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AN INTERNATIONAL PRESENTATION
Dear Colleagues,

treatment of varicose veins based on hemodynamic considerations and especially the
CHIVA concept have influenced phlebology for more than a decade. These ideas are not
historical but are also a part of new treatment concepts including sclerotherapy and modified
surgical procedures. Pre-treatment duplex investigation has become the gold standard.

Today, more than ever before, there is a lively discussion and a lot of controversies on
how to treat varicose veins best. In the moment there is no definite answer to this question
based on published prospective comparative studies. Many questions still remain open and
hopefully may be answered in the near future.

In these discussions hemodynamic based treatment is always an issue although many of
us are not sufficiently familiar with the basics and the nomenclature of the CHIVVA concept.

It is the merit of Claude Franceschi and Paolo Zamboni, two of the CHIVA mentors, to
give us all the information we need for a better understanding and recognition of these
thoughts. The chapters of this book are not only well illustrated with excellent colour pictures
but also based on the actual literature.

This book is a mandatory reading for every phlebologist, may she or he be performing
CHIVA treatment or not. It is the basis for a better understanding of this concept and for
fruitful discussions on the best way of treating varicose veins in the future.

With kind regards

Professor Eberhard Rabe,
Univerity of Bonn, Germany
President Union International de Phlebologie

AN AMERICAN PRESENTATION

It is with great pleasure and honor that I introduce this book to the reader. Some may be
quite familiar with the concepts proposed by Claude Franceschi in his first book on the
subject, Conservative Haemodynamic Cure of Incompetent and Varicose Veins in
Ambulatory Patients published in 1988. Certainly there has been an evolution of these
concepts over the past two decades, resulting in the present work by Profs. Franceschi and
Paolo Zamboni.

I must admit that on this side of the Atlantic, very little attention has been paid to the
fundamental notions of venous hemodynamics, whether in the basic understanding of the
concepts of valvular function, or the application of these concepts as they relate to treatment
of chronic venous disease. While our academic colleagues in the U.S. may have a greater
understanding of basic venous hemodynamics, the great majority of clinical work involving
superficial venous disease has resided not in the world of academia, but in the realm of
private practitioners who evaluate and treat large numbers of such patients on a daily basis.
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And sadly, as one such private practitioner myself, understanding of the basic principles of
venous hemodynamics and their application to therapeutic maneuvers is severely lacking for
most of us.

I believe that the greater our depth of knowledge of these important principles, the better
the outcome we can expect for our patients. Acquisition and application of this knowledge for
better outcomes in the treatment of patients with chronic venous insufficiency will present a
challenge for many. This work by Franceschi and Zamboni should greatly lessen that
challenge.

I expect this book to help begin to bridge the gap that separates Phlebology as it is
understood and practiced in the U.S. from that of Europe and other parts of the world. I also
expect the book to stimulate vigorous discussion regarding basic principles of venous
hemodynamics and valvular function as they are presented in this work, and the application of
those principles to various treatment options. And ultimately | look forward to facilitating the
presentation of these discussions to phlebologic symposia and congresses here in America.

Nick Morrison, MD

Morrison Vein Institute
Scottsdale, Arizona, USA

Nick Morrison, MD

The Vein Institute, Scottsdale, AZ

A FRENCH PREFACE

This book represents the updated English version 20 years later my first CHIVA book,
that was entirely hand written.

Venous Hemodynamics was not properly studied before the Duplex scan era because
invasive investigations were not appropriate enough, due to their static nature. The second
reason is that people interested in venous superficial disease where mostly oriented towards
dermatology and cosmetics, which doesn’t require physics and hemodynamics. So, varices
were more or less considered as “tumours” to take away, due to histological wall changes ,
and their recurrences were assigned to a biological hereditary status.

I was working in arterial pathology and developed Doppler signal interpretation from
1975. | have been interested in varicose veins in order to spare the draft material for arterial
by-pass; so | tried to understand the pathophysiology of venous disease. In the medical
literature | didn’t find any convincing response. My previous knowledge in haemodynamics
gave me the keys for understanding more. | was happy to find a coherent model. | didn’t
foresee that many would perform pseudo “CHIVA” without any knowledge of it and would
be “disappointed” not by themselves but by the method “theoretically fascinating” but
“practically inefficient”. So, some tenors of Phlebology sang around the world that CHIVA
didn’t work. But it works!

Claude Franceschi
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AN ITALIAN PREFACE

The development of the original haemodynamic concept of Claude Franceschi, along the
last 20 years, gives me the opportunity to remark how several recognized cornerstones in
duplex evaluation were originally described by CHIVA authors. The original sin in spreading
novel concepts was certainly the French language, and my impression is that a lot of
phlebologists around the world are still unaware of the contribution of CHIVA studies in the
development of modern venous duplex investigation. Duplex anatomy is the necessary
premise of a correct duplex mapping. CHIVA studies introduced the followings:

— the standing position for duplex investigation of CVD cases

— the introduction of different manoeuvres for eliciting reflux, providing a coherent
interpretation of their significance.

— the use of transverse duplex access and the saphenous eye sign

— the alignment sign for localization of the AASV

— the concept of the duplex saphenous compartment and the tributaries layer.

— the end of the concept of varicose saphenous vein

This is well apparent by comparing the consensus conference on duplex venous anatomy
published on EJVES in 2006 with the chapter of Mark Bailly published in 1993 on the
Encyclopedie Medico-Chirurgicale. The Bailly’s chapter contains more than 80% of what
was approved 13 years later by the Consensus Conference in San Diego.

The haemodynamic inseparability of the reflux phenomenon from the re-entry one, is the
key for understanding the concept of the vicious circles defined as venous shunt. The duplex
individuation of the venous shunt provides a coherent model to achieve the target of Doppler
guided surgery of CVD. If someone should reflect on the different models of venous shunt
herein described, and on their infinite variations in our patients, it will appear very clear the
impossibility to correct the disease always with the same conceptual approach: the saphenous
vein destruction.

This book shows how this approach is incoherent in the majority of cases, including the
presence of a competent terminal valve (more than 40% of cases), the presence of pelvic
shunt (around 10% of cases in female), the presence of a saphenous trunk completely or
almost completely competent, etc. Preoperative duplex assessment gives us the possibility to
tailor surgery achieving the goal of reflux suppression while maintaining the drainage
function. It is a fantastic opportunity for introducing in vascular surgery the concept of
venous restorative surgery. Because a surgeon, by learning venous haemodynamics, can
redirect venous flow exactly where he wants, without destroying the saphenous vein.

Paolo Zamboni, MD
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Chapter 1

PHYSICAL PRINCIPLES OF VENOUS
HAEMODYNAMICS

Paolo Zamboni
University of Ferrara, Italy.

1. BAsic HAEMODYNAMICS

1.1. Fluid-Static: Correlation between Pressure and Energy

The venous system functions under two conditions: fluid stasis and fluid dynamics. It is
necessary to review some principles of physics in order to define and correctly interpret the
phenomena described below [68].

First we will examine the principles that govern the behaviour of venous blood under
conditions of stasis. There is a widespread opinion that fluid motion within a conduit is
produced by the pressure difference or gradient between the two ends. If this were true, then
if we stood a closed-end cylinder vertically and filled it with a fluid, we should expect upward
motion in the fluid, from the bottom, where the pressure on the cylinder walls is greater, to
the top where the pressure on the cylinder walls is less. But this does not happen (Figure 1.1)

In reality, pressure on the cylinder walls (defined as static or lateral pressure) represents
only one part of the total energy of this system; another part is gravitational potential energy
linked to the height level that the fluid occupies (hydrostatic pressure). Since static or lateral
pressure, greater at the bottom and less at the top, is perfectly offset by gravitational or
hydrostatic pressure, greater at the top, less at the bottom, then total energy is absolutely
identical in all parts of the system.

Analogous to the zero principle of thermodynamics, which states that no exchange of
energy can occur between systems or between points within a system at the same energy
level, we find no fluid motion (and therefore no exchange of energy) within a cylinder
between points that have the same total energy level [53,54,257].
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1.2. Fluid-Dynamics: Definition of Potential, Pressure and Gravitational
Energies

Now let us imagine two cylinders placed vertically, connected to each other through a
conduit with a removable rigid diaphragm installed internally at the level of the base of the
cylinders. If the height of the fluid within the cylinder on the right is greater than the height of
the same fluid in the left cylinder, then an energy gradient exists between these two systems.
Both lateral and hydrostatic pressure are greater in the right than in the left cylinder because
the fluid on the right is at a higher level. The energy gradient in this case is totally
independent of the absolute heights of the fluid; instead, it depends solely on the inequality of
the levels within the two cylinders.

The second principle of thermodynamics states that energy is spontaneously transmitted
from a system at a higher energy level to a system at a lower energy level and not vice-versa.
Therefore, it is logical to expect fluid motion (i.e., work) and thereby an exchange of energy
from the right cylinder to the left cylinder whenever the rigid diaphragm that separates the
two systems is removed; this is something that regularly occurs by reason of the principle of
communicating vessels (Figure 1.1).

To sum up, we believe it is more correct to regard fluid motion within a conduit as the
result of an energy gradient instead of a pressure gradient.

A B A B

STARTING STEADY
POINT STATE

o

Figure 1.1. The principle of communicating vessels and its application in the superficial and deep
venous system physiology, characterized by different height columns.

2. RE-FENTRY GRADIENTS

2.1. Required Elements for Flow Determination

If, however, we apply energy in the form of pressure to one end of a rigid conduit filled
with fluid, while the other end is closed, we do not produce any fluid motion within the
conduit. In this situation, the total energy of the system increases in response to the increase
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in pressure, but pressure at the distal end of the conduit increases immediately, and any
pressure gradient between the two ends is also immediately eliminated.

Therefore, the application of energy in the form of pressure to one end of a conduit
clearly represents a necessary element, but insufficient in itself, for producing a gradient that
endures for the time required to overcome the inertia of the system and to produce fluid
motion within the conduit [68].

Another element, also necessary and insufficient in itself, is represented by the capacity
of the conduit, and/or of systems connected to it, to receive the volume of fluid in motion in
such a way that the exit velocity of the pressure at the end of the conduit (opposite the entry
point where energy is applied in the form of pressure) does not exhaust the gradient
prematurely [257].

2.2. Compliance

This capability to receive fluid in the conduit and to maintain the gradient over time is
expressed in physics as the ‘compliance’ of the system. It depends on the elasticity/rigidity,
the length and (to a lesser extent) the radius of the conduit and also on the degree of filling.
For example in the venous system there is a different behaviour when the vein is filled and
distended by the blood (Figure 1.2) [10-12,73-75,261-262,275-277].

80

Pressure mmHg

Diameter mm

Figure 1.2. The pressure-diameter curve demonstrates during the filling phase greater increasing in
diameter with no correspondent increasing in pressure(fig B). The linearity of the relationship starts
after the completion of the vein filling. In the GSV this happens at a pressure around 20 mmHg.

We know from classical physiology that the relationship between vein volume and
pressure is characterized by a significant increase in volume with little change in pressure
during the filling phase [93,231-233], in which the vein is distended by the increase in blood
volume. In other words, during this first phase the pressure/volume relationship is not linear.
Instead, during the distension phase following the filling phase, further increases in volume
are proportionally reflected by pressure increases, so that linearity of the volume/pressure
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relationship in veins can be demonstrated starting from pressure values around 20 mmHg. On
the other hand, after completion of the filling phase, vein diameter is geometrically related to
vein volume (provided that vessel length is constant). This may explain the finding of a linear
pressure/diameter relationship in the saphenous vein at the thigh, starting from 20 mmHg
[261].

Compliance (c) is a characteristic of every hollow system. VVolumetric increase (dV) of
the content is correlated with pressure increase (dP) inside the container (the equation is c=
dV/dP); compliance therefore represents the slope of the volume/pressure curve within a
system [1,10-12,75 —76,275-277].

If a system has high compliance, it can receive a significant volume of fluid with a small
increase in pressure; the curve will not be very steep.

125

100 —

75

50+

Pressure mmHg

S

Diameter mm

Figure 1.3. Linearity of the volume/pressure relationship in veins can be demonstrated starting from
pressure values around 20 mmHg.

Conversely, if the system has low compliance, even a small increase in fluid volume
within the system causes a significant increase in pressure, and the curve will be steeper.

The mechanical behaviour of material subjected to tension is described by Hooke’s law
(F= E.dL), which states that every material subjected to a force tends to develop a reactive
force (F) proportional to the elongation produced (dL), in a linear ratio through a constant (E)
(the Young modulus) which is characteristic of any material and represents the slope of the
line (E= dL/F) [68].

Biological materials, however, do not obey this law and demonstrate a ratio between
applied force (or developed force) and produced elongation that is curvilinear in form. The
slope, called a tangential modulus, varies from point to point on the curve in proportion to the
produced length and therefore is not a constant like the Young modulus.

By analogy with the tangential modulus of the force/elongation curve, compliance in
biological systems (i.e., the slope of the pressure/volume curve) also varies from point to
point in relation to the filling volume of the system.
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The shape of the compliance curve is determined, therefore, by the physical
characteristics of the material involved [10-12] in the system, as well as by the volumetric
extension of the system and its geometric configuration. It is evident that the greater the
volume of a container, the greater its capacity to receive the volume of the contents with a
small increase in internal pressure. It is also evident that in a hollow spherical system the
extension of the system is correlated solely with the radius, while in a hollow tubular system
it is correlated principally with the length of the system and only to a small degree with the
radius or diameter.

The actual value of compliance is, instead, correlated, as we mentioned, with the filling
volume of the system [186,231,262]; this in turn is determined by the kind of system in
question. In a hydrostatic system, with the fluid in stasis, the degree of filling in the system is
influenced only by the initial volume; but in a hydrodynamic system, with the fluid in motion,
the degree of filling in the system is influenced not only by the initial volume but also by the
relation between input rate and output rate.

2.3. Flow: Castelli’'s Law, Bernoulli’s Principle, Venturi Effect

Whenever energy in the form of pressure is applied to a high-compliance system, the
gradient is capable of enduring for the time required to overcome inertia and produce fluid
motion, or flow, inside a conduit [68,261].

Under normal conditions, that is, during the time in which the flow is continuous and
constant, Castelli’s law (a development of the equation of continuity, or the Leonardo law)
states that flow velocity is inversely proportional to the area of the conduit sections. This
means that if the area of a conduit section is reduced, flow velocity increases and conversely,
if the area of a conduit section is increased, flow velocity decreases. In addition, if the conduit
divides into several branches and the sum of the area of the sections in the different branches
is greater than the area of the section in the main conduit, then flow velocity will decrease;
conversely, if several branches unite to form one conduit and the sum of the area of the
sections in the different branches is greater than the area of the section in the main conduit,
then flow velocity increases.

Whenever flow is produced in a conduit, the total energy of the system is represented at
each point not only by the sum of the pressure potential energy and gravitational potential
energy, as in the case of a closed-end cylinder in a vertical position, but also by the kinetic
energy produced by fluid motion.

According to Bernoulli’s principle for fluids in an ideal state, the sum of potential
energy (lateral and gravitational pressure) and kinetic energy is constant at any point. This
means that in a hydrostatic system (one with the fluid in stasis and velocity at zero) the sum of
potential energy is at its maximum, while in a hydrodynamic system (with the fluid in motion)
the sum of potential energy is decreased proportionately to the velocity of the fluid. In other
words, the lateral pressure exercised on the conduit walls by a fluid in motion is less than that
exercised by the same fluid in conditions of stasis, and the greater the velocity reached by the
fluid, the more marked the reduction in pressure.
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If we have two equal and parallel communicating conduits and the fluid in one of them
moves at a greater velocity, then by Bernouilli’s principle the lateral pressure there is lower.
In this way a gradient is created between the conduit in which the fluid moves at a lower
velocity and the one in which it moves at greater velocity. The latter thereby causes an
“aspiration” effect upon the former; this phenomenon is known as the Venturi principle.

P A

Figure 1.4. Classic experience of the tube of Pitot, demonstrating the aspiration of fluid thanks to the
Venturi effect in collateral tubes with different lateral pressure gradients.

We have spoken generally in the preceding paragraphs of a “fluid” and a “conduit” in an
ideal state, that is a fluid free of internal friction and a conduit with walls that produce no
friction during contact with the fluid moving past them.

In the biological environment, however, blood possesses complex visco-elastic flow
properties, and vessel walls produce friction through contact with circulating blood.

An extension of the second principle of thermodynamics, called the law of entropy, states
that in the case of real fluid circulation and real conduits, part of the energy is dissipated in
the form of heat and increases the share of energy no longer available for doing work (system
entropy).

Therefore, while Bernouilli’s principle remains basically valid even for real fluids, it
could be “corrected” by adding entropy to the two forms of equilibrated energy, potential and
kinetic.

Nature has already performed a similar “correction”: the thermodynamic purpose of the
series of pumps placed along the cardiovascular system is, in fact, to restore vascular system
energy dissipated in the form of heat due to friction.

2.4. Turbulent Flow

The characteristics of blood viscosity and vascular wall friction also affect kinematics,
that is, the geometry of fluid motion.

Blood flow within the vascular system is, for the most part, laminar, which means it
behaves as though it were composed of very fine, concentric, cylindrical layers that slide over
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one another. The layer in immediate contact with the vessel wall is practically static;
proceeding toward the center of the vessel, the individual layers move with increasing
velocity up to a certain distance from the wall; from there on, the velocity is practically
constant.

Under certain circumstances, flow can become turbulent, or completely irregular;
particles of fluid stream toward the center continually and form vortices. Turbulent flow is
characterized by a huge expenditure of energy because the kinetic energy vector that normally
points straight along the vascular trunk breaks up into a very high number of vectors pointing
chaotically in all directions. Whenever this type of haemodynamic condition occurs, for
example, in the saphenous trunk, it is accompanied by development over time of dilation of
the trunk [69,94-95,268].

The transition from laminar to turbulent flow depends on fluid density and viscosity,
conduit diameter and flow velocity [68,69].

All of these variables have been united in a nondimensional parameter, the Reynolds
number, which, if higher than 2,000, is predictive of turbulent flow.

Turbulence is one of the major causes of vein wall dilatation and is significantly
associated to segmental dilation of the GSV (figure 1.5). Turbulence plays a major role in
veins walls dilation respect to pressure [95,268]. This explains why when you replace with
the saphenous conduit an artery, in bypass surgery, the GSV does not appear dilated in the
outcome despite the increased blood pressure. Therefore, blood pressure in a laminar flow
system does not produce vein walls dilation and varicose veins. In contrast, wasting forces
applied to the vein wall along time determine varicosity and dilation.

Oscillatory flow, in upward direction during muscular systole, and in downward during
diastole, is considered one of the major stimuli to vein wall inflammation and valve

remodelling and injury [23].

U
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Figure 1.5. A: Laminar flow characterized by higher velocity in the middle of the vessel and decreased
velocities towards the walls. B Mechanic effects of turbulent flow: reflux with flow conflict and
turbulence in a collateral vein of the GSV with dilation.
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Chapter 2

BASIC ULTRASONIC ANATOMY OF THE LOWER
LIMBS VENOUS SYSTEM

Paolo Zamboni
University of Ferrara, Italy.

1. INFORMATION FROM VASCULAR ULTRASOUND DEVICES

EchoDoppler and color-echoDoppler diagnostic systems are able to furnish at least three
levels of information. The first level is the B-mode image, which offers morphological
information [57,61]. This is of extraordinary importance since it allows us to integrate
successive information with reference to a perfectly localized and anatomically catalogued
vessel segment. Historically, this information brought about improved diagnostic accuracy
with respect to CW Doppler systems that only allowed for “blind” hemodynamic analyses. In
certain sectors of the venous tree, as for example in the popliteal fossa, the pocket/CW
Doppler does not permit differentiation of the signals that come from the veins in that area,
possibly leading to numerous errors [72,107,109,121,130,163,169,179,181,184,234,245].

The second level of information is that of the velocity-meter Doppler. Thanks to the B-
mode image, the small cursor of the Doppler volume sample can be precisely sampled inside
the venous segment being analyzed, generally with a 60° angle, bringing to the center of the
preselected vessel [61]. In this way, information can be obtained about the direction and
velocity of blood in the veins of the lower limbs in muscular systole and diastole,
respectively. This information can be represented as waves reflecting the echoes of the red
blood cells moving inside the veins. These tracings, the significance of which we will learn to
identify, are characteristic of echoDoppler devices. Color echoDoppler represents the
different flow velocities and directions with color coding visible inside of the vessel lumen.
Practically speaking, it does not provide additional information, but rather the same
information as the Doppler tracing, presented in a different form. Nevertheless, color coding
allows for the sampling of a number of vessels contemporaneously, thus providing integrated
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information simultaneously and more rapidly. In addition, it facilitates the identification of
veins in areas difficult to explore.

R 0SP. S. ANNA 23/02/2001
I/ 6 100 CFM:5.6 /PRF 2.5KHz /FLT H/G 114 12:03:08 PH

23/02/2001

RIA C) OSP. S. ANNA
‘/ G 100 CFM:5.6 /PRF 2.5KHz /FLT H/G 114 ‘12:02:52.FH

Figure 2.1. a) B mode imagine providing morphological information of saphenous vein connected with
a perforating vein. b) The velocity-meter and flow direction Doppler information thanks to the Doppler
sample of a duplex system placed into the perforating vein. c) The coloured-Doppler integrated
information shows flow direction in both saphenous and perforating vein.
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The third level of information is represented by the Doppler sound of the unsonorized
vessel. This allows us to identify quickly, for example, flow phases in a venous area when
they should be physiologically absent, as during the Valsalva maneuver or during muscle
relaxation.

2. FUNCTIONAL ANATOMY OF THE VEINS OF THE LOWER
LIMBS

The B-mode level of information is fundamental to avoid gross diagnostic errors for
those who analyze lower limb veins using an echoDoppler system. It is absolutely
indispensable to orient oneself through recognizing anatomic markers constantly present in
the sections or scanning that is carried out during the course of the examination.

In an anatomic section of a lower limb, we need to know how to recognize the inter-
tegumentary layers (cutaneous and subcutaneous), the superficial and muscular fascia.

As shown in Figure 2.2, the layer of imbrication of the superficial fascia and of the deep
fascia contains the saphenous axes, and anatomists now consider it a compartment; in fact, it
is called the saphenous compartment [7,19,35-41,49,158,230,252-253,255,257,258-260,268].

Figure 2.2. Anatomo-functional subdivision of lower limb veins.

All of the veins above this layer are intertegumentary veins that represent the superficial
venous system and are tributaries of the saphenous axes. Analogously, all of the veins below
this layer represent the deep venous system. Finally, all of the veins that perforate the
imbrication layer of the fascia, joining the deep venous system with the superficial one or
with  the  saphenous  axes  represent the  perforating  wveins  [6-9,35-
41,53,57,61,105,124,145,148,158, 200,252,260,262,268].

On the basis of these anatomic premises, by using an echographic probe at extremely
high frequencies, it is possible to differentiate three venous compartments that are
characterized by precise anatomic markers (Figure 2.2-2.3):
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a) Compartment AC1, containing the deep venous system (DVS): represented by the
venous structures situated beneath the deep fascia (femoral, popliteal, tibial,
peroneal, gastrocnemius and soleal); network 1 (N1)

b) Compartment AC2, saphenous compartment, network 2 (N2): represented by the
venous structures contained in the layer between the superficial fascia and the deep
fascia (constantly the great saphenous vein (GSV), the accessory anterior saphenous
vein (AASV), the short saphenous vein (SSV), and the vein of Giacomini (GIAC);
inconstantly, the tributary paratibial antero-lateral (T vein). The echographic finding
in transversal scanning of the saphenous trunk on the inside of the division of the
superficial fascia is reported in the literature as “saphenous eye”.

c) Compartment AC3, superficial venous system (SVS), network 3 (N3): represented by
the collaterals and saphenous tributaries, situated above the superficial fascia;

Figure 2.3. Anatomical and ultrasonographic transverse access of the medial aspect of the thigh.
Legenda: AC 1, 2, 3= ANATOMICAL COMPARTMENT 1, 2, 3. N 1, 2 = venous NETWORK 1, 2
SF = SUPERFICIAL FASCIA; DF= DEEP FASCIA.

When the veins of the SVS connect different segments of the saphenous compartment,
entering and exiting from the superficial fascia, they are defined in the literature as N4
networks. These veins, being situated above the superficial fascia, belong to compartment
AC3 and functionally represent intersaphenous branches, between the same saphenous axis
(N4 longitudinal) or between different saphenous axes (N4 transversals) (Figure 2.4).

The veins of the deep venous system, that is, the N1 compartment, consists of two
subsystems:

a) the intermuscular veins, situated between one muscle group and another, or between

a muscle group and a fascial structure, are represented by the following veins:
superficial femoral, deep femoral, popliteal, anterior tibial, posterior tibial, and
peroneal. These veins, which are “comites” veins in the homonymous arteries, are



Basic Ultrasonic Anatomy of the Lower Limbs Venous System 25

generally bifurcated, but the two branches are not necessarily equally developed.
Valvular density is at its greatest at the level of the leg and decreases progressively
towards the base of the limb (Figure 2.5).

b) the intramuscular veins, situated inside the muscular structure, are represented by the

gemellary and solear veins, the latter being, it is known, lacking in valvular
apparatus.
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Figure 2.4. Different compartments of the lower limb venous drainage.

~

e
—

'3

—
-3

Figure 2.5. Decreasing valves density in the N1 compartment from the leg to the thigh.
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At the level of the leg, all of the venous groups, both intermuscular and intramuscular,
are profusely anastomosed among themselves, sometimes forming a sort of plexum, as, for
example, at the level of the posterior tibials (sural plexus).

In addition, at the level of the leg, both types of veins are surrounded by very rigid
structures (deep fasciae, dissepiments of the muscular cavities, interosseal membranes and flat
bones), which render particularly efficacious the energy transfer caused by the increase in the
transverse diameter of the muscles during contraction and, at the same time, perform a
retention role with respect to the veins.

Compartment AC2, which forms the true saphenous systems, recognizes in its own
anatomical marker (that is, in the fact of being contained in the imbrication of the fasciae) the
principal physiopathological characteristic, that of being the retention-providing component
in the superficial venous system.

If we observe the veins in the saphenous compartment in transversal scanning, we see the
characteristic construction of the “eye” image, related to the combination of the round black
circle of the transversally sectioned vein and the hyperechogenic fascial “eyelids” that
surround it (Figure 2.2).

Competent GSV N2

Varicose tributary N3

Figure 2.6. Classic misdiagnosis of varicose GSV in a frequent case presenting with a visible and
palpable longitudinal vein trunk of the internal thigh . US imaging reveals that the varicose vein is a
vein located above the superficial fascia in the AC 3, network N3. The cited study demonstrated in
101/103 limbs, 98%, that a varicose trunk visible at the internal side of the thigh is a saphenous
tributary, always lying more superficially as compared to the GSV. Unfortunately, still today the
misdiagnosis of varicose GSV represent the best indication to surgical avulsion.

This constant and characteristic image allows us to recognize and localize the saphenous
axes precisely and to differentiate them from other veins. This enables us to eliminate gross
diagnostic errors. One of the most common errors is to diagnose the GSV as being varicose.
Figure 2.6 shows a large chordal varix running longitudinally along the medial surface of the
thigh. The B-mode image of reference shows, based on the displayed criteria, a saphena
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recognizable by the undilated and nonvaricosed “eye,” while a collateral vein in compartment
AC3 is varicosed. This latter vein runs a few mm more superficially but outside of the
superficial fascia.

If, instead, we insonate the veins in compartment AC2 with longitudinal scanning, they
will be recognizable as lying on the muscular fascia and being covered by a reinforcement
(this, too, hyperechogenous) of the superficial fascia.

The transversal image of the eye requires additional knowledge of the echographic
anatomy at the level of the thigh in order to differentiate and recognize quickly the GSV from
the AASV, both of which are marked as already stated, by the eye image. The alignment sign
is particularly useful for this purpose, precisely where the two veins run parallel, or, in the
superior and middle third of the medial face of the thigh [8,57] (Figure 2.7).

At this level, the eye of the anterior saphena, in contrast to the internal one, appears to be
aligned with the deep veins, the artery and the superficial femoral vein. These appear
perpendicularly beneath the single anterior saphena, situated more deeply than the layer of
imbrication of the fasciae, between the muscle heads of the quadriceps and the adductors [8]
(Figure 2.7).
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Figure 2.7. The aligment sign between the anterior saphena and the deep veins.

The superficial fascia is a rigid structure and, as such, is able to perform two important
functions: 1) to allow the transfer of energy brought by an increase in the transverse diameter
of the muscles during contraction (even though the interposed layer of reticular adipose tissue
tends to damp the phenomenon), and 2) to carry out a retention role for the veins contained
therein.

In order to improve even further the transfer of muscular energy to the saphena, the
saphenous compartment is furnished with a ligament, called the saphenous ligament, that
facilitates the pincers-like squeezing action that the imbricated fasciae perform on the
saphenous axis (Figure 2.2).
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The anatomical organization, in light of the physical principles set forth in Chapter 1,
enable us to understand the reasons behind the physiology of the venous system of the lower
limbs. If it is true that the energy propulsor, the so-called peripheral heart of the venous
system of the limbs, is the surrounding muscular mechanism, it is evident that the transfer of
energy from contraction will be maximal in the deep layer and gradually less intense as we
move towards the superficial layers. In pratice, the Kinetic energy of moving blood will be
higher in the deep venous system, high enough but certainly lower in the saphenous system,
and very low in the veins belonging to compartment AC3. Therefore, applying Bernoulli’s
theorem (Chap.1), we can conclude that the lateral pressure will be lower in the deep venous
system, which permits, based on the gradient, a moving of blood in systole from the
saphenous and AC3 compartments to the deep system through the perforating veins, and from
the AC3 compartment to the saphenous system. The latter becomes, in short, the polarizer of
the superficial venous flow due to the high kinetic energy transferred to it from the fascial and
ligamental structures of the saphenous compartment, with respect to the other veins of the
SVS (Figure 2.2).

Unlike in the deep venous system, the valvular density in the saphenous systems is
minimal at the level of the leg and increases progressively towards the crosses, though always
remaining lower than that in the deep veins.

The AC3 compartment includes all of the other superficial veins, and among these even
the so-called posterior saphenous arch, or Leonardo’s vein, and the so-called accessory
saphenas, which, not being contained in the division of the superficial fascia, are not
saphenous systems.

Even in this case, the anatomical marker (i.e., the fact of being situated above the
superficial fascia and immersed in the subcutaneous tissue) constitutes for the compartments
in question the principle physiopathological characteristic. In fact, the subcutaneous tissue, in
addition to damping to an even greater degree the transfer of energy caused by an increase in
the transverse diameter of the muscles during contraction, is unable to carry out any retention
role for the veins contained in it. For this reason, the veins in compartment AC3 represent the
retention-lacking component in the superficial venous system.

The functional differences between compartment AC2, on the one hand, and
compartment AC3, on the other, are also confirmed by the histological structure of the venous
walls. The saphenous trunks present, in fact, a double layer of muscle fibers that are circular
internally and longitudinal externally, in the media coat much more developed, and a layer of
longitudinal muscle fibers at the subintimal level, completely lacking in the collateral veins.

These observations explain why findings of “tortuous and varicose” saphenas are
extremely rare, while such collateral veins are often reported (Figure 2.3).

Besides the venous compartments described are the connections between the superficial
network and the deep wvenous axes, represented by the perforating veins
[15,16,18,27,29,49,70,79,106,107,113,137,150,173,177,185,209,212,221,230,278]. The latter
can be made up of a single trunk (mono-trunk perforating veins) or several trunks (multi-
trunk perforating veins).

The connection, which can be a short or long passage, can be direct, that is, without
muscular veins as intermediaries (direct or intermuscular perforating) or indirect, that is, with
muscular veins as intermediaries (indirect or intramuscular perforating).
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There are also mixed perforating veins, that is, multi-trunk perforating veins in which one
or more trunks reach the deep venous circle as direct perforating, while other trunks reach the
deep venous circle as indirect perforating.

Perforating veins present a variable number of valvular mechanisms, usually three (of
which one is on the deep side, one on the superficial side, and one in the intermediate
section), which oppose the reflux of blood from the depths towards the surface.

Their place of entrance, at both superficial and deep venous levels, is always in the
commissural area [243], that is, in the area in which, based on the kinetics of the valvular
opening, the flow velocity is greatest, and the consequent drop in lateral pressure is maximal,
during muscle contraction. Nevertheless, many anatomic studies indicate that very often the
valvular mechanisms, especially in the smallest perforating veins, are absent or rudimentary,
and in some cases oriented in the anti-physiological direction. This enables us to understand
how their flow direction is almost exclusively owing to the hemodynamic laws set forth in
Chapter 1, rather than being regulated by the valvular mechanisms.

Because their walls have no external sustaining structure, the perforating veins represent
a retentionless component of the venous system. Due to this structural characteristic, they are
more or less dilated according to their flow volume. Analogously, their mechanical and
parietal compliance characteristics enable them to reduce their diameter, thereby decreasing
the hemodynamic overload.

At the level of the saphenous trunks the perforating veins are particularly numerous, even
if often they are invisible echographically because of their small caliber.

The primary function of the perforating veins is to allow for a rapid emptying of the
superficial network, especially of the saphenous trunks, into the deep venous axes.

In addition, Boersma has demonstrated that the perforating veins also carry out the
drainage of muscular branches and subfascial structures [32].

The saphenous crosses, which represent the transfascial connections between the
superficial venous circle (in the case in point the AC2 compartment) and the deep venous
circle, must be considered for all effects as perforating [31].
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Chapter 3

VENOUS COMPARTMENTS AND THEIR
HIERARCHICAL ORDER OF EMPTYING

Paolo Zamboni
University of Ferrara, Italy.

Venous drainage of the lower limbs occurs in two directions [14,17,19,23,26,30,78,102-
105,183-185,193,234,242]:

a) from the distal area towards the heart, therefore in the antegrade, dromic, upward or

centripetal direction; and

b) from the superficial area towards the deep area, therefore in the “cutifugal”, inward

direction.

There are, however, two exceptions to this general pattern. The first is a portion (about
10%) of the blood contained in the venous sole of the foot, which, when the foot is resting on
a surface, is directed towards the dorsal network through marginal veins (branches originating
in the GSV and SSV) and runs, therefore, from the deep area towards the superficial. The
second exception is the blood contained in the tributaries of the saphenous-femoral junction;
it runs from the abdomen towards the groin.

An efficacious and rigorous interpretation of Doppler signals is necessary for a correct
interpretation of the significance of the recorded trace in accordance with the manoeuvre used
for obtaining it. Particularly nowadays no distinction is made by the majority of the operators
between flow recorded in muscular systole and in muscular diastole; no distinction between
the Doppler signals obtained under Valsalva and through compression-relaxation manoeuvre;
no distinction between traces recorded in standing or in supine position, and/or by active and
passive muscular elicitation. Only by decomposing and recognizing the phases of venous
drainage of the lower limbs it will be possible to obtain correct information.
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1. VENOUS RETURN IN THE ABSENCE OF MUSCOLAR
ACTIVITY

In the absence of muscular activity, basal venous return occurs due to the gradient that
exists between residual venular pressure, that is, what remains of the initial push imparted by
the heart to the circulating blood, and right atrial pressure.

We know from Chapter 1 that the area of the section of the vessels resulting from the
confluence of several branchings is always smaller than the sum of the areas of the sections of
the branchings. Therefore, according to Castelli’s law, the flow velocity in the vessels of
destination is always higher than that in the branchings.

If we apply Bernoulli’s law and the Venturi effect, every vessel performs an aspiration
action on its branchings. In fact, since flow velocity is higher, pressor energy is lower, and
this creates an aspiration gradient.

2. VENOUS RETURN IN MUSCOLAR SYSTOLE

When a person begins to walk, the blood contained in the deep veins undergoes a
significant acceleration in the antegrade direction and consequently reaches a high velocity
due to the sequential action of the plantar pump and muscle contraction.

With an ultrasound probe positioned at the saphenous level, it is easy to verify with a
sequential compression pump for the foot and calf that even the blood contained in the
saphenous trunks undergoes an acceleration in the antegrade direction, but that the velocity
attained is lower than that of the deep circle. Following the same principle and applying the
concept of the Venturi effect (see Chapter 1) it is possible to observe a slower flow in the N3
compartment than that seen in the N2 compartment, leading to the physiologic hierarchy of
venous drainage from N3 to N1.

This effect is due primarily to the lesser transfer to the superficial vessels of the energy
from muscle contraction, and also to the reduced effect of the plantar pump (which involves
only the 10% of blood departing from the foot), and to the greater flow resistance (Figure
3.1).
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Figure 3.1. Decreasing velocities from N1 to N3, due primarily to the lesser transfer of energy from
muscle contraction to the superficial vessels In A the Doppler sample is placed in the femoral vein
(N1), in B in the saphenous vein (N2), and in C in the tributaries of the sapheno-femoral junction (N3).

At the level of the collaterals the effect of the pump is minimal, and it is completely
absent at the level of the dermal plexuses, where there is only residual venular pressure. The
average flow velocity is 0.05 cm/sec in the plexuses, 10-20 cm/sec in the saphenous trunks,
and 20-40 cm/sec in the deep veins.

Figure 3.1 illustrates Doppler measurement of flow velocity as sampled in the N3
compartment (Figure 3.1 C), in the GSV (Figure 3.1 B) and the adjacent femoral vein (Figure
3.1 A) during muscular systole. Since the peak systolic velocity recorded in the femoral vein
is at least twice as great in the GSV and more again as great in the N3 compartment a
gradient is generated that causes the hierarchical emptying from N3 to N1.

3. THE HIERARCHY OF COMPARTMENT EMPTYING

An unwritten but certainly not unimportant law is that which regulates the order of blood
drainage and emptying in the various compartments of the venous system of the lower limbs.
The emptying of the compartments, as explained in chapter 2 takes place by means of energy
gradients that are activated during muscular systole.

Muscle contraction applies different amounts of energy to compartments AC1, AC2, and
AC3, depending on their anatomical organization and their connections to muscular fasciae.

Muscle contraction brings about an energy application that is converted into levels of
kinetic energy that differ in the respective compartments, as described in the preceding
paragraph (Figure 3.2).

Figure 3.2. A) N2 compartment in absence of muscular activity and B) in muscular systole as an
example of energy transfer through a “pliers-like” effect of the fasciae.

The different energy levels in the three compartments determine the hierarchy of
emptying, so that compartment AC3 can empty into both compartments AC2 and AC1, while
compartment AC2 can empty only into compartment AC1 (Figure 3.3, Figure 3.4a).

Whenever the hierarchical order of emptying is subverted, there exists a pathological
situation due to a condition that annuls the physiological energy gradients. This concept is
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very important since it guides conservative and hemodynamic therapies that are aimed at
restoring the emptying hierarchies (Figure 3.3b).

Figure 3.3. The hierarchy of compartment emptying, where N3 can empty into both N2 and N1, while
N2 can empty only into compartment N1.

From N2 to N1 t From N1 a N2

B) N2

{

Figure 3.4. A) The hierarchy of compartment emptying. B) The hierarchical order of emptying
subversion in a frequent condition of chronic venous disease.

It should be emphasized that, according to this novel concept, even a drainage inversion
from compartment AC2 to compartment AC3 is considered pathological. In the traditional
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anatomical concept, the superficial system is considered as one unit, not being subdivided by
the superficial fascia into the two compartments that we have identified.

Consequently, superficial refluxes are considered to be all the same, which leads to the
loss of many diagnostic details that aid in identifying venous shunts, which we will learn
about in the following chapters.

4. VENOUS RETURN IN MUSCOLAR DIASTOLE

During muscular relaxation there occurs, at a deep level, a drop in pressure, the
magnitude of which depends on whether the veins considered are intermuscular or
intramuscular [26,59,78,135,183-184,193].

The latter, in fact, collapse completely upon muscle contraction, and so, upon muscle
relaxation, they act as “sponges,” exerting an aspiration effect upon the blood contained in the
nearby veins, be they superficial or deep. As for intermuscular veins (tibial-popliteal-femoral
axis), which do not collapse completely upon muscular contraction but rather decrease in
caliber, the pressure drop upon relaxation is minor. Nevertheless, at the end of the contraction
(telesystole), there occurs an antidromic gravitational gradient, relative to the above-standing
hematic column, with a consequent closure of the valvular planes.

At the level of the superficial circle, the saphenous trunks act in the same way as the deep
intermuscular veins.

Under physiological conditions, the distance between the valvular planes of the
superficial distal network is decidedly greater than that of the deep vessels [14,17,27,28,234].
Thus, at the level of the leg during movement, hydrostatic columns are formed that are higher
in the superficial network, with a consequent gradient directed toward the deep vessels
(Figure 2.5). In accordance with the so-called principle of communicating vessels, there is
blood flow from the superficial network towards the deep circle through the perforating veins.

The flow induced by this gradient in the superficial network, provided only to those
segments having perforations, is not generally detectable by Doppler testing, probably
because the velocities attained are less than 6 cm/sec.

About 25 seconds after the end of muscular contraction, in the absence of successive
contractions, a pressor equilibrium is reached between the superficial and deep veins, in
relation to the opening of the valves in all of the districts, perforating included, and the system
returns to basal conditions again [135,193].

In order to reach this equilibrium, it is indispensable that the subject remain perfectly still,
but such a situation, in orthostatism, is more theoretical than real. In fact, a few oscillations
are sufficient to lower the filling pressure in the superficial network. This demonstrates that
the flows entering the superficial venous system are physiologically much smaller than the
flows exiting towards the deep venous network. In other words, the system presents a basic
equilibrium that is actually unbalanced in aspiration, thereby creating its own functional
reserve.
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5. THE FIVE PHASES OF VENOUS RETURN IN ACCORDANCE
TO MuUSCULAR PumMP

To summarize the subject of superficial venous network drainage, we can identify, from a
hemodynamic point of view, five phases, three of which are hydrostatic, and two of which are
hydrodynamic:

a) telediastolic (end-diastolic) phase, the instantaneous hydrostatic phase that

immediately precedes muscular contraction;

b) systolic phase, the hydrodynamic phase during which occurs drainage of the
superficial network towards the deep vessels and towards the center;

c) telesystolic phase, the instantaneous hydrostatic phase that immediately precedes
muscular relaxation;

d) diastolic phase, the hydrodynamic phase during which occurs diastolic drainage from
the superficial network towards the deep vessels, though not at a velocity detectable
by Doppler; and

e) equilibrium phase, the hydrostatic phase during which the system is in basal
conditions.

As regards the pressure that acts upon the venous walls, that is, lateral pressure, we recall
that in the hydrostatic phases the systemic energy is all of the potential type, pressor and
gravitational, and there exists no component of Kinetic energy. In keeping with Bernoulli’s
theorem, the lateral pressure is, therefore, maximal. In the hydrodynamic phases, instead, the
systemic energy is represented by both components. In accordance with Bernoulli’s theorem,
lateral pressure is, therefore, inversely proportional to flow velocity, and thus lower in the
deep venous system.

6. THE ESTABLISHMENT OF FLOW

As discussed above, the establishment of flow, regardless of its direction, depends upon
the contemporary presence of two factors:

a) an energy gradient, generally of the pressor type; and

b) system compliance, so that the gradient applied can last for the time necessary to

overcome inertia and start the flow.

Physiologically, the saphenous trunks present, according to the principle of
communicating vessels, a retrograde segmental emptying in the diastolic phase. However, this
retrograde flow is not detectable by Doppler, probably because the superficial hydrostatic
columns, though larger than the deep ones, are not very high due to the continence of the
valvular planes. Therefore, the flow velocities attained are modest.

What happens in the case of valve incontinence? The hydrostatic column can reach such
a height that it induces a gradient able to cause, compatibly with the compliance of the
system, a diastolic retrograde flow of high velocity, and thus Doppler-detectable
[58,102,129,146,151,152,172].



Venous Compartments and their Hierarchical Order of Emptying 37

The compliance of a hollow system, as previously stated, depends on the physical
characteristics of the material of which it is made, on its geometric characteristics, and on its
degree of filling.

As for the physical characteristics, the saphenic faces behave as if they were constructed
of a relatively rigid material due to the reinforcing layer created by the splitting of the
muscular fasciae.

As regards the geometric characteristics, since veins are tube-shaped, compliance is
correlated primarily to the length of the valveless segment.

Finally, as for the degree of filling, the compliance of the venous system presents a
double-phased pattern: at low volumes, when the system is empty, compliance is high; at high
volumes, when the system is full, compliance is low.

This being a hydrodynamic system because blood circulates in the veins, the degree of
filling is correlated to two categories of factors:

a) the initial volume, essentially in relation to the posture of the subject: in standing, the
degree of filling is maximal; in supine it is modest; and with the legs raised, it is
practically zero.

b) the relation between entering flow and exiting flow, essentially correlated to the
presence of an escape point in the system: if the system does not have escape points,
the compliance is very low because it fills up immediately; if, instead, the system has
an escape point, the compliance is very high because it can empty continually.

7. REFLUX AND RE-ENTRY

The escape point, that is, the connection between the venous segment that is the source of
the diastolic retrograde flow and the vessel destined to receive it, constitutes the system’s re-
entry of retrograde flow [14,28,30,49,53-54,100-105,234,252,255-256,260,270,278,282].

The concept of re-entry does not include only the strictly anatomical aspect, that is, the
connection between two vessels. The hemodynamic aspect must also be included, that is, the
existence of a re-entry gradient that, for retrograde flows, is nothing other than an increment
in the already illustrated, physiological antidromic gravitational gradient that causes diastolic
drainage of the superficial network.

Obviously, the creation of a gradient between two vessels presumes that one of the two
(that destined to receive the retrograde flow) presents lower pressor values as a consequence
of fragmentation of the hydrostatic column on the part of functioning valvular apparatus.

In fact, if this were not the case, hydrostatic columns of different heights could not be
created, and consequently there would be no gradients (Figure 3.6 A,B).

Once the presence of a reflux at the level of the superficial aces has been ascertained by
echo-Doppler, the hemodynamic significance must be determined. First of all, how do we
define reflux? A reflux is a flow that is inverted with respect to the physiological direction.
Thus, it is a centrifugal flow directed away from the heart when we consider the axial vessels
in compartments AC1, AC2, and AC3, and a flow directed toward the surface when we
consider a perforating vein.
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We must remember that venous drainage of the lower limbs occurs from the plexuses to
the superficial collaterals of compartment AC3, from these towards the saphenous systems
(AC2), and finally from the latter towards the deep venous circle (AC1), or even directly from
the collaterals (AC3) to the deep venous circle (AC1).

The described course constitutes normal venous drainage of the lower limbs. If, in the
normal hierarchical order of drainage through the various compartments, there is a vessel that
runs longitudinally with incontinent valvular apparatus, it is possible to find a diastolic
retrograde reflux at that level. This example represents a reflux with an escape point, if we
define an escape point as the point in which there is a jump between compartments that
subverts the hierarchical order of emptying. In this case, we can document the presence of a
retrograde flow or reflux although the blood from AC1 or AC2 does not shunt into the AC3
compartment in which we have observed the phenomenon. Cases of this type are commonly
described even in limbs that are nonpathological or in particular functional moments, e.g.,
following prolonged orthostatism, at the end of a hot summer day, etc. Some studies report its
common occurrence even among surgeons and operating room personnel, but this does not
render it synonymous with illness.

If, instead, even the flow coming from an anomalous rise in compartment contributes to
the induction of diastolic reflux, that is, an inversed direction with respect to the normal
hierarchical order of emptying (for example, AC1->AC2 or AC1->AC3 or AC2->AC3), the
detected reflux is an expression of the presence of a reflux with an escape point and thus
should be considered pathological (Figure 3.5).
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Figure 3.5. A reflux is a flow that is inverted with respect to the physiological direction and lasting
more than 0.5 seconds.

As with the re-entry concept, the reflux concept includes not only the strictly anatomical
aspect, that is, the existence of the “reflux point,” which represents the obviously incontinent
connection between two vessels, but also the hemodynamic aspect, that is, the existence of a
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reflux gradient, in this case diastolic. The rise in compartment (e.g., from the femoral to the
saphena, AC1->AC2) can occur either because the deep pressure increases, as happens
during the Valsalva maneuver, or because the superficial pressure decreases. In the latter
case, the gradient occurs due to the combined action of two mechanisms. The first mechanism
is represented by the already illustrated re-entry gradient that primes retrograde flow. The
second is represented by the reduction in lateral pressure that follows an increase in
retrograde flow velocity. In other words, once the retrograde flow is primed by the re-entry
gradient, the consequent pressor drop sets the stage for the development of a gradient
between the refluxing vessel and the vessel that feeds the retrograde flow.

Diastolic reflux occurs with analogous mechanisms, both at the level of the primary
reflux point (that most proximal in the circle of the reflux system) and at the level of the
secondary reflux points (those more distal).

It must be emphasized that a system having reflux is subject to hemodynamic overloading
because it receives not only the quantity of blood coming from its tributary territory due to
normal flow, but also the quantity of blood that comes from the hierarchically deeper
compartment. The refilling pressures of such a system are high as a result, and this limits
significantly the normal flow in the tributary territories.

Therefore, chronic venous insufficiency is to be considered hemodynamically as an
“outflow pathology” because of the obstacles to outflow in the territories affected by reflux
phenomena.
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Figure 3.6. Re-entry flow into the deep venous system via perforating veins A) An example of re-entry
focused on N2 and B) on N3. This finding determines different venous-venous type shunts and
different CHIVA strategies (see chapter 9-10).

8. PRIVETE CIRCULATION

The term “private circulation” identifies a vicious cycle of blood between superficial and
deep networks, or even in only the superficial, that occurs in cases where a reflux and a re-
entry are present contemporarily and the quantity of blood that refluxes during the muscular
relaxation phase returns to the reflux point during the successive phase of muscular
contraction [14,17,105,234,238].
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Echo-Doppler studies of patients affected by varicose veins have shown, keeping in mind
that in every case there is the presence of a re-entry, that the hemodynamic picture can be
referable to one of the following situations:

a)

b)

refluxes associated with private circulations in the overwhelming majority of cases
(more than 90%); or

absence of reflux, and therefore absence of private circulation, represented by the so-
called outflow varices that are found in the segmentary incontinences of the
saphenous collaterals that do not involve the origin of the collateral (if the latter were
also incontinent, there would exist a compartment jump R2->R3 and therefore a
reflux) and in those cases of post-stripping recidivism that do not present reflux
points in the deep circle. Private circulations have been classified as Franceschi’s
shunt due to their course, that is, based on the compartments involved and will be
described in the next chapter.
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Chapter 4

CHRONIC VENOUS INSUFFICIENCY:
DEFINITION AND PATHO-PHYSIOLOGICAL
MECHANISMS

Claude Franceschi
Saint Joseph and Pitié-Salpétriére Hospitals, Paris, France.

1. DEFFINITION OF VENOUS INSUFFICIENCY

Venous function has three primary purposes: to drain tissues, to aid thermoregulation,
and to refill the heart regardless of posture or muscular activity [4,14,34,93,105].

The venous system consists of all the organs necessary to the haemodynamic mechanisms
of venous function. It adapts permanently the direction, flow, and pressure of blood return. It
maintains a transmural pressure favourable to drainage, adapts superficial venous flow to the
needs of thermoregulation, and modulates venous blood volume available for the heart. Thus,
venous function depends essentially on the regulation of haemodynamic mechanisms.

The organs of the venous system are the pathways that transport venous blood from
microcirculation to the right atrium, and the cardiac, thoraco-abdominal and valvulo-muscular
pumps that move it.

Venous insufficiency is an acute or chronic incapacity of the venous system to ensure all
or part of the functions previously defined. In haemodynamic terms, we can define venous
insufficiency as the incapacity of the venous system to provide blood flow and pressure
suitable for drainage, thermoregulation, and heart filling, whatever the subject’s posture or
muscular activity. It is the consequence of a permanent or transitory dysfunction of one or
more of the components of the venous system. Insufficiency is generally identified by
particular clinical symptoms according to the impaired function. For example, heaviness,
pain, oedema, varicose veins, hypodermitis, and ulcers result from impaired venous drainage
[2,3,87,184,193,194,222,231-233]. Intolerance to heat is related to disorders in venous flow
adaptation to thermoregulation. Fainting in the standing position is caused by disorders of
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right heart filling. Light and/or beginning forms of insufficiency are often asymptomatic and
can be detected only through instrumental testing.

Acute venous insufficiency is related to a major obstacle to blood flow, such as
thrombosis. The most common form is represented by the phlegmatia cerulea, in which the
absence of vicarious return stops arterial flow and induces an ischaemia.

Chronic venous insufficiency is generally related to the incapacity of the valvulo-
muscular pumps to correct the negative effects of standing. Other causes (e.g., chronic venous
occlusion, arterio-venous fistula, and congenital venous hypoplasia) are less frequent.

Haemodynamic physiopathology explains most mechanisms of venous insufficiency,
clarifies the interpretation of instrumental investigations, and allows coherent therapeutic
choices.

2. HAEMODYNAMIC PHYSIOPATHOLOGY OF VENOUS
DRAINAGE

2.1. Tissue Drainage

Drainage of tissues is achieved by both venous and lymphatic systems. Venous drainage
depends primarily on a major haemodynamic parameter called transmural pressure (TMP)
[33,181,272]. TMP regulation is essential to tissue life. It eliminates catabolites that are toxic
to cells and indirectly allows the surge of arterial blood. It plays a role in balancing the liquid
compartments. Venous insufficiency owing to lack of drainage is due to an excess of TMP. It
leads to cellular suffering from accumulation of toxic metabolites and ischemia from
circulatory slowdown. It also increases the volume of the interstitial and cellular liquid
compartment. Clinically, it results in such objective symptoms as oedema, hypodermitis,
necrosis, and ulcer. There are multiple causes of excessive TMP, but they can be classified
into two main groups: 1) too high venous pressure, and 2) too low external pressure.

2.2. Transmural Pressure (TMP)

Transmural pressure (Figures. 4.1) is the key to the haemodynamic drainage mechanism.
It is the differential value between two opposite pressures [272]. One is the so-called external
pressure (EP) that presses on the external side of the vessel wall. The other is the so-called
internal pressure or lateral pressure (IP) that presses the internal side of the vessel wall. TMP,
oncotic pressure, and permeability of the capillaries constitute the triad that determines the
exchanges between the intra- and extra-vascular compartments. When IP of the capillary is
low and/or extra-capillary pressure is high, TMP is low and favourable to drainage, and vice
versa. The venous system cannot modify EP, but it can modify IP. Thus, the venous system
must continually ensure an optimal TMP for drainage by maintaining a low venous pressure.
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TMP = iP-eP

Figure 4.1. Trans mural pressure TMP. aP: atmospheric pressure. tP: tissue pressure. eP: external
pressure. iP: internal pressure ( lateral pressure). hsP: hydrostatic pressure. sP: static pressure. oP:
oncotic pressure (capillary vessel). TMP = iP-eP. TMP is the crucial parameter for tissue drainage and
venous caliber and varies according to iP and eP modulators.
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Figure 4.2. Microcirculation MC. a: arteriole v: veinule c: capillaries ms: micro-shunts aP: arterial
pressure rP: residual pressure pcs: pre-capillary sphincter. rP=aP-MC Resistance. A: Normal status .B:
Venous pressure rise increases PTM which opens pcs and ms with steal effect on the capillary flow and
rP increase. That leads to tissue drainage impairment, flow capillary reduction until ischemia, tissue
necrosis and hypodermitis. So the venous ulcer shows a paradoxal mix of necrotic tissue with red
blood.

2.3. Oedema, Hypodermitis, and Ulcer from Venous Insufficiency
(Figure 4.2)

When venous pressure increases, TMP increases so that liquids and metabolic wastes
from the tissues cannot pass into circulation. Obstacles to the passage of liquids can cause
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oedemas. Intra-tissue accumulation of toxic metabolites associated with capillary flow
slowdown are the key haemodynamic mechanisms possibly leading to trophic disorders
[33,186]. The reactive vasodilation of arterioles and the opening of micro-shunts worsen
tissue ischaemia in two ways: TMP increases because of residual pressure (RP) enhancement,
and micro-shunts reduce capillary flow, thereby worsening cellular necrosis. The latter
phenomenon explains the coexistence of oxygenated blood (red) with necroses in venous
ulcers. Infection occurs because of the ideal culture medium that this type of ulcer represents.
Recently, genetic and molecular mechanisms related to the inflammatory cascade explain
individual differences in response to the above described mechanisms [264,279].

2.4. Correcting Excessive TMP

Because these drainage disorders due to venous insufficiency are related to excessive
TMP, the logical solution is either to reduce IP or to increase EP.

2.5. Regulating Extra-Vascular Pressure to Correct Venous Insufficiency

Low EP is usually related to low atmospheric pressure (e.g., high altitude, air travel) and
can be compensated by compression (bandage or stockings) [59,251]. Excessive IP can also
be compensated by an increase in EP, but necessarily lower than the blood pressure in order
not to cause ischemia. For this reason, external compression can be sufficient when IP is
moderately high, but it cannot restore a completely satisfactory TMP when IP is very high.
Thus, the beneficial effect of compression on drainage does not seem to result from the
acceleration of venous return, which is negligible, but rather from the reduction in TMP.

2.6. Regulating Venous Pressure to Correct Venous Insufficiency

Venous pressure is made up of hydrostatic pressure (HSP), static pressure (SP), and
dynamic pressure (DP). Reductions in HSP and SP decrease TMP. This effect can be
obtained by acting on some or all of these components.

2.6.1. Components of Venous Pressure (Figure 4.3)

Total venous pressure is the sum of HSP, SP, and DP. HSP is the pressure generated by
the force of gravity. It is proportional to the acceleration of gravity (g), the density of blood
(8), and the height of the blood column (h). Expressed mathematically, HSP =15 gh. In other
terms, the venous pressure at the level of the calf is proportional to the vertical distance from
the calf to the top of the head. Therefore, HSP varies according to the posture. It is maximal
in the standing position, close to zero in the lying position, and negative (lower than
atmospheric pressure) when the feet are positioned above the level of the head. SP and DP are
generated by the pumps of the venous system. DP is the dynamic energy 1/2 pv? (v = velocity
of flow). The sum SP + DP is constant. So when SP increases, DP decreases, and vice versa.
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This is in accordance with the law of Bernoulli P = HSP+SP+DP = Constant. DP and SP
change inversely according to flow resistance. The more flow resistance increases, the more
circulatory speed decreases, and so SP increases and DP decreases. Thus, when a liquid is
immobilized by high flow resistance, SP= SP+DP because DP is null (v=0). Conversely,
when flow resistance decreases, DP increases with the flow velocity (v) and SP decreases
(SP+DP=Constant). This drop in SP can be so significant (possibly to lower than atmospheric
pressure) that it aspires the blood of the tributary veins (Venturi effect on drainage).
However, HSP and SP play the major roles in tissue drainage [34,68,78,102-105,135,183].

A B Cc

Figure 4.3, Pitot’s tubes. Parameters of pressure. F: flow P: pressure. 1: P= Static pressure + dynamic
pressure. 2: P= Static pressure.3: P= Static pressure - dynamic pressure ( Venturi effect). If 1,2 and 3,
are catheters, one can see that for the same Total Pressure TP, the pressure values are different and
depend on the orientation of their tip according to the flow F direction and velocity. The flow velocity
in this case depends on the resistances to the flow. A: Flow velocity = 0, Resistance > or = TP, so all
the TP is converted in Static pressure. B: Flow velocity = medium value, moderate Resistance <TP, so
TP is converted. In tube 1, were the tip is oriented in the opposite direction but parallel to the flow, the
pressure value is related to the total pressure ie. dynamic pressure + lateral(static) pressure + hydrostatic
(gravity) pressure where hydrostatic pressure is negligible because the tube is horizontal. In tube 2,
where the tip is perpendicular to the flow, the pressure value is total pressure — dynamic pressure ie.
represents the pressure applied against the wall of the tube. Venturi effect is shown in tube 3 were the
tip is oriented in the same direction and parallel to the flow. This drawing up effect can be efficient for
tributaries drainage but as far as the velocity is high enough. C: Flow velocity = high value, low
Resistance <TP. TP converted in the same way as B, but lateral pressure is lower and Venturi effect
more pronounced.

2.6.2. Regulating Lateral Pressure to Correct Venous Insufficiency

IP is the sum of HSP+SP. It is the effective part of internal venous pressure that
contributes to TMP. TMP = IP-EP. The modulation of IP can be achieved by modifications
in HSP and/or SP.

2.6.3. Regulating Hydrostatic Pressure to Correct Venous Insufficiency
(Figures 4.4a,b,c)

HSP is usually the major variable in venous haemodynamics due to its strong influence
on TMP. This explains the occurrence and aggravation of venous insufficiency in the
standing position, that is, when HSP is maximal. Improvements in drainage through
reductions in TMP can be achieved by either reducing or fractionating the height of the liquid



46 Claude Franceschi

column. Reductions in the height of the liquid column are obtained by changing the posture.
HSP is maximum (around 90 mmHg) at the level of the ankle when the subject is in the
standing position, close to null in the lying position, and negative (lower than atmospheric
pressure), when the feet are higher than the head, as above reported.
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Figure 4.4. A)Physiological Dynamic Fractionation of Hydrostatic Pressure DFHP: alternate valve
closure reduces hydrostatic pressure HSP by fractioning the height of the venous blood column. Effect
of the valvulo-muscular pump VMP of the calf when walking HSP: Hydrostatic pressure. h: Height of
venous blood column m: calf VMP muscles. Dv : distal calf VMP valve pv: proximal calf VMP valve.
a: Standing immobile. No DFPH :VMP at rest. Open VMP valves. h1: maximum height. b :Walking.
DFHP: distal VMP valve closed by VMP systole. h2 : reduced eight at the dv level c: :Walking. DFHP:
proximal VMP valve closed by VMP diastole. h3 : reduced eight at the pv level.
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Figure 4.4. B) Impaired Dynamic Fractionation of Hydrostatic Pressure DFHP in case of deep venous
incompetence DVI. Due to deep valves incompetence, valvulo-muscular pump VMP valve alternate
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closure is no more waterproof and does not achieve a complete fractionation of the venous blood
column. h: Height of venous blood column m: calf VMP muscles. Dv : incompetent distal calf VMP
valve pv: incompetent proximal calf VMP valve. a: Standing immobile. No DFPH :VMP at rest. Open
VMP valves. h1l: maximum height. b :Walking. DFHP: distal VMP valve remains open despite the
VMP systole. h2 : no HSP reduction at the dv level c: :Walking. DFHP: proximal VMP valve remains

open despite the VMP diastole. h3 : no HSP reduction at the pv level.
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Figure 4.4. C) Impaired Dynamic Fractionation of Hydrostatic Pressure DFHP in case of superficial
venous incompetence SVI. Despite deep valves waterproof closure, correct DFHP is not achieved in
case of superficial valves incompetence, when the incompetent superficial vein shunts the deep
fractionation. h: Height of venous blood column m: calf VMP muscles. Dv : competent distal calf VMP
valve pv: competent proximal calf VMP valve. sv: incompetent superficial valves. a: Standing
immobile. No DFPH :VMP at rest. Open VMP valves. h1: maximum height. b,c :Walking. DFHP:
distal and proximal alternately closed by VMP systole and diastole but h2 and h3 are not fractionated
because of the liquid continuity through the incompetent superficial venous shunt.

This constitutes a simple and effective method for controlling TMP, proved by its evident
healing effect in everyday clinical practice. Fractionation of the liquid column takes place
physiologically due to the so-called dynamic fractionation of hydrostatic pressure (DFHSP),
as occurs when walking. When the subject is motionless in the standing position, the valves
are open, and the column of venous blood remains in continuity, so that the HSP at the level
of the ankle is maximal [102-105,193]. For this reason, standing motionless and sitting for
prolonged periods compromise drainage and can lead to clinical consequences, as proved by
clinical evidence, particularly in prolonged, motionless standing work conditions. Such
conditions lead to a typical postural venous insufficiency. Fortunately, as soon as the subject
moves or walks, the valvulo-muscular pump (VMP) of the lower limbs is activated.
Alternating watertight closure of the distal valves (during the systole of the VMP) and
proximal valves (during the diastole) dynamically fractionates the liquid column, and thus the
HSP
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Insufficient DFHSP represents the most frequent cause of chronic venous insufficiency
(CVI) and is related to a defect in one or more of the VMP components, usually valvular
incompetence [4,19,31,46,58,77,80,85,138,159,162,168,196,215,218,219,231,243,256]. In
this case, CVI is proportional to the degree of valvular incompetence, which may affect deep
and/or superficial veins, but in the large majority of cases affects superficial ones. Another
defect of the VMP is deficit and/or lack of muscular contraction (muscular paralysis, joint
ankylosis). Surgical correction of DFHSP impairment can be achieved either by valve repair
[142,143,168,190,196], or by permitting permanent HSP fractionation [6,9,45,47,56,90-
92,96,103,106,251,254,283].

2.6.4. Regulating Static Pressure to Correct Venous Insufficiency:

SP is part of IP, and thus of TMP. SP is maximal when flow is stopped by proximal
resistance that obstructs it. On the contrary, SP is minimal when resistance is low. This is in
accordance with the law of Bernoulli. At rest, SP depends on residual pressure (RP). RP is
the arterial pressure transmitted to the venous bed through the micro-circulation. RP is equal
to the arterial pressure (AP) value decreased by the loss of energy in micro-circulatory
resistance (MCR). RP = AP-MCR = SP+DP. SP = RP-DP. DP = 1/2 pv? SP = AP-MCR-1/2
pvZ. Therefore, TMP increases when MCR decreases and/or when proximal resistance to flow
increases, and vice versa.

During muscular exercise, such as walking and running, venous pressure and venous
flow increase through three mechanisms: increased cardiac output, decreased MCR, and
VMP action. If the proximal resistance is low, TMP remains low and drainage remains good.
For this reason, the athlete could develop varicose veins from excessive pressure and flow
during training [237]. On the other hand, if the distal venous network does not manage to
absorb correctly the energy of flow and pressures because of stenosis or occlusion, the subject
may limp because of painful hypertension of the calf.

Correcting excessive SP can be achieved by two means: reducing venous flow resistance
and reducing RP by increasing MCR. Flow resistance can be reduced by removing
obstructions or bridging (by-pass) them. MCR can be increased by cooling the limb.

2.6.5. Draining Flow

Draining flow is central to venous function. It is indispensable to the economy of the
drained organs. An acute or chronic obstacle in the venous path impairs drainage
proportionally to the increase in SP. It appears clinically by restrictive syndrome. In
phlegmatia cerulea, the venous obstacle is so resistant that it stops the incoming arterial flow
as well. Proximal flow resistance increases venous pressure because the energy of RP is not
consumed in blood motion (DP). It forces and dilates gradually the collateral veins that
circumvent the obstacle [197]. This opening of collaterals decreases flow resistance and,
therefore, the component SP of RP. Thus, RP explains not only the development of collateral
varicose veins that circumvent the deep venous obstacles of post-thrombotic diseases, but also
the development of superficial varicose veins after “therapeutic” occlusion or destruction of
varicose or nonvaricose superficial veins [22,44,63,66,84,239,246,248].
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2.6.6. Combined Correction of Drainage Defects

The various methods of TMP control can be combined to support drainage by optimizing
the conditions. These methods include compression, posture, correction of the DFHSP, and
removal of obstacles to the flow.

2.6.7. Flow Direction Significance

Flow direction is anterograde when it is physiological, that is, generally in the direction
of valve action. Flow direction is retrograde when it is reversed as compared to the usual
physiological direction. The term retrograde is not univocal in that does not necessarily mean
backward flow, or from the deep veins towards the superficial system. It may mean flow of
normal drainage derived between two competent valves towards a normal entry into the deep
system. This aspect will be clarified in the next chapters. The normal content of flow,
anterograde or retrograde, consists of the blood draining the tissues that depend on it. This
physiological flow may be overloaded by flows coming from other tissues, or venous
compartments. These additional contents come from the deep network in the event venous
blood deviation, due to open shunt (OS) or closed shunt (CS), as described in the next
paragraph. It may also come from other superficial territories by pathways of derivation.

2.7. Concept of Shunt

A venous shunt (VS) is a pathway for venous blood deviation. A VS carries two different
flows, the draining flow and the deviated (derived) flow. The significance of the shunt
depends on the flow that is deviated, the starting point and the end point of the deviation. The
starting point is called the leak point and/or reflux point (RP) and the end point is called the
re-entry point (usually a re-entry perforating vein) [14,26,27,102-105,234].

2.7.1. Vicarious Open Shunt (VOS)(Figure 4.5)

When the flow is deviated to by-pass an obstacle [44,102-105,197], there exists what is
called a vicarious open shunt (VOS). This type of shunt is desirable because it by-pass
blocked veins and thereby reduce resistance to drainage. It is made of shunting veins that by-
pass an obstacle without blood re-circulation. It flows permanently under the effects of distal
draining residual pressure and proximal cardiac and thoraco-abdominal aspiration. Its flow
increases during valvular-muscular pump systole. It may be antegrade or retrograde.

For example, a supra-pubic varicose vein that by-passes an occlusion in an iliac vein is an
VOS [197]. The flow can be deviated because valve incompetence does not stop the flow
inversion when the pressure gradient is physiologically inverted. This occurrence leads to two
kinds of shunts according to the presence or absence of re-circulation.

2.7.2. Closed Shunt (CS)(Figures 4.6 a, 4.6 b)

When, in addition to the draining flow, the deviated flow re-circulates at each inversion
of pressure gradient, as in a closed circuit, we call it closed shunt (CS)
[26,30,49,53,105,234,238].
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Figure 4.5. Superficial open vicarious shunts for superficial venous obstacles : Any venous draining
flow suppression a ( phlebectomy, sclerosis, Laser...) raises the residual pressure in the previously
drained territory, so that micro shunts are opened (matting) b, collaterals veins are forced and dilated ¢
('induced varicose recurrence). If the draining entry is suppressed f, the high residual pressure flow
forces any collateral and reaches any perforating vein through which it drains g. In some cases, more
than one perforating vein is reached and a closed shunt can be activated h. That is the key point of
varicose recurrence after non haemodynamic therapy and explains why recurrent non haemodynamic
therapies fail.

d

Figure 4.6 a. CS: Closed superficial-deep shunt by superficial incompetent collateral vein are activated
by the valvulo-muscular pump diastole. E is the escape point where the retrograde flow refluxes from
N1 into N2 or N3. R is the reentry point where the CS flow reenters into N1 where it comes from (Re-
circulation). CHIVA procedure disconnects the CS at E and/or another place with or without
devalvulation according to the type of CS. a: 2 CS type 1 (N1-N2-N1). Up: N2=GSV. Down:N2=SSV.
In both, CHIVA disconnects the CS at E point. b: CS type 3a (N1-N2-N3-N1).E disconnection leaves a
DOS. Simultaneous deconnexion at D would cure the DOS but permit not any draining of proximal
great saphena and tributaries. So both disconnections can be done only if a devalvulation (arrow) in V
is feasible to permit a draining flow to R. Otherwise, disconnection is done only at D (N3-N2
connection) which disconnects the DOS and impeaches the retrograde flow in the proximal GSV that
drains its flow in an antegrade direction into the common femoral, despite its valve incompetence. In a
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second step, E shall be disconnected if a reentry point is developed and reflux reappears. That
procedure is called CHIVA 2 ( 2nd step). c¢: CS type 3 (N1-N2-N3-N1).CHIVA procedure is equal to b.
d: CS type 4 (N1-N3-N2-N1).E is one escape point out of the six pelvic escape points from the pelvic
N1.( Perineal, Inguinal, Clitoris, Obturator, Superior and Inferior Gluteal points). CHIVA disconnects
E. e: CS type 5 (N1-N3-N2-N3-N1).Similar to e, but the terminal superficial pathway is N3. So, E
disconnection alone would leave in place a DOS. That is why it has to be completed by a disconnection
at D. f: CS type C (N1-N3-N1). Escape and reentry points are connected with N3. CHIVA disconnects
only at E.
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Figure 4.6 b. CS: Closed shunt by deep incompetent collateral vein. A deep CS is made of two
collateral veins that drain the same territory and in which one of them is incompetent that lead to a
retrograde refluxing flow in valvulo-muscular pump diastole. The escape point E is proximal and
reentry point R distal. CHIVA consists in disconnection at D of the incompetent collateral so that
DFHP is again efficient and the recirculation is suppressed.

Blood flow can be deviated because incompentent valves fail to stop the reverse flow.
The flow inversion is elicited by reversed pressure gradient, usually during VMP diastole.
This occurrence leads to two types of shunts, depending on the presence or absence of re-
circulation. When, in addition to the draining flow, the deviated flow re-circulates at each
inversion of pressure gradient, as in a closed circuit, a closed shunt (CS) is formed.

For example, an incompetent saphenous vein becomes a CS when it generates a closed
circuit for deep venous blood. As a matter of fact, an incompetent GSV carries back the
femoral blood from the sapheno-femoral junction to the deep veins of the calf through a
perforating vein during the diastole, and continues to do so at each diastole. Thus, part of the
deep venous blood remains “excluded” from the general circulation in a “private circulation.”
CS is activated by VMP diastole, as when walking. CS impairs drainage because it impairs
the effect of the VMP on DFHSP.

The greater the efficiency of the VMP, the greater the diastolic flow. On the contrary, the
lower the VMP efficiency, the less the diastolic flow. For this reason, in the case of totally
inefficient VMP, as in rare case in which deep veins are totally incompetent, a dynamic test 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 vein incompetence does not allow activation of
the VMP and reduces venous pressure so that the gradient of the re-entry perforating vein is
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not favourable to inflow [19,58,252,258,260,262]. This phenomenon is illustrated by the
Perthes test, which shows in the supposed case no reduction of varices when walking despite
a tourniquet at the hip. It is also demonstrated by an unexpected lack of reflux duplex
detection in superficial varicose veins during such dynamic tests as Parana’s manoeuvre
[102].

2.7.3. Open Derived Shunt (ODS)(Figure 4.7)

As previously noted, venous flow can be deviated into an incompetent vein because
incompetence allows for flow inversion elicited by a reversed pressure gradient, usually
during VMP diastole. This occurrence leads to two types of shunts, depending on the
presence of re-circulation (CS) or its absence (ODS). When an incompetent vein carries
draining blood from other territories in addition to its own territories during VMP diastole,
without re-circulation or vicarious by-pass effect, an ODS is formed.

For example, an incompetent superficial vein generates an ODS when its retrograde flow
toward the deep veins through a distal perforating vein consists of draining flow belonging
not only to its own territory, but also to other territories. This is the case when an incompetent
tributary of the GSV carries out the flow of the other competent tributaries, as seen in shunt
type 11 [105,152].

[
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Figure 4.7. DOS: Derivated open shunt by superficial incompetent vein connecting with pumping out
reentry. Retrograde flow in DOS is overloaded by the flow of the confluent superficial normal veins
thanks to DOS incompetent valves that allow the diastolic pumping up of the valvulo-muscular pump
connected with the reentry point R. No re-circulation because E and R points are connected with
different networks. In CHIVA treatment, disconnection is done on DOS at E point excepted in shunt
2D (d) where it can be done at N2-N3 junction (D) . Examples: a- Shunt 0: N3-N2-N1. b- Shunt 2 a:
N2-N3-N1 Shunt c- N2-N4-N2-N1 d- Shunt 2d: N2-N3-N1.

2.7.4. Mixed Shunts (MS) (Figure 4.8) which are VOS and CS that share the
same escape point and part of their shunting veins. However, their re-entry points are in
different locations, the CS re-entry being distal to the reflux point, and the VOS re-entry
being proximal. An example is when an iliac venous occlusion is associated with homolateral
great saphenous incompetence. The escape point at the sapheno-femoral junction acts as a
VOS in systole, draining femoral flow towards the opposite femoral vein (re-entry point)
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through right and left arch tributaries (spontaneous Palma). The same escape point acts as a
CS in diastole, spilling femoral flow into distal deep veins through retrograde saphenous flow
and perforator re-entry. This is also the case in haemodynamic block of a superficial femoral
vein. Popliteal flow may escape into the SSV, and then into Giacomini’s vein, and re-enter
the deep network through the sapheno-femoral junction in systole; it escapes also in diastole
when great saphena incompetence distal to the Giacomini-great saphena junction allows
retrograde flow until a distal re-entry [80,91,111].

Figure 4.8. Mixed shunts (MS) and haemodynamic management. MS by association of vicarious open
shunt VOS with closed shunt CS where initial venous pathways and the escape point E are common
and terminal venous pathways and reentry point R are different (R1 for VOS and R2 for CS). VOS
activation is enhanced by the valvulo-muscular pump systole VMP and CS is activated only by VMP
diastole. The CHIVA treatment aims to spear the VOS and disconnect the CS. So the disconnection D
has not to be done at E point, but beyond, where CS and VOS pathways diverge, at the beginning
terminal CS pathway. A: MS due to association of incompetent great saphenous trunk and superficial
femoral vein obstacle. 1: VOS systolic activation . 2: Closed shunt diastolic activation. They share
sapheno-popliteal reflux, small saphenous arch retrograde flow and Giacomini vein antegrade
(physiologic direction but pathologic flow). Beyond they flow in different directions. VOS flows
proximally according to physiologic antegrade direction but abnormal content through the great
saphenous arch then sapheno-femoral junction (R1). CS flows distally through the great saphenous
trunk then antegrade through the perforating vein of the leg R2.CHIVA consists in disconnection not at
E because of a mandatory spear of VOS but at D, i.e. on the CS pathway beyond its diversion from
VOS. B: MS due to association of incompetent great saphenous arch and trunk and iliac vein obstacle.
1: VOS systolic activation . 2: Closed shunt diastolic activation. They share sapheno-femoral reflux and
great saphenous arch retrograde flow. Beyond, VOS flow is retrograde through the great saphenous
trunk then antegrade through a perforating vein of the leg R2.CHIVA consists in disconnection not at E
because of a mandatory spear of VOS but at D, i.e. on the CS pathway beyond its diversion from VOS.

2.8. Non-Haemodynamic Causes of Venous Drainage Impairment

Permanent or transitory abnormalities of capillary permeability and/or oncotic pressure
may be responsible for symptoms of venous insufficiency that are generally limited to
oedema. They may be added to haemodynamic causes, particularly during pregnancy.
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3. PATHOPHYSIOLOGIC SIGNIFICANCE OF SHUNTS

Some types of venous shunts can involve drainage impairment and/or varicose veins,
while others can improve both.

Analysing the varicose phenomenon, all types of shunts involve venous dilatation
because they are veins overloaded by a pathologic flow in addition to physiologic. This
dilatation is roughly proportional to the charge of the added flow, especially if significant
turbulence occurs.

VOS and ODS are overloaded proportionally to the drained territory. Theoretically, total
flow cannot exceed the amount delivered by the territory.

CS. drains excessive flow that is not proportional to the flow of the drained territory, but
rather to the activity of the VMP to which it is connected. The more the patient walks and
runs, the more the flow and the greater the varicose dilatation.

Analysing the drainage of tissues we know that it depends on trans-mural pressure
(TMP), and thus on resistance to flow and hydrostatic pressure.

VOS is opened by residual pressure (RP), and so it is directly related to tissue drainage. It
is necessary for drainage because it by-passes an obstacle, thereby reducing resistance to
flow. The larger the VOS veins, the better the drainage. Thus, VOS represents a natural
correction of drainage impairments and must be preserved.

ODS does not interfere directly with drainage, but does so indirectly by disrupting
DFHSP. The longer the incompetent vein, the worse the DFHSP.

CS disrupts TMP regulation through DFHSP impairment and excess volume/pressure due
to VMP re-circulation charge.

E No Re-
E circulation
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Closed shunt Derivated open shunt

Figure 4.9. Venous Shunts: Closed Shunt (CS) and Derivated open shunt DOS activated in diastole.
E:Escape point. R:reentry point. a: re-circullating circuit, part of blood returns to its source through E..
b: no re-circullating circuit, no blood returns to its source.
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Figure 4.10. VENOUS SHUNTS PRINCIPLES: 1,2,3: Competent interconnected veins draining their
own territory without shunts. E: escape point. R: reentry point. P: valvulo-muscular pump at diastolic
phase. A venous shunt is made of a vein overloaded by any flow depending on other territories. OVS:
Open vicarious shunt: vein 2 by-passes an obstacle in a collateral vein 1 and so carries out two flows:
its physiologic draining flow and an overloading flow from the vein 1 territory distal to the obstacle.
The escape point E is distal to reentry R. VOS flow is permanent but enhanced by P systole. No re-
circulation. CS: Closed shunt: during P diastolic aspiration, incompetent vein 2 allows a retrograde
flow so that vein 2 drains properly its own physiologic flow despite its retrograde direction plus vein 1
flow refluxing through E that is proximal to R. So, vein 1 flow re-circulates at each P diastole. DOS:
Derivated open shunt: during P diastolic aspiration, incompetent vein 3 allows a retrograde flow so that
vein 3 drains properly its own physiologic flow despite its retrograde direction plus vein 2 flow
refluxing through E. There is no recirculation because the distal reentry R is not connected with vein 2
but vein 1.

4. HAEMODYNAMIC PHYSIOPATHOLOGY OF DEEP VEINS

Total occlusion of the deep veins of the lower limbs by thrombosis is exceptional
(phlegmatia cerulea). Most of the time, occlusion is partial. Clinical manifestations depend on
the severity of the restrictive syndrome. Usually, the restrictive syndrome decreases thanks to
the recanalisation of thromboses and development of collateral veins (e.g., VOS) brought
about by residual pressure [78,135,168,197]. Unfortunately, the recanalisation of thromboses
often destroys the valves. Coexistence of competent and incompetent parallel deep veins may
constitute a deep closed shunt (CS). This occurrence is more frequent in cases of double
superficial femoral veins. Valvular incompetence leads to a lack of DFHSP and its
consequences on TMP, and therefore on drainage. An obstacle may be dynamic without
thrombosis. This occurs, for example, when the calibre of a superficial femoral vein is too
narrow to absorb the flow ejected by the calf when the subject is walking. In this case, the
superficial femoral vein is “naturally” by-passed from the popliteal vein to the common
femoral vein thanks to a collateral pathway. This pathway is made up of a succession of short
saphenous vein, Giacomini veins, and proximal great saphenous vein that absorbs the excess
flow during the systole of the calf’s VMP (figure 4.11). These vicarious veins are often
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tortuous and dilated and are called varicose veins. Klippel-Trenaunay Syndrome is another
example of when a large varicose vein compensates for an aplasic deep vein, such as aplasic
popliteal and superficial femoral veins.

bl
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Figure 4.11 A) Deep open vicarious shunts for deep venous obstacles :Flow enhanced in systole:
examples: spontaneous deep by-pass for vein obstruction or agenesis: a: peroneal vein by-passing tibial
veins. b: superficial femoral collateral vein by-passing superficial femoral vein c: deep femoral vein by-
passing superficial femoral vein.d: hypogastic and deep femoral veins connection by-passing external
iliac vein. e: hypogastric veins connection by-passing common iliac vein. Those spontaneous by-pass
improve the bad haemodynamic condition due to venous obstacles. So they have to be recognized to be
speared especially in venous malformations where inappropriate embolization or avulsion can worsen
the venous condition.

3]
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Figure 4.11 B) Superficial open vicarious shunts for deep venous obstacles : Flow enhanced in systole:
examples: spontaneous superficial by-pass for vein obstruction or agenesis: a: great saphena vein by-
passing tibial veins. b: Giacomini vein by-passing superficial femoral vein c: proximal great saphena
vein by-passing superficial femoral vein. d: great sahenous arch and superficial epigastric vein by-
passing iliac vein. e: external pudendal veins connection by-passing by-passing common iliac vein
(spontaneous Palma operation). Those spontaneous by-pass improve the bad haemodynamic condition
due to venous obstacles. So they have to be recognized to be speared especially in venous
malformations where inappropriate embolization, sclerosis, laser or avulsion can worsen the venous
condition.



Chronic Venous Insufficiency 57

5. HAEMODYNAMIC PHYSIOPATHOLOGY OF SUPERFICIAL
VEINS

5.1. Calibre of Superficial Veins and Varices

The calibre of the superficial veins depends on TMP and compliance [1,10,12,74,75,275-
277]. The external pressure (EP) that limits dilation varies according to the topography of the
superficial veins. The trunk of short and great saphenous and Giacomini veins (network N2)
are located in a fascia duplication that limits dilation. The superficial veins (epifascial)
located between the skin and the fascia (networks N3 and N4) dilate more easily, having a
lower EP due to the smooth surrounding tissue [8,57].

Superficial veins (N2, N3, N4) drain all the superficial tissues of the lower limbs. At rest
this drainage is provided by cardiac and thoraco-abdominal pumps. In addition the superficial
network also drain the majority of the foot tissues, especially when the plantar pump (PP) of
Lejars is activated [18]. When the subject is walking, most of the flow is aspirated by deep
VMP diastole; much less is aspirated during deep VMP systole by the Venturi effect. These
pumps also drain deep venous blood by the dynamic vicarious effect when the major venous
network is saturated (VOS). This saturation may be due to a significant but physiological
flow (varices of the athlete) or to a pathological flow (arteriovenous fistulas).

When superficial veins by-bass deep vein occlusion, vicarious open shunts are formed.

These shunts may dilate proportionally to the vicarious flow until they become varicose.
They may also be the pathway of a closed shunt (CS) when they allow re-circulation of deep
venous blood by the closed circuit effect. A CS dilates superficial veins until they become
varicose due to DFHSP impairment and/or shunt flow excess. When the subject is walking,
HSP remains too high and the flow energy delivered into the CS by the VMP action of the
calf is partially converted into turbulence that stresses the wall and increases lateral pressure.
Turbulence occurs when the shunt flow is too high for the calibre of the vein. According to
Reynolds’ law related to viscous liquids, when velocity reaches a critical value, laminar flow
becomes turbulent. When the varicose calibre reaches a value such that velocity is lower than
the critical Reynolds’ value, turbulence disappears and flow becomes laminar again; the
varicose calibre does not increase further but remains stable. This means that, contrary to
common belief, walking increases varicose veins, especially when due to CS, and also
explains why varicosity progresses for a while and then remains stable for a long period.
Superficial veins are necessary for the drainage of superficial tissues related to their
physiological territory, even if they carry a supplementary flow, as in VOS, CS and ODS. An
accurate therapy for varices has to consider draining flow and focus on the causes of
excessive flow and pressure, based on the above described haemodynamic mechanisms.
Systematic vein destruction may lead to recurrences because of drainage necessity (RP) of
surrounding tissues, either by vein re-opening in the case of closure (ligation, sclerosis, laser,
closure, etc) or by varicose by-pass (iatrogenic VOS).

The most frequent varices of lower limbs are related to CS.
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6. HAEMODYNAMIC PHYSIOPATHOLOGY OF PERFORATING
VEINS

Perforating veins (PV) and crosses drain the superficial tissues by connecting the
superficial networks (N2, N3, N4 and N5) to the deep network (N1) by piercing the muscular
fascia. The physiological direction of the superficial venous flow is from superficial networks
to the deep network. This direction is determined by the orientation of the valves and the
gradient of pressure. When deep pressure is lower than superficial pressure, the valves remain
open and the superficial blood is drained into the deep network. When this gradient is
inverted because deep pressure is higher than superficial pressure, the valves shut and prevent
flow inversion [79,89,107,113,125,137,138,150,177,178,195,212,256,278]. In other words,
PV valves do not interfere directly with physiological drainage. This gradient is oriented in
the physiological direction during the diastole of the various venous pumps, cardiac pump
(CP), thoraco-abdominal pump (TAP), and VMP. It may also be oriented in this direction
during the systole of the VMP when deep blood reaches a sufficient speed to aspire blood
from PV by the Venturi effect. However, during the systole, the pressure gradient is generally
inverted, and flow in tributaries is stopped if the valves are competent. If the valves are
incompetent, flow direction is inverted. This backward flow can be the reflux point (RP) of
either an open or closed shunt. The diameter of junction and PV depends on the same
haemodynamic conditions as previously described for superficial veins. Most of the time, a
large-calibre junction or PV is not due to systolic outflow from deep veins, as generally
thought, but rather to the combination of DFHSP impairment and excessive CS flow. For
example, in a CS such as a saphena that is incompetent from the sapheno-femoral junction to
a distal PV of the leg, the large calibre of the RP (junction) and re-entry point (distal PV)
depends on the energy of the diastolic flow of the VMP of the calf; an ulcer or hypodermitis
may be centred by a large PV at the re-entry point. A dynamic test of VMP shows an inflow
during the diastole. This means that the large PV is not responsible for trophic disease, as is
commonly believed, even if a dynamic test sometimes shows an outflow during the systole,
because usually the outflow is much less than the inflow (compensated outflow). Evidence of
this is the complete healing of ulcer and hypodermitis after cross-ligation without ligation of
the PV. A PV is pathogenic when its diastolic flow is retrograde during a dynamic test. This
demonstrates that PV calibre depends on flow, independent of its direction or pathogenic
responsibility. The haemodynamic significance of a PV depends on its function according to
the type of shunt. In fact, regardless of its calibre, a PV may be the leak point or the re-entry
point of a CS or VOS. Haemodynamic analysis is indispensable to any therapeutic strategy.
For example, ligation would be erroneous at the PV (leak point and re-entry point) of an open
shunt, at the re-entry point of a VOS, or at the re-entry point of a CS or ODS. In addition, PV
are necessary to drainage of the superficial tissues related to their physiological territories,
even if they carry a supplementary flow, as in VOS, CS and ODS.
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7. HAEMODYNAMIC PHYSIOPATHOLOGY OF THE CARDIAC
Pump

The heart is the principal pump of the venous system [34]. The venous system supplies
the cardiac pump in volume and pressure according to physiological needs due to the heart’s
active and passive capacities. The cardiac pump increases volume, flow and pressure in the
venous system through the action of the left ventricle during the systole, and decreases them
through the action of the right ventricle during the diastole. This suffices for the various
functions of the venous system in the lying down position because HSP is almost null. On the
other hand, it is not sufficient in the motionless standing position, i.e., when HSP is maximal
and the VMP is not active. Moreover, the progressive sequestration of blood in the venous
system may cause an “intravenous haemorrhage” draining of the cardiac pump (falls of the
sentinel). One can deduce that prolonged standing in a motionless position is not
physiologically correct. One can also say that the great majority of venous pathologies affect
the subject in the standing position and disappear when he or she lies down.

On the other hand, when the right cardiac pump is defective, right ventricle diastolic
pressure increases. Thus, TMP in the lower limbs increases with cardiac resistance to the
venous flow, causing venous oedemas of cardiac origin.

8. HAEMODYNAMIC PHYSIOPATHOLOGY OF THE THORACO-
ABDOMINAL PuMpP

The thoraco-abdominal pump (TAP) modulates intrathoracic and intra-abdominal
pressure during breathing [34]. This pressure is communicated to the right auricle and the
retro-peritoneal veins and transmitted to the veins of the lower limbs. Usually, during
inspiration, diaphragm contraction is simultaneous with relaxation of the abdominal muscles,
and vice versa during expiration.

The Valsalva manoeuvre (VM) is different from respiratory movements [46,48,241]. It is
equivalent to defecation or to holding a heavy weight while standing. It consists of blocking
the TAP in the proto-systolic position by simultaneous contraction of diaphragm and muscles
of the abdomen. VM reverses the pressure gradient, thereby causing reverse flow in
incompetent veins. Valsalva manoeuvre is positive when it reverses the flow in any vein, and
negative when it does not. It may involve a reverse flow in a venous segment of a lower limb
even if the venous flow proximal to the abdomen is normal thanks to competent valves. The
reason is that a pressure wave is transmitted even in the absence of flow motion. For example,
a VM may be positive in the safeno-femoral or safeno-popliteal junction even if iliac or
femoral valves are competent. Normally, VM stops all flow during contraction, and flow
reappears during relaxation. This is important to note, particularly when investigating
tributaries of the saphena magna cross. The normal flow of junctional tributaries is
anterograde, descending to the junction, but it has to stop during VM contraction and
reappear at the following relaxation. It is VM negative. When the tributary is fed by a leak
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point related to a CS, VM also evolves an anterograde flow, descending to the cross, but it is
pathological because it occurs during contraction. It is VM positive. This Valsalva effect
explains how constipation and heavy weight handling may interfere with CVI.

Intra-abdominal hyperpression may be chronic, particularly in obese patients, and
responsible for venous insufficiency of the lower limbs.

9. HAEMODYNAMIC PHYSIOPATHOLOGY OF THE VALVULO-
MuscuLAR PumMP

9.1. The Valvulo-Muscular Pump (VMP)

The VMP acts by volume and pressure variations of the venous blood. These variations
are due to skeletal contraction (systole) and relaxation (diastole) of the muscles that surround
the deep veins (N1) of the lower limbs. Venous valves complete the VMP. They determine
flow direction. Proximal valves open in systole and close in diastole, which permits systolic
blood expulsion and prevents diastolic reflux. Distal valves close in systole and open in
diastole, which permits distal blood diastolic aspiration and prevents systolic reflux.
Therefore, flow direction of the VMP depends on the valvular competence.

Epifascial and intrafascial veins of the superficial network (N2, N3, N4) are not
surrounded by muscle, and therefore do not participate in VMP systo-diastolic action.
However, their drainage depends for largely on VMP. The VMP receives systolic flow from
the foot when the plantar pump is activated. Most of its flow is aspirated by deep VMP
diastole. Much less is aspirated during deep VMP systole by the Venturi effect. The VMP not
only helps the venous system to evacuate excessive blood flow brought in by the arteriolo-
capillary vasodilation that accompanies muscular effort, but it also dynamically fractionates
the hydrostatic column of pressure (DFHSP), thanks to the alternating closing of distal and
proximal valves. This fractionation makes possible standing for a long time with a normal
TMP in the lower limbs, provided that the muscles are activated.

It is included that DFHSP work will be the more effective as muscular activity will be
important, because DFHSP increases as muscular activity increases.

It is also understandable that any degradation of the various elements of the VMP, such
as valvular incompetence and/or muscular inactivity (paralysis, ankylosis), may be
responsible for a lack of DFHSP and the clinical consequences thereof.

9.2. Concept of Shunt and VMP

A shunt is a venous pathway that deviates and carries all or part of a venous flow that is
not intended to drain. These shunts are known as vicarious and open (VOS) when they
compensate for an obstacle. Since VOS are activated by cardiac and thoraco-abdominal
pumps, they are permanently activated. VOS are overloaded by extra flow when the systole of
the VMP is activated. In contrast, closed shunts (CS) are not permanently activated. They
cause venous blood recirculation in closed loop only when the VMP diastole back-aspirates
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blood from the leak point to the re-entry point. In short, VOS is a spontaneous and permanent
healing by-pass of the venous network, and CS is a temporary spontaneous pathogenic by-

pass activated only when the subject is walking.

REST SYSTOLE DIASTOLE REST

Figure 4.12 A) Schematic normal valvulo-muscular (VMP) behaviour when walking. Rest: relaxed
VMP pump, veins dilated, slow cardiopete flow due to heart pump, thoraco-abdominal pump and
residual pressure. Systole: cardipete VMP ejection. Diastole: cardipete VMP admission.

| | %

DIASTOLE

Proximal valves
closure

Figure 4.12 B) Schematic normal Dynamic Fractionation of the Hydrostatic Pressure by the valvulo-
muscular pump (VMP) when walking. Rest :Maximal Hydrostatic pressure (HP) ,relaxed VMP pump ,
veins dilated, opened valves, slow cardiopete flow due to heart pump, thoraco-abdominal pump and
residual | pressure. Systole: Fractionation of HP at the distal valves level (a) ,cardipete VMP ejection.
distal valves closure and proximal valves opening Diastole: Fractionation of HP at the proximal valves
level (b), cardipete VMP admission.
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Figure 4.12 C) Schematic impaired Dynamic Fractionation of the Hydrostatic Pressure by the valvulo-
muscular pump (VMP) when walking in case of closed shunt (CS) by incompetent great saphenous
vein (GSV) and competent deep veins (N1). Rest :Maximal Hydrostatic pressure (HP) like normal
srelaxed VMP pump , veins dilated, opened valves, slow cardiopete flow due to heart pump, thoraco-
abdominal pump and residual | pressure. Systole and diastole : despite a correct closure of distal valves
(a) and proximal valves (b) ,cardipete VMP ejection and admission at N1, the HP fractionation fails
because the deep column is shunted by an incompetent GSV.

9.3. DFHSP and the VMP (Figure 4.12)

The VMP is essential to the DFHSP that ensures a low TMP in the standing position.
This effect is proportional to VMP action [19,23,78,135,183]. When the body is in the
standing position and “totally motionless,” VMP is at rest and HSP is not fractionated. This
condition is only theoretical (except in artificial situations, as the body hanged by the neck or
in the Tilt test manoeuvre) because in practice, even in a stiff standing position, muscles
move to maintain the equilibrium and a low, but not null, DFHSP. The DFHSP effect
increases with increasing movement, as walking and than running. Conversely, DFHSP is
impaired proportionally to muscular inactivity (paralysis, ankylosis) and/or valvular
incompetence that alters VMP efficiency.

9.4. CVI, Varices, Posture, and the VMP

HSP at the ankle is lower in the sitting position than in the standing position because the
height of the liquid column is less. Thus, the incidence of HSP should be less when sitting. In
reality, sitting for a long period is as bad for drainage as standing immobile for the following
reasons: standing in an immobile position is usually not as prolonged as sitting, and DFHSP
is active, though weak, during standing, while it is null while sitting. On the other hand, the
sitting position does not increase varices in the case of CS, thanks to VMP inactivity.
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9.5. Varices and the VMP

When active, the VMP adds flow and pressure to the venous network, so it overloads not
only normal veins, but also venous pathways of shunts (VOS, ODS, and CS) that become
varicose with time.

The relationship between varicose veins and the VMP in the presence of CS is
spectacularly demonstrated in patients in whom varicosity disappears in a limb when affected
by paralysis. Venous incompetence without CS may cause severe drainage disorders in the
absence of varices. In other conditions, such as dilated saphenous vein, in which the valves
are necessarily incompetent, no diastolic back flow will be detected upon Doppler testing if
the VMP is totally impaired because VMP efficacy is necessary to activate CS. The more
efficient the VMP is, the more reverse diastolic flow will occur.

9.6. Claudication (Limping), Restrictive Syndrome, Capacitive Syndrome,
and the VMP

In the case of a severe occlusion of the proximal veins of the lower limbs, patients may
complain about limping because of calf pain. This is due to an excess of pressure, the energy
of which cannot be consumed because of flow resistance. This pressure has two components:
residual pressure (RP), which is increased by microvascular dilation due to muscular stress
reflex, and pressure delivered by the VMP. In cases of severe incompetence without any
significant occlusion, patients may not bear compression (bandage or stockings) well because
calf tissues are squeezed between the excessive venous pressure (which is not corrected in the
absence of DFHSP) and the external compression.

10. HAEMODYNAMIC PHYSIOPATHOLOGY OF THE PLANTAR
PumMmp

The plantar pump consists of the venous volume of the sole modulated when walking by
compression against the ground (systole) then relaxation (diastole). It drains superficial
tissues and partially the deep tissues because perforating veins of the foot are constitutionally
incompetent and allow the passage of deep blood into the superficial network. It represents
the most important part of the flow carried by saphenas throughout walking periods. Its
physiological importance seems to be limited to the drainage of the foot [18].

11. HAEMODYNAMIC PHYSIOPATHOLOGY OF VENOUS
CALIBRE AND VARICES (FIGURE 4.13, FIGURE 4.14)

Varices are defined as tortuous and dilated veins. They are not the cause of CVI, as is still
believed by most phlebologists, but rather the consequence of flow and pressure perturbations
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in the venous system [69,94,95,268]. In short, they are a symptom, not the cause, of venous
insufficiency. They involve four haemodynamic causes. The first is tortuous dilation due to
vicariousness of one or more occluded veins, such as the occlusion of deep and/or superficial
veins in so-called vicarious open shunts (VOS). The second cause is varicose veins related to
a diverted open shunt (DOS). The third is hyperflow induced by arterio-venous fistula. The
fourth and most frequent cause are varices of superficial veins induced by closed-shunt
hyperflow.

Dilation depends on flow and pressure. The more compliant the vein, the greater the
dilation will be. Venous dilation regresses totally or partially when the responsible flow and
pressure are reduced.

Venous
occlusion

i

venous valvular

Varice of open Varice proximal Varice for Varice of closed
vicarious shunt to artero-venous parietal shunt
shunt congenital
dysplasia

Figure 4.13. Varicosities: tortuous, visible and dilate vein. It is not the disease but the symptom of
various causes. Here, four similar varices for 4 different etiologies i.e four different diagnosis and
therapy.

11.1. Process of Venous Dilation

There are two processes of vascular dilation. The first depends on TMP and compliance.
The second is related to the change from laminar to turbulent flow.

11.2. Dilation, Varices, TMP and Compliance (Figure 4.15)

The calibre of veins depends on the TMP value and on the active or passive resistance of
the walls to the parietal tension (T). T = TMP . r, where r is the radius of the vessel (Laplace
law). The parietal factors that determine the distensibility or compliance are made of different
components, either passive such as elastin and collagen, or regulated such as smooth
muscular cells. The muscular fibres of the media are subjected to neuro-humoral control,
ensuring changes in tone, vasoconstriction or vasodilation according to the body’s
requirements for thermoregulation and cardiac haemodynamics.
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Compliance is not constant, but varies with the degree of extension. Compliance (C) is
the ratio of volume and pressure [1,10,12,34,73-75,187,261,276,277]. This function is
described in deep in the chapter 3.

Il

1 2 3
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Figure 4.14. Haemodynamic physiopathology of the varices. a: high velocity changes laminar flow into
turbulent flow according to Reynolds law .The resulting turbulences hit the wall of the vessel and so
enlarges it. 1: laminar flow 2: when the flow velocity increases turbulences appear. Turbulences hit the
walls and increase the diameter of the vessel. 3: Vessel enlargement does not reduce the flow volume
but decreases the flow velocity until low values so that the flow comes back to laminar and the
enlargement stops. b: in case of obstacle o, high velocity in vicarious vein vv causes varices. c: high
velocity and high pressure in arterio-venous av fistulae causes varices. d: high velocity in closed shunts
cs when walking causes varices. e: congenital varicose veins cv ( venous malformation) is not due to
haemodynamic but structural cause.

11.3. Dilation, Varicose Veins, and Turbulence (Figure 1.5)

Independent of TMP, i.e. of the pressure, circulatory turbulence itself, typical of venous
reflux, may cause tortuous dilation. According to Reynolds’ law, the circulatory mode of
viscous liquids, such as blood, changes from laminar to turbulent when the flow exceeds a
critical velocity. As long as the flow is adapted to the calibre of the vein, velocity is less than
critical. If the flow increases for any reason and surpasses the critical velocity, it becomes
turbulent. Turbulence disperses part of the blood’s kinetic energy against the vessel wall.
With time, the stressed wall loses its viscoelastic resistance, widens, lengthens and becomes
tortuous (varicose veins). The degree of dilation is proportional to increased velocity and
turbulence. When the varice reaches such a calibre that flow velocity drops below critical
despite the unchanged high flow, the circulatory mode becomes laminar again and the calibre
is stabilized as long as high flow remains the same. This theoretical process is illustrated by
clinical findings and explains why varicosity can remain stable for many years after a period
of progression.
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11.4. Dilation, Varicose Veins, Tissue Pressure, and Fascias

Dilation of the deep and superficial veins depends on TMP, circulatory mode and
compliance, but it can be limited by the surrounding tissues that contribute to extra-vascular
pressure. Dilation of the deep veins (N1 network) is limited by the muscular masses contained
in a closed aponeurotic bag. The saphenous trunk and Giacomini’s vein are protected from
excessive dilations because they are located in a fascial compartment, composed by the deep
and the superficial fascia. The veins located above the muscular fascia (N3 and N4 networks)
dilate more easily because they are contained by low extra-vascular pressure (subcutaneous
tissues, skin and the atmospheric pressure).

12. VENOUS PHYSIOPATHOLOGY AND CARDIAC
HAEMODYNAMICS

The venous system is able to respond to the variable flow volume needed for cardiac
preload while venous pressure remains steady thanks to its blood volume (four times greater
than arterial), great compliance, and a remarkable viscoelasticity. A prolonged motionless
standing position may cause accumulation of excessive blood volume in the venous sector
(intravenous haemorrhage), such that cardiac preload is impaired and fainting with vagal
reaction may be induced. This is favoured by excessive volume in the venous sector (varices)
and potentiated by neuro-vegetative dystonia. Fainting occurs frequently during phlebologic
examinations in which the patient remains standing and motionless for a long time.
Prevention consists of blood volume reduction, either by the pumping action of the VMP or
by leg compression.

13. HAEMODYNAMIC PHYSIOPATHOLOGY AND
THERMOREGULATION

The venous system interferes with the thermoregulatory function by controlling the
exchange of calories between the superficial venous blood and the environment. In order to
reduce the core temperature, superficial veins dilate and superficial venous flow increases due
to the reduction of micro-circulatory resistance. A reverse process is activated to increase core
temperature. This regulation may induce negative side effects.

Actually, when microcirculatory resistance (MCR) decreases, TMP in the superficial
venous system increases with the flow and the residual pressure. For this reason,
thermoregulation can worsen an already diagnosed venous insufficiency. Some typical
clinical examples can be seen in the haemodynamic venous conditions of professional cooks
exposed to high temperatures in prolonged motionless standing posture and aggravation of
CVI symptoms in summer.
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Chapter 5

SHUNT’S CLASSIFICATION

Claude Franceschi
Saint Joseph and Pitié-Salpétriére Hospitals, Paris, France.

1. SUMING UP THE CONCEPTS EXPRESSED SO FAR

We have seen, as stated in chapter 3 and 4, that there is a hierarchical order of emptying
in the venous networks, based on physical laws and levels of kinetic energy; in addiction, in
the same chapters, we illustrated the mechanisms leading to the DFHSP, which is at the end
the most important factor in determining the lower limb venous drainage.

Venous shunts and primary CVD generally speaking involve abnormal flows that, with
their different pathway, are just the consequences of an impairment of the DFHSP and of
venous compartments order of emptying.

Furthermore, we have classified the venous networks into five categories, N1 to N5,
according to their anatomo-functional significance. Network N1 represents deep veins located
in the AC1 compartment. Network N2 represents sub- and intra-fascial superficial veins
located in the AC2 compartment, i.e., saphenous trunks and Giacomini’s vein. Network N3
represents supra-fascial superficial veins located in the AC3 compartment, i.e., saphenous and
extra-saphenous tributaries. Network N4 represents superficial veins located in the AC3
compartment that link different regions of the saphenous network. N4 Longitudinal (N4L)
vertically links two regions of the same saphenous network, such as GSV or SSV. N4
transversal (N4T) transversally links the GSV network to SSV. N5 represents the
microcirculatory venous network.

Normally, superficial venous blood flows from superficial into deeper veins. Thus,
superficial venous blood leaves the micro-circulation N5, flows into the superficial network
N3, then into N2 and finally N1, according to the direction of the valves as well as to the
levels of the energy gradient produced by muscular contraction; sometimes, directly from N3
into N1.The majority of shunts inverts this normal direction, that is, blood flows from deeper
to more superficial veins.
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We have highlighted in chapter 4 as venous shunts are those veins that deviate venous
blood from its normal pathway, more often during muscular relaxation. VS have in common
the fact that they carry two different flows: physiologic draining flow and abnormal flow, or
shunt flow (SF). They differ not only in blood origin abnormal venous pathway, and
destination of the deviated flow, but also in their systolic or diastolic activation by the
valvulo-muscular pump (VMP).

Shunting veins may be any deep and/or superficial vein. A shunt may be made of a
venous segment and/or a succession of different segments of different veins. The shunting
flow direction may be partially or totally normal (antegrade) or reverse (retrograde). The
content of shunting flow may be re-circulating blood or not.

Moreover we have identified four main types of shunt: VOS, CS, ODS and MS.

ODS and CS can be classified according to the venous segments that usually constitute
the venous shunting pathways, in order to standardize the anatomical-functional venous
cartographies, mappings and consequent therapeutic strategies.

It is possible to consider a first operative classification and a more recent one, coming
from an evolution of the same previous one.

For educational purposes we suggest to approach the first following classification,
leaving the new shunt description to the reader interested in approaching the deepest aspects
of this.

1.1. First Classification

The vast majority (90%) of ‘private circulations’ or veno-venous shunts that involve the
saphenous trunks [39,77-80] are included in one of the following types [105]:

a) Type 1 Shunts (constituting about 30% of varicosity networks): N1 > N2 reflux; the
superficial segment of the ‘private circulation’, from reflux point to reentry, is represented
exclusively by the incompetent saphenous trunk. The reentry perforator, detectable on
Doppler, is located on this saphenous trunk. Therefore, the ‘private circulation’ follows a N1
> N2 > N1 route.

The principal variants of type 1 shunts (SH 1) may be represented as SH 1 + 1 and SH 1
+ N3 shunts. In Figure 5.1, first diagram, we find a superimposed SH 1; in the second a
N3 collateral is draining part of the refluxing blood while the saphenous perforator is
emptying only a part. The characteristic feature is the reduction in saphenous diameter
(detectable on sonogram) below the origin of N3. If this did not occur, then we would
have a simple SH 1 with emergence of a collateral at the level of the reentry.
b) Type 3 Shunts (constituting about 60% of varicosity networks): N1 > N2 reflux; the
superficial segment of the ‘private circulation’, from reflux point to reentry, is not
represented exclusively by the incompetent saphenous trunk. Instead, part of the ‘private
circulation’ is constituted by a N2 (N3 or N4T or N4L) collateral located distally from
the origin where the saphenous has at least one competent segment. The intervening
saphenous segment between the reflux point and the origin of the collateral should not
have any reentry perforator that is detectable on Doppler. Different hemodynamic models
of type 3 ‘private circulation’ are possible.
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Figure 5.1. a-b-c-d-e-f. Types of ‘private circulation” or veno-venous shunts; 1a: type 1 shunt with
reentry on the saphenous trunk, and variations; 1b: type 2 shunt without reflux from the deep
circulation, with compartmental regurgitation N2>N4>N2 or N2>N3>N2; 1c-d: type 3 shunt with
reentry located on an extrasaphenous perforator, and variations; le: type 4 shunt with reflux from the
pelvic circulation; 1 f: N3 shunt with reflux from an incompetent perforator and reentry on an

extrasaphenous perforator. Reflux from an incompetent perforator does not necessarily give rise to a
“private circulation’.

As Figure 5.1c, Example A shows, refluxing blood starts from the N3 collateral and
reenters through a perforator located on the collateral (N1 > N2 > N3 > N1).
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In Example B, blood emerges from a N4L collateral, flows back again into the saphenous

and reenters through a perforator located on the saphenous (N1 > N2 > N4L > N2 > N1).

In Example C the reflux abandons the saphenous for a N4L route before reentering and

discharging the reflux along a N3 branch (N1 > N2 > N4L > N2 > N3 > N1).

In Example D the refluxing blood follows a route from a N4T collateral to another

saphenous trunk before reentering through a perforator from this trunk (N1 > N2 > N4T

> a different N2 > N1).

In the remaining cases (10%) the ‘private circulations’ that involve the saphenous trunks
are represented by:

c) Type 2 Shunt: reflux N2 > N4L or N2 > N3, with the ‘private circulation’ entirely

accounted for by the superficial network. In these cases, reflux from the deep circulation

is absent. There is however a ‘private circulation’: N2 > N4L > N2 or N2 > N3 > N2

(Figure 5.1b).

d) Type 4 Shunt: reflux N1 > N3, or a reflux from the deep circulation along a pelvic

shunt to empty into the saphenous vein. A basic prerequisite is that at least the terminal

valve of the saphenofemoral junction be competent.

Lastly, there are ‘private circulations’ that involve solely the saphenous collaterals:

e) "N3" Shunt: reflux N1 > N3, or directly from an incompetent perforator, with reentry

through a perforator located on the collateral (P/N3). The saphenous trunks are not

affected by the ‘private circulation’.

In some types of veno-venous shunt, such as overlapping type 1 shunts or type 3 shunts,
in addition to the primary ‘private circulation’ supplied by the primary reflux point, there are
also secondary ‘private circulations’ supplied by secondary reflux points, which are of
significant hemodynamic importance. In type 3 shunts the secondary ‘private circulation’ is
initiated by the N2 > N4L reflux, i.e., the reflux at the origin of the collateral. Of course, if
the reflux is a N2 > N3 type, there is no secondary ‘private circulation’ since reentry into the
saphenous is absent. In superimposed type 1 shunts it is the incompetent perforators that start
the secondary ‘private circulation’.

1.2. Revised Classification

The European CHIVA study group proposed in 2002 a more detailed and revised
classification [179]. This offers the possibility to recognize the wide majority of pattern that
can be easily recognized under duplex investigation. However, most of the CHIVA group in
Europe still continue to adopt the above described classification for superficial venous
insufficiency.

2. DEEP SHUNTS

Deep shunts are CS or VOS but never ODS.
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3. SUPERFICIAL SHUNTS

Superficial shunts are superficial shunting veins that deviate only superficial venous
flows when ODS is activated. They can deviate deep or superficial flows if VOS or CS.

3.1. Shunt O:

Shunt 0 is an ODS or a VOS where, contrary to shunt 2 (N2-N3-N1), the drainage
direction is normal (N3-N2-N1), even if flow in the N2 segment is retrograde. For example,
when only the sapheno-femoral junction valve is competent and distal valves are incompetent,
tributaries of the arch are drained during the diastole in a distal perforator of the saphenous
trunk through a retrograde flow, by ODS effect. The same drainage direction is carried out
not only in diastole, but permanently through the distal perforator by VOS effect after the
sapheno-femoral junction is disconnected in shunt 1.

The retrograde flow in N2 is fed by antegrade N3 draining tributaries with distal reentry
R into N1 activated by the valvulo-muscular pump diastole without re-circulation. The
haemodynamic condition are very good even if not properly normal and so doesn’t any
therapy. In the figure above, N2 is the great saphenous upper trunk and arch is incompetent
except in the terminal sapheno-femoral junction valve that is competent. The same type 0 can
be described when any superficial draining flow is oriented from N2 to N1 or N3 to N1 or
N3-N2-N1 without any flow oriented N1-N2.

Shunt 0
DOS: N3-N2-N1

Legend- CS: Closed shunts. E: Escape points. R: reentry points. D: Disconnection point. V:
Devalvulation point.

Resuming, shunt 0 is a reflux in the GSV trunk with re-entry and no re-circulation
because there is no EP from N1. It is a VOS or an ODS N3-N2-N1.The more frequent cases
of observation are:
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1. Reflux in GSV with competent terminal valve, and thus without change of
compartment. The reverse flow detectable in the GSV is due to a gravitational
gradient of the column ending in a RPV located distally in the saphenous trunk.

2. Reflux in the GSV after SFJ disconnection. Again, the reverse flow is a draining and
asymptomatic flow without change of compartment. This is the normal outcome
following CHIVA 1 procedure.

Shunt 0 can be often detected at duplex examination, in normal and/or asymptomatic
subjects. This pattern may usually be detected at the end of a busy day in standing or sitting
position in individuals like surgeons, hairdresser, waiter, etc...during summer.

Pathophysiologic explanation should include increased volume in the GSV with opening
of distal perforators located on the trunk in order to favour inward flow to the deep veins.
This creates a segmental retrograde flow for a recruitment effect.

Thus, Shunt 0 can be considered a physiologic pattern due to functional reasons of
drainage.

It is noteworthy that Shunt 0 is the desirable outcome of the so-called CHIVA 1 surgical
procedure.

3.2. Shunt 1:

Shunt 1 is a saphenous CS made of N1-N2-N1 succession.

The retrograde flow in N2 is fed by reflux from N1 through E and antegrade N3 draining
tributaries with distal reentry into N1 activated by the valvulo-muscular pump diastole with
re-circulation. CHIVA disconnects E, which results as Shunt 0. E is the sapheno-femoral
junction in shunt 1a, sapheno-popliteal junction in shunt 1b, any perorating vein connected
with N2 in shunt 1c.

Therefore shunt 1 is a reflux in an incompetent segment of the GSV trunk with a distal
re-entry perforator connected to the trunk, similar to shunt 0 but with re-circulation caused by
a proximal EP connected with N1, either at the SFJ or at any incompetent perforator

connected with the trunk.
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3.3. Shunt 2:

Shunt 2 is a shunt made of N2-N3-N1 or N2-N4T-N2-N1 or N2-N4L-N2-N1 succession.
The saphenous trunk proximal to the EP can be incompetent except at the SFJ.

Shunt 2 are derivated open shunts DOS except shunt 2C that is a CS. Shunt 2a is any N3
incompetent tributary fed by N2 flow (E is the N3-N2 confluence) activated by VMP diastole
through R connected with N1. Shunt 2b is an incompetent N4T tributary that connects the
GSV trunk with the SSV trunk. Shunt 2C is an incompetent N4L tributary. Shunt 2d is an
incompetent N2 segment that extend to N3 and then to extra troncular R. CHIVA procedure
consists in disconnection at E except in shunt 2d where disconnection is done at N2-N3
junction (D).
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Shunt 2a Shunt 2b Shunt 2¢ Shunt 2d
3 ; DOS: incomp N2-N3-
DOS: N2-N3-N1 DOS: N2-N4T-N1 CS: N2-N4L-N2 N1

Shunt 3a Shunt 3b Shunt 3¢ Shunt 3d

CS: N1-N2-N3-N1 CS: N1-N2-NAL-N2-N1 Cs: N“-NQN'}“‘L-NQ-N& cs: N1-N2-NN14L-N4T-N2-
3.4. Shunt 3:

Shunt 3 is a saphenous CS made of N1-N2-N3-N1 or N1-N2-N4L-N1 or N1-N2-N4L-
N2-N3-N1succession.

Like shunt 1, it is CS except that its shunting veins are made not only of a GS trunk
segment, but also of tributaries N3 and/or N4, and a re-entry perforator can be connected with
N3.
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The retrograde flow in N2 is fed by reflux from N1 through E and antegrade N3 draining
tributaries then connected with incompetent distal reentry into N1 activated by the valvulo-
muscular pump VMP diastole with re-circulation.

3.5. Shunt 4:

Shunt 4 is a CS made of N1-N3-N2-N1 succession, where N3 is fed by an EP connected
with N1, usually pelvic, and feeds N1 through N2.
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3.6. Shunt 5:

Shunt 5 is a CS made of N1-N3-N2-N3-N1 succession, thus similar to a CS except that
N2 is prolonged by another N3 before re-entering N1.
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3.7. Shunt 6:

Shunt 6 is a CS made of N1-N3 -N1 succession. Shunt 6 EPs may come out at any
perforator location. They occur mostly in venous malformations and in varicose recurrences,
particularly after stripping.
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3.8. Composite Shunts:

Composite shunts are made of different connected shunts; for example, Shunt 1 + 2 and
So on.

Shunt 1+2

Common E
2 different R

3.9. Mixed Shunts:

Mixed shunts (MS) are VOS and CS that share the same escape point (EP) and part of
their shunting veins. Their re-entry points are located differently, that of CS being distal to the
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EP, and that of VOS being proximal. An example is when an iliac venous occlusion is
associated with a homolateral great saphenous incompetence. An EP at the saphenous-
femoral junction (SFJ) acts as a VOS in systole, draining femoral flow towards the opposite
femoral vein (re-entry point) through right and left arch tributaries (spontaneous Palma). The
same EP acts as a CS in diastole, spilling femoral flow into distal deep veins through
retrograde saphenous flow and perforator re-entry. This is also the case in hemodynamic
block at a superficial femoral vein. Popliteal flow may escape into the small saphena arch,
then into Giacomini’s vein, and re-enter in the deep network through the SFJ in systole.
Popliteal flow also escapes in diastole when great saphena incompetence distal to the
Giacomini-great saphena junction allows retrograde flow until a distal re-entry.

*..
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Mixed Shunt
VOS+CS
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Chapter 6

PELVIC SHUNTS

Claude Franceschi
Saint Joseph and Pitié-Salpétriére Hospitals, Paris, France.

1. PELVIC ESCAPE POINTS

Pelvic escape points (PEP) represent an important source of varicose veins [161]. They
are defined according to their location and the tributaries of the hypogastric veins that feed
them. Superior and inferior gluteal veins feed the superior and inferior gluteal points (SGP
and IGP) at the buttocks; the obturator vein feeds the obturatory point (OP) at the groin; the
round ligament vein feeds the | point (IP) at the superficial inguinal orifice; and the internal
pudendal vein feeds the P point (PP) at the perforator of perineal location. Pelvic veins on
one side of the body communicate, vertically and horizontally, with the corresponding veins
on the opposite side through numerous plexuses. That is why a closure of one or more pelvic
veins cannot completely correct the refluxes at PEPs. In the same way, PEPs are connected to
any vein at the same side and at the opposite side. Consequently, any varice of the lower
limbs can be due to any escape point, at the same or the opposite side.

1.1. I Point (IP) and P Point (PP)

They come out much more specifically in women during and after pregnancy. The
reasons are the excesses of venous pressure due to fistulae effect of the placenta, pelvic vein
compression by the voluminous uterus, and the hormonal status that modifies venous
compliance. Usually, they are associated with intra-pelvic varicose veins, such as varicocele
of broad ligaments. This association is not necessarily one of cause and effect. On the one
hand, pelvic varicose veins after pregnancy are virtually constant, but varices of the lower
limbs are not. On the other hand, retrograde phlebography in pelvic varicese does not show IP
or PP constantly, and the embolization of pelvic varices does not stop the escapes through IP
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and PP [161]. These points are not precisely identified by phlebography but rather by duplex-
scan [106].

1.2. I Point (IP)

IP escape in women consists of the re-opening of the embryological duct of Nuck during
pregnancy. This duct re-opening links the incompetent vein of the round ligament of the
uterus (equivalent to sinus pampiniformis in males) with the tributaries of the saphenous arch
and leads to closed shunts 4 and 5. As several anastomoses connect in particular the external
pudendal vein not only with ipsilateral tributaries of the great saphenous arch, but also with
controlateral tributaries, varices of the right limb can be due to left | point and vice versa. IP
can also feed vulvar varices through connections with labial veins, which are tributaries of the
perineal vein (Figure 6.2a,b). IP is located about 2cm above the arch of the great saphenous
vein, medially to the the epigastric vein (Figure 6.1). The diagnosis is not constantly reliable
with phlebography. Color Doppler in the standing position shows a characteristic backflow
during VM. In males, reflux through the IP corresponds to varicocele outflow.

Figure 6.1. IP and PP pre-operative mapping.

1.3. P Point (PP)

PP escape in the perineal vein of women receives labial veins than perforates the
superficial perineal fascia at a P point that is located at the posterior edge of the transversal
muscle of the perineum. PP skin projection is at the junction of the posterior fourth and the
anterior fourth of the external edge of the labia major. PP can feed vulval varices, perineal
varices, and closed shunts 4 and 5. Due to transversal anastomosis, it can also feed the same
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varices on the opposite side (Figure 6.3a,b). As for IP, PP is not always evident in retrograde
pelvic phlebography, but can be diagnosed reliably by duplex-scan, which shows reflux at PP
during VM [106]. The standing position is not easy for duplex-scan of PP. The best position
is gynecologic. The investigation must be superficial and not intra-vaginal. A superficial
probe, preferably equipped with a high resolution probe (10 Mhz or more), or with a water
interface filing a surgical glove is simply put on the skin of the perineum.

ESCAPE POINT: Ovarian vein

I POINT: Round
ligament vein:

Round ligament vein

FED by:
Ovarian veins and | Superficial
Uterin veins. /////////

Figure 6.2a. Veins Anastomosis leading to IP.

A N N

IP: omolateral leg varices IP: omolateral thigh varices IP: controlateral thigh varices

Figure 6.2b. Varices of the limb fed by pelvic shunts linked to IP.
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ESCAPE POINT:

Ovarian vein

PP Perineal Superficial
Aponeurosis:

FEDBY;

Internal pudendal veins,
ovarian and uterine
veins.

Figure 6.3a. Veins Anastomosis leading to PP.

PP: omolateral thigh and leg varices PP: controlateral jeg varices

Figure 6.3b. Varices of the limb fed by pelvic shunts linked to PP.

1.4. Obturator Escape Point

The oburator vein (OV) emerges in the thigh through the obturator orifice and usually
connects with the common femoral vein. Thus, in the majority of cases, a possible reflux is
absorbed by a competent deep network, with neither varices nor clinical symptoms in the
limb. Sometimes, however, the OV connects with the arch of the great saphena, in which case
reflux in OV can involve closed shunts 4 or 5.
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1.5. Superior Gluteal Escape Point (SGEP)

SGEP usually comes out at the middle of the buttock and connects congenital varices of
the persistent external vein and/or the arch of the small saphena. It sometimes causes a closed
shunt 3 or 5 that involves the small saphena.

1.6. Inferior Gluteal Escape Point (IGEP)

IGEP also occurs, particularly in congenital venous malformations. It usually emerges
either at the inferior edge of the buttock or at the popliteal fossa when it feeds varices of the
sciatic nerve.

1.7. Venous Shunts in Congenital Venous Malformations (CVM)

Usually, CVM of lower limbs make different presentations under different hemodynamic
conditions. Shunts are either VOS, in cases of more or less extended deep venous aplasia, or
CS, particularly when embryologic veins persist after birth. In some cases, both VOS and CS
can be associated in mixed shunts. These mixed shunts can be overloaded not only by the
shunting flow, but also by cutaneous malformations, such as superficial angiomas.

Figure 6.4 A) Visceral pelvic escape points and feeding veins. a: labium major. b:labium minor +
clitoris. c: rectum. d: uterus. e: fallopian tube + tubo-ovarian vein. f: ovary. g:round ligament of uterus
and its vein. h: hypogastric vein. i: uterine vein. j: great saphena h: hypogastric vein. k: ovarian vein. I:
internal pudendal vein. Ip: Inguinal point: reflux location at the superficial inguinal ring is due to round
ligament vein (g) incompetence fed by one more out of the visceral tributaries (I ,e) of the hypogastric
vein( h) and/or ovarian vein ( k). This reflux can feed superficial varices anywhere in the ipsi-lateral
limb but in the opposite too either in the labium major (a) through superficial connections with
superficial tributaries of the internal pudendal vein (l). Pp: Perineal point: reflux location at the
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superficial perineal fascia perforation at the posterior edge transversum muscle, in correspondence with
the fourth posterior part of the external edge of the labium major, due to the perineal vein incompetence
fed by the internal pudendal vein (1) of the hypogastric vein( h) and/or ovarian vein ( k). This reflux can
feed superficial varices anywhere in the ipsi-lateral limb but in the opposite too either in the labium
major (a) through its labial posterior tributary. Cp: Clitoris point: reflux location at the superficial
perineal fascia perforatio next to the proximal clitoris, due to the incompetence of the superficial vein
of the clitoris fed by the internal pudendal vein () of the hypogastric vein( h) through the incompetent
bulbo-clitoridis vein. This reflux can feed superficial varices anywhere in the ipsi-lateral limb but in the
opposite too either in the labium major (a) through its labial anterior tributary.

Figure 6.4 B) Three parietal pelvic venous escape points and feeding hypogastric tributaries. a: bladder.
b:vagina. c: rectum: uterus. e: fallopian tube + tubo-ovarian vein. f: ovary. g:round ligament of uterus
and its vein. h: hypogastric vein. i: uterine vein. j: internal pudendal vein k: vesico-vaginal veins.l:
fascia superficialis m: inferior gluteal vein. n:superior gluteal vein. o:obturator vein. P: bulbo-clitoridis
vein. q: inferior haemorroidal vein r: labialis posterior vein. s: labialis anterior vein.t: superfificial
perineal vein.SC: sciatic nerve and its varicose vein. SGP: Superior gluteal point: reflux location fed by
the incompetent superior gluteal vein (n) into a superficial gluteal vein through a fascial perforation.
This reflux can feed superficial varices anywhere in the ipsi-lateral limb and connect with any perineal
tributary. IGP : Inferior gluteal point: reflux location at the middle of the buttock inferior fold fed by
the incompetent inferior gluteal vein (m). This reflux can feed superficial varices anywhere in the ipsi-
lateral limb and connect with any perineal tributary but frequently deep varices around the sciatic nerve
and then surface in the popliteal region. Op: Obturator point: reflux location at the groin where the
obturator vein connects distally with the great saphenous arch or the common femoral vein , fed by the
incompetent obturator vein (0) connected proximally whith the hypogastric vein (h) or with the internal
pudendal vein. This reflux can feed superficial varices anywhere in the ipsi-lateral limb, but particularly
through its coonection with the great saphenous arch. Otherwise, if the distally connection is unique
with the common femoral vein, superficial veins cannot be overloaded.
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Chapter 7

THE CHIVA STRATEGY AND OTHER
CONSERVATIVE AND HEMODYNAMIC
TREATMENTS

Claude Franceschi
Saint Joseph and Pitié-Salpétriére Hospitals, Paris, France.

1. CHIVA DEFINITION

CHIVA is a French acronym for a type of treatment: Conservatrice et Hemodynamique
de I'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
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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 I’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.
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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.

Adaptation of the re-entry efficiency to the needs of draining flow.

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].

m O

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
Supefficial 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.
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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 wvein. 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.

2 £\\Ni
1!

Figure 7.1. Shunt type 1+N3 and associated CHIVVA 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.
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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.
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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.

CHIVA 2: SH 1l CONVERTED CHIVA 2:
| STEP IN SH | Il STEP

NN N SN
|

N3 N3 N3 N3

Figure 7.2. CHIVA Il first and second step for Shunt type I1I.

WS I Point

P Point

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.



The Chiva Strategy and other Conservative and Hemodynamic Treatments 89

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
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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 Parana 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].
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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.
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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.

latrogenic 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
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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 CHIV A 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
VVMP motion [102,148,150].

4.3. Dynamic VMP Activation

Parana 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
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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 Chiva Strategy and other Conservative and Hemodynamic Treatments 95

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
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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].
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sciatit nerve.

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.






In: Principles of Venous Hemodynamics ISBN 978-1-60692-485-3
Authors: Claude Franceschi and Paolo Zamboni © 2009 Nova Science Publishers, Inc.

Chapter 8

HAEMODYNAMICS OF VENOUS INSUFFICIENCY:
ASSESMENT TECHNIQUES

Claude Franceschi* and Paolo Zamboni?
'Saint Joseph and Pitié-Salpétriére Hospitals, Paris, France;
University 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 wvenous disorders. The
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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].
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Non-Invasive Assessment of AVP by the means of Duplex Scanning

1st D stand - 2nd D sitt
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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 = p x g x h. At 37 °C and with an ambient pressure of 1 atm, p 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
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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
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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]:

o 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;

o 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;

e cejected fraction (EF), the rate of reduction in TV after a single tiptoe movement; It
reflects the calf muscular systole; and

e 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 CHIVVA procedures (see chapter

12).



Haemodynamics of Venous Insufficiency: Assesment Techniques 103

%

'

TV=8c : VFI =BC/AC
EF=peBc: RVF=GHBC

APG TRACE

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.
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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. Pl = 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, Pl 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].
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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
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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 releasing. 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. Parana’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 Wunstorf 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
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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].
F%ﬂ @G

Trendelenburg maneuver

Perthes mancuver

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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TERMINAL VALVE
at the saphenous-femoral junction

POINT OF

ANALYSIS

SFJ duplex assessment
in standing is usually
limited to the duplex
investigation of the GSV
arch under squeezing
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55 yo man, lawyer. Both
parents affected by CVD.
C2s (heaviness, ref.
edema in the evening, in
summer). Cosmetic
complaints.

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 nomal
emptying (blu color) at the
level of the SFJ, epigastric
vein EV and femoral vein
FV.

L

COLLATERAL
VEINS

o

PRE-TERMINAL VALVE

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
com petence of the terminal
valve, the latterthe presence of
a gravitational gradient due to a
point of re-entry located below 46
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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
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Fig. 3a: Any visible and palpable vein
of the lower limb is then outlined by a

waterproof pen.
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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).

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
AC2to AC3).

The escape point feed by reflux a
tributary T, lying above the superficial
fascia, whereas the GSV, markedly
reduced in caliber, is now com petent.
The long insufficient T re-enters into
the N2 (GSV) for a short segment.
This is the reason because the Tis to
be considered a N4 instead of a N3
(N2-N4-N2 circuit).

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.

GSV - ‘

__e‘-___ /X
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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.

Fig. 6:
REFLUX ELIMINATION
TEST. Simple finger
compression of the origin
of reflux in the tributaries
allowvs 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 Il 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. ¢
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Fig. 7: 69 yo man,
farmer.
Mother affected by

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.

(heaviness,
oedema,

Valsalva




114 Paolo Zamboni

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 case A. It reports just
N1 (deep) and N2 trunks (GSV, SSV, GiacV). It allows the reconstruction of the
venous map step by step.

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 - ; 1 ro
N2-N3 with |~ b .;'-
change of / ' <
compartment is

clearly !

documented by REFEUX

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”.

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

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 gradient
between SFJ and the re-entry point (green arrow) maintains a closed type |
shunt. Please, compare this case with the same test performed in the
clinical case A.
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Fig. 15: Reflux elimination test permit to differentiate type Ill from type | shunt. Reflux elimination test in the case of the famer
was negative for the presence of a re-entry perforator on the GSV (persistent gravitational gradient). 25

TYPE | SHUNT TYPE Il SHUNT 15
DVS DVS

Giac. Giac.

Reflux SV Reflux elimination

A persistence a

SSvV

Appendix To Clinical Cases A and B:

absence of re-entry perforator on the saphenous
trunk and incompetent terminal valve.

The so-called type il shunt

Incompetent terminal valve:
both squeezing and
Valsalva positive, as in the

farmer case The reflux low shunts from

the GSV-N2 into the
varicose tributary T N3

y

Re-entry perforator on the
varicose tributary = type lll *
shunt, as in the lawyer case,

16 \\..':I!l:.'
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The case off absence of re-entry perforater on the saphenous

Finger

compression

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) 2 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.

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 teminal valve and saphenous arch
negative for reflux at Valsalva and squeezing test. But also the
proximal saphenous vein is competent (Sq -). Where does t
reflux come?
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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.

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 | point (see chapter 7),
corresponding to the external
opening of the inguinal canal (C).

2. Comesponding 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.

¥

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.

0°

canaleadi-Alcock]
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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——int®
the  competent
N1.

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.2.6364

In this case we cannot use standardized
ablative\ endovascular procedures but
surgery tailored and guided by duplex
findings (see chapter 10, 20-22).
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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

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. 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 absence 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.

Re-entry
PV

' Re-entry flow
In diastole

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 enlargement of the SSV after connection with the refluxing
PPF (non terminal perforator, reflux outward flow in muscular diastole). Immediately below such connection, the reflux
shunts from the AC2 compartment to the AC3 compartment (reflux N2-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.
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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). 6365 76. 83. 8. 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 flow
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).

Fig. 28: 46 yo man, saleswoman.
Varicose veins in the left calf
heaviness, pain, edema, hitching
confined to the leftleg C2S

Working disability

Duplex investigation in standing of
the GSV territory is completely
negative. Truncular varicose weins
are visible and palpable at the left
calf, according to referred symptoms.
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SSH
19/01/2001
11 17_AM

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
i both SSV and GV is

A showed in relative
map and B-Mode
image

Gastrocnemius
Vein

Fig. 30:
A.Both Parana 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.

Mustriar. _dias} ole
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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.

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 refluxin 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.

Compression = Release
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Clinical Case E:

haemeodynamics of the Clacomini’ vein

This  finding indicates the
Giacomini as a valuable outflow
route to be wused in our
haemodynamic surgery plan (see
chapter 10).

Fig. 33:
A. B-mode study of the Giacomini vein.
B. Emptying under Parana manouwre also through the Giacomini’ vein.
C. Forward flow along the Giacomini’ vein during muscular systole. 33
CORNMRNMERNT MR
SLINIBAL EASE E:
SaHEsVIOONnE0m
c.Nomal deep
veins outflow 34

b. Elimination of the
aspirating gradient

a_ Reflux in the
gastrocnemius vein

Fig. 34: We learn from this case the followings:

A deep reflux could be the haem odynamic effect of blood aspiration from a refluxing superficial vein. 133210247

*A primary deep reflux is not always synonymous of a disease of the deep veins

oIt could be managed by simple superficial surgery, avoiding either unsatisfactory conservative treatment or

useless aggressive surgical procedures.

TRIBUTARY. COMPRESSION
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Valsalva

N1 2

36

o aolaeen olonit

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.

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, whie 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

CLINIEAL GASE [Fe
Lamnbida SED
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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

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 its re-entry through a
perforator (Fig. A) in muscular diastole. As we can see in Fig. B Itis placed on the GSV trunk at
the level of the middle third of the leg.

The corresponding map is now totally constructed.

E
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Fig. 40:

A. The alignmentsign 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 netw ork.

40




130 Paolo Zamboni

I
0

Fig. 41:

- 56 yo man, tobacconist.
- Mother affected by
CVD.

- C2s (heaviness, ref.
oedema in the evening,
in summer).

- Varicose \eins clinically
visible in the para-tibial
region, at the knee, and
in the lateral aspect of
the leg.

42

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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"T" Vein

Fig. 43: Following by the duplex probe the outlined varicose veins, clinically
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 and 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 atleast 5 cm (Fig. A).
Its deep position makes often impossible its inspection and palpation.

The same tributary feeds the visible varicosities mentioned above.

For the peculiarity of its anatomical shape as well as duplex appearance we
defined it as the “T” vein.?%?

N3

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 44
emptying from AC2 to AC3 play a major role in CVD
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Chapter 10

FROM THE MAP TO CHIVA PROCEDURE

Paolo Zamboni
University of Ferrara, Italy.

Fig.4: Muller phlebectomy of the proximal segment of the T.
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Fig. 5: Again, at
the level of the
subsequent N2-
N3 reflux point
we perform the
same procedure
described in
picture 1c (flush
ligation and
disconnection of
the T from the
GSV)

6a: Incision at the level of the secondary private
circulation

6b-6¢: Hook phlebectomy of the secondary
private circulation
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(;s;; SSV

Fig. 7: Haemodynamic correction CHIVA from pre to post:

» Upward flow in the entire GSV trunk

* Restored hierarchical order of drainage (N2-N1, N3-N1or N2)
* Cosmetic compliant

The lessen learned
from Clinical Case A

THIS MEANS:

« A CAREFUL INVESTIGATION OF THE
VALSALVA - JUNCTION AVOIDS APPROXIMATELY IN
CIR - ALMOST THE HALF OF CASES, THE

\4\ ABUSIVE LIGATION\ OBLITERATION OF

THE SFJ

Sq +
VVALSALVA + *CONSEQUENTLY, IT AVOIDS THE
CRITICAL STEP OF VARICOSE VEINS
TREATMENT REDUCING RECURRENCE
44,71,97,110,114,130,163.191,211,248

_/\ No SFJ *TREATMENT BECOMES CHEAPER,
treatment also MINIMALLY INVASIVE AND EFFECTIVE
if (FLUSH LIGATION AND TRIBUTARY
AVULSION)
*Sq - Val +
+Sq + Val - *IT RESTORES THE PHYSIOLOGIC FLOW

DIRECTION IN THE GSV TRUNK



136 Paolo Zamboni

blca Gae B

Fig. 9:
DUPLEX
DIAGNOSIS:

Type [+N3 with
incompetent Terminal
Valve

SAPHENO-FEMORAL HIGH LIGATION:

Fig.10a: Groin incision at the level of the SF junction
outlined over the skin by the means of B-mode imaging.
Progressive compartments dissection, in order to identify
AC2 and the Saphenous trunk lying into it.
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Fig. 11: Opening of the superficial
fascia and exposure of the GSV trunk,
SFJ and of the tributaries. The latter are
encircled by a rubber loop in order to
spare them (when possible).

Fig.12a: Ligation of the distal part of the
junction stump of the saphenous trunk.
Fig.12b: Clamping of the SFJ.
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Fig.13: After ligation also of the
proximal side, further clipping and
disconnection of the SFJ.

Fig.13a: In alternative, the picture shows double
clipping of the SFJ without interruption.
Tributaries preservation allows to mantain pelvic
drainage into the GSV. The concept is to avoid
interruption because could favourite the
development of vicariant circulation and

13a  recurrence from neo-vascularization.

tributaries
.

Fig. 14: Disconnection of the
proximal and distal refluxing
tributaries (N3) from the
Saphenous trunk by the same
technical procedure described
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Appendix Te Clinical Case B:

absence of re-entry perforater on the saphenous
trunk and incompetent terminal valve.

The se-called type 11l shunt

L

Fig. 15: Incompetent
terminal valve: both
squeezing and Valsalva
positive

Re-entry perforator on the
varicose tributaries = type
Il shunt

Fig. 16: One shot solution with high tie determines a high rate of
S H U N T | | | GSV thrombosis for creation of a non draining system. It was
abandoned. 9 47. 255

DV DV
A & GSV thrombosis

Nl g ) 'l

Giac. /
PV iy
T No-Doppler
detectable
flow

SsvV Conservative but not hemodynamic treatment

16
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Fig. 17: One shot solution with high tie in a draining system was
even abandoned. In fact the maintenance of the N2-N3 reflux
determines an unsatisfactory cosmetic result . 947,255

SHUNT 1l

DV DV
A i

Al A ke
)

ssv PV 17

The case off absence off re-enftry periorator on the saphenous
trunlz amnel ineompetent terminal valve,

Fig. 18: In the illustrated case,
the reflux elimination test
(finger compression of the
origin of the tributaries) 254
eliminates reflux in the GSV by
eliminating the gravitational
gradient. The logical
consequence is to perform
flush ligation of the origin of the
tributaries (the so called 1st
step of the CHIVA 2
procedure). %4790,252,255 Thjg
operation restores the
physiological saphenous
outflow in all cases.
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Fig. 19: However, after the 1st step are-
entry perforator along the GSV trunk could
develop in a variable number of cases. %479
252,25 This |leads to re-appearance of reflux
(type 11l shunt transformed in type I).

Such eventuality often occurs in case of
incompetent terminal valve, and is managed
by sapheno-femoral disconnection in a
second session (the so called 2nd step of
the CHIVA 2 procedure). 92

One shot selutien for type Il shunt with
associated incompetence of the terminal valve

i : . Competent GSV

Segment > 2.5 mm

Fig. 20: Type lll shunt with
incompetent terminal valve, but
with a re-entry perforator located
in a competent segment of the
GSV (from point 3 to point 4).
Unfortunately the retrograde flow
after high ligation cannot reach
the re-entry at point 4 permitting
a one shot solution.

If the competent segment of the
GSV should be greater than 2.5
mm diameter, it should be
possible to perform a “single
shot” operation by using a
valvulotomy in the competent
GVS segment. The aimis to
allow a retrograde flow along the
trunk toward the selected re-
entry perforator.
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Vel oty 1 s i s ot ot bl vl

Fig.21a: After careful exposure at point 4 of the saphenous trunk at its confluence with the

perforator and the N4, GSV transversal venotomy and introduction of the valvulotomy is
performed.

Fig.21b: Progressive introduction of the valvulotomy from point 4 to point 3 part of GSV.
t“ " v,

21al

Fig. 22a: In alternative
recanalization of the GSV segment
can be achieved by gently and
progressive veno-dilation, using
rigid cylinder-tipped dilators of
increased size.

Fig. 22b: Removal of the
valvulotomy
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N3
/ 3‘7
N 4 k"
! TRANSFORMED
4| TYPE 1
N2

Fig. 23: This leads to the transformation of a type Il shunt into a type | shunt on the operatory table.
The operation can be completed as a CHIVA | procedure (high tie plus disconnection and Muller
avulsion of the proximal varicose tributaries), as showed in the map.

- 1

pz4
I
r,.

N

=z
w
o

Fig. 24: The Saphenous
drainage is restored and the

3 reflux with changes
of compartment eliminated in
one shot procedure.
The hierarchical order of
empting is even restored,

4 from N2 to N1, from N3 to

| N1, and from N4 to N1.

N2

PREOP POSTOP
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Fig. 25: A draining reverse flow
is induced in the GSV either
after one shot CHIVA 1
procedure, or after the second
session of the CHIVA in 2 step
procedure. Such reverse flow is
a monodirectional low velocity
flow (B), significantly different in
the haemodynamic parameters
from reflux with change of
compartment assessed
preoperatively (A) (see chapter
~~~~~~~ 11). In addition, by comparing
""""" N3 the preoperative cross
sectional area of the GSV
\ visible in the B-mode of the

Same point of
measyrement

panel B, a dramatic reduction
of the saphenous vein dilatation
is absolutely apparent
postoperatively. This testifies
the significant reduction of the
GSV volume overload.

l e panel A with that depicted in

PREOP POSTOP
Flg . 26: P Point

DUPLEX DIAGNOSIS: N

Shunt type IV (Pelvic
shunts). !

1 Point
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Fig. 27: Site of the incision
. corresponds to the external
orifice of the inguinal canal (I
Point).

Giac
Fig. 27a: Opening of the
GSV inguinal canal and

identification of the vein of

the Round Ligament (RLV).
Fig. 28: Completed exposure of the
RLV with the proximal stump
connected with the pelvic area, the
distal stump draining labium major.

DVS 1point Finally the pelvic shunt is interrupted.
) 1
P Point

Giac

l o e ' -
Xilﬁal_sjump

f4l

- Distal stump
T o 4 ke of the.RLV
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Fig. 29: Suture of the
external inguinal orifice
and of the roof of the
P Point I ~ inguinal canal.

Giac

Fig. 30: |Incision of the
superficial opening of the
Alcock canal, better identified
by using a echo-guided needle
reperage of the vein. This
because in supine posture this
vein collapses and its
identification could become a
challenge.

2

P Point

.

Giac Exposure of
the vein of the
Alcock canal.
This will be
interrupted at
the level of
the fasciae,
with further
suture at the
superficial
orifice of the
Alcock canal.
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DVS I Point

P Point

Giac

Fig. 32:
DUPLEX DIAGNOSIS:

Shunt type Il with perforator of
the popliteal fossa (PPF, the so
defined Thiery or Dodd
perforator) as primary reflux
point and competent SPJ. 6567

Fig. 31: The procedure is
completed by multiple stab
avulsion of the proximal varicose
veins.
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GSV

Fig. 33: After opening the
popliteal fossa, below the
superficial fasciae the SSV
trunk is carefully exposed.
Subsequently, the
competent SPJ, the
Giacomini’s vein are both
encircled by a rubber loop.
Gently traction allows to
identify under the SSV trunk
the PPF.

Fig. 34: Disconnection of the PPF
from the SSV trunk. The stump is
clamped for making easier the
dissection toward the popliteal vein.
The procedure is then completed by
flush ligation of the PPF on the
popliteal wall.

_/POPLITERL *
= - VEWN
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GSV SSv
PREOP

Fig. 36:
DUPLEX DIAGNOSIS:

Type Ill shunt of the SSV
with concomitant GV reflux.
GV and SSV outlet is a
common trunk. Competent
terminal valve of the SPJ.

Tested outflow route through
the Giacomini’.

POSTOP

Dlnical Gase E: saeswormai

Gastrocnemius
Muscle

SSv

h

Fig. 35: Finally,
N2-N3 flush
ligation of the
further N2-N3
completes the
haemodynamic
correction.

We obtain a
physiologic
outflow in the
SSV.
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Fig. 37: Exposure of the veins of
the popliteal fossa. The common
trunk into the popliteal vein is
well apparent.

Stump

maintaining the gastrocnemius vein
opening into the popliteal vein, as well
as the continuity of the SSV into the
Giacomini’s vein.

Gastrocnemius
Muscle
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Giac

Gastrocnemius
Muscle

SSv

PREOP

Glinical Gase F: the molecular biologist

Fig. 40:

Giacomini V.

Muscle

Gastrocnemius |

SSv

POSTOP

DUPLEX DIAGNOSIS:

Combined Type | Shunt of GSV

and Type Il Shunt of AASV

Fig. 39:

Disconnection of the refluxing
N3 from the Saphenous trunk.
Finally, we obtain the
elimination of reflux both in the
SSV and in the GV, with
restoration of a physiological
upward flow. In the former
through the Giacomini’s vein; in
the latter toward the popliteal
vein thanks to the elimination of
the hydrostatic gradient. This is
an example of indirect
correction of deep reflux in the
GV, acting on a superficial
reflux.

Haemodynamic
achievements:

* Reflux with change of
compartment elimination in
the SSV, GV, and N3.

* Physiologic forward flow in
both SSV and GV

* Flow direction hierarchically
correct N3-N1 in the tributary.
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Fig. 41:

*The case depicted
in fig. B is defined
lambda SFJ, for the
particular shape of
the AASV and GSV
outlet. A typical high
ligation is
performed,
preserving the outlet
of the AASV into the
GSV, as clearly
seen in Fig. C.

*This allows the
drainage of the
AASV into the GSV
and the re-entry of
both down-ward to
the re-entry
perforator, as
depicted in Fig. A.

HIGH
LIGATION

Fig. 42:

*The procedure is
completed by
double N2-N3
disconnection,
multiple stab
avulsion of the
proximal varices,
and
disconnection of
the  secondary
private
circulations.
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Anatomical variation of the so called P ——

43

LAMBDA SFJ the AASV outlet is too
close to the SFJ (Fig B),
usually surgeons
perform  disconnection
of both the saphenous
veins, as depicted in
Fig. A.
However, such a
surgical solution isn’t a
haemodynamic one,
because provokes a
flow reversal from its
physiological direction in
the AASV. The lack of
anatomic pathways
located along the AASV
for re-entering flow in-
ward, it is more likely to
feed by reflux a
tributary. Along time the
latter  will become
varicose, leading to
recurrences (red line
depicted in Fig. A). 24°

GSV-AASV
ANASTOMOSIS

44

GSV-AASY ANASTOMOSIS

",

Fig. 44: In the case showed in the previous slide the
haemodynamic alternative is aimed to preserve the
outlet between the AASV and the GSV, despite the too
close AASV to the SFJ. So far we performed end to
end venous anastomosis in order to allow the drainage
of the AASV into the GSV. This certainly is the most
skilled but also effective surgical strategy, allowing
AASYV to drain into the GSV in muscular systole, and in
turn the GSV to drain down-ward to the re-entry
perforator in muscular diastole.




154 Paolo Zamboni

AL ARG

Fig. 45:
DUPLEX DIAGNQOSIS:
The “T-VEIN” of the leg 2%?

Type Il shunt

Fig. 46: As far as
surgery is concerned it |
is impossible to treat
properly such clinical
case through a
traditional
phlebectomy micro-
incision.

Due to the overlapping
of the fascial layer and
the T termination a
flush ligation is
possible only through
a larger incision (1,5-2
cm), that allows a
careful exposure of
both saphenous vein
and AC2.
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CONCLUSIONS

At the conclusion of chapters 9 and 10, we would like to emphasize how pathological
venous networks are extremely variable, and how standardized surgery cannot be adequate to
all variants. We herein presented several paradigmatic cases, choose among the more frequent
situations in clinical practice, and demonstrated how venous surgery could be tailored and
coherent with preoperative duplex haemodynamics. The concept of Doppler guided surgery is
set against that of standardized classic or endovascular ablative surgery.

CHIVA aim is to restore venous drainage by restoring the hierarchical order of emptying
of the venous networks and suppressing points of reflux.

However, despite the variability of shunts presentation, CHIVA procedures can be
standardized taking into account the haemodynamic findings and their relative incidence as
follows:

CHIVA-TAILORED SURGERY

DUPLEX INDICATION PROCEDURE
« ANY SHUNT TYPE, COMPETENT CHIVAL1 shot without high tie: T flush
TERMINAL VALVE ligation-avulsion (case A, E, G). 45% in

clinical practice

* TYPE | SHUNT, CHIVAL shot: high tie and T flush
INCOMPETENT TERMINAL VALVE ligation-avulsion (case B, F). 25% in

clinical practice

* TYPE 111 SHUNT CHIVA2 steps: T flush ligation-
INCOMPETENT TERMINAL VALVE avulsion, followed by high tie 6-18

months later; or, if technically feasible
CHIVA 1 shot with valvulotomy (case B
appendix) . 25% of cases

* OTHER SINGLE SHOT CORRECTION a la carte

HAEMODYNAMIC Case C, D
PRESENTATIONS
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Chapter 11

THE CHIVA RESULTS

Paolo Zamboni
University of Ferrara, Italy.

Probably, a new method of treating varicose veins and CVD was never fully and longer
studied than the CHIVA strategy. Pathophysiologic changes induced by CHIVA procedures
are extremely interesting models of either venous haemodynamics or patho-physiology.

We can divide results of haemodynamic correction CHIVA in functional and clinical one.

A. FUNCTIONAL RESULTS

Venous function can be assessed invasively, by the means of duplex, ambulatory venous
pressure (AVP), and non invasively, by the means of photoplethysmography (PPG)-light
reflection reography (LRR), or air plethysmography (APG) (see chapter 8).

1. Duplex Scanning

One of the most debated point of the so called CHIVA 1 procedure is the reverse flow
downward the re-entry perforator obtained after high ligation (see chapter 10). Many
investigators considered it a reflux [108,211]. Postoperative duplex investigation in CHIVA 1
procedure demonstrates significantly different haemodynamic parameters of the reverse flow
without change of compartment as compared to preoperative reflux.

Particularly, peak systolic velocity (PSV), peak diastolic velocity (PDV) and resistance
index (RI) as an impedance parameter derived from the formula

Rl = PSV/PSV-PDV are significantly different (G. Tacconi, E. Menegatti personal
communication EVF Annual Meeting Barcellona 2008). Furthermore draining reverse flow
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corresponds to significant reduction of the cross sectional area of the GSV, which is in turn
correlated to reduction of venous volume (Figure 11.1).

-29.7 cm/s
62.3 cm/s
3.10

14.4 cm/s I

5.7 cmfs
.60

Figure 11.1. Top panel: preoperative reflux wave assessed 15 cm below the SFJ in type | shunt. Bottom
panel: draining reverse flow assessed in the same position 6 months after CHIVA 1 procedure. The
significant change in PSV PDV and Rl are indicated as Vsp, VTD, and IR respectively on the left side
of the Doppler trace of the top and bottom panel. Particularly, RI passed from 3.10 to 0.60 clearly
indicating the modification of flow impedance obtained by CHIVA 1 procedure. In addition the
dramatic reduction of the cross sectional area of the GSV are apparent by comparing the preoperative
saphenous eye image with that obtained postoperatively.

Therefore, reverse flow of drainage without change of compartment is observed also in
human physiology and is classified as shunt 0 (see chapter 5). In addition, the significance of
the draining reverse flow is testified by the relationship between it and the improvement of
functional parameters like AVP and APG described in the next paragraphs.

2. AVP (Ambulatory Venous Pressure)
The fall of venous pressure occurring with exercise represents the functional reserve of

the venous system of the lower limbs and closely correlates with the clinical class of CVD
[23,183,184]. It can be measured by the means of a needle transducer inserted into a foot
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vein, assessing the pressure at rest in standing (hydrostatic pressure), and after exercise
(usually 10 tip-toe movements). In addition, it permits to assess the refilling time RT, i.e. the
time to return from the minimal pressure value reached stopping the exercise to the initial
value in standing position (Figure 11.1). Parameters can be assessed also excluding the
superficial reflux by encircling the thigh with a tourniquet. Although some overlap exists
between AVP values obtained in either healthy or insufficient veins of the lower limbs, such a
measure is widely considered the gold standard in the evaluation of venous function.

Seventythree patients underwent preoperatively and 6 months postoperatively AVP
assessment by the means of classic puncture with a needle transducer of a foot vein, after a
CHIVA | procedure. CHIVA 1 contemplated SF disconnection plus flush ligation of the
tributaries at the saphenous trunk complemented by multiple stab avulsions (see chapter 10).
The preoperative value assessed after ten tip-toe exercise was 50.13+6.56 mmHg; it passed to
28.82+7.14 mmHg six months postoperatively. The difference between pre and postoperative
measurements was statistically significant using both Student 's t and Wilcoxon' s tests
(p<0.001) [270].

3. LRR (Light Reflection Reography)

The same group of 73 patients underwent to LRR evaluation preoperatively and 6 months
postoperatively. LRR and PPG are both non -invasive methods capable to give a rough
estimation of the calf muscular pump based on the slope of the curve obtained with tip-toe
exercise. More precisely both methods can assess refilling time non-invasively (Figure 11.1)
[19,214]. Refilling time measured preoperatively was 10.12+2.6 seconds. After CHIVA |
procedure was prolonged to 19.80+4.91seconds, confirming the finding measured by the
means of EVT (Figure 11.2). The difference between pre and postoperative measurements
was statistically significant using both Student 's t and Wilcoxon' s tests (p<0.001) [270].

4. APG (Air Plethysmography)

APG permits to extrapolate four parameters which investigate several aspect of venous
function [19,58,59]. Total Volume (TV), which is the amount of blood to be found in the
venous reservoir, and measures the change in volume (in ml air) produced by the 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
the 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) which is the rate of the reduction of TV after a single tip toe
movement. It reflects the calf muscular systole.

Residual Volume Fraction (RVF), the rate of reduction of TV obtainable after ten tip toe
movements. This index is linearly and significantly related to ambulatory venous pressure
measurement (Figure 11.3).
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Figure 11.2. Ambulatory Venous Pressure. Top panel: Normal Values P:Pressure. PAE: P after exercise
< 30mmHg , AP: PEA variation between a and b conditions. RT: refilling time after exercise , i.e. the
time necessary to return to the resting pressure, > 18 sec. Normal PAE drop and RT are due to normal
haemodynamics which allows the valvulomuscular pump to achieve the dynamic fractionation of the
hydrostatic pressure (DFHP). a:In the case( a) the spontaneous PAE is to high > 30 mmHg and RT too
short. b: A tourniquet at the proximal thigh corrects the values up to normal. Why? Because the
tourniquet closure of the superficial at the thigh restores the DFHP, pressing and so disconnecting a
superficial closed shunt probably due to a great saphenous reflux in that case. Bottom panel: The
preoperative value assessed after ten tip-toe exercise was 50.13+6.56 mmHg, passed to 28.82+7.14
mmHg six months postoperatively. Refilling time measured preoperatively was 10.12+2.6 seconds.
After CHIVA | procedure was prolonged to 19.80+4.91secondsThe difference between pre and
postoperative measurements was statistically significant using both Student 's t and Wilcoxon' s tests
(p<0.001).
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Figure 11.3. APG Trace. TV n.v. < 130ml; total volume of blood in the venous reservoir of the leg =
segment BC. VFI n.v. < 2 ml/sec; time for refilling of blood the leg passing from leg elevation to the
standing posture = BC/AC. EF n.v. > 55%TV; expelled volume with just one tip-toe exercise, systolic
ejection fraction of the calf pump = DE/BC %. RVF n.v. < 30%TV; residual volume in the venous
reservoir of the leg = GH/BC%.

APG examination was performed in all cases between 8 and 10 a.m. at the same
temperature (23C°), just before CHIVA was performed for correction of chronic venous
insufficiency.

Interestingly, APG were measured after simple disconnection of varicose tributaries from
the main saphenous trunk, the so called first step of CHIVA Il procedure (see chapter 10)
[252].

All air-gas plethysmographic parameters, with the exception of Ejection Fraction (EF),
significantly improved: Venous Volume (VV) changed from 150 ml + 9 to 119 + 6 and 114
ml + 7 after 1 and 6 months, respectively (p <0.0001), Venous Filling Index (VFI) from 4.9
ml/sec + 0.5 to 2.3 £0.2 both after 1 and 6 months, respectively (p <0.0001), and Residual
Volume Fraction (RVF) from 42 ml + 3 to 29.8 + 2 and 30.2 + 2 after 1 and 6 months,
respectively (p <0.0001).

In the graphics of Figure 11.4 and Figure 11.5 the improvement of VFI and RVF is well
apparent, so demonstrating that reflux in the GSV is firmly suppressed by the disconnection
of the TV containing the re-entry PV, just eliminating the gradient between the reflux point
(i.e. the SFJ) and the re-entry point in the deep veins.

Reflux doesn’t exist more until the reappearance of the gradient. Reflux did recur in 15%
of the patients in which a re-entry perforating vein newly developed. This time opening of the
perforator was found on the main GSV trunk.

Reflux elimination achieved by the elimination of the gradient determines significant
improvement in venous function, as assessed by means of APG, and it is not related to a false
finding measured by diplex scanning.
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Figure 11.4. VFI changes after 1st step CHIVA 2 PROCEDURE Eur. J. Vasc. Endovasc. Surg. 2001.
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Figure 11.5. RVF changes after 1st step CHIVA 2 PROCEDURE Eur. J. Vasc. Endovasc. Surg. 2001.

5. Long Term APG Assesment

Non invasive air gas plethysmography was used for assessment of changes in venous
function in a randomized study comparing CHIVA (CHIVA | and CHIVA | +ll) to
compression in course of active primary ulcers.

Parameters were assessed at the time of randomization and repeated six months and three
years later, respectively (Table ).

In the haemodynamic CHIVA group, all four parameters, with the exception of the
ejection fraction, significantly improved 6 months after the operation. However, after three
years, only Residual VVolume Fraction was found to be consistently corrected and significantly



The Chiva Results 163

improved. However, this is the more important parameter since correlates with AVP and
represents the net-volume of blood which remains stowed in the hold of the leg veins after
exercise [251].

Interestingly, RVF was found in pathological values only if SF recurrence occurred.

Table I. Pre and postoperative APG parameters assessed in the surgical group. Grey
cells describes postoperative parameters significantly different as compared to
preoperative assessment (p < 0.001)

APG assessment TV VFI EF RVF
Preoperative 170 + 54.6 6.7+34 48 £125 40£15.7
6 m. after surgery | 134+44.1 | 3.0%51 57.0+181 | 29+15.1

(-25%0) (-44%) -31%
3. after surgery 141+425 |535+2.03 |54.0+143 |[225+147
(-16%) (-5.92%) (+12%) -35%
Ulcer recurrence 1365+6.3 | 7.9+40 400+14.1 |[655+6.3
(+2%) (+21%) (-24.5%%) +14%

B. CLINICAL RESULTS

Clinical results were evaluated in several prospective long term studies, including a meta-
analysis which compared haemodynamic CHIVA to stripping [47,56]. More specifically, the
results for both stripping and CHIVA homogeneous data available in perspective studies,
have been classified by the same examiner into three groups, using Hobbs classification as
follows:
1. “Healed” — complete absence of visible varices. Results: stripping = 46%, CHIVA =
60%.

2. “Improved” — residual or newly formed varices visible, but of slight clinical
importance. Results: stripping = 45%, CHIVA = 39%.

3. “Unchanged” — complete recurrence of varicosities. Results: stripping = 9%, CHIVA
= 1%.

After statistical analysis, using the Pearson test with Bonferroni’s modification, the
results of CHIVA therapy at the 3-year follow-up point were better than those obtained from
the stripping procedure at the same follow-up point (P <0.001).

Clinical results are usually evaluated by the means of Hobbs score. The assessment in
CHIVA evaluation was performed by an independent assessor who had not been involved in
previous surgical decision making and operative procedure. Hobbs score is measured
according to the following criteria [47,56,131,132,140]:

Objective Assessment:

-class A: no visible and palpable varicose veins
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-class B: a few visible and palpable varicose veins with diameter <5 mm

-class C: remaining or newly formed varicose veins with diameter > 5 mm

-class D: insufficient main trunks and perforator

In addition, functional and cosmetic results were self-assessed by the patients, at the time
of the last examination in Hospital, using a simple analogue scale well explained by the
indipendent assessor to the patients theirselves:

Subjective Assessment:

-class A: no inconvenience

-class B: slight functional or cosmetic imperfection, but satisfaction with the result

-class C: appreciable functional or cosmetical failure; improvement but dissatisfaction
with the result

-class D: unaltered or increased inconvenience

The four classes, both subjectively and objectively assessed, were divided in accord with
the preoperative hemodynamic pattern (Shunt 1 or Ill) and tested for significance by chi
squared test.

Hobbs score was measured in 186 consecutive haemodynamic correction CHIVA |
procedure with 72 months of mean follow-up. CHIVA | procedure was applied in all cases
irrespectively of the type of shunt.

Overall saphenous vein patency recorded was 94%, with a mean diameter measured at
mid thigh of 4.6 mm as compared to 6.2 mm recorded preoperatively. When patency was
demonstrated the saphenous flow was reversed and with low velocity.

Total recurrences/residual varicose veins registered were 11%, 8% for Shunt | and 16 %
for Shunt 111, respectively.

Symptoms improved in 97% of cases, no-ulcer recurrences were observed in the out-
come of the 19 patients in pre-operative clinical class 5 or 6.

Hobbs score: These results are also summarized in Table Il. Better results obtained with
this technique in patients with Type | Shunt as compared to those objectively and subjectively
assessed in Type Il Shunt are statistically significant (chi squared=22.144, p<0.0001).
However, overall evaluation of the technique demonstrated 84% of patients in class A, 11%
in class B, 4% in class C and 1% in D (chi squared p<0.0001).

This study was really important since demonstrated successful the application of CHIVA
I procedure mainly in patients with the out-let of the re-entry perforator on the GSV (Shunt I)
(Table 11): 92% of disappearance of varicose veins, 99% of saphenous vein patency and when
the functional and cosmetic result were subjectively and objectively assessed, we registered
excellent and good results (Class A and B of the scale) in 98% and 94% of the cases,
respectively.

This finding is not surprising and previous clinical reports of CHIVA technique showed
satisfactory results for Type | Shunt but deluding cosmetic results for persistent or recurrent
varicose veins in the Type Il Shunt, the Achille's heel of the CHIVA theory prior of the
introduction of CHIVA in two steps.
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Such a results analysis led to consider alternative haemodynamic procedure for type il
shunt, which was investigated in a further tailored study.

Table I1. Results in chiva 1 group; Mean follow-up 72 monts

Type 11 Type 11 Type I TOTAL
Type | SHUNT SHUNT SHUNT SHUNT
with without “short
re-entry re-entry or deep”
VARICOSE
VEINS 172/186 92% 16/27 59% 81/92 87% 32/3591% 89%
DISAPPEARANCE
VARICOSE
VEINS REDUCTION
WITH
EXERCISE 9/186 5% 8/27 30% 4/92 4% 2/35 6% 7%
REFLUX SITE:
Sapheno-Femoral 2/186 1% 1/27 4% 3/92 3% 1/35 3% 2%
Perforators 6/186 3% 1/27 4% 6/92 7% 1/35 3% 4%
Sapheno/Tributar 6/186 3% 27/27 100% 2/92 2% 3/35 9% 11%
SAPHENOUS VEIN
PATENCY 184/186 99% 27/27 100% 74/92 80% 35/35 100% 94%
SAPHENOUS
VEIN 2/186 1% 0/27 0% 18/92 20% 0/35 0% 6%
THROMBOSIS
SYMPTOMS
IMPROVEMENT 183/186 98% 27/27 100% 84/92 91% 35/35 100% 97%
SUBJECT.EVAL*
Class A 162/186 87% 8/27 30% 74/92 80% 30/35 86% 81%
Class B 21/186 11% 16/27 59% 14/92 15% 3/35 9% 16%
Class C 2/186 1% 2127 7% 3/92 3% 2/35 6% 3%
Class D 1/186 1% 1/27 4% 2/92 2% 0/35 0% 1%
OBJECT. EVAL.*
Class A 172/186 92% 16/27 59% 81/92 87% 32/35 91% 89%
Class B 4/186 2% 3/27 11% 5/92 1% 4/35 11% 5%
Class C 6/186 3% 7127 26% 3/92 1% 1/35 3% 4%
Class D 2/186 1% 1/27 4% 3/92 1% 0/35 0% 2%

Table 111. Hobbs score after first step CHIVA Il procedure at 18 months F-up

SUBJECTIVE EVALUATION

Class A 35 pts 87.5%
Class B 5 pts 12.5%
Class C 0 pts 0%
Class D 0 pts 0%
OBJECTIVE EVALUATION

Class A 35 pts 87.5%
Class B 5 pts 12.5%
Class C 0 pts 0%
Class D 0 pts 0%
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CLINICAL RESULTS OF CHIVA IN TWO STEPS PROCEDURE

40 limbs in 40 patients (26 female, 14 male mean age 52 y.0.) with demonstrated duplex
incompetence both of the sapheno-femoral junction (SFJ) and the main GSV trunk with the
re-entry perforator located on a tributary [252].

A preoperative skin map was obtained by duplex in order to identify the point where the
superficial tributary had to be interrupted. This point correponds to the origin of the varicose
TV from the GSV (see chapter 9-10).

All operations were performed under local anaesthesia and consisted in the disconnection
of the origin of the TV containing the "re-entry” PV from the main trunk of the GSV. It is
mandatory to perform a technically perfect flush ligation on the GSV trunk in order to firmly
transform the refluent GSV into a GSV with a forward flow during muscular contraction, but
no Doppler-detectable reverse flow during muscular relaxation. The proximal tract of the
dilated TV was avulsed through multiple mini-incision technique, sparing the segment
immediately above the re-entry PV opening.

Patients were discharged hours after surgery with elastic stockings exerting 20-30 mmHg
of pressure at the ankle.

Objective and subjective assessment by using the Hobbs score of the surgical results
through the records of the independent assessor are showed in table Ill.

In all cases after 1 month from the operation duplex investigation demonstrated a GSV
with a forward flow during muscular contraction, but no reflux during muscular relaxation.
Neither insufficient TV nor PV along the GSV were found.

After 6 months 34 patients maintained such a result. In contrast, six patients (15%)
presented with an asymptomatic reflux in the GSV. In these 6 patients, at duplex scanning,
the main difference, as compared to the pre-operative examination was the presence of a re-
entry PV on the main GSV trunk. No insufficient TV were found in all cases.

CLINICAL RESULTS OF CHIVA IN PRIMARY VENOUS ULCERS

Haemodynamic CHIVA procedure was further evaluated in a randomized study
comparing CHIVA to compression in the treatment of primary venous ulcers [251].

Surgery, in local anaesthesia, consisted in high-ligation complemented by proximal
avulsion of the insufficient tributaries (Type | presentation), or in flush ligation and division
from the GSV of the insufficient tributaries (Type Il presentation).

Patients began to walk 1 hour after the procedure with the ulcer covered by advanced
dressing and wearing an elastic stocking exerting 20-30 mmHg of ankle pressure. Patients
were discharged within 3 hours and were seen twice a week the first week, and subsequently
weekly till the ulcer was healed. Patient follow-up examination occurred every six months
along a period of 3 years [24,25].

The difference in ulcer area between the conservative and the CHIVA group, 11 cm2 (3-
12) and 10 cm2 (2,6-11,8), respectively, was not significant.
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The healing rate was 96% in a period of 63 days (21-180) in the compression group as
compared to 100% in 31 days (17-53) recorded in the CHIVA group. No significant
difference was demonstrated concerning the rate of healing. However, there was a highly
significant (p<0.005) difference in the healing time between the two groups.

Finally, ulcer did recur in 9 cases in the compression group along the follow-up (38%)
and in 2 cases in the surgical group (9%). The difference is statistically significant (p < 0.05).
Recurrence analysis by the survivor function of the Kaplan-Meyer estimation is given in
Figure 11.6; a significantly better out-come has been demonstrated in the surgical group:
p<0.02.

KAPLAN-MEIER ESTIMATION
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Figure 11.6. Survivor function illustrating ulcer recurrence according to treatment. The better outcome
of patients who underwent CHIVA surgery is well apparent.

Ulcer recurrences occurred in two cases as above described. The first case was related to
sapheno-femoral recurrence, whereas the second one to further development of a sapheno-
popliteal reflux.

Two patients (29%) showed a saphenous reflux after 6 and 30 months, respectively,
following the first step procedures for type Il hemodynamic presentation: the occurrence of
the development of a new re-entry perforator located on the GSV is well established, as above
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reported. In these two cases we performed the second surgical step, represented by high
ligation.

QUALITY OF LIFE ASSESMENT
In the same study, SF36 quality of life questionnaire was evaluated. Before interventions

no significant differences were found out in the score of the SF-36 questionnaire between the
CHIVA and the compression [251].
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Figure 11.7. Median score differences (end of observation-baseline) are shown for the 8 domains
explored by the SF 36 questionnaire. *P<0.05 comparing baseline to end of treatment values, &
P<0.05 comparing surgery vs compression. PF= Physical functioning, RP= Role-physical limitation,
BP= Bodily pain, GH= General health, VT= Vitality, SF= Social functioning, RE= Role-emotional
limitation, MH= Mental health.

RANDOMIZED CONTROLLED TRIALS

Stripping procedure is the gold standard in CVD treatment since demonstrated in several
RCT to be superior to either sclerotherapy, or high ligation alone, whereas there were no
randomised studies assessing in a long-term period the value of conventional stripping versus
other surgical procedures [56].

For such a reason, 150 patients affected by CVI, CEAP clinical class 2-6, were
randomised to stripping or to CHIVA, preceded by pre-operative Duplex mapping. End-
points were: objective and subjective results assessed by the means of the Hobbs score
(Hobbs score ranges from 1 to 4,with 4 representing the worst result), either by an
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independent assessor or by the patients at their own control, respectively; rate of recurrences
assessed both by physical and duplex examinations in both groups.

Mean follow-up lasted 10 years, 26 patients were lost, resulting in 54 patients (32
females, and 22 males) in the stripping group, and in 70 patients (59 females, and 11 males)
in the CHIVA one. Subjective Hobbs score was not statistically different in both groups. On
the contrary, objective assessment resulted significantly better in the CHIVA group (1.94
+0.09 vs 2.24+0.12, P<0.038). Varicose veins recurrence rate was significantly higher in the
stripping group as compared to CHIVA (18% and 35%, respectively, P<0.04), without
significant differences in the rate of recurrences from the sapheno-femoral junction.

This study demonstrates that varicose veins more easily recur along time in the Stripping
group. Since, no significant differences were found in recurrences from the sapheno-femoral
junction, such result could be speculatively related to the presence of a draining saphenous
system in the CHIVA group.

At 3 years follow-up the differences above reported were not significant in this and in
other RCT, comparing the 2 techniques (Figure 11.8).
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Figure 11.8. This figure shows the survival curve of recurrences at 3.y No significant differences were
found between the two techniques at 3 years. In the stripping group the recurrences were caused by
pattern # 1,2,3. To the contrary, in the CHIVA group were caused by pattern # 1 and 4 (see Fig.11.10).

In contrast, along the period 3-10 years the different recurrence rate in the two groups
becomes well apparent and significant, Mantel test P= 0.004, Tarone test P=0.007, and
Breslow test P=0.014. It is noteworthy that, between 3-10 years, in the stripping group the
recurrences were caused exclusively by pattern # 5, whereas in the CHIVA patients they were
attributable to pattern # 4 (Figure 11.9).

The varicose veins recurrence rate was significantly higher in the stripping group
(CHIVA 18%; stripping 35%, P<0.04), without significant differences in the rate of
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recurrences from the sapheno-femoral junction. The associated risk of recurrence at ten years
is increased of more than two times in the stripping group (OR 2.2, 95% CI 1-5, P=0.04).

This RCT demonstrates that varicose veins more easily recur along time in the stripping
group. Since, no significant differences were found in recurrences from the sapheno-femoral
junction, such result could be speculatively related to the presence of a draining saphenous
system in the CHIVA group.
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Figure 11.9. Along the period 3-10 years the different recurrence rate in the two groups becomes more
and more evident and significant. It is noteworthy that, between 3-10 years, in the stripping group the

recurrences were caused exclusively by pattern # 5, whereas in the CHIVA patients they were referred
again to new pattern # 4 (see Fig 11.10).

Duplex analysis of the pattern of recurrence is particularly interesting (Figure 11.10). We
identified five different haemodynamic patterns of recurrences, differently distributed in the
two treatment groups. The presence of combined patterns was the rule in the stripping group,
while in the CHIVA group a single pattern of recurrence was more common.

1) Type 1 recurrence consists of sapheno-femoral recurrence. We found 2 patients out

of 70 corresponding to 2.9% in the CHIVA group, and 3 patients out of 54,
corresponding to 5.5 % in the stripping group (NS Student's t test).
2) Type 2 recurrence: consists of reflux coming from the pelvis, through a venous
pathway located or in the groin or the perineum, with no associated sapheno-femoral
reflux (21). This was present in 1/70 pts, 1.4 % in the CHIVA group vs 2/54 pts, 3.7
% in the Stripping group, NS (Student's t test).

3) Type 3 recurrence: consists of duplex ultrasound evidence of incompetent thigh
perforators not present at the time of the first procedure. This development was not
found after ten years in the CHIVA patients (0/70 pts, 0%); while in the Stripping
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group we have seen 4 patients out of 54 with this pattern (P value NS, Student's t
test).

4) Type 4 recurrence: comprises reflux from the proximal saphenous vein (thigh
section) to a varicose tributary. This was only found in the CHIVA group and it is
typical of the saphenous vein sparing surgery (13/70 pts., 18.5 % in the CHIVA
group vs 0/54 pts, 0% in the stripping group with P value <0.01, Student's t test).

5) Type 5 recurrence: consists of recurrences from varicose veins greater than 5 mm
without any demonstrable escape points or change of compartments. This
haemodynamic pattern, in contrast to the previous 4 patterns, is exclusive to the
stripping patients and not found in the CHIVA group (0/70 pts, 0% in the CHIVA
group vs 12/54 pts, 22% in the stripping group; P<0.01, Student's t test). All the

Duplex results with pattern of reflux in each group are given in figure 11.10.
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Figure 11.10. Pattern of recurrences after 10 years. Patterns of recurrences find respectively in the
CHIVA and stripping group; number of cases and relative rate are reported. Type 1 compares SF
recurrences; type 2 recurrences feed by pelvic reflux; type 3 recurrences from perforators. Type 4
reports recurrences due to reflux from the GSV toward a varicose tributary; type 5 varicose veins
greater than 0.5 cm in the absence of any detectable reflux point. The last section of the figure
summarized total number of patients with recurrences, and the relative rate in both groups.

The main difference between the two groups after 10 years, is the 22% of newly formed
varicose veins found in the stripping group, without any detectable reflux point. We believe
that this type of recurrence is attributable to the lack of a draining saphenous system [66]. The
maintenance of drainage seems to be a decisive factor in avoiding neo-angiogenesis after
varicose vein surgery. This observation is confirmed when CHIVA treatment is not correctly
performed leading to post-operative GSV thrombosis and occlusion. A non-draining GSV,
despite conservative surgery, increases the number of recurrences in comparison to draining
GSV systems [45,47,55,270].
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Chapter 12

THE FALSE PROBLEM OF PERFORATORS

Paolo Zamboni
University of Ferrara, Italy.

Perforators in primary CVD are widely considered as an enemy to fight. The original sin
is probably due to the general misinterpretation of the classic article written by Frank Cockett
on The Lancet [60]. Such hypothesis was that venous hypertension, transmitted to the
cutaneous tissue by perforators, in turn causes venous ulcers. The “blow-out” hypothesis was
mainly referred to the post-thrombotic legs. In such a condition, outward flow during
muscular diastole may occur in the distal leg perforators determining the microcirculatory
overload which, in turn, leads to the cascade of events typical of secondary CVD. However,
most surgeons were fascinated by the Cockett vision and, despite the fact that it was not
supported by relevant scientific data, the era of perforator veins surgery began.

Every severe case of CVD was referred to as the ankle “blow-out” syndrome without any
distinction being drawn between a primary and a secondary aetiology in perforating veins
incompetence, characterized by opposite patho-physiology, yet.

Previous as well as further scientific data were completely forgotten: the former was
simply the Perthes test, a fantastic live-demonstration that, by eliminating superficial reflux,
the blood flows down-ward and therefore in-ward to the competent deep veins through the
perforators (Figure 12.1).

The latter was the studies of Bjordal, who used electromagnetic flow-metry, and
demonstrated that in-ward flow occurred in the distal perforators during exercise in patients
with primary CVD (Figure 12.2) [26-30].

The Cockett theory spread by several surgical schools was applied to both primary and
post-thrombotic CVD, and, on the basis of my personal discussion with colleagues around the
world, I can report that the majority of SEPS surgeons have never read the article in question.
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Figure 12.1. Perthes test is a reproducible demonstration of the haemodynamic dependence of distal
perforators from superficial reflux. Here is an example of varicose superficial vein related to a closed
shunt where E is the refluxing escape point through which the deep blood flows out, then downwards
through the superficial incompetent varicose vein, then inward through the re-entry perforator R and
then turns back into the deep network. This event occurs only during the valvulo-muscular pump
(VMP) diastole because of the valve incompetence (escape point, shunting vein) associated with
diastolic reversion of the gradient of pressure. So a flow reversion needs necessarily a valve
incompetence AND pressure gradient reversion. When the re-entry perforator is incompetent,
retrograde flow can occur only in case of reverse pressure gradient. The Net-flow concept is related to
the rate of in-flow and out-flow in bi-directional perforator during stress tests. A: Despite its good
condition, the valvulo-muscular pump activated by walk is not powerful enough to narrow the dilate
vein of the refluxes the deep blood reclosed shunt. The cause is not into the deep veins through the re-
entry perforator R because it is overloaded by thigher pressure to the lower (diastolic reflux fed by the
deep veins through the escape point E. B: When the tourniquet presses at the escape point , the diastolic
reflux is eliminated and so, the valvulo-muscullar pump power can empty the varicose vein anymore in
closed shunt . C: When VMP is impaired and so unable to reverse enough the diastolic pressure
gradient (deep venous incompetence or obstacle or muscular inefficiency) the varicose vein doesn’t
narrow because the net-flow is unfavourable.

During the eighties, Kevin Burnand reported poor results of perforating vein ablation in
post thrombotic limbs with ulceration, but the majority of surgeons still continued think them
as an enemy. The recent development of SEPS technological and minimal invasive surgery
increased perforating ablation throughout the world [115,138,235].

It has been demonstrated by Elfstrom [89] that ablative surgery of the perforating veins
significantly reduces the venous drainage of the leg. Illig, unintentionally, demonstrated the
same by the means of PPG after SEPS procedures (Figure 12.3) [138,256].

However, despite his poor clinical and PPG results, he stated that PPG is not the best way
of assessing SEPS haemodynamic results. The fact that he fails to discuss the poor results of
the SEPS procedure and criticizes instead the methodology for assessing the operation
indicates the great and unshakable faith of most surgeons in perforating ablation.
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Figure 12.2. Objective measurement of positive NET FLOW in distal perforators by the means of
electromagnetic flow-metry [282]. The prevalence of in-ward flow during muscular diastole determines
the fall of ambulatory venous pressure (modified from Bjordal).
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Figure 12.3. Haemodynamic results of indiscriminate avulsion of terminal perforators demonstrate
worsening of venous drainage: In the top panel, by the unchanged expelled volume (EV) after the
operation (mod. From Elfstrom), and in the bottom panel by the flat curve of PPG (mod. from lllig).

And yet, every day in our vascular lab, Duplex scanning in primary cases demonstrates a
bi-directional flow in the Cockett veins with a permanent in-ward flow during muscular
diastole! (Figure 12.4).
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diastole

Figure 12.4. The great misunderstanding is the equivalence of perforating veins exhibiting a bi-
directional flow with insufficient perforating veins. In primary cases, bi-directional distal perforators
show an in-ward flow in muscular diastole with a positive net-flow. A) Duplex trace of a Cockett
perforator with the in ward direction at muscular relaxation; B) Blue colour of re-entry at muscular
relaxation in a bi-trunk Shermann perforator with the opening on the saphenous vein.

Surprisingly, this finding is considered pathological by many investigators, despite the
“net profit” proven both by the Perthes test and electromagnetic flow-metry. In my opinion, it
is incorrect to consider insufficient those perforator veins that exhibit bi-directional flow
without a critical evaluation of their haemodynamic significance in the context of an
insufficient saphenous system. No distinction is made between perforating veins with regards
to the flow direction during calf muscular contraction or relaxation [70].

Coleridge Smith has reported that bi-directional flow is commonly found in the distal
perforators of normal subjects and therefore cannot be considered diagnostic of insufficiency
[212].

Such criteria create many limitations, doubts and probably errors both in investigating
and in operating.

Furthermore, the standards adopted for duplex assessment of perforator reflux does not
permit the identification of re-entry perforators and/or perforators with prevalent in-ward
flow, even if bi-directional. These vessels in certain limbs are useful for drainage and cannot
be more considered pathological perforating veins. This is the reason of the reduction of
venous drainage after perforating veins surgery (Figure 12.4). Careful assessment by colour
Doppler of in ward flow during muscular diastole could identify useful pathways for the
venous drainage from the lower extremities.

In my opinion, the third element of misconception of the role of perforating veins are
studies showing that incompetent perforating veins are associated with recurrent varicose
veins.
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Such a finding is certainly not surprising. Ablative surgery causes removal of the natural
basin of superficial blood collection (saphenous vein) and of its drainage pathways. Residual
veins need to drain blood and a gradient guides the flow inward through perforating veins.
Thus, the increased number of perforating veins are not a cause but instead a consequence of
the new hemodynamic and pathophysiologic scene. This occurs some years after a stripping
procedure, even when it is technically correct (see long term results after stripping chapter
11).

Finally, an important element of the perforating veins misconception in primary cases can
be brought back to the use of phlebography in clinical practice, of course widely utilized in
the pre-ultrasounds medical era. Unfortunately, phlebography doesn’t provide any
information about blood flow direction in the perforating veins during muscular
contraction/relaxation, but just static, sometimes impressive, images of the vein system. In
static conditions the valves are open and the blood distribution in the veins regularly occurs
by reason of the principle of communicating vessels.

1. INCOMPETENT PERFORATORS:
TERMINAL, NON-TERMINAL AND TERMINALIZED

Within the field of ‘private circulations’, or venous shunt in primary cases, by the means
of duplex we can detect perforators exhibiting a bi-directional flow, usually considered
insufficient.

Muscular \ £ . 8 RN Muscular
Systole/ \ Systole/
Diastole Diastole

A

Figure 12.5. Proximal perforators are more likely to show out-ward flow in muscular diastole, and are
usually defined non-terminal perforators (panel A, top trace). In contrast, in primary cases, distal or
terminal perforators demonstrate out- ward flow in systole and in-ward flow in diastole (panel A,
bottom trace), or just in-ward flow (panel B).
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Further analysis of flow direction in muscular systole and diastole, allows distinction in
two categories [49]:
a) “Terminal” incompetent perforators or those in the “terminal zone,” that is, located
in the most distal part of the ‘private circulation” and representing natural re-entry
points (Figure 12.5);

b) “Non-terminal” incompetent perforators or those located along the pathway of the
‘private circulation’ (Figure 12.5);

During muscle contraction the majority of the incompetent perforators aspirates blood
from the superficial circulation to the deep circulation (Figure 12.6), while a minority
produces systolic reflux; this however can be observed mainly in the terminal zone, due to
sudden acceleration applied distally to the deep veins by the calf contraction (Figure 12.5
panel A, bottom). During muscle relaxation the incompetent perforators in the terminal zone
aspirate blood from the superficial circulation to the deep circulation. It is important to note,
however, that perforators producing a systolic reflux (those in the terminal zone) are
“compensating for” primary varices since the bias between rates of systolic reflux and
diastolic re-entry is weighted in favour of the re-entry rate, as Bjordal has shown. Such
perforators therefore are incompetent but “sufficient,” i.e., functionally compensatory.

Muscular|{
Systole

DEEP VEIN

Figure 12.6. Muscular contraction applies more energy to deep veins as compared to superficial one
resulting in increased Doppler flow velocity. According to Bernoulli law and Venturi effect (see Pitot’s
tubes) this contributes to the aspiration of blood from the superficial to-ward the deep veins in proximal
perforators and/or junction level during muscular contraction. The consequent drop in lateral pressure
in the deep veins determines an in-ward flow at muscular contraction (Bernoulli Law).
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We found this pattern in the vast majority of perforating veins investigated by duplex. In
primary cases, exactly 2200/2337 (94,1%) perforators demonstrated an in-ward flow in
muscular diastole, and were prevalently located in the Cockett and paratibial groups.

Non-terminal incompetent perforators, on the other hand, may demonstrate diastolic
reflux from the deep circulation to the superficial circulation as one progresses from the
terminal zone; this is promoted by a pressure gradient from deep level to surface level. This
gradient is evidently related to the increased diastolic velocity of the superficial reflux and the
consequent drop in lateral pressure on the superficial side by reason of the Bernouilli
principle and Venturi effect. The diastolic reflux from the non-terminal perforator supplies
the secondary reflux from the incompetent perforator. In our survey we found this pattern in
137/2337 (5.9%) perforators with an out-ward flow in muscular diastole, prevalently located
in at the thigh.

Compression below the non-terminal perforator interrupts the secondary ‘private
circulation’ and causes the diastolic reflux to disappear. This procedure also helps to
demonstrate the flow inversion in diastole from surface level to deep level, just as with the
terminal perforators.

This phenomenon has been called “terminalization” of the perforating veins. From a
physics perspective, it is the result of reduced diastolic velocity of the primary reflux and of
decreased compliance, which in turn is due to the reduced rate of output from the system. The
result of both of these events is an increase in superficial lateral pressure, which inverts the
gradient that favors aspiration of blood toward the deep circulation (see chapter 1).

Since the perforator terminalization phenomenon reduces the height of the hydrostatic
column as well as the compliance of the system, while increases the superficial lateral
pressure. Such change of haemodynamic forces automatically limits the degree of systolic
reflux and restores balance to the flow of blood between the two systems (Figure 12.7).

Muscular \ 2
Diastole

S & Muscular
| Diastole



180 Paolo Zamboni

Figure 12.7. Terminalization Phenomenon of an incompetent Hunter perforator, with evident reflux in
E2. In b, finger compression below the superficial outlet, by modifying the haemodynamic forces,
determines in-ward flow in diastole.

It is important to note that some non-terminal perforators stop refluxing in diastole (at
least at a velocity that is detectable on Doppler) simply by reduction of the velocity of the
retrograde flow on the surface; this happens when a primary reflux point (for example at the
sapheno-femoral junction) is closed and the system is transformed from a refluxing system to
an outflow system. Evidence of this may be found by observing the hemodynamics of a
perforator after application of manual pressure to the primary reflux point (generally assumed
to be the saphenofemoral junction) or by compressing a refluxing saphenous trunk.

A terminal or terminalized perforator should be considered as a hemodynamically valid
re-entry whenever drainage of the system through the perforator is detected during the
relaxation stage.

From the diagnostic perspective, emptying may be obtained either by a compression-
release procedure or by a sway test with the patient standing. Achievement of drainage can be
verified either directly by placing the pulsed Doppler sample volume within the perforator or
indirectly by detecting a retrograde flow in the vessel longitudinally connected directly or
indirectly to the perforator. In this latter case, of course, incompetent tributaries located above
the targeted perforator should be excluded by finger compression in order to avoid the effects
of other re-entry’s upon the retrograde flow in the vessel in question.
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