best CHIVA outcomes were included. We also tried to demonstrate, that the validity of the theoretical model of ‘venous

haemodynamics’ has been challenged by multiple experiments and observations.

The opportunity to improve treatment outcomes introduced by the success of CHIVA should not be overlooked. However, the existing information on ‘haemodynamics’ is limited and not sufficient to estimate the validity and practicality of this approach. In everyday practice, the physician’s responsibility for the well-being of the patient must take precedence over the responsibility to generate knowledge. It is a current consensus that the treatment must be selected based on the best available evidence, and selection of an alternative treatment constitutes de facto research and should follow appropriate guidelines. As a treatment, CHIVA definitely falls into a research category and should be continued as such until sufficient evidence of its validity is generated.
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