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FOREWORD 1

When Claude asked me to write the foreword for his new b&IKNOUS INSUFFICIENCY OF

THE PELVIS AND LOWEKRREMITIESelthonouredbut also humbled, since | am not a

bona fide hemodynamiasxpert with enough knowledge to interpret CHIVA (Cure

/| 2y aSNBDFGNAOS SiG | SY2ReyYylFYAldzS RS fQlLyadzFFAa
properly to compare them with traditional principles. At the beginning, | hesitated because |

am aplain clinician®@2 Qa RSRAOIGSR Iy SyGiANB OFNSSNI G2
vascular surgery, mostly to arterial surgery, with fairly limited knowledge in venous
surgery/hemodynamias barely enough to handle venous malformation as my recent

specialty.

Butld a2 FStd tA1S L O2dzZ R IALBS |y dzyoAlaSR |y
CHIVA. That is because | am known to be one of the onhpramtitionersof CHIVA among

the vascular surgeons on both sides of &kiéantic buthave led its thoroughaview through

the IUP Consensus on venous hemodynamics of the lower extremity.

Indeed, when Claude introduced CHIVA in 1988, such a fresh interpretation of venous
hemodynamics was regarded as a heretical view challenging the traditional venous
hemodynamiaoncept. It has received an unfairly hostile reaction from many colleagues all
over the world based on their prejudice, despite evidence validating its rationale in 120
publications, including observational, randomized studies and Cochrane Reviews.

Hencewhen the IUP executive committee offered us the opportunity to organize this long
overdue consensus on venous hemodynamics of the lower extremity, we were determined
to include the controversial CHIVA concept.

Despite it takindgour years for us to compte the consensus, clarifying every item of

controversy among the CHIVA principles, we were finally able to prove its\&gigcted

value. We gave credit to CHIVA as one of the fully established concepts of hemodynamic
rationale for pathophysiologyiagnasis,F Y R G NBI 0 YSy i R2OGNDey Sz f A
Motu Cordiswhich Claude has quoted in his book.

So, | greatly enjoyed every chaptendENOUS INSUFFICIENCY OF THE PELVIS AND LOWER
EXTREMITIESspecially in how it clarifies fluid mechanics forcudar specialists so they can
achieve a proper understanding of hemodynamié¢sndamental to vascular functiomsand
improve their clinical care. The historical review piece, in particular, is phenomenal as the
highlight of this manuscript. Various laws aeglations of fluid mechanics were also well
articulated in easyo-understand language, together with their venous hemodynamic

effects, so | appreciate the ability of this book to explain venous hemodynamics as a whole.

L Ffaz2 akKl NB aveihndzers saphenousiéihs ffom unBecessary sacrifice
during contemporary varicose vein care through the proper application of CHIVA principles
such as the saphenous vein salvage campaign.



Most physicians vaguely recognize the value of the saphenousseaine of the graft

materials used for coronary bypass, but not many know this autologous vein has been the
free (vascular) graft of choice and still remains essential for all bypass surgeries. In the old
days, when open surgery was still the first chdmehandling vascular cases in particular, all
surgical trainees who encountered invasive trauma were taught to include both-doown

upper legs/thighs for scrubbing, just in case the saphenous veins could be used as vascular
graft material to repair danaged vessels.

bl GdzNF tfe> ¢S 020K 3ISYSNIt 2N @I &a0dzZ | NI adzNH
unique value, as well as its role as the gold standard; no othermmae materials could

compete for vascular repair for decades. But this unshikéact was slowly eroded through

the last three decades and abandoned by methodical brainwashing, often facilitated by the

AY Rdza G NB = (i krhade nmaterlaligrafSisas godd-ay; if not better than, natural

BSAY YFOGSNRARIFIfZ¢é gKAOK Aa dzitSNIie gNRy3IO

Besides, since the era of endovascular surgery began three decades ago, taking over the
traditional leading role of open surgery, many lost interests in this saphenous vein, no longer
considering it as the benchmadk vascular graft. Also, unfortunatelguring the same era, a

new health agenda emerged. The increased knowledge and interest in venous
KSY2Reéyl YA04 ARSYGATASR GNBTFfdzE o0& @Syzdza gl
veins, which hampered the quality of life.

This newly establisltethemodynamic concept accusing the reflux, along with the
simultaneous introduction of the endovascular ablation device by the industry, facilitated an
overly casual approach to varicose veins, with no second thought for its priceless value as a
vascular gaft. Even symptomless varicose veins were removed by some clinicians with no
hesitation.

Should you look back through history, such a supposedly heretical hemodynamic
interpretation is quite a timely blessing, warning against the current abuse of \aluab
saphenous veins under the rationale of supposedly improving quality of life hampered by
varicose veins.

YR L OFyQl KStL) odzi | ANBS @gU6srKnDa Mot Cortisy Sy G 2
OMCHYOX GKAOK /[ f I dzRS 1 A yoRck SowraskikedNdeep itshrgbt, KA & 0 2
FYR NBaLISOG F2NJ IyhAljdAaide AyTFitdsSyoSa |ff YSy

All the best,
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FOREWORD 2

This book was conceived as a comprehensive overview on the clinical management of
chronic venous disease of the lower limbs and the pelvis, designed to fill what Claude
Franceschi believed to be a void in the current medical consideration about this very
widespread disease. Perhaps it is true that the prefaces are not read, however

| wrote withhonourand pleasure because the world expert and international authority,
Claude Franceschi, compiled a wi@d@ging yet easy to read textb& with ten chapters and
plenty of line drawings andolourillustrations to guide us through a not easy new concepts
and a different procedure in this field compared to the past. In few words, this is a
recommendablesducational path

Strange story thaof the conceptual innovation brought to venous pathology: brilliantly
published by Claude Franceschi with a completely captivating originality in 1988, it found an
immediate positive response through many media, particularly in Italy, and equally among
patients who saw a simplification in the treatment of their "varicose veins". However, the
time was not ready to undertake a change in the clinical and instrumental paradigm so
deeply rooted in a hemodynamic field difficult to study as that of the venouslation of

the lower extremities. All the more so for a pathologthe varicose veins, in reality only a

part of a much more complex chronic venous diseasensidered between clinically benign

or simply aesthetic for many others. It should not be fotgotthat most surgical

interventions are still performed today mainly by general surgeons anchored to the lesson of
the past, namely stripping in its different propositions; or by doctors of various specialties
such as dermatologists, angioradiologistsstaetic doctors, and not always by vascular
surgeons. This book, or betteducational pathas | personally consider it, does not want to

be directed only to those who already master these hemodynamic concepts, but above all to
those who have training, peonal experience and valid results with their own "traditional”
vision of venous circulation based on concepts that imposed themselves starting from the
years 19041907 for over a century. Bulearning is like rowing upstream: the moment you
stop, you gdackwards, so goes an old Chinese saying. It is probably in the lack of study of
physics that doctors in general and even the vascular doctor still today can have gray areas
of interpretation of the physiological and pathological phenomena underlyingvhae tree

of circulation, starting from the misunderstanding of a venous circulation much more
complex than the arterial and lymphatic one. Welcome to Claude Franceschi's lecture on the
importance of fluid mechanics studies the behavior of fluids andrternal forces

associated with them.

FOREWORD 3



Primary varicose veins of the lower extremities are the most frequent disease of venous and vascular
pathology. Their prevalence is around 20% of the population. Primary varicose veins are usually a
benign disease, although complications may occur. It is curious, however, that this process has been
predominantly considered from a morphological, if not merely aesthetic, point of view.

Based on this morphological conception, priority has been givére&aments based on a

destructive strategy. Various techniques have been used: surgery (stripping, phlebectomies), physical
techniques based on heat (laser, radiofrequency), based on cold (cryosclerosis), chemical techniques
(sclerosis with or without foas), etc. In other words, almost everything that can be used for the

direct elimination of varicose veins has been used. Industry has contributed to this situation by
creating more and more glamorous and sophisticated devices that have been advertisaddsdo

and patients. It has mattered little to them that the massive destruction of the superficial venous
system, including the saphenous veins, has deprived patients of important elements for the venous
drainage, or of precious autogenous material for el vital coronary and vascular surgery.

In other words, the pathophysiological and haemodynamic aspects of varicose veins have hardly
beenconsideredn the therapeutic basis of this pathology. And this might not have been the case:

At the end of thel9th century Trendelenburg with his manoeuvre suggested the existence of a
private recirculation between the deep and superficial venous syskehypothesizedoy more
than a century what we know today as vewmenous shunts thanks to Duplex US hemodyatiaita.

In the first half of the 20th century Perthes demonstrated, with his manoeuvre, the retrograde
emptying of varicose veins by the suction into the deep venous system by themabaular pump.
This is the principle used by the CHIVA method in roases.

The Trendelenburg and Perthes manoeuvres have been classically used in the clinical examination of
varicose syndrome. However, they have had little or no impact on the strategy for treating varicose
syndrome. In other words, the basitrategy has been the destruction of the superficial venous

system. This attitude can be justified by the lack of4mrasive morphological and haemodynamic
information. Phlebography as the only topographical examination was invasive and provided images
often difficult to interpret due to too little or absent haemodynamic information.

In 1955 Satomura and Kaneko first used the continuous wave Doppler in vascular examination.
Despite the lack of spatial resolution of this technique, it represented a dneakgh in norinvasive
arterial and venous exploration.

In the early 1960s Strandness developed with members of the Department of Bioengineering at the
University of Washington Rushmer, Franklin and Baker the first prototype devices using CW Doppler
in vascular scanning. In 1967 Strandness using CW Doppler published the first paper on the
differences between normal and pathological flow velocity profiles in peripheral vessels.



In 1977, Franceschi publishes "Investigation vasculaire par ultrasonogragiikedtthe world's first
book on the usefulness of CW Doppler in arterial and venous examination.

In 1975, the first prototypes were introduced simultaneously in the United States (Strandness) and in
France (Pourcelot) showing the association-oi@le utrasound with pulsed Doppler. This

procedure, known as duplex in the USA and ebloppler in Europe, gave a colossal boost to-non
invasive vascular diagnosis.

In 1981 Franceschi introduced for the first time a device in the form of a stvifrimhg of waer

which, when incorporated into the echiboppler probe, provided adequate imaging of the superficial
vessels. This allowed for the first time, the US imaging of the sagnt&c trunks as well as the

arteries and veins of the lower extremities. Thankshis device, Franceschi published the world's
first atlas of arterial and venous ultrasound in 1986.

The constant technical improvement (multifrequency transducers, Doppler spectral analysis, colour
Doppler, power Doppler, CVI, ecllow, etc.) has ledd a significant improvement in the quality of
these devices. Echo Doppler began to be used basically in the diagnosis of arterial pathology,
particularly in the exploration of the supiaortic trunks, where it contributed great advances in non
invasive dignosis of carotid stenosis. Its use was also extended to arterial mapping of the lower
extremities, making it possible to avoid numerous diagnostic arteriographies.

In relation to venous pathology, ecHaoppler began to be used for the diagnosis of degip v
thrombosis, especially when exploring venous compressibility.

In 1988 Franceschi, after observing the "in vivo" behaviour of the deep and superficial venous

circulation of the lower extremities using eclimppler, described a new procedure for the

treatment of varicose veins of the lower extremities which he called the CHIVA Cure (acronym for

OdzNBE / 2y aSNBFGNROS SiG | SY2Re@yYy Il YAldzS RS fQLYyadzFFT
could be summarised as the application of the Tendelenburg arthé®emanoeuvres in a

permanent and selective way through minimally invasive surgery performed under local anaesthesia.

Since its introduction, the CHIVA Cure has been the subject of great controversies, as it was
introduced by a norsurgeon and above dlbr presenting a "nofdestructive" strategy for varicose
veins based on the haemodynamic control of this syndrome.

The European CHIVA Association, which | have had the honour of chairing since 1994, was created in
1988. Since its creation, the Associatltas held biennial meetings in various countries in Europe

and America. This has undoubtedly contributed to the improvement and dissemination of the
haemodynamic strategy in the treatment of varicose syndrome.
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The procedure has been enriched by the enthusiastic collaboration of people such as Bailly, Dadon,
Cappelli, Ermini, Delfrate, Zamboni, Mendoza, Escribano, Parés, etc, directed and encouraged by
Franceschi himself. For me it has been a privilege to leadmark with them. The CHIVA cure has
been complemented and optimised.

With the critical evaluation of the accumulated experience, we can say that today the CHIVA Cure is a
highly effective and minimally invasive method in the treatment of varicose wéithe lower limbs.
Its results have been demonstrated in publications in scientific journals of recognised prestige.

What no one have doubted, even the worst enemies of this procedure, is that thanks to the research
that led to the introduction of the BIVA strategy, we have learned relevant aspects regarding

normal and pathological venous haemodynamics that we did not know before. Doppler ultrasound
has proved to be the fundamental tool in the study of the pathophysiology of venous insufficiency of
the lower extremities. This has laid to the foundations for a rational treatment that addresses the
previously ignored haemodynamic aspects of this syndrome.

But a further step waseeded,and this is what Franceschi tackles in this extensive book: to unite
physics with haemodynamics. In other words, a scientific approach linking the complex physics of
fluid dynamics with the relevant aspects of venginysiopathology

This book aims tolfithe gaps that exist between the clinic as we perceive it and the physical
phenomena that determine it. And it does so in language accessible to the physician, for whom the
study of the basic sciences is a long way off. This is a book that should tsowhld Only in this

way the concepts can be properly understood and related to the pathophysiology and clinic of
varicose disease.

Thanks are due to Dr Claude Franceschi for the enormous amount of work he has put into this book.
It is essential to expia the complex world of venous haemodynamics in an intelligible way. Only in
this way we will be able to understand the basis for the rational treatment of venous insufficiency
syndrome.

Jordi JUAN SAMSO

President of European CHIVA Association
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Venous hemodynamiand venous insufficiency.

Theoretical and practical venous hemodynamics.
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1- Definitions of Venous Function, Venous System, Venous
Insufficiency and Transmural Pressure.
11- Venous function has three main objectives.

12- The venous system is theet of organs that provides the movements and flow
pressures necessary to perform its functions.

13- Venous insufficiency.

14- Venous pressures.

141-Transmural pressure (TMP) is the key hemodynamic parameter of venous functions.
1411 Intravenous laterapressurelVLPshould be as low as possible.
14111Residual RP pressure

141112 Thereservoireffect

141114 Cardiac, Thoracic and Abdominal Pumps

141115 Valvulemuscular pumps

14112 Gravitational hydrostatic pressure

14113 Pressure gradient

1412 Extravenous pressure

142- Oncotic pressure

143 Thinking aboutTMPand knowing its parameters lifts the veil on the main "mysteries”
of venous insufficiency.

144 Waterfall et Starling Resistor

Chapter 2

2- Forcespressuresand resistances
21- Force and energy
22- Gravitational force, Archimedes and venous pressures

23- Circulatory regimes, Bernoulli's theorem, Poiseuille's law, Reynolds number and
vascular applications

231- Circulatory regimes
232- Bernoulli's theorem

233. Poiseulille's law and Reynolds number
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2331-Reynolds number and turbulence

2332 Poiseuille's Law and pressure drop 23321.

23321 Pressure loss and hemodynamically significant stenosis.
23322Effects of significant stenoses on veins anainage

23322% Increased residual RP pressure provided by microcirculation and/or systolic
pressures of valvulomuscular pumps.

233222 Collaterals and resistance

233223 Measurement of ascending pressures: invasive and and Doppler.
233224 Pseudostenosis: Pseudo Malgurner syndrome.

May Thurner Syndrome MTS and Nutcracker Syndrome NTS.

233225 Stents and Recanalization

233226 Downstream Pressure and Guyotan equation

24- Gravitational Hydrostatic Pressure

25- Dynamic fractionation of gravitationahydrostatic pressure.

26- Paradoxical hydrostatic pressure and atmospheric pressure

27- Pump pressure

271- Cardiac pump

2711 Reservoir effect.

2712-Residual RP pressure and Microcirculatory Resistances.

2713Right heart failure

272- Thoracoabdominal pump

2721- Respiratory physiological modulation of lonettremitiesflow and pressure.
2722 Pathologic respiratory modulation of lowextremitiesflows and veins.

273 Valvulemuscularpump. Dynamic fractionation of gravitational hydrostatic pressure
DFGHS, valvular incompetence and shunts.

2731- Dynamic fractionation of gravitational hydrostaficessureDFGHSP
2732 Venovenous shunts, valvedmuscular pump and cardiac pump
2732 Definition of shunts

27322 Hemodynamic classification of venastsunts.OVS, CS and ODS.
273221Venous shunts favorable to drainage

273222Venous shuntgagainst thedrainage
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2732221Venous shunts in favor of dreage
27322220pen deviatedshuntsODS hindedrainage
27322230pen Vicarious Shunt OVS Facilitates Drainage

2732224A mixed MS shunt associates OVS that facilitates drainage with a CS that hinders
drainage.

28- Plasma oncotic pressure POP and interstitial pressure IOP

29 Lateral intravenous pressurd\(LB, driving pressure, pressure gradient and
pathophysiobgy

291- Lateral intravenous pressut¥LRs the sum of the following

292- Motor pressure MP = p + (1/2) mv2, Obstacle and valvular incompetence
293 Pressure gradients

294 Siphon effect 295Extravenous pressure EVP

295 Extravenous pressure EVP

2951- Atmospheric pressure AtmP and gravitational hydrostatic pressure
2952 Extravenous Tissue Pressure

2953 Extremity compression

29531 Homogeneous compression

29531% Immersion in liquid

295312 Air inflated cuff

29532 Heterogeneous compression.

295321 Non-elasticcompression

295322- Elastic band and compression stocking.

296- Measurement of venous pressure

Chapter 3

3- Microcirculation Drainage and trophic disorders. Ulcers
31- The Starling model

32- The Glycocalyx model

33- Oedema hypodermitis, ulcer.

331- Oedemais simply related to the excess of TMP that opposes fluid.

332 Hypodermitis is a chronic inflammation of the skin and subcutaneous tissue.
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333 Venous ulcers
Chapterd

4- The venous network: cdbres, walls, drainage hierarchy, valvular
incompetence, anatomical and functional topography of the shunts.
41-Calibreand intrinsic hemodynamic properties of the venous wall

411-The compliance (inverse of elasticity) is the elongation capacttyeoivall

412-T-Tension T is the stretching force transmitted by the transmural pressure TMP as a
function of vessel radius r.

413-Hooke's law and Young's modulus describe the variation of the elastic compliance of the
vessel.

414Visceelasticity delays the response time of the bedi

415 Parietal shear stress is the applied force F that moves the blood sheet tangentially
416- Vasomotricity:

417- Venousremodelling

418 The reservoir effect decreases the intravenous lateral pressure IVLP

42- Hierarchy of the networks and drainage

43- Anatomy of the key hemodynamidiagnostic,and therapeutic points of the venous
network

431-AbdominaiPelvic Veins

4311-Left Renal Vein, Nutcracker Syndrome NTS Syndrome, Left Gonadal Vein and
Varicocele

4312 Varicocele is a dilatation of the left gonadal vein

43122 Varicocele reflux due topen deviatedshuntODS

43122 Nonrefluxing compensating varicoceleop-refluxingOVvs).

43123Left common iliac vein and Mahurner syndromer Cockett's syndrome
43124 Pelvic veins and pelvascapepoints.

43124% Parietal pelvic veins

4312411 Gluteal veins.

4312412 Obturator vein.

431242 Parietal pelviescapepoints.

4312421The obturator point
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4312422Superior gluteal point

4312423Inferior gluteal point

4312443 Visceral pelvic vanishing points

431243%Internal Pudendal Vein

4312432The vein of the round ligament of the uterus

4312433External hemorrhoidal vein and hemorrhoidal diseas@é€morrhoids$)
431244 Pelvic viscerascapepoint

4312441The perineal point

4312442The clitoral point

4312443The inguinal point

432- Veins of the loweextremities

4321- Femoral veins

4321% The superficial femoral vein, single or double

43212 Congenital stenosis of the superficial femoral vein

4322 surfacereins of the loweextremities

43221Saphenous veins and vein of Giacomini

43221% Great saphenous vein

43222Small saphenous vein

43223 Giacomini's vein

4323Valves

4323XComplete closure of the valve occurs afterief timeof reflux.

43232 Valvular incompetence

4324 Connectims between the different networks

43241 SaphenofemorabFJ and saphenopopliteaiP £onnections.
432411SFJ an@PJncompetence are points of escape from closed shunts.
432412-SPJs usually found in the popliteal fossa between the gastrocnemius muscles.
43242 Perforators

43243 Anastomoses

43244Escapgoints

43244% Open vicarious shunts OVS
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432442 Leakpoints of closed shunts

432443 Escape points openeatkviatedshunts bythe ODS
432444 Mixed escapepoints

432445 Reentry points

4325. Shunts. Detailed classification.
4325%Superficial shunts

43251% Closed shunts CS.

432512 Shunts 0 without diastoliescapepoint.
432513 Combined superficial diastolic shunts.
432514 Systolic shunts OVS

432515 Mixed shunts: MS

432516 Classification of deep diastolieflux

43252. Practical and theoretical shunts

Chapter 5

5- Hemodynamic Pathophysiology of Venous Insufficiency

51- Venous insufficiency due to valvulancompetence

511-Physiologic venous insufficiency due to impaiBgaachamic Fractioningf gravitational
hydrostatic pressure DFGHSP

512-Pathological venous insufficiency due to lacghamics Fractioning of gravitational
hydrostatic pressure DFGHSP

5121- Incompetence of the deep femot#popliteal veins and leg veins
5122Incompetence of superficial or collateral veins
5123Incompetence of superficial and deep veins

5124 Pelvic incompetence

51241Varicocele

511411Female varicocele

512412Male varicocele is rarely associated with Nutcracker
51242Incompetence of the visceral tributaries tbie hypogastrizvein

51242%Internal Pudendal vein:
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5124211In females, Internal Pudendal Vein.

5124212In males,internal pudendal vein.

512422The vein of the round ligament of the uterus.
512423-Varices of the broad ligament
512424-Hemorrhoidal vein andiaemorrhoids

51243 Incompetence of the parietal tributaries of the hypogastric vein
512431-The vein of the round ligament

51243%-The olturator vein,

512432 The superior gluteal vein

512433-The inferior gluteal vein (also called isd¢luaein).
52- Venous obstructions

521-surfacerenous obstructions
521%surfacelermo-hypodermal venous obstructions
5212surfacerenous obstructions due to venodsstruction
522- Deep venous obstructions

5221-Pelvic venous obstruction

52212Nutcracker syndrome or aortmesenteric clamp
52212 May Thurner Syndrome MTS

5222 lliac and/or vena cava thrombosis or agenesis
5223 Deep enous obstructions of the lowearxtremities
5224 Associated deep and superficial shunts

523 Thoracoabdominal obstruction

524-Cardiac obstruction

525 Reflux and inflammation

526- Venclymphatic insufficiency

5261 Impaired lymphatic drainage due to vaminsufficiency
5262 Venous drainage altered by lymphatic insufficiency
527-Varicogenesis

528Remodeling

53-Venous ulcer



54-Venous malformations

55-Hierarchy of networks and derivations
551- Hierarchy of networks

552- Venousvenous shunts

5521- -Superficial shunts

552121 Closed superficial shunts CS

55212 Open shunts for open shun@DS
55213 ShuntsO

55214- Combined diastoliSuperficial shunts
55215- Combined diastoliSuperficial shunts
55215 Superficial systolishunts OVS
55216- Mixed superficial shunts: MS
55217- Classification of deep diastolic shunts
55218Perforators

55218 Practical and theoretical shunts

Chapter 6

6- Clinical venous insufficiency
61-Definition

62--Diagnostic clinicatonditions and patient information
63-Limitations of the clinical examination and CEAP
64-History

65-Signs and symptoms

651-Chronic venous insufficiency

6511-Heat intolerance

6512Essential varicose veins and varicose veins
6513Deep vein thrombosis DVTsdase

6514Pelvic varicose veins

6514XPelvic congestion syndrome.
65142surfacevaricose veins of pelvic origin.

65143 Hemorrhoids.



20

6515Venous malformations

6516 "Physiological" venous insufficiency.

65161 "Varicose veins" in athletes

65162 "Physological venous insufficiency” and lifestyle.
6517Ulcer

652-Acute venous insufficiency

6521-Sudden swelling of the extremities

6522Painful swelling of the foot related to a natisplaced fracture.
6523-Acute venous insufficiency in pregnant women
66-Differential diagnosis

661-Suddenoedema

662-Chronicoedema

6621-Bilateral whiteoedema

6622 Unilateraloedemarelated to an unilateral cause
663-Dermohyperodermatitis

664-Nornvenous ulcer.

664 1-Arterial ulcers

6642Necrotic angiodermatitis (Martorell's ulcer)

6643Basal cell carcinomas or squamous cell carcinomas
6644-Ulcers due to infectious, degenerative, hatologic diseases
665-Nonvenous pain

67- Clinicalmanoeuvres

671-Persistence of visible varicose veins in the supine position
672-Painful Homansnanoeuvre

673 Perthes test
Chapter 7-

7 -Instrumental diagnosis of venous insufficiency
71- Invasive methods
711-Phlebography

712-Catheterization pressure measurement



713-Endovenous ultrasound

72-Noninvasive methods

721-MRI angiography

722-Air plethysmography (APG)
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INTRODUCTION
Why this book?

The hemodynamiapproachto the venousphysiopathologyed me to revisit the classical
concepts. It has led to a new modailpposingnew concepts which have led to a more
refined semiology and thherapeuticstrategy called CHIVA which is diametrically opposed.

The CHIVA cure would have practical value if it had not significantlymprovedthe
treatment of venous insufficiencyand allowedthe preservationof the saphenoudrunk. As
a matter of fact this veinis still destroyed by the classical approaeiithoughit represents
a vital potential arterial bypass

Note that, most oftenthe patients whosesaphenoussein was destroyedor a benign
diseasewere not informed of this loss of chanc&hisraises questions about human rights,
ethics and legality.

The conceptual antherapeuticevidence of th€HIVA cure, &renchacronym for Cure

| 2y aSNDFGNROS Si | SY2Re@y Il Y Mindaftoife Eorfsedvatiyed dzF T A &
and Hemodynamic Venoussufficiency in OuPatients was published in 1988ef Théorie

et pratique de la cure conservatrice et hémodynamique de l'insuffisance veineuse en ambulatoire [CHIVA]

Editions de I' Armancon 1988 ISB8t 2906594067 ISBN3: 9782906594067t has beerreported and

validated by 120 publications including obsetional, randomized studies and Cochrane
reviews(Chapter 9)

The purpose of thigresent books to explain and, above all, to help those who want to
improve their practice, both for their patients and for their professional and intellectual
satisfaction, to understand venous hemodynamics.

The lack of consideration given to hemodynamics in thessia management of venous
insufficiency particularly varicose veins, can be explained by the daunting aspect of fluid
mechanicsIndeed, theoretical hemodynamics is feared by theptoysicist, who is not
accustomed to manipallaws and equationsAll themore so as they areften

counterintuitive, especially when they are isolated from tpeacticalcontext. This is why |
have tried to make the physical bases of fluid mechamdegrstandable botim the

theoretical context opathophysiologyand in ther applications to diagnosis and treatmdnt
redefine old words in order to avoid semantic confusions (notably the term reflux which is
polysemous) and | use new words to designate new concepts (notably shteriyrpoint).

Fluid mechanics studies the behaviof fluids and the internal forces associated with them

Static studies fluids at rest. Dynamics studies fluids in motion.
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Venous hemodynamics is the mechanics of fluiggliedto the venous systemits study is
essential, because it should be to trescularspecialist what optics is to the ophthalmologist
and hydraulics to the dam builder. It is more complex than arterial hemodynamics because
its pathophysiologydlepends on aubtlerinteraction of the physical variables. As | have
already pointed outit often repels physicians by iften-counterintuitiveaspects. However,
the understanding gbhysiopathologicatoncepts, such as vewenous shunts, radically
changes thepproachto diagnosis and treatment. | will try to explain them as clearly as
possible. They will be better understood if the reader has more curiosity and an open mind.
Indeed, the most frequent obstacle to understanding is not the lack of intelligence, but the
conviction that one could not understanthus, | sometimes tell listenergho say they feel
smarter at the end of my courses that they are not smarter...but that they understand
better when their intelligence is called upon

The laws and related equations of fluid mechanics and their venous hemodynamic effects
are explained in simple language. They are explained in the context of their application to
diagnosis and treatment

Unlike most books, this one takes the risk of being redundant. Indeed, | recall and repeat
these laws in each paragraph or chapter, throughottis book in their pathophysiological,
diagnostic and clinical context. The purpose of these repetitions is to accustom the reader
to the reasoning and pathophysiological explanations without necessarily having to refer
to the preceding or following chaptex. This should allow toead of each chapter almost
independently offrom the rest of the book.

The effort requiredby the reader will be rewarded by the pleasure of better understanding
leadingto better diagnose antreatment thevarious aspects of vens insufficiency

A brief historical review does not onlyay tribute to the precursors. It helps to

better understand the currenproblem.Venousphysiopathologyhasprogressedtep
by step with the discoveries of anatomy, biology, physiology and fluid mechanics

Fluid mechanicprogressed mainly with Archimedes (212 BC), Simon Stevin {1528),
BlaisePascal (16231662), Evangelista Torricelli (16€8547), Isaac Newton (164B727),
Daniel Bernoulli (1704.782), JearL.éonard Marie Poiseuille (1791869), LouisMarie-
Henri Navier (1788.836), George Gabriel Stokes (181903) and many others.
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Simon Stevin
1548.1620

Isaac Newton 1643-1727 Daniel Bernoullil 700-1782 Jean-Léonard Marle Polseullle 1797- Louis-Marie- Navier
1869 1785-1836

Anatomy and physiology of blood vessels

Physicians gradually established links between the anatomy and physiology of vessels.
Ibn AlNafis Damishqui (1210288) and Giovanni Battista Canano (188¥9) described
venous valvedVilliam Harvey (1578657), a student of Hieronymus Fabricius, ptblisin
1628 "Exercitatio Anatomica de Motu Cordis et Sanguinis in Animalibus" in which he
demonstrated venous circulation by cprassing the superficial veins of the arm upstream
and then downstream. He met with fierce opponents sudhiiaserose, Reid anBlemp. Guy
Pain called him a "circulator” (a charlatan in Latin) and Jean Riolan condemned his discovery
as 'paradoxical, useless for medicine, false, impossible, unintelligible, absurd and harmful to
human lif&. Marcello Malpighi discoverezhpillariesin 1661, i.e. the communications
between arteries and veins. In 1670 Richard Lower described the vis a tergo (cardiopetal flow
from thecapillariesto the heart) and the venarum tonus (venous tome)L710 Antonio
Valsalva described the vis a fronte @iac aspiration)In 1803 Justin von Loder discovered
the perforators. In 1817 Chevalier de Richer explains the muscular pump. Ernest Henry
Starling (18661927) described thprinciplethat bears his name, according to which the net
flow (direction and quatity of flow) in each section of treapillarywall is due to the
equilibrium between the hydrostatmessuredifference and the oncotiaressuredifference.
Thisprinciplewasdiscussedby Levick in 2010 without changing theacticalvalue of

Starling's model

Ambroise PARE 1509-1580 William Harvey 1578-1657 Marcello Malpighi, 1628 -1684 Antonio Maria Valsalva 16668-1723

Hemodynamics and venous insufficiency.

Other physicians have established the links between fluid mechanics and petiolsgy
Sir Benjamin Brodie (178862) wrote in 1846 "Lecture VIII: Varicose veins and leg ulcers" in
his book "Lectures illustrative of various subjecisaithhologyand surgery”. He attributes the
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cause of the ulcers to the excessive weight of the blood column dueitwtmpetencef

the valves angbroposedo treat them by ligation of the greataphenousein (GVS) or by a
tight bandage of natural rubber when the ligam operation was too risky. Later, Friederich
Trendelenburg (1844924) performed the greataphenouwein ligation and described his
hemodynamic test. Heompressedhe varicose greasaphenouwein at the root of the thigh
with his finger irthe patientwho was lying down. He maintained thempressionvhile the
patientgot up and remained standing. The greaphenouwsein and its varicose tributaries
remained empty longer than when tompressiomwasapplied When he withdrew his
finger, theyexpandednstantly because of the weight of the blood column transmitted, he
said, by the valvulancompetenceHe also hypothesized grivate circulation” which he
described as follows: "During walking, blood from the varicose veins is drawn through
communicatims when the deep blood is violently pumped upward. Tpresumably some

of this deep blood flows back down from the iliac and femoral veins, filling the varicose veins
again." His assistant, Georg Clemens Perthes (188%), described the "Perthes tést
which confirmed this intuition. He showed that when gatient walks with a tight
tourniquetaroundthe thigh, the varicose vein empties or not depending on the permeability
of the deep veins. In spite of the accuracy of the hemodynamic diagnosiseacohgequent
healing of venous ulcers, the ligation of 8&\performed by Trendelenburg was not
generalized. Indeed, as Benjamin Brodie had already pointed out, at that {omesénted

too many risks of infection and sometimes fdtaemorrhagen less expert hands than those
of Trendelenburg.
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Benjamin BRODIE - 1783,61862, H Friedrich TRENDELENBURG 1844, 1924 Georg PERTHES 186961927, Henry Starling (1866-1927)

Advances in antisepsis and anesthesia would have made surgical ligation sEfer

ligation was replaced by radical removal of the GSV (stripping by Keller in1905, Mayo in
1906 and Babcock in 19D7Thus, advances in anesthesia and antisepsis have set back those
in hemodynamics. Thiadical strippingreduced venous insufficiency tsiaplisticand

erroneous hemodynamic concegindeed, varicose veins were no longer considered as the
effect, but as the cause of excess venmessure Consequently, recurrence was attributed

to incomplete venous eradication. Thus, "the more varicose veins aoyeénthe better the
results and the less recurrence"” was and still is for many the dogma. ddresepts based

on stripping led to alternative ablativgorocedureghat consisted of intravenous injections

of various occlusivproducts. Jean Sicard (192Rgrl Linser, Raymond Tournay (18%84)
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used less dangeroysoductsthan thosepreviouslyinjected by Valette, Petrequin,
Desgranges (1853) and Weinlechner (1884).

Willian Babcock 1907

For more than a century, the ineffectiveness and recurrence of varicose vein treatments
have been attributed to the nofradicality of venous destructionTheapogeeof this

concept was the recommendation by some to destroy as many veins as possible, both
varicose and normal (Poilleuxparticular).

The technological improvement of the destruction is not a scientific progress but the
perseverance for a century of erroneous physiopathological concepts. It reflects a lack of
knowledge of the hemodynamic baseof venous functions, particularly those of drainage.

Theoretical andoractical venous hemodynamics.

In 1988, motivated by patients who could not have vital arterial venous bypass surgery due
to the lack of saphenous veins previously "treated" fearicose veins, | sought and

proposed a conservative therapeutic approach. So, thanka teetter understanding of
hemodynamicgrovided bythe echodoppley CHIVA was born, as a conservative and
hemodynamicdreatment of venous insufficiency in theutpatient setting. Since then,
although "counterintuitive”, the conservation of varicose veins leads to fewer
complications and recurrences than destruction.



The Saphenous vein can save life, even in
varicose people. Why destroy it without
warning the patient? Especially since it can be
treated effectively without destroying the
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The great saphenous vein, continuous or incompetent
-Aorto-coronary bypasses
- Peripheral bypasses
Patch, vascular access

Bypass surgeries in septic environments, especiall

Bioprotec ( Lyon France )
collects, freezes and sells
stripped great saphenous
veins as allografts

* No touch" harvesting
e Less spasm
¢ Nodilation (less endothelial trauma)

¢ Conservation of vasa vasorum,

¢ |ess parietalischemia
¢ Conservation of NO synthesis (less intimal hyperplasia

Thepath of my studies and research could help the reader to understand them better. They

progressedvith my intensivepracticeof the echodoppler and in the light of my references to
fluid mechanics, whichappliedto the arterial and venous systenms 1977, published the
Doppler semiology that | had derived from it in the first book in the world published on the
subject:Ref"Claude Franceschiinvestigation vasculaingar ultrasorogrmpahie Doppler" Masson
EditeurFrance in French and then in Italian afghanishit concerned arterial and venous flows,
normal andpathological (inparticular carotid and peripheral arterial stenoses). In@,98ublished

the first book in the world on ultrasound imaging of the vessellseoheck andxtremitiesRef:

"Précis d'échotomogphie vasculaireClaude Franceschi et al. Vigot, 1986 ISBRN2-71140989-9
(rel): EAN:9782711409891in French and Italian. This was the first book thanks to a water
bag device that | hadesignedand patented previously Réf 1981 Un dispositif permettant la
visualisation des vaisseaux et organes superficiel5 @S (i a ERDisposidf guii |Arangmission
RQdzf G NI} 42y a Eihaombgdaghfsl bit2ly RoSc RRXQ 9 y NB F81 Z2#NB Y Sy (i
Indeed, thisstandoffadaptedto the ultrasound devices of the American qamy ATL

allowed for the first time to see in a némvasive and indefinitg reproducible way, the
suwpra-aortic trunks, the peripheralrteries,and veinsDoppler combined with ultrasonic
imaging has thus revolutionized the structural and especially the hemodynamic diagnosis
of symptomatic and asymptomatic arterial andarotid stenoses, aneurysms and
thrombophlebitis.

bl
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This experience in ultrasound physics and fluid mechaamsliedto vascularpathology

opened the doors to complex hemodynamics. Indeed, the hemodynamics of venous
pathologyis more complex than that of arteries because it depends on more variables. This
is probablythe reason why the majority o¥asularspecialists, stilimpregnatedwith
classicalapproaches have difficulty assimilating these theoretical anatactical advances.
Moreover, they do nopracticesufficientlythe echodoppler themselvesndeed, this

technique is performed in many countries trasonographerssubject to a standard

protocol too poor to provide the necessary informatiofherefore, this book aimw fill the
gapsin the classical teaching of theoretical amatactical venous hemodynamics.

The history of anatomical, functional, and hemodynamic concepts can help the reader to
better understand them. The anatomy of the venous syspamticularlythe superficial
system, is highly variable and, contrary to the still frequent opinion, dogsrejoidge its
pathology. Pathology is a disorder of function, regardless of anatomy! Anatomists have
been inspiredby without referring to the classification dveins into anatomical, functional,
topographicaland hemodynamic networks thatproposedin 1988,Ref:Caggiati A. Novelties
in saphenousinatomy. Relationships of the saphenous veins with the fasciae: the saphenous
compartment. Phlebology, 2003, 56,1925. They confirmed on the cadaver what was evident
in ultrasound imaging anttanslated RlL, R2, B networks (Rfor Réseaux in Frenclmto
English N, N2, NB networks Others have shown on the cadaver constitutional venous
obstacles to the Hunter thial had already described hemodynamicall@pen Vicarious and
mixed shunts with systol&scapepoint of thesaphenopoplitegjunction)Ref Principles of
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Venous Hemodynamid3. FranceschZamboniNova Science Publishers 2608 ISBN
Nr 1606924850 /9781606924853

The hemodynamic classification irtid, N2, N3, M networks and thépenvicarious shunts
OVS$Open deviate®huntsODSand Closed Shun@S defines the veins by their
physigathological function whatever their anatomy
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We can say that the veins are not always where we look for them, but they are always
where we find them thanks to the echodoppler, which also allows us to focus our attention
on hemodynamic abnormalities and the search for their causesc@pepoints, pathways

and re-entries). This is how | found the pehascapepointsRefl- FranceschiC, Bahnini A.

Points de Fuite Pelviens Viscéraux et Varices des Membres InféRélébologie2004, 57 n.1, 37
42.2-C.FranceschC, Bahnini A. Treatment of lower extremity venous insufficiency due to pelvic
escapepoints in women Ann Vasc Surg 2005; 19:884

Indeed, byscanninghe descending flow (normal direction) but Valsalvaathologica) of the
descending tributaries ohe saphenofemorajunction that Ifound anddefined anatomically
and functionally thesescapepoints.By observing reflux from theaphenopoplitegjunction
during systole of the calf pumpften associated with a reduction in tlealibreof the
superficialfemoral vein] describedhe hemodynami®bstacle of the superficial femoral
vein, without seeing it

The venous system must be assessetionly in supine, butilso andnecessarily in
standing This was demonstrated Ayendelenburg and Perthes more than a century ago.

The echodoppler allowed me to follow the normal and abnormal fiowtanding patients
according to the activity of the cardigbhoracoabdominaland vdvulo-muscular pumpsnd
the related dynamic tests as Valsalva and Param@placed the calf compressioelaxation
with the Paranamanoeuvre which is more physiological because it provokes a reflex
proprioceptive isometric contraction. Parana is thenesof the Argentine city on the banks
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of the Parana River where | first taught thenoeuvre Ref:Franceschi C. Mesures et
AYGSNLINBGE GA2Yy RS& FtdzE OSAySdzE f2NB RSa Yl ydzdzgN
YI ydzdz&NBE RS t I NIytdo LYRAOS ReéylXMalvass RS NB T dzE
1997;22:9t5

Parana Manoeuvre Parana River

These simple postural and dynandata helped me better understand venous disease. The
reason why even severe valmecompetenceas asymptomatic and does not interfere with
venous return in the supinposition butbecomegathogenicas soon as standing and even
more so when walking. This is why valvulencompetencds asymptomatic irparaplegics
and bedriddenpatients!

The origin, thepathway, the destination of the flows, according to the postures and the
activity of the pumps, lethe to understand that thgaricose veins and other signs and
symptoms are not the cause but the result of a hemodynamic disodier to valvular
incompetenceand/or resistance to the flows (venous obstacles, cardiac or thoracoabdominal
failure).

All these hemodynamic disorders, whatever the cause, have a common effect which is an
excess of Transmuragressure(TMP). This is what dilates the veins and, ligmpering
drainage, causesedema hypodermitis and ulcers.
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The Saphenous vein can save life, even in

varicose people. Why destroy it without

warning the patient? Especially since it can be .
treated effectively without destroying the N\ ¢
saphel in by h amic s oee A P‘
sohen o N\ N .
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Whatever the clinical manifestation, the diagnosis and treatment must seek
out the cause of the excessansmural pressurdfMP and treat it

Whatever the etiology, signs and/or symptoms,
venous insufficiency is always due to an excess
of Transmural Pressure (TMP)




Here is an example of clinical, echodoppler and therapeutic
discordance due to different pathophysiological and
hemodynamic models

53 year male, architect.
Symptoms:

Pain in both soles as soon as
standing then progressively relieves
with walking

Posterior paresthesia of both
thighs when seated.

Signs : Light pigmentation of the
medial face of the heels. CEAP: C4. No
visible varicose nor spider veins. No
edema. No hypodermitis.




Lower Extremity Venous Report

Location:
Patient Name:
Refering Physician: MD, FACC, FCCP

Interpreting Physician: MD, FACC, FCCP Age: 53

Sonograprer: (N

CPT: 93970

Study Quality: Technically adequate
Lower extremity venous imaging was performed utilizing B-mode, color flow, pulsed Doppler and spectral analysis.

Date of Service: 5/12/2021

Physician Review
Conclusions: 1, Severe deep system reflux noted in the right lower extremity. No DVT bilaterally.
Findings:
Right: Normal compressibility of the deep veins in the right lower extremity.
Severe reflux seen in the femoral vein posterior tibial vein.
Left: Normal compressibility of the deep veins in the left lower extremity.
B I === == = I

W
Exam Data
EIV |CFV| FV | POP|PTV |GSV atSFJ| GSV | PER
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According to signs, symptoms and different reports from 2
different health centres, EVLA is suggested without info about
possible future need GSV nor conservative therapies.

Patient finds info on the web about possible conservative and
travels to Europe to have a CHIVA cure.

New Ecodoppleris performed personally by an experimented
angiologist who concluded: Normal deep and superficial
venous network of both lower extremities and suggests
lumbarspine MRI.

Dott. Mauro Pinelli

Specialista in Anglologia
Studio: Via A. Santucci, 24 — Avezzano (AQ)

Tel: 0863410840
MAPPA CARTOGRAFICA EMODINAMICA

P

|| RightGSV




26.10.2021

ECO COLOR DOPPLER VENOSO DEGLIARTI INFERIORIE CONSULENZA
ANGIOLOBOGICA

DATA DENASCITA: 13.02.1968
REFERTO:

Segni ecografici ed emodinamici di pervieta. completa compress iblité ¢ continenza valvolare si rllevuny
Iungo il decorso delle vene femorali comuni e superficiali, poplitee.tibiali, peroneali, gemellari, soleali,
safene esterne ¢ safene interne.

Le vene plantari sono compressibili.

Circolo arterioso pervio e indenne da lesioni ostruttive o stenosanti.

CONCLUSIONI
Circolo arterioso e venoso degli arti inferiori nella norma

La sintomatologia dolorosa e le parestesie lamentate hanno wna verosimile genesi neuroradicolare .
Possibile fascite plantare .

Dot Mauro Pinelli
Specialista in Angiologia

V2 Centro Diwagnostico

\a degh Stady, ¥ "i.lllqltunlm HT100 Cosen|

Radiologia Medica - Laboratorio Analisi Chiniche: Ambyl

v Eeapratia, bo,
0grafia, River

Radiologia Digitale, Radiologia Pediatnica, Radiologia Dentale, MO
I-mail laboratortosantrancescoa gmail com — Wel, Sire

Data di nascita: 13/02/1968

Soppler

VRTINTrCE
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RM RACHIDE LOMBOSACRALE

Esame eseguito con sequenze TSE pesate in T1, FSE pesate in T2 e STIR, ottenute su piani sagittal
e con sequenze FSE pesate in T2, ottenute su piani assiali, condotti a livello degli spozi ,n;erscmg.",
(1-12, L2-13, L3-14 ed L4-L5, L5-S1.

Iniziali alterazioni spondilo-artrosiche a cui si associano segni di artrosi
interapofisaria con ipertrofia delle faccette articolari e dei legamenti gialli.
Fenomeni degenerativi di disidratazione a carico dei dischi intersomatici del tratto
esaminato, che presentano riduzione della propria intensita di segnale nelle
sequenze pesate in T2 e appaiono di altezza ridotta da L3 a S1.

Sirileva la presenza di protrusioni discali ad ampio raggio. In particolare esse si
localizzano:

-A livello di L3-L4, prevalentemente estesa in sede paramediana-laterale destra, ove
determina restringimento del canale radicolare corrispondente e fenomeni
compressivi nei confronti della corrispondente emergenza radicolare;

-Alivello L4-L5 ed L5-S1, che si estrinsecano prevalentemente in sede
Paramediana/laterale destra ove contattano le emergenze di L4 e LS omolaterali.
Non aree di alterata intensit3 di segnale a carico del cono midollare.

L3-L4 : reduced radicular channel

: L4-L5, L5-S1 : contact emerging nervous roots
/A
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EVLA was as suggested without informing of the potential necessity of his GSV for a
vital arterial by-pass after the 2d report. The patient traveled to Italy to be
operated by a CHIVA expert in order to save his GSV. The Angiologist partner of the
vascular surgeon performed an ecodoppler that resulted in normal deep and
superficial veins

Conclusion: Veins and arteries of the lower extremities are normal, evidenced by
Ecodoppler data.

C4 CAP in this case is not reliable for venous insufficiency grading.

Pain in both as soon as standing and posterior paresthesia of both thighs when
sitting are not symptoms of venous insufficiency. MRI confirms related lumbar spine
damages.

No clinical signs of venous insufficiency ( see photos) except a light pigmentation (
CAP C4 grade of venous insufficiency of the medial face of the heels not
exceptional in an individual who works seated along his lifetime ( architect). C4 CAP
in this case is not reliable for venous insufficiency grading.

2 discrepant Ecodoppler performed in 2 different places by different sonographers
and interpreted as deep severe venous insufficiency of one limb by a referent MD
and as severe superficial insufficiency of both GSV and both SSV by an other MD,
then interpreted as normal by an experimented angiologist who performs
personally the ecodoppler. This underlines the difference of ecodoppler
interpretation according to the hemodynamic and pathophysiological and clinical
background of practitioners.

In any case, why a destructive “treatment” of the saphenous veins in a venous
asymptomatic patient, whatever the ecodoppler findings, has been proposed. For
the patient’s sake?
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Chapter 1

Eachchapterincludes some of the elements of thgreviouschaptersand
anticipatesthose of the followingchapters

Chapter 1

1- Definitions of Venous Function, Venous System, Venous
Insufficiency and Transmural Pressure.
11- Venous function has three maiabjectives.

12- The venous system is the set of organs that provides the movements and flow
pressures necessary to perform its functions.

13- Venous insufficiency.

14- Venous pressures.

141-Transmural pressure (TMP) is the key hemodynamic parameter of venous functions.
1411 Intravenous lateral pressure IVLP should be as low as possible.
14111Residual RP pressure

141112 The reservoir effect

141114 Cardiac, Thoracic and Abdominal Pamp

141115 Valvulomuscular pumps

14112 Gravitational hydrostatic pressure

14113 Pressure gradient

1412 Extravenous pressure

142- Oncotic pressure

143 Thinking about TMP and knowing its parameters lifts the veil on the main "mysteries"
of venous insuficiency.

144 Waterfall et Starling Resistor
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1- Definitionsof Venous Function, Venous System, Venous Insufficiency
and Transmurapressure

The definition of venous insufficiency and the hemodynamic parameters and concepts are
essential to the understanding of venous physiopathology. This theoretical understanding
is not always emphasized. However, it is essential for good practice. So, ithieat|

diagnostic and therapeutic context is recalled with each of these definitions and
explanations. The reader will also find analogies and comparisons in order to understand
certain counterintuitive concepts with which he was not familiar during higdical studies

or at conferences.

Moreover, these definitions are necessary for the understanding of this bdolleed, they
are intended to avoid the frequentisunderstandingselated to terms and concepts whose
definitions arampreciseor contradictory.

Venous function, venous insufficiency and the venous system are not limited
to venous returnyeins andvaricoseveins.

11-Thevenousfunction is triple Drainage of tissugsReservoir effect and
Thermoregulation.

Venous Insufficiency is the inability of the venous systenptovide all orpart
of these three functions

To maintain a low Venous Transmural pressure (TMP) in order to:
-Drain the tissues and
-Provide the appropriate preload of the right heart through the reservoir effect
Regardless of posture and muscular activity

To participate in thermoregulation.

The venous systemns made up olveins andpumpswhose characteristics and
actions determine thelransmuralpressure{TMP) a central hemodynamic
parameterof venousphysiopathology

e
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Drainage Reservoir Thermorégulation Postures et activities
effect
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12- The venous system is the set of organs tipabvidesthe movements and
pressures of the flows necessary toarry out its functions.

Five organsre necessary for venous function

-Themicrocirculatiorthat receives liquids, waste and catabolites from the tissues,

-Theveins and venules which they flow and

-The3 serial pumpscardiac, thoraceabdominal,and valvulemuscular pumps thgpush
themtowards the right atrium

It permanentlyadapts

-the direction,

- the flow and

-the pressureof the venous blood

to the needs of the venous function

Thoraco-
abdominale

pump

Veins

Valvulo-

muscular H Micro
pump “Ifcirculation

5 Organs of the venous system

13- Venous Insufficiency.
| call venous insufficiency angability of the venous system to

-Reducdahe excess of ransmuralpressure(TMP)

Thatimpairsits functionsof
-Drainage of tissues,

- Thermoregulation, and
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- Preloadingof the right heart
whatever the posture andnuscular activity.

It is due to thefailure of one or more organsf the venoussystem.

Theclinicalpresentationsare not pathognomonicof a specifiorenous
impairmentand may beconfused with norvenousaetiologies

TN

Transmural \

\ Pressure excess
T™P /

Transmural Extra Venous Pressure
Pressure TMP PEV

Intra Venous Latéral
Pressure IVLP

Tissue Pressure
P
+
Atmospheric Pressure

AtmP
I\
W St

Whatever the etiology, signs and or symptoms,

s
|

Hydrostatic
Gravitational Pressure
+
Residual Pression_—

ry

o

b

Venous insufficiency is always due to an excess of Transmural Pressure (TMP)

Therefore paraclinicalinvestigations foremost among which is the Echodoppler
are necessary fopathophysiologicaldiagnosis andappropriate therapeutic strategies.

~e—t " M

CAP VenographleARM Plethysmogra;\phy Echodoppler_
Non Hemodynamic Hemodynamic ) Hemodyna{mc
Non topographic Non Non topographic Topographic
structural Non structural Structural

Diagnosis of the causes of excess Transmural Pressure (TMP)

It is a mistake to reduce the physiology gadhologyof the venous system to the veins
alone.

Varicose veins and trophic disorders are not the cause, but the signs of the lack of control
of TransmuralpressureTMPby all orpart of the five organs that constitute the venous
system.
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Recognition of the truecauses of excess TMP allows for rational and effective
diagnosis and treatment.

Approachingvenous insufficiency through clinicaspects(CEAFR, limited and
poorly interpreted instrumental hemodynamic data (reflux or nereflux) and
various recipes for destroying the veins, demonstrates a lack of knowledge of
the physiopathologyand leads tatherapeuticimpasses

14- Venouspressures.

| define here the different venougressures by outlining their relationship with
physiopathology They will be explained in more detail in the followiratpapters

141-Transmuralpressure(TMP) is the key hemodynamparameter

of venous functions.

It is the determiningparameter of the main venous functione. tissue drainage.
It results from the difference between tyoessure

- the lateral intravenougpressurg(VLB and

-the ExtraVenougpressureEVR

-which are opposed on either side of the venouscapgillarywalls.

It is almost always positive, and therefore contrary to drainage.

Fortunately, the venous system keeps it lower than the osmdtamcotic)
drainage force which attracts the interstitial liquid into theapillaries namely
the OncoticpressureOP.

Transmural Extra Venous Pressure
Pressure TMP PEV

Intra Venous Latéral
Pressure IVLP

Tissue Pressure

TP
Hydrostatic +
Gravntatlon:ll Pressure Atmospheric Pressure
AtmP
Residual Pression

J

1411-Thelateral intravenousPressurdVLPshould be as low as possible
ensure physiological tissue drainage.
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It isproducedby
-the staticpart of the ResidugbressureRPand the
-Gravitational Hydrostati®ressuréGHSP.
IVLP= staticRP+ GHSPi.e., the pressure against the innsurfacef the venous wall

It is opposed to the extravenous pressure EVP, which is the sum dishigepressureTP
and the atmospheric pressure AtnfiMMP=IVLRPE\£ (RRGHSR TP+ AtmP)

TMP is the result of thigpposition.
14111- ResiduabressureRPis producedby the Cardiac Pump.

It results fromarterial pressureAPdecreased by its loss of loddriving pressure)n the
microcirculation

It varies according to thenicrocirculatoryresistanceMCR the Reservoir Effect, the
downstream venousesistance to the flow.

These variations are explained by Bernoulli's Theorem whick@isaerghe Gravitational
HydrostaticpressureGHSP

141111- Microcirculatory resistance decreasesih the dilation and recruitment of
microcirculatory units the opening of arteriolwenous micreshunts,particularly during
muscular effort, when it is hot and in the evenirdfammation.

141112- The Reservoir Effect reduces intravendateral pressurelVLP

The reservoir effect reduces intravendateral pressurdVLPas long as th@assive and
active elastic compliance of the venous walls can offer little resistance to the increase in
volume of the veins (according to the ratioppéssurévolume/resistance)

Thus, the reservoir effect dampens variationsliiravenous Lateral Pressuré/LPto
comply withthe right ventricle preloading requirement.

141113 Venous Resistangarogressively increaseResidual pressure RP
according to the hemodynamic significance of the downstream obstacles, until it equals
the Arterial pressurewhen the latter achievea complete obstruction

The venous flow which has become zero also stops the arterialdldverhiaof Phlegmatia
Ceruéa).

These resistances explain the pulsatility of venous flow when downstream resistances are
severe.

They decrease secondatiiyproportion tothe opening of collaterals that | call vicarious
"open shunts" that the CHIVA cure respects
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Theseopenvicarious shuntsare often recurrent varicosities and varicose veins after
destructive treatments. They are welcome when they compensate for deep venou
obstructions.

141114 Cardiacthoracic,and abdominal pumps reduce the flow resistance
thus the Residuagressure Indeed, diastole permanently sucks in the microcirculatory flow
(vis a tergo)

Thus, any suction defect of these pumps increases the Respteakure thus theTMP.

Right
ventricle
preload

Pressure

Reservoie =

effect soume
Compliance

Residua .
Arterial
Pressure
Pressure

AP

PA-MCR Microcirculation

Microcirculation Resistance
MCR

141115-Valvulo-muscular pumps\(MP) work only during walking.
They draw in the excess microcirculatory flow increased by muscular effort.

In case of valvulamcompetence the flow/pressuresupplied by the pump is pushed back
upstream and overloads the residymiessure

This backflow is direct or indirect
It is direct,systolicanddiastolic wherinlet and outlet veingf the pumpare incompetent

It is indirect and only diastolic when theompetentpump is shunted byncompetent
collaterals, which | call "closed shunts".
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M KL

The CHIVA treatment consists of disconnecting them®mpetentveins from the source of
the reflux, but without destroying them so as not to create an obstacle to the drainage of
its territory (phlebosomé, which is a source of skin suffering and variceseurrence under
the pressureof the residualpressurethat it has increased.

14112-the GravitationalHydrostaticpressureGHSP

TheGravitational hydrostaticpressureGHSRs a stati¢ potential SY SNH& Ay . SNJY 2 dz
equation. It depends on the Universal Force of Gravity (Newton) andgplicationto fluid

statics by StevinJorricell,andPascalD| {t '~ 3K ¢ 'I' {LISOAFAO YI 3
acceleration, h=fluid height)

i -

It varies according to theertical heightunfragmented, of the venous blood colupfirom
the feet to the heart, and therefore according to {hesture

In Bernoulli's formulaGHSRs measured as the potential energy to account for the Total
pressure constant

It has three remarkable characterists in humans

1-The first is the contrast between i@lmost zero value in the supine position and its very
high value in the standing position (9mHg). Its hemodynamiémpactis major and
dominant over the othepressurevariations.

2-The second is iteeduction during walking (30 mmHgq) which | have related to a Dynamic
Fractionation of theGravitational HydrostaticpressureDFGHSPBroduced by the

alternating closures of the valvdlauscular pumps. THeHIVA cure restores this
fractionation when it isimpairedby valvularincompetence

We understand how thé&sravitational Hydrostatic pressur&HSP can be determinant as a
cause of the Venous Insufficiency.

We also understand the effectiveness of the treatments by simply raising the legs.



3-The third is the value measured at the ankle in a standpasition equal to the ankie
heart height and not to thexpected'true" height of the ankleskull blood column.

| will explainlater the reason related to the transmission of the atmosphepiessureto
the human body part of which behaves like... a barometer

Ankle
Pressure

1 Normal
| p : 9
’v Y A H -
1. B
| €L [ ]
] waling

Absolute Pressure = 0 mmHg
=0 mH?0

Relative pressure= -10mH?0

-760mmHg R

Atmosphéric Pressure ‘:{'}“er:

Absolute Pressure = 740 m e'r:ury_ i
= B

mmHg =10 mH?0 0,74m

Relative pressure = 0 mH?0
=0mmHp

|

Atmospheric pressure

Absolute Pressure = 10+1m ;
H20 = 740 +74 mmHg Relative R

pressure = -1m H20 i L& Tensiometer (Sphygmomanometer)
-74 mmHg . - and Catheter: Relative pressure
(Gauge pressure),

Torricelli
Barometer: absolute pressure
The pressure usually measured is the relative pressure called gauge pressure = absolute pressure - atmospheric

pressure.
The atmospheric pressure measured by barometers is the absolute pressure.

53
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Absolute Pressure = 60 cmH20= 44 mm Hg
Gauge Pressure = -60 cmH20 = -44mmHg

Atmosphéric Pressure

0,74 m

Absolute Pressure = 10+1m
2M—

Water = H?0= 740 +74 mmHg

im Gauge Pressure e= -1m H?O

mercury= - 3 -74 mmHg
0,074 m .jﬁs

Torricelli

Barometer: absolute pressure
In humans, the negative pressures are the pressures lower than the atmospheric pressure. In the standing
position, the venous pressure is negative above the diaphragm because the rigidity of the walls of the skull and
thorax do not allow the direct transmission of atmospheric pressure, so the skull and thorax behave like
barometers. This explains why the pressure at the ankle in standing position is equal to the ankle-diaphragm
height and not the ankle-skull height.

g Absolute Pressure = 740 mmHgl

a s =10 mH*0 60cm |

4] -

A Water= | Gauge Pressure =0m H*060 vy

] 10m I f )

b mercury= h=180 cm ! {"
< 120cm 11 )
(7]

o

£

<

14113- Pressuregradient PG

Thepressuregradient PGis thepressureRA F F SNBY OS pt ofSdoatBudys ( g 2
fluid, separatedby a length DPA@  p tltksSot the cause of th@ressuredifference but

its measuremenin eachhydrodynamic context. For example, between 2 points A and B of a
stationary liquid, thepressuraneasured at the lowest point A is higher than at the highest

point B but the potential hydrostatipressure(energyis higher at B than at.A

Recall thafTransmural pressure TM®the pressure difference between two points
separated, not by fluid, but by a wall.,Stoisnot called pressure gradient

1412- ExtravenougressureEVP

The ExtraVenouspressureEVPreduces theTMPby opposing the lateral Intravenous
pressurelVLR

It thus promotesdrainage.
It is the sum of
-the atmospheripressureAtmP(10 kg/cm? at sea level') which decreases with altitude and

-the tissuepressureTissRrans mitted to Interstitial fluidsvhich varies with the surrounding
structures passive(fascig and active (muscles).

L.



55

Atmospheric
Pressure

[
N

-Extravenous Pressure

142- OncoticpressureOP

Transmuralpressure(TMP),Intra Venous Capillaries Lateral Pressungogitive mechanical
pressurg directed towards the tissuedyampersdrainage.

However, dainage is possible thanks ta superioropposite forceof the Oncotiqosmotic)
PressureGradient. It is the plasma oncotigressurePOP of thenacroprotéineshigher than
that of themacroprotéinesOPof the interstitial fluids, which creates an oncqtiessure
gardientOPGavourableto drainage.

The sempermeablecapillary wall does not allow plasma drainage dhe tissueinterstitial
macroproteins The latter are drained by the lymphatic system.

We understand the interdependence of the lymphatic and venous systems in their drainage
functions, as we will see later

Transmural

IS

Pressure TMP

Extravenous Pressure
EVP

Lateral Intravenous
pressure

Gravitationnal
ydrostatic Pressure
+
Residual pressure

Tissue Pressure
+

Atmospheric

Capillaries: TMP < OPG = Drainage Veins: PTM>0 = Calibre>0

TMP and Tissue Drainage
Tissue Drainage requires a low TMP, lower than the Oncotic Pressure Gradient (OPG) between
the interstitial tissue fluids and the plasma

143- Thinking aboutTMPand knowing itsparameters lifts the veil
on the main "mysteries" of venous insufficienayemember that Bernoulli
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and Poiseuillewere also doctors who established the laws of fluid mechanics to better
understandhemodynamic

To ensure tissue drainag¢he TMP must be lowethan the transcapillary oncoticpressure
gradient.

To ensure a Reservoir effef@vourableto the filling of the heart, thelVLPmust remain
stable despite variations in the volume of the venous bed. Thigigicularly the case
during postural variations in the Hydrostatic GravitationgpressureGHSRand variations in
the thermoregulatory flow rate

144 Waterfall and Starling Resistarhe definitions and contexts of Waterfall and

Starling Resistor are rarely presented clearly so that they remain unclear and mysterious to
many. Here are the definitions | have in mind.

1-If Waterfallis the waterfall from the top of dike, the physical parameters attributed to it
are either the height of thelike behind the dam, or the height of the waterfall in front of the
dike. According to the laws of physics, the falling water simply responds to gravity but does
not attract the waer behind the dke. Thus, the flow of the dam does not depend on the
height of thedike but on the height of the water source relative to the top of the darhe
water behind the dam overflows when its surface exceeds the upper limit of the dam. The
water can be made to flow when its surface is lower than the upper limit ofltkeby using
the siphon effect. Thus, a rigid pipe immersed in the water of the,danich then spans the
dikeand descends in front of the dam lower than tvater surface, allows the flow thanks

to the difference of potential gravitational energy between the two ends of the pipe,
without resistance to the flow because the atmospheniegsure is exerted in the same way
at both ends. These conditions are not fulfilled in the ves3¢ley are flexible pipes, which
obey the Navier Stokes equations, but more simply, although more roughly, the laws of
Poseuille and BernouilliWe can howeer retain an analogy between the minimum height of
the water surface in relation to the top of the dam, capable of overflowing the dam and the
minimum blood pressure in the vessels, air in the avéoles, to overcome arteaplular or
bronchiolar obstacle This is the Critical Closing Pressure that corresponds toréssure

value below which blood or air can no longer flow

2- The Starling Resistor

In the classisic laboratory model (Holt 1941, Permutt 1962), a liquid flows through a hose
with a flexibleand collapsible segment (Penrose drain) horizontally subjected to a
gravitational energy gradient between a Mariotte bottle (constant level liquid) that supplies
it and its lower end that drains it. This showed 2 phenomena, firsttti&imore the lower

end is opened, the more the tube collapsgesreating a resistance that reduces the pressure
downstream of the collapsed segmesecond that any external pressure applied on the

tube produces the same effeciThis is the Transmural Pressure: Internal Presskxternal
Pressure, which decreases with the decrease of internal pressure by any means (including
raising the feet above the head) or that we increase the external pressure (by compressible
bandage for examp)eThis is the demonstration of transmurgressure TMRvhich shows



57

that the flow in a flexible vessel is stopped by an external pressure greater than or equal to
the internal lateral pressure (static), produced by any means (air pressure, air, tissue etc..
Note that the internal lateral pressureods not change, except when the reduction in caliber
becomes sufficiently important to create velocities such that the internal lateral pressure
(static) decreases in favor of the dynamic energy, due to the importance of the velocity v2,
according to the Brnoulli equation. This explains the vibrations, because as soon as the duct
collapses, the velocity drops to 0 which stops the collapse effect so that the "stenosis" opens
again. The return of the high speed reproduces another collapse and so on. Thusgs@
succession of openinrgosing, thus a vibration that can also be observed and for the same
reason between the lips of the trumpeter and undoubtedly the vocal cords of singers. At the
level of the veins, the velocities are rarely high enough toterédas phenomenon of

murmur as in the jugular gullet and much less frequently than in arterial stenoses and AVFs
where the ssystolic velocities can be very high in the frequent "significant” stenoses)

3- The critical closure pressuris the internal pressure at which a blood vessel collapses and
closes completely. If the blood pressure falls below the critical closing pressure, the vessels
collapse. This occurs when measuring blood pressure with a sphygmomanometer. At rest,
the criticd arterial closure pressure, i.e. the pressure at which the flow stops, would be ~ 20
mmHg. This means that BPs below 20 mmHg cannot be measured with a
sphygmomanometer (stop of Korotkoff sounds)
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Chapter 2

Each chapter includes some of the elementstioé previous chapters and
anticipates those of the following chapters.

2- Forces, pressures, and resistances
21- Force and energy
22- Gravitational force, Archimedes and venous pressures

23 Circulatory regimes, Bernoulli's theorem, Poiseuille's law, Reynolds
number and vascular applications

231- Circulatory regimes

232 Bernoulli's theorem

233. Poiseuille's law and Reynolds number

2331-Reynolds number and turbulence

2332 Poiseuille's Law and pressure drop 23321.

23321 Pressure loss and hemodynamically significant stenosis.
23322Effects of significant stenoses on veins and drainage

23322t Increased residual RP pressure provided by microcirculation and/or
systolicpressures of valvulomuscular pumps.

233222 Collaterals and resistance

233223 Measurement of ascending pressures: invasive and and Doppler.
233224 Pseudostenosis: Pseudo May Thurner syndrome.

May Thurner Syndrome MTS and Nutcracker Syndrome NTS.

23325 Stents and Recanalization

233226 Downstream Pressure and Guyotan equation

24- Gravitational Hydrostatic Pressure

25- Dynamic fractionation of gravitational hydrostatic pressure.

26- Paradoxical hydrostatic pressure and atmospheric pressure

27- Pumppressure
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271- Cardiac pump

2711- Reservoir effect.

2712Residual RP pressure and Microcirculatory Resistances.
2713Right heart failure

272- Thoracoabdominal pump

2721- Respiratory physiological modulation of lower extremities flow and
pressure.

2722- Pathologic respiratory modulation of lower extremities flows and veins.

273 Valvulomuscular pump. Dynamic fractionation of gravitational
hydrostatic pressure DFGHS, valvular incompetence and shunts.

2731 Dynamic fractionation of gravitational hydrstatic pressure DFGHSP
2732 Venovenous shunts, valvulanuscular pump and cardiac pump
27322 Definition of shunts

27322 Hemodynamic classification of venous shunts. OVS, CS and ODS.
273221Venous shunts favorable to drainage

273222Venous shunts against the drainage

2732221Venous shunts in favor of drainage

27322220pen deviated shunts ODS hinder drainage

27322230pen Vicarious Shunt OVS Facilitates Drainage

2732224A mixed MS shunt associates OVS that facilitates drasmagth a CS
that hinders drainage.

28- Plasma oncotic pressure POP and interstitial pressure |IOP

29 Lateral intravenous pressure (IVLP), driving pressure, pressure gradient
and pathophysiology

291- Lateral intravenous pressure IVLP is the sum of thikoiwing
292- Motor pressure MP = p + (1/2) mv2, Obstacle and valvular incompetence
293 Pressure gradients

294 Siphon effect 295Extravenous pressure EVP
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295 Extravenous pressure EVP

2951 Atmospheric pressure AtmP and gravitational hydrostatic psase
2952 Extravenous Tissue Pressure

2953 Extremity compression

29531 Homogeneous compression

295311 Immersion in liquid

295312 Air inflated cuff

29532 Heterogeneous compression.

295321 Non-elastic compression

295322- Elastic band and compression stocking.

296- Measurement of venous pressure

2- Forcespressuresand resistances.

VenouspressureP is the result of a force F exerted orsarfaceS, PE/S

The venous systemrovidesdifferent types ofpressureaccording tothe forces that
producesthem.

The force of gravity and the forcare produced by the various pumps.
The driving(motive) pressureMP of the pumps that push and pull blood to the heart.
The gravitational hydrostatigressureGHSRittracts the blood down.

Tissuepressureexerted on veins, interstitial fluidand atmospheriqressure
compresghe veins and microcirculation.

TMP is the result of the interaction of these variopgessures.

The laws of fluid mechanics have been established throughout the history of science. These
laws are the basis of theemodynamiof the venous system. Foriseexpressedn newtons

and energy in joule$ressurds expressedn equivalent values that can be converted into

each other, either iPascalsin cm of water or in mm of mercury.

These laws deserve to be well understobdcause they allow a better understanding and
treatment of venous insufficiencyhey are accessible to ngrhysical physiciang they
study thempatiently and accept those that are often counterintuitive
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Bernoulli andPoiseuilleestablished equation®f fluid mechanics which asgpplicableto
blood with agoodapproximation

S NJ 2 dzf f Adeskribes lihdznérdie? Wigiroducethe static, potential and dynamic
pressuresand that convert one into the otheaccording to the law of conservation, but
only under conditions of circulation where the effect of viscosity is negligible.

t 2 A3 SdzA t f &@dbesShgdatitions2pyirticularlyof velocity, inwhichthe effectof
the viscosityis no more negligible It measures thdoss of chargéhydrodynamicenergy
andrelated pressurg converted ilmechanical and/or thermal energy, as in stenosis.
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21-Force and Energy

In its hydrodynamiexpression energy acts irthe venous system to ensure its functions.

The forces of gravity and pumps interact with thiesistancef the venous and capillary
walls, the tissueenvironment,and the atmospheric pressur& he result is aransmural
pressure TMPRhat is low enough todrain the tissue but high enough to ensure the return
of blood to the heart.

In physicsenergy is theapacityof a system tgroducework (Joules) It exists in many

forms, including mechanical and thermal energy, which can be transformed into each other.
The force providesthe mechanical energy that can move an object of mass m with an
acceleration in a direction determined by its vector F=(hewtons) If this object is
preventedfrom moving by a resistinigrce,this energy is called potentiBle such as water

held back by aille, a stone a tile placed on the edge of a roof, the arrow held back by the
tight string of a bow. According to thevleof conservation of energy, it can be transformed
into kinetic energyc(ec = work of theppliedforces F necessary to make the body m go
from rest to its motion v = %2 #)wvhen the resistances null. The water retained by the dam
transforms its potenal energy into electricity. When it falls from the roof the potential
energy of the tile is transformed into kinetic energy which breaks it against the ground. The
string of the bow released transforms its potential energy into displacement kineticyeoferg
the arrow in motion. Thus, the kinetic enelgyincreases iproportionto the potential
energyPewhich decrease
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We must distinguish two forces of different nature.

The force of gravityng is the forcevhich acts on the tile and the water of tdam, it acts at
remote forceand produces th@ravitational hydrostatic pressure

Theforce by contactm produced by the pumps actdirectly on the fluids and any objects

22-Force of gravity Archimedesand VenousPressures

o L
80 kg
Descending
Y=g Empty Full
Elevator Small boat in a pool Immersion in water

Weightlessness (weightlessness) (;,,,“” - The weight measured
Descent acceleration Y = g Gravity Y ',‘f does not change but it is
The weight measured in the elevator ,\/;\«E/L - ’> differently distributed =
changes i ‘%f? o"< feeling of lightness

The force of gravity acts at a distance on blood as on any other object or liquid. Its
acceleration is that of gravity conventionally designated by producedby a gravity field

It acts permanently and at a distance on any solid or liquid object (bloaslwould a force
field (like the magnetic field that mobilizes iron at a distance without touching it) in a
strictly vertical direction (vector) towards theentreof the earth. It is inversely

proportional to the square of the distance? betweenthe earth and the human body
(Newton). This force decreases as we move away from the earth but in npragertions

on earth, including when we climbnaountain,or we move by plane. g remaipsactically
equal to 9.8 m/s. Note that this force acts but islmager felt when an elevator or an
airplane descends to earth with acceleration equal to g (Einstein's thought experiment).
Gravity exists everywhere and in any situation. In fact, the weight mg (density) is only felt
when asurfaceeacts against it (theldéor of an elevator at a standstill and a tile that breaks
on the ground). It continues to exist, but is no longer felt when the elevator descends at
accelerated speed g. There is no absence of gravity (weightlessness) but its feeling because in
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the absene of resisting force, we no longer feel its weight. If we are standing on a scale in an
elevator that descends with the acceleration g, the scale marks 0 kg! In this case, the blood
no longer suffers its weight and the conditionspplicationof the lawsof fluid statics of
PascalGravitationalHydrostaticpressureGHSIPno longempplyand thepressure related

to it are no longer modified regardless of the posture. Thus, the blood of the astronauts
remains only subjected to the mechanical forcethefpumps of their circulatory systesnd

the air pressure.

On the other hand, the drop in atmosphgrressurebetween the sea and the mountains or
in an airlinerdecreases the extraenouspressureEVPsufficiently to significantly increase
the transmuralpressure

The sensation of weightlessness when our body floats in water is not of the same type as
that of gravitational weightlessness. Contrary to what we have seen in a descending
elevator, our weght (mg) remains the same in and out of the water. We float because
"Anybodyimmersed in water receives from the water a thrust from bottom to top equal to
the weight of the volume of water displaced (ArchimedesPur body is pushed upwards,

as when we wee in our childhood, sitting on one side of the swing, we were lifted and
kept in balance by our fellow of the same weight as ours, sitting on the other side.

The resistive force of the swing seat was clearly felt because it was concentrated on the
smallsurfacef our buttocks. On the other hand, when we were floating in the pool, we had
the illusion of weightlessness. Illusion because the resistant force of the liquid was no longer
concentrated on oubuttocks,but it was distributed on the whole immerssdrfaceof our

body. A recent theory, contrary to the laws of physics, attributed antigravitational effects to
immersion in water, according to a theory known as "the bags", undepréttextof the

sensation of lightness of the body and the reductiomendize of varicose veinspattients

with varicose veins in the pool.

However, the explanation in accordance with the laws of physics is sufficient.cBlibre of
the varicose veins decreases not because the blood is lighter and the intravepregsure
lower, but because th@ressureof the water increases the extr@enouspressureEVP
which reduces the transmurgiressureTMP, thus thecalibre.
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80 kg distributed on ELY L
immersed surface

Py
Equivalentto a 1_'&; 3 o(@
scale. ¥

Archimédean
Push

23-Circulatory regimes, Bernoulli's theorerh, 2 A & Sldmh f f SQa
Reynolds number and their vasculapplications

Circulatory regime depengion the conditions opressure flow, viscosity calibre,and
regularity of the veins

Ideally laminar in physiological conditionsetregimebecomesturbulent andpathogenidn

the conditionsof stenosis, arteriovenous fistula and verenousshunts where the frictions
important because of the viscosity at high spedtie Bernoulli equation does napply

alone because thtotal pressurds nomore constantalongthe circuit.Then weuse the
generalized Bernoulli theorem, including fi@rametersresponsible for theressuredrop
described in théoiseuilleequation and the Reynolds number that we will explain below with
the resistances.

The Navier Stokes equations would allow a npezisedescription, but it is almost
impossible to measunareciselyall the hemodynamiparametersthat would be necessary.

All these laws must be retained as tools of an indispensable, althoagproximate, model
to describe and understand sufficiently tHeemodynamicof the venous system, an
indispensable condition for a better management of tliksease.

231- Circulatory regimes
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Reynolds number (Re) varies with the velocity V, the gauge L and the
kinematic viscosity. Re = VL/.

When Re > 2500, the regime becomes turbulent .

Limt Layer e

Shear stress
Loss of pressure

Laminar flows.

The laminar flow of a fluid in a blood vessel is the mode of flow of concentric blades of blood,
in the sameParalleldirection, with a front of maximum velocity in thentrethat reduces

regularly to the walls. The blood being not Newtonian, its kineznasicosity allows this

regime only for low speeds for which we eguplyBernoulli's theorem. Beyond these speeds,
the regime becomes turbulent (Reynolds) and the energetic chapressfuras Partially
dissipatedPoiseuill¢. The blades of blood inmt@act with the walls make the boundary layer
where shear stres$iction, and transitions from laminar flow to turbulent flow.

Turbulent flows.

Turbulence is a vortex thappearsin the bloodstream when the velocity increases uhél
Reynoldsiumber reaches a value of 268000 Their size, location and orientation vary
constantly. They cause the wall to vibrate by as many shocks and stressepavhicpate
in varicogenesisand which can sometimes be heard with the stethoscope as a murmur
(noise) as in arterial stenosis.

In laminar flow, thepressuredrop isproportional to the flow rate, it becomegproportional

to the square of the flow rate when the flow is turbulenThis indicates a high loss of load in
caloric energy but especially nfemical energy against the walls whiPlarticipatesn
varicogenesis.

This may explain why varicose vemmegressivelylilated by aggressive turbulent flow

remain stable for many years when increasing the size, without changing the volume of the
flow, reduces the velocity below the Reynolds number, which removes the aggressive
constraints of turbulence.

Boundary(limit) layer

The boundary layer in vessels is the interface zone between the wall and the moving blood. It
is due to the viscosity of the blood.

It is the place where we find the highest shear streggtion, and laminarturbulent
transition of the flow.

Shear stres and friction.



66

¢t KS &aKSI N & ihedBphedforce F per Mbikdrea & expressedn Pascaldecause
it has the dimension of pressurg that mobilizes thdoidartlayer)of a fluid tangentially to
another blade or wallboundarylayer) in addition to the forces thaipplyperpendicularly to
it. The speed and the deformation of the resulting blade depend on its viscosity. It
Predominatest the boundary layei,e.,in contact with the walls. This tangential friction
tends to tear away the intima like water erodes the edge of a river, just as it increases its
effects when turbulence occurs.

In addition to their mechanical effects, these constraints trigger chemical, heuneonal
and structural reactions of the walls, notably in varicogenesis

232-Bernoulli's Theorem

Bernoulli's equation helps to understand and correct the energies, gravitational
hydrostatics, static and dynamiproduced by universal gravity and venous pumps.

Knowing how to identify thepressureghat dilate the veins, that drain the blood, that
cause varicose veins and ulcers, allowsagply a rational treatment.

According to the law of conservation, energy doesdidppearbut is transformed
(Lavoisier). Thus, the potential enefgis trangormed into kinetic energy and vice versa E=
pe +ce. It is the same for itsxpressionsf static and dynamipressures

t | & Qawforflyzconcerned fluids in equilibrium. In 1643 Torricelli established that the

square of the velocity v? of a fluid flowing under the effect of gravitypgoigortionalto the

height h of the fluid above thigore. v2 = 2 gh. If we multiply the denoraiors by the specific

Yraa =~ 2F GKS FfdzARI ¢S 200FAYy ~@Gulu 3K 2N ™
gl SN O2y@SNIUSR AyiU2 MKH @u SyYySNHe o6& TFi20AY
91 years later, Daniel Bernogléxtended it to fluids in motion with the formulation of the

theorem that bears his name: S Hydrodynamica, sive de Viribus et Motibus Fluidorum
commentarii. Opus Academicunstrasbourg Dulsecker, 1738

Totalpressuret G ' LI b oy @Gu b ~ IK &(peHestiwithicénbtant | b S g i 2
viscositybehaviourn does not lose totapressurePt throughout a circuit because its
components convert into each other.

p = density Kg/m3 v = velocity m/second, g = gravity oé#rth 9.81 m/s. h = vertical drop
of the pipe in meters m.

P= statiqpressureenergy inPascal® oy’ @y plessireb Yy SHR ®X ~ IK I LR G Sy

It appliesto Newtonian fluids.e.,of linear viscosity. The viscosity of blood does not perfectly
fulfill these conditions, so it is considered f#dewtonian. However, it is commonly accepted
that it remainsapplicableto blood under the conditions of circulatory regime and low
physiologial
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Pt,_P,+1/2pv,+pgh,

Pt, -P,*+1/2pv,*+pgh,
Vs — S [—

Pt, = P,+1/2pv,+pgh,

PHSG==pgh 90 mmHg

Pt, = P,+1/2pv,+pgh, /

Vil h2
Pt, = P,#1/2pv,= Pt, .P,+1/2pv,
. O T~ e 0

Total pressure Pt : Pt1 = Pt2 PHSG= =pgh =0 mmHg
P1+1/2pv1+pgh1=P2+1/2pv2+pgh2= Cte When velocity v increases (v2)
p = static pressure is the volume density of energy due increases and lateral static
to the work of pressure forces pressure p decreases (p2)
Ypv? = dynamic pressure p = density (weight/volume)/g  pgh = gravitational hydrostatic
also called mass density pressure is negligible when the
v= velocity duct is horizontal BUT becomes
pgh = hydrostatic gravitational pressure PHSG. is the largely dominant in the upright
volume density of potential energy of gravity. position pgh = 90 mmHgvs p +
Pm = driving pressure (charge) = p+%:pv?. %pv? = 10 mmHg

tdmr tdulLlvw b oy Bum b ~3IKM I LH b oy Gun b ~ 3

In thepreviousfigure, we see that at 2 distamoints1 and 2of different gauge and height,h

hl and h2, Ptl= Pt2. h increases in h2 b)Wh2At Pt2, the statipressureenergy pl is found

in part as potential energproportionaltl 2 G KS @S NI A&H{d RNESLIAYDRNB I &
velocity v2z@m A Y ONB I aSa (KS2)-vkWS whidd reGugeS tNdstatico MK H ~ Dy
pressureenergy accordingly.

Measuring thepressurewith amanometer,R2 S& y 20 3IA OGS GKS @It dzS 27
FYR LM b MKH @um ¢KAOK pieSsuréPMyl SOIBHIEthed KS f 2+ R
potential energyrelated tothe height, that is expressed in part of the pressure P1 and P2.
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Bernoulli : Newtonian fuid

Total pressure Pt = p + %pv? + pgh = Cte
When the velocity v increases (v2) the
dynamic pressure %:pv? increases and the
lateral static pressure p decreases (p2)

pgh = hydrostatic pressure negligible here
because the duct is horizontal BUT becomes
largely dominant in the standing position pgh
=90 mmHg vs p + %pv? = 10 mmHg
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Non-Newtonian fluid

The viscosity of blood reduces the total
pressure by progressive pressure drop
along the vessels. However, the
Bernouilli equation is considered
applicable to hemodynamics by

approximation

Bernoulli and Pitot tubes

Total Pressure Pt = p + %2pv? + pgh

When the catheter faces the flow, it measures the Total
Pressure p + %pv?

When it is perpendicular to the flow, it measures the
only lateral static pressure p.

When it is in the direction of the flow, the pressure is
equal to p- %pv?

This is to be taken into account when measuring venous
pressure with a catheter and also to understand the
behavior of the flow in the perforators, depending on
their orientation with respect to the veins to which they
are connected.

Totalpressuret G I LI b oy QDu
oy’ JuH b ~ IKH

Bernoulli,Pitot tubes and Venturi effect

Total pressure Pt = p + %pv? + pgh

When the velocity v (v2) is very high, %pv?is > p,
which draws the outside fluid (blood or air) into the
vessel.
This pipe may be a vein with flow velocity v that
draws blood from a collateral as sometimes during
systoles of valvular-muscular pumps.

This phenomenon can also combine with the
depression of the veins of the blow to cause gas
embolisms.

b

’

K

YR O2y&SNDLiGARZY 2

oy’ Pu I predyyfirePD(kidetic energy)is the kinetic energy density (kinetic energy

per unit volume, m being the mass of the volume V of fluid

6° ONBOU I al aa )RSyanrde

YR @ @St 20Ar0¢8

p = staticpressureas the volume density of energy due to the worprassurdorces
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" 3K T Ke R Kdfonal pre$surésHSms dhedolume density of potential energy of
gravity.

' RSyaArilde 66SAIKGkD2fdzySoOk3 +faz2 OFftSR YI
Pm = drivingressured f 2 R02 T Liboy O

In fluid mechanicgressuredrop is thedissipation through friction, of the mechanical
energy of a moving fluid. Most often, the tepressuredrop is used to quantify theressure
loss within a pipe generated by the friction of the fluid on it

As the liquid flows up and down, under the sole force &Brt | G | RA &Gl yOS o8&
representghe portion of the liquid's potentigdbHSRransformed into kinetic energy

(dynamicpressur@ ' YR LI LR NIA2Y 2F oy Ou (NBtaid T2 NY SR ¢
pressurep). As the liquid flows, the gravitagiol € L2 G Sy GAlf Sy SNHe& ~ 3IK (
liquid column changes in height h

If we add a pump contadbrce, suckas my calf valvulonuscular pump, we must increase
GKS tY I Loy @heart mustlezy flow kdg By3Hdd much.

Recall that he principlesays that for the same energy of Pm, the sum of dynanaissure
energies DP and static is constant, because when one decreases, the other increases by the
same amount{principleof conservation of energy

This law finds itgractical clinical and diagnosti@pplications (Seefigure above)

The statiqpressurep and the Hydrostatic GravitationptessureD | {t =~ 3K | NB S E SNJ
directions, including against the walls. The dynapnéssureoy” @u  paét of th&tbtal

pressureexerted only in the direction of flow when the regime is laminar, and in whole or in

part against the walls when the regimgturbulent,and Bernoulli's theorem is no longer

applicable

These measures havemactical applicationin venouspatholoqgy

In laminar (nonturbulent) regime(if the velocity remainslow).

In a regular vertical tube such as a greaphenouwein at rest with a height h2, standing,
valves open, supplied at constaressureand flow by the Residu@apillarypressure

LY Km ' n Fd GKS Iyl1fSZ Liv b egbyhemesidualh b oy’
pressurd Y R~ 3 K wtub@ éffed tKaSismipartedby the supplying arterigiressure
column.

LY & I n RdzS (2 Iy 20aGF0ftSs LmIk b ~ 3AKH
If the direction of the velocity v2 reverses (backflow) without changing its value, v1 aad p1

not change.

If the velocity v2 reverses (reflux) and increagdscreaseof the resistant forces by suction
0 UKS RAFad2tS 2F GKS OF tf FThekaydfldiastoley” duH Ay O
I O NHzLJif &8 O2y @S NI & pyesshireshock pyatittre-ényfantlpdRietatoi. A 2 y |- f
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This model must be tempered for 2 reasons.

Because of the largealibre of the veins, blood velocities are sufficientlgw, to keep the
flow laminar. These velocities are also too low, including during exercisggtiuce very
significantly the lateral statigpressureand suck in the tributaries significantly by the
Venturi effect If we assume that the systolic flow of the calf pump in the popliteal vein of
diameter = 0.01 m can reach a peak velocity of O.6ms?, the lateral gtaisuras reduced
by 2.6 mm Hg or 3.6 cm H2O for a pg@a&ssureof 90 mm Hg or 120 cm H20.

The reldive slowness of the speeds modifies little the measurement of inessures
according to the orientation of thentravenoussensor in the subject at rest where the
highest speeds are of the order of 10cm/s?, which can reduce the sgagssureof 100
Pagals that is to say 1cm H20 or 0,74mmHg, that is to sgpproximatelythe 29th of a
usual venougpressurewhich does not exceed 10 to 20 mm Hg in supine position.

Beyond these "physiological" speeds, Bernoulli's theorem is no lormgpalicable It is
replaced byt 2 A & Sldav &ntl tBeReynolds Number

233. Poiseuille law and Reynolds number

Bernoulli's theorem is no longer applicable becausedlw nonNewtonian character of
bloodwhen velocities are too high and/ocalibresare too low, especially in the overloads
in flow / pressure of superficial veins are arteriovenous and verenous shunts and in
venous stenosis.

2331-Reynolds number and turbulence;

Reynolds number (Re) varies with the velocity V, the gauge L and the
kinematic viscosity. Re = VL/.

When Re > 2500, the regime becomes turbulent .

Limt Layer e e

Shear stress
Loss of pressure

The viscosity is respoifde for turbulent regimes when the conditions of velocity and size
are met. Turbulence occurs when tiiReynolds Number Re, a dimensionless numloere to
Osborne Reynolds 1883, is reached under specific conditions of velsizié/and viscosity
of the fluid. Re=VL. V = speed, L = sizd kinematic viscosity. It is about 2500 in humans.

We must also add the effect gfarietal irregularities that deform te boundary layer.

Physiopathologicabnd clinical effects.
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These turbulences redistribute all gart of the hemodynamic load against the wall3hey
increase the aggression (shear strg¢gdilate, and deform the walls which they stimulate
biological reactions such abe secretion of chemical factors and modifications of the
histological structures

It is understandable that the conditions of overloading of the wesrmous shunts during
walking aggravate, or even are the almost exclusive conditions for the development of
varicose veinsWhen velocities decrease due to the increasalibrefor whichthey are
responsible, Reolds numbers reduced below 2500 and the regime becomes laminar again,
and dilation stopprogressingThis is seen jpatients whose varicose veins remain stahile

size for years. It should be noted thiaé elimination of thepressureflow overload
(disconnection of the shunts responsible) leaves a physiologoassureflow which leads

to a progressiveremodellingwhich results in a normatalibre adaptedto normal

pressuréflow .

2332-t 2 A a Sldmhahdp@drdoss (resistances and stenoses)

Viscosity also leads to resistances and load losses, especially in stenoses depending on the
calibreand extentaccording tot 2 A & S dzA(fedirLBoh&IMafie Pafseuille 1797-

1869. His law also requires a Newtonian liquidhichis to say of linear viscosity, but it

remains a goo@dpproximationin the measurements of blood flquvessuredrop. It measures

the pressuregradient due to theoressuredropPi v nt 2F | bSglG2y ALy Fic
viscosity) flowing between twpoints1 ard 2 of a vessel as a function of its flow rate Q, its

N} RAdza NE GKS RAadGFyOS [. 60SG46SSYy m YR H YR
PLt HT nt T r4=pressureloas loss-P"

The measurement is made with the following international units:

NP =PiP2=pressurggradient=PAPasca)l

1PA= 1/98,0638 cmH20 = 0,74/ 98,0638 mmHg

Q=flow rate: m3/s

L=length in meters

r=radius =meters

>IT+A402aA 0@oisAF6.183KS of 22 R
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Poiseuille's law dP = P1-P2=8 L n Q/ n r4.

The pressure drop increases exponentially with the reduction of caliber of
radius r :1/ r4.

Allows to evaluate the ideal stent size for a given flow rate Q and length L

DP r4 7L
e
P1 L P2 r,Q,L

23321- Loss of pressure and hemodynamically significat@nosis

Physiologically, the shear stress opposes resistance to the normalftbweh progressively
lowers the downstreanpressure but in physiologically negligibl@roportionbecause the
viscosity and velocity are normally low enough to maintain a Reynolds number below 2000.

Hemodynamically significant is not defined by geomefistenosis, dilation) but by
hemodynamic changes asrbulences, pressure drop ( loss of charge), damping flow

modulation).

Hemodynamically significant stenosis occurs when tiressuredrop causes g@ressure
gradient PG(pressureRA F F SNB y O S poirits sepasaiedog &distamce DRG=
nt k50

In addition to quantitativgpressuremeasurement, stenoses can be assessed by Doppler
velocimetry. Indeed, the degree of demodulation (loss of amplitude) of the velocity of a
periodic flow igroportionalto the significance of the stenoses. Tikibecause, still in
accordance with 2 A & Slakh thefreéSiStance reducesorethe velocity as the flow is
higher.The decrease in maximum velocities is explained by the fact that the resistance
increases withvelocity. This is not only the case for arteries, but also for wehmsn iliac
and/or ilio-caval obstructions reduce the modulation of breatimed velocities as
measured with femoral vein Doppler in ttrecumbentpatient.

This is also the reason whyrat significant at reststenosis can become significant when

the flow is increased by effort. Justifies a Doppler measurement of the femoral veins in the
supine position at rest and immediately after a walking effort (or freedallingmovement

in the supine positioh
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23322- Effects of significant stenoses on veins and upstream drainage

In addition to the loss opressure the significance of a stenosis for venolmemodynamic
takes on its full venous meaning when considered as a resistance to upstream flow

233221-Increase in residugbressureRPprovidedby the

microcirculation and/or the systolipressuresof the valvulomuscular pumps

Contrary to arterial stenosis, which is serious because of the reduction in downstream
pressurglischemia)yenous stenosis is serious because of the increase in upstpassure
(including the Transmurgbressure(TMP)via the increase bResidual Presse RP

233222- Collaterak and resistance.

The upstream hemodynamimpact of occlusions and stenoses is redugegroportion to
the compensatory collateral vein®penvicarious shuntOV3 whichreducesthe global
resistance by opening uparallel resistances.

This compensation can be accelerated by walking under stroompressionwhich
increases residugbressureand forces the opening and dilation of compensatory
collaterals.

If this evolution is not sufficient to correct the functional clinical signs of venous

insufficiency, or if the compensatory varicose veins are not accepted for aesthetic reasons,
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dilatation and stenting of these stenoses can be performed.

Doppler mapping

Compensated lliac Vein Occlusion: clinical and hemodynamic:
Doppler Left Posterior Tibial Vein Pressure= 20 mmHg

233223 Measurement of upstreanpressuresinvasiveand non-invasive
Doppler.

The measurement of upstreamressuress the only criterion that allows us to confirm the
significance of a venous obstacle at rest and during exercise.

However,due to lack of pressure measuremenbo often unnecessaryevascularization
proceduresare performedalthough the pressure is naeverelyimpacted.

Invasive measurement by catheter is well knptwnt measurement by Doppler effect is
sadlyunknown.

However, it is noAnvasive and "physically” rational as measuring bloqdessureat the

samelevel! It must be performed in decubitus positioim order not to integrate the

Hydrostatic GravitationgbressureGHSRvhich isnot involved in the oftacles. In this

position theGHSRs negligible, which makes it possiblestdectively evaluate the excess
pressuresiue to the obstacles, withoutonsideringthe effects of valvular incompetence on
thepressureL Y RSSRX @I f @dzf  NJ AyO2YLISGSYyOS R2SayQi
position.

This ismandatoryto avoid recanalizing an obstacle watbmpensatedbut to which one
falsely attributes the cause of a venous insufficiembgn it is causeanly by theassociated
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valvular incompetencelt is however the case in the badhemodynamicdocumented
treatment of the postthrombotic disease and the venous malimations.

One can also, as we have seassessthough notquantifying it, the hemodynamic
significance of iliecaval obstacles by the respiratory demodulation of Doppler flowasrest
and undereffort (pedalling lying downsupinewith legs in the aij of the femoral veins
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233224- Pseudestenosis:lllusory Pseudo May Thurner

a
Normal 10-15 mmHg

Total: 105 mmHg

May ThurnerSyndromeMTSand Nutcracker syndrome NTS

May Thurner syndrome consists of a permanent stenosis of the left iliac wamped
between the right common iliac arterand thelumbar rachis

Howeverin most caseghis stenosis is not always permanent but only occasional and in
supineposturesthat are not very frequent in real lif¢his is the case tlie illusory pseudo
May Thurnersyndrome which shows a notable stenosis of the left iliac vein, but only in the
strict supine position required by phlebography and MRI techniguadeed, thigostural
artifact disappearsas soon as the subjectirsa semi seated position as | have st with

the echodoppler

Ref:Paolo Zamboni, Claudganceschi, Robertbel FrateThe overtreatment of illusoriviay
Thurner syndrome Veins and Lymphatics 2019; volume 8:8020

This may explain the finding dillusory" MTS assessed lhorizontal supinephlebography
in young asymptomatic subjects.

Ref: van Vuuren TM, Kurstjens RLM,Wittens CHA, et al. lllusory angiographic signs of
significant lliac veicompression in healthy volunteerSur.J Vasc Endovasc Surg
2018:56:8749. video. Pseudo MTShttps://www.youtube.com/watch?v=h931XX02hdk&t=23s

Similarly, theNutcracker syndrome NTS may be artefactiurakthe presenceof a varicocele

considered to be compensatory for gemosis of the left renal vein. Theisappearanceof
the reflux of the ovarian vein in th@rendelenburgsupine position(head lower than the
feet) on the echodoppleprovesits absence of compensatory effect, wieas its
permanence confirms it



https://www.youtube.com/watch?v=h931XXo2hdk&t=23s
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Cava Vein

Semi-seated
N Position
May Thurner Syndrome at phlebography but

Pseudo May Thurner Syndrome on Echodoppler: only postural

This knowledge should reduce the still too large number of unnecessary
stentings of the left iliac and renal veins.

HOPITAL ST JOSEPH  23/02/2006
16:00:22

! Aorto-Mesenteric clip.
Venous flow =0

No reno-azygo-lombar
compensation

PERMANENT left ovaric vein
reflux in Trendelenburg
position ( head lower than
the feet).

N\
PAS DE VETNE RENALBANS LA PINCE

Trans-abdominal scan in Trans-abdominal scan in
Trendelenburg position. Trendelenburg position.

Nutcracker Syndrome: Total Aorto-Mesenteric clip
Single bypass through the left ovarian vein

233225- Stents andRecanalization
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t 2 A & Sldmhchrt b8uSedl to evaluate thesalibre r and lengthlfor a flow rate Qto
provide the size ofecanalization, stent, oby-pass As the flow is not easy to assess the
iliacvein, | suggest to measure the flow rate of the common iliac artery which supplies it.

NP =8 Qb /™ r*=pressureDrop.The detailedneasurements in the treatment chapté:
233226- DownstreamPressureand guyotan equation.

Thedownstreamhemodynamiémpactof venous stenosis has an effect when it significantly
reduces the flowgressurenecessary tohe reservoir effecbn theright ventriclepreload

This is the case of obstacles to the vena cava (ligdaparoscopisurgery,compressiory

the pregnant uterus when thpregnant woman is supine).

The Guyot equation is intended for resuscitators amaesthesiologist avoid cardiac
complicatiors of "too full and too empty" of theavavein. The argument that the vena cava
may be"too empty" to justify the removal of chronic occlusion loses its meaning if one
understands that the deficit in direct venous blood supply to the lower limb is comptatsa
by the collaterals andepresentsonly 150 to 200 ml/ minutecomparedto the 5000 ml of
cardiac output

For the same reasornustifying the ablation of an associatethcompetent greatsaphenous
veinto increase the iliac flow/pressure is not relevant.

However, \aricose veins may disable the reservoir effect whiey movedown a great
blood volume asvhen standing up.



24-TheGravitational HydrostaticpressureGHSP
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